Concept of an Ecosvstem:

Living organisms cannot live isolated from their non-living environment be-cause the latter
provides materials and energy for the survival of the former i.e. there is interaction between a
biotic community and its environment to produce a stable system; a natural self-sufficient unit
which is known as an ecosystem.Ecosystem are the parts of nature where living orgaisms
interact among themselves and with their physical environment.

The term ‘ecosystem’ was coined by A.G. Tansley, an English botanist, in 1935. An ecosystem
is the structural and functional unit of ecology (nature) encompassing complex interaction
between its biotic (living) and abiotic (non-living) components.For example- a pond is a good
example of ecosystem. A pond, lake, desert, grassland, meadow, forest etc. are common
examples of ecosystems.

Structure and Function of an Ecosystem:

Each ecosystem has two main components:

(1) Abiotic
(2) Biotic
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Schematic Representation of the Structure of an Ecosystem.



(1) Abiotic components (Nonliving): The abiotic component can be grouped into following
categories:-

(a) Climatic Factors: Which include rain, temperature, light, wind, humidity etc.
(b) Edaphic Factors: Which include soil, pH, topography minerals etc.
The functions of important factors in abiotic components are given below:

Soils are much more complex than simple sediments. They contain a mixture of weathered
rock fragments, highly altered soil mineral particles, organic mat-ter, and living organisms.
Soils provide nutrients, water, a home, and a struc-tural growing medium for organisms. The
vegetation found growing on top of a soil is closely linked to this component of an ecosystem
through nutrient cycling.

The atmosphere provides organisms found within ecosystems with carbon di-oxide for
photosynthesis and oxygen for respiration. The processes of evapora-tion, transpiration and
precipitation cycle water between the atmosphere and the Earth’s surface.

Solar radiation is used in ecosystems to heat the atmosphere and to evapo-rate and transpire
water into the atmosphere. Sunlight is also necessary for photosynthesis. Photosynthesis
provides the energy for plant growth and me-tabolism, and the organic food for other forms of
life.

Most living tissue is composed of a very high percentage of water, up to and even exceeding
9()%. The protoplasm of a very few cells can survive if their water content drops below 10%,
and most are killed if it is less than 30-50%.

Water is the medium by which mineral nutrients enter and are trans-located in plants. It is also
necessary for the maintenance of leaf turgidity and is required for photosynthetic chemical
reactions. Plants and animals receive their water from the Earth's surface and soil. The original
source of this water is precipita-tion from the atmosphere.

(2) Biotic components:The living organisms including plants, animals and micro-organisms
(Bacteria and Fungi) that are present in an ecosystem form the biotic components.

(A) Producers:

The green plants have chlorophyll with the help of which they trap solar energy and change it
into chemical energy of carbohydrates using simple inorganic compounds namely water and
carbon dioxide. This process is known as photo-synthesis. As the green plants manufacture
their own food they are known as Autotrophs (i.e. auto = self, trophos = feeder)

The chemical energy stored by the producers is utilised partly by the producers for their own
growth and survival and the remaining is stored in the plant parts for their future use.

(B) Consumers:

The animals lack chlorophyll and are unable to synthesise their own food. There-fore, they
depend on the producers for their food. They are known as heterotrophs (i.e. heteros = other,
trophos = feeder)



The consumers are of four types, namely:
(a) Primary Consumers or First Order Consumers or Herbivores:

These are the animals which feed on plants or the producers. They are called her-bivores.
Examples are rabbit, deer, goat, cattle etc.

(b) Secondary Consumers or Second Order Consumers or Primary Carnivores:

The animals which feed on the herbivores are called the pri-mary carnivores. Examples are
cats, foxes, snakes etc.

(¢) Tertiary Consumers or Third Order Consumers:
These are the large carnivores which feed on the secondary consumers. Example are Wolves.
(d) Quaternary Consumers or Fourth Order Consumers or Omnivores:

These are the largest carnivores which feed on the tertiary consumers and are not eaten up by
any other ammal. Examples are lions and tigers.

(C) Decomposers or Reducers:

Bacteria and fungi belong to this category. They breakdown the dead organic materials of
producers (plants) and consumers (animals) for their food and re-lease to the environment the
simple inorganic and organic substances produced as by-products of their metabolisms.

These simple substances are reused by the producers resulting in a cyclic ex-change of
materials between the biotic community and the abiotic environment of the ecosystem. The
decomposers are known as Saprotrophs (i.c., sapros = rotten, trophos = feeder).
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Functions of ecosvstem

Ecosystems are complex dynamic system. They perform certain functions. These are:
Functions of Ecosystem:

{1)Productivity,

(1) Decomposition,

(111) Physical (energy tlow),

(1v) Biological (food chains, food web, ecological succession),and

(v) Biogeochemical (nutnent cyching) processes

(I PRODUCTIVITY

A constant input of solar energy is the basic requirement for any ecosystem to function and
sustain. Pnimary production is defined as the amount of biomass or organic matter produced
per unit arca over a time period by plants during photosynthesis. It 1s expressed in terms of
weight (g ~2 ) or energy (kcal m-2 ). The rate of biomass production is called productivity. It
is expressed in terms of g -2 yr —1 or (kcal m-2 )yr -1 to compare the productivity of different
ecosystems. It can be divided into gross primary productivity (GPP) and net primary
productivity (NPP). Gross primary productivity of an ecosystem is the rate of production of
organic matter during photosynthesis. A considerable amount of GPP is utilised by plants in
respiration. Gross primary productivity minus respiration losses (R), 15 the net pnmary
productivity (NPP). GPP — R = NPP Net primary productivity is the available biomass for the
consumption to heterotrophs (herbiviores and decomposers). Secondary productivity is defined
as the rate of formation of new organic matter by consumers. Primary productivity depends on
the plant species inhabiting a particular area. It also depends on a varety of environmental
factors, availability of nutrients and photosynthetic capacity of plants. Therefore, it varies in
different types of ecosystems. The annual net primary productivity of the whole biosphere 1s
approximately 170 billion tons (dry weight) of organic matter. Of this, despite occupying about

70 per cent of the surface, the productivity of the oceans are only 55 billion tons. Rest of course,
15 on land.

(1) DECOMPOSITION

You may have heard of the earthworm being referred to as the farmer’s “friend’. This 1s so
because they help in the breakdown of complex organic matter as well as in loosening of the
so1l. Stmilarly, decomposers break down complex organic matter into inorganic substances like
carbon dioxide, water and nutrients and the process 1s called decomposition. Dead plant
remains such as leaves, bark, flowers and dead remain of animals, including fecal matter,
constitute detritus, which is the raw material for decomposition. The important steps in the

process of decomposition are fragmentation, leaching, catabolism, humification and
mineralisation.

Detritivores (c.g., carthworm) break down detnitus into smaller particles. This process 1s called
fragmentation.



By the process of leaching,watersoluble inorganic nutrients go down into the soil horizon and
get precipitated as unavailable salts.

Bactenal and fungal enzymes degrade detritus into simpler inorganic substances. This process
15 called as catabolism. It 1s important to note that all the above steps in decomposition operate
simultaneously on the detritus.

Humification and mineralisation occur during decomposition in the soil. Humification leads
to accumulation of a dark coloured amorphous substance called humus that is highly resistant
to microbial action and undergoes decomposition at an extremely slow rate. Being colloidal in
nature it serves as a reservoir of nutrients.

The humus is further degraded by some microbes and release of inorganic nutrients occur by
the process known as mineralisation.

Decomposition is largely an oxygen-requiring process. The rate of decomposition is controlled
by chemical composition of detritus and climatic factors. In a particular climatic condition,
decomposition rate is slower if detritus is rich in lignin and chitin, and quicker, if detritus is
rich in mitrogen and water=soluble substances like sugars. Temperature and soi1l moisture are
the most important climatic factors that regulate decomposition through their effects on the
activities of soil microbes. Warm and moist environment favour decomposition whereas low
temperature and anacrobiosis inhibit decomposition resulting in build up of organic materials.

(III) ENERGY FLOW

The chemical energy of food is the main source of energy required by all living organisms.
This energy is transmitted to different trophic levels along the food chain. This energy flow is
based on two different laws of thermodynamics:

First law of thermodynamics, that states that energy can neither be created nor destroyed, 1t
can only change from onc form to another.Second law of thermodynamics, that states that as

energy is transferred more and more of 1t is wasted.

The energy flow in the ecosystem is one of the major factors that support the survival of such
a great number of organisms. For almost all organisms on earth, the primary source of energy
15 solar energy. It 1s amusing to find that we receive less than 50 per cent of the sun's effective
radiation on earth. When we say effective radiation, we mean the radiation which can be used
by plants to carry out photosynthesis.

Most of the sun’s radiation that falls on the earth is usually reflected back into space by the
carth’s atmosphere. This effective radiation is termed as the Photosynthetically Active
Radiation (PAR).

Overall we receive about 40 to 50 percent of the energy having Photosynthetically Active
Radiation and only around 2-10 percent of it is used by plants for the process of photosynthesis.
Thus, this percent of PAR supports the entire world as plants are the producers in the ecosystem
and all the other organisms are either directly or indirectly dependent on them for their survival.



Differences between food chain and food web

Food chain fFood Web

1. Food chain is defined as the 1. Food web is an interconnection of
phenomenon of transfer of energy | food chains which shows relstion
through series of organisms falling | between them,

on successive trophic levels,

2.In food chains, usually 2. In food web members of hugher
member of hugh trophic level trophic level feed upon many
feed upon a single type of organisms of lower trophec level
organiem of lower trophic level

3.In food chans, separate and | 3. In food web, stability of the
isolated food chains increase ecosystem increases by the
the instabiity of the acosystem | Presence of complex food webs.

4. It comprises of only one chain. 4. 1t comprises of many chains.

5. Removal of one group of 5. Removal of one group of
organism disturbs the whole chain. | organism not at all disturbs food
web.,

(IT1)  ECOLOGICAL SUCCESSION

An important characteristic of all communities is that their composition and structure
constantly change in response to the changing environmental conditions. This change is orderly
and sequential, parallel with the changes in the physical environment. These changes lead
finally to a community that is in near equilibrium with the environment and that s called a
climax community. The gradual and fairly predictable change in the species composition of
a given area is called ecological succession. During succession some species colonise an area
and their populations become more numerous, whereas populations of other species decline
and even disappear. The entire sequence of communities that successively change in a given
area arc called sere(s). The individual transitional communities are termed seral stages or seral
communities. In the successive seral stages, there is a change in the diversity of species of
organisms, increase in the number of species and organisms as well as an increase in the total
biomass. The present-day communities in the world have come to be because of succession
that has occurred over millions of years since life started on carth. Actually, succession and
evolution would have been parallel processes at that time. Succession is hence a process that
starts where no living organisms are there — these could be areas where no living organisms
ever existed, say bare rock: or in areas that somehow, lost all the living organisms that existed
there. The former is called primary succession, while the latter is termed secondary
succession.






primary succession: Primary succession is the series of community changes which occur on
an entirely new habitat which has never been colonized before. For example. a newly quarried
rock face or sand dunes. The establishment of a new biotic community is generally slow.

Secondary succession: Secondary succession begins in arecas where natural biotic
communities have been destroyed such as in abandoned farm lands, burned or cut forests, lands
that have been flooded. Since some soil or sediment is present, succession is faster than primary
succession.

Succession of Plants

Bascd on the nature of the habitat — whether it is water (or very wet areas) or it is on very dry
arcas — succession of plants is called hydrarch or xerarch, respectively. Hydrarch succession
takes place in wetter areas and the successional series progress from hydric to the mesic
conditions. As against this, xerarch succession takes place in dry areas and the series progress
from xeric to mesic conditions. Hence, both hydrarch and xerarch successions lead to medium
water conditions (mesic) — neither too dry (xeric) nor too wet (hydric). The species that invade
a bare area are called pioneer species.

In primary succession on rocks these are usually lichens which are able to secrete acids to
dissolve rock, helping in weathering and soil formation. These later pave way to some very
small plants like bryophytes, which are able to take hold in the small amount of soil. They are,
with time, succeeded by bigger plants, and after several more stages, ultimately a stable climax
forest community is fonmed. The climax community remains stable ay long as the environment
remains unchanged.

In primary succession in water, the pioneers are the small phytoplanktons, they are replaced
with time by rooted-submerged plants, rooted-floating angiosperms followed by free-floating
plants, then reedswamp, marsh-meadow. scrub and finally the trees. The climax again would
be a forest. With time the water body is converted into land (Figure 14.5).
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In secondary succession the species that invade depend on the condition of the soil, availability
of water, the environment as also the seeds or other propagules present. Since soil is already
there, the rate of succession is much faster and hence, climax is also reached more quickly.
What is important to understand is that succession, particularly primary succession, is a very

slow process, taking maybe thousands of years for the climax to be reached. Another important
fact 1s to understand that all succession whether taking place in water or on land, proceeds to a
similar chmax community — the mesic.



ECOLOGICAL PYRAMIDS

Ecological pyramids are the graphical representations of trophic levels in an ecosystem. The
base of each pyramid represents the producers or the first trophic level while the apex
represents tertiary or top level consumer. The three ecological pyramids that are usually studied
are (a) pyramid of number; (b) pyramid of biomass and (c) pyramid of energy.

Pyramid of number: In this type of ecological pyramid, the number of organisms in each
trophic level is considered as a level in the pyramid. The pyramid of numbers is usually upright
except for some situations like that of the detritus food chain, where many organisms feed on
one dead plant or animal.

(2) Pyramid of biomass: In this particular type of ecological pyramid, each level takes into
account the amount of biomass produced by cach trophic level. The pyramid of biomass is also
upright except for that observed in oceans where large numbers of zooplanktons depend on a
relatively smaller number of phytoplanktons.

(3) Pyramid of energy: Pyramid of energy is the only type of ecological pyramid, which is
always upright as the energy flow in a food chain is always unidirectional. Also, with every
increasing trophic level, some energy is lost into the environment.
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TYPES OF ECOSYSTEM

An ecosystem consists of all the living and non-living things in a specific natural setting. Plants,
animals, insects, microorganisms, rocks, soil, water and sunlight are major components of
many ecosystems. All types of ecosystems fall into one of two categories: terrestrial or
aquatic. Terrestrial ccosystems are land-based, while aquatic are water-based.The word
“biome™ may also be used to describe terrestrial ecosystems which extend across a large
geographic area, such as tundra.

(1)Terrestrial Ecosystems

The ecosystem which is found only on landforms is known as the terrestrial ecosystem. The
main factor which differentiates the terrestrial ecosystems from the aguatic ecosystems 1s the
relative shortage of water in the terresirial ecosystems and as a result the importance that water
attains in these ecosystems due to its limited availability. Another factor is the better
availability of light in these ecosystems as the environment is a lot cleaner in land than it is in
water. The main types of terrestrial ecosystems are the forest ecosystems, the desert
ccosystems, the grassland ecosystems and the mountain ecosystems. We are going to study all
of these individually here in detail.

(a) Forest Ecosystems

These ecosystems have an abundance of flora or plants and hence in these ecosystems a large
number of organisms live in a small space. This means that these ecosystems have a high
density of living organisms. These ecosystems are classified according to their climate type
as tropical, temperate or boreal i.e; tropical evergreen forest, tropical deciduous forest,
temperate evergreen forest, temperate deciduous forest and taiga. In the tropics, rainforest
ecosystems contain more diverse flora and fauna than ecosystems in any other region on

earth. In these warm. moisture-laden environments. trees grow tall and foliage 1s lush and
dense, with species inhabiting the forest floor all the way up to the canopy. In temperate
zones, forest ecosystems may be deciduous. coniferous or oftentimes a mixture of both, n
which some trees shed their leaves each fall, while others remain evergreen year-round. In
the far north, just south of the Arctic, boreal forests — also known as taiga — feature abundant
coniferous trees.

(1) Grassland Ecosystems

The grasslands are the areas which comprise mainly of the grasses with a little number of shrubs
and trees. Grazing animals, insectivores and herbivores are the main types of organisms which
are found in these regions. The three major types of grasslands are the prairies, savannas and
steppes. Grassland ecosystems are typically found in tropical or temperate regions, although
they can exist in colder arcas as well, as 15 the case with the well-known Sibenan steppe.
Grasslands share the common climactic characteristic of semi-anidity. Trees are sparse or
non-cxistent, but flowers may be interspersed with the grasses. Grasslands provide an ideal
environment for grazing animals.



(c) Desert Ecosystems

The common defining feature among desert ecosystems is low precipitation, generally less
than 25 centimeters, or 10 inches, per year. Almost 17% of all the land on this planet is
occupied by the desert ecosystems. The fauna and flora in these ecosystems i1s generally not
much developed because of the high temperatures, intense sunlight and low availability of
water. The main vegetation of such regions are the shrubs, bushes and a few grasses and trees.
The stems and leaves of these plants are also developed in order to conserve as much water as
possible. Camels, reptiles and some insects and birds are the living creatures which are found
in such regions.

Mot all deserts are hot — desert ecosystems can exist from the tropics to the arctic, but
regardless of latitude, deserts are often windy. Some deserts contain sand dunes, while others
feature mostly rock.

(d) Tundra Ecosystems

As with deserts, a harsh environment charactenzes ecosystems n the tundra. In the snow-
covered, windswept, treeless tundra, the soil may be frozen year-round, a condition known
as permafrost. The mountain ecosystem is the most scattered and diverse in terms of the
habitats that it provides. A large number of animals and plants are found in this ecosystem.
Though the conditions at the very high altitudes can be very demanding allowing only the
survival of the trecless alpine vegetation. Another important feature about these ccosystems is
that the animals which live here have thick fur coats for protection against cold and generally
have a long hibemmation period in the winters. The slopes at lower altitudes are generally
covered with coniferous forests.

During the brief spring and summer, snows melt, producing shallow ponds which attract
migrating waterfowl. Lichens and small flowers may become visible during this time of year.
The term “tundra”™ most commonly denotes polar areas, but at lower labitudes, tundra-hke
communities known as alpine tundra may be found at high elevations.

(2) Aquatic Ecosystem

An ecosystem which exists in a body of water i1s known as an aquatic ecosystem. The
communities of living organisms which are dependent on each other and the aquatic
surroundings of their environment for their survival exist in the aquatic ecosystems. The
aquatic ecosystems are mainly of two types, the freshwater ecosystems and the marine
eCosystoms.



fa) Marine Ecosystem

Marine ecosystems are the biggest ecosystems. They cover around 71% of earth’s surface and
also contain almost around 97% of the total water present on earth. High amounts of minerals
and salts are generally present in the water in the marine ecosystems and to better understand
the amount and composition of the different minerals and salts in the water in different marine
ecosystems. Marine ecosystems differ from freshwater ecosystems in that they contain
saltwater, which usually supports different types of species than does freshwater. Marine
ecosystems are the most abundant types of ecosystems in the word. They encompass not only
the ocean floor and surface but also tidal zones, estuaries, salt marshes and saltwater swamps,
mangroves and coral reefs.

(b) Freshwater Ecosystem

The freshwater ecosystems are very small in magnitude as compared to the marine ecosystems
as these covers only 0.8% of the earth’s surface and only account for 0.009% of the total water
present on earth. There are three basic kinds of freshwater ecosystems and these are Lentic,
Lotic, and Wetlands. The lentic ecosystems are slow-moving or still water hike ponds or lakes.
Lotic ecosystems are fast-moving water like rivers. The wetlands are those systems where soil
remains saturated for a long period of time. Many different species of reptiles, amphibians, and
around 41% of the world's fish species live in these ecosystems. The faster moving waters
contain more dissolved oxygen than the slow moving waters and hence support greater
biodiversity.

Pond Ecosystems — These are usually relatively small and contained. Most of the time they
include various types of plants, amphibians and insects. Sometimes they include fish, but as
these cannot move around as easily as amphibians and insects, it is less likely, and most of the
time fish are artificially introduced to these environments by humans.

River Ecosystems — Because rivers always link to the sea, they are more likely to contain fish
alongside the usual plants, amphibians and insects.

These sorts of ecosystems can also include birds because birds often hunt in and around water
for small fish or insects.

As is clear from the title, freshwater ecosystems are those that are contained to freshwater
environments. This includes, but 15 not limited to, ponds, nvers and other waterways that are
not the sea (which is, of course, saltwater and cannot support freshwater creatures for very
long). Freshwater ecosystems are actually the smallest of the three major classes of ecosystems,
accounting for just 1.8% of the total of the Earth’s surface. The ecosystems of freshwater
systems include relatively small fish (bigger fish are usually found in the sea), amphibians
(such as frogs, toads and newts), insects of various sorts and, of course, plants. The absolutely
smallest living part of the food web of these sorts of ecosystems is plankton, a small organism
that 1s often eaten by fish and other small creatures.









