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1. Environment and Ecology 

1.1 Environment 

 Environment is the natural component in which biotic (living) and abiotic (non-living) factors interact among 

themselves and with each other.  

 These interactions shape the habitat and ecosystem of an organism. 

 In biological sense, environment constitutes the physical (nutrients, water, air) and biological factors (biomol-

ecules, organisms) along with their chemical interactions (chemical cycles – carbon cycle, nitrogen cycle etc.) 

that affect an organism or a group of organisms. 

 All organisms are dependent on the environment to carry out their natural life processes and to meet their 

physical requirements (food, energy, water, oxygen, shelter etc.). 

 Biosphere 

 The biosphere is the biological component (supporting life) of earth which includes the lithosphere, hy-

drosphere and atmosphere. 

 The biosphere includes all living organisms on earth, together with the dead organic matter produced by 

them. 

 

Biosphere 
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 Biosphere is absent at extremes of the North and South poles, the highest mountains and the deepest 

oceans, since existing hostile conditions there do not support life (life is the characteristic feature of bio-

sphere). 

 Occasionally spores of fungi and bacteria do occur at great height beyond 8,000 metres, but they are meta-

bolically inactive, and hence represent only dormant life. 

 Habitat 

 Habitat is the physical environment in which an organism lives (address of an organism). 

 Many habitats make up the environment. 

 A single habitat may be common for more than one organism which have similar requirements. 

 For example, a single aquatic habitat may support a fish, frog, crab, phytoplankton and many others. 

 The various species sharing a habitat thus have the same ‘address’. E.g. Forest, river etc. 

 

 Difference between Habitat and Environment 

 A habitat always has life in it, whereas the environment does not necessarily have life in it. 

 All habitats are environments, but all environments are not habitats. 

 A habitat is always a preference of one species. 

 An environment could be a preference of many species that could eventually become many habitats. 

 Usually, the environment governs the properties of a habitat, but not vice versa. 
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 Ecosystem 

 An ecosystem can be visualised as a functional unit of nature, where living organisms (producers, consum-

ers, and decomposers) interact among themselves and also with the surrounding physical environment. 

 An ecosystem can be of any size but usually encompasses specific and limited species. E.g. Aquatic Ecosys-

tem. (This is how ecosystem is different from Environment) 

 In the ecosystem, biotic and abiotic components are linked together through nutrient cycles and energy 

flows. 

 Everything that lives in an ecosystem is dependent on the other species and elements that are also part of 

that ecological community.  

 If one part of an ecosystem is damaged or disappears, it has an impact on everything else. 

 

Aquatic Ecosystem (Source) 
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 Classification of Ecosystems 

 Forest, grassland and desert are some examples of terrestrial ecosystems; pond, lake, wetland, river and 

estuary are some examples of aquatic ecosystems.  

 Crop fields and an aquarium are human-made ecosystems. 

 Difference between Ecology, Environment & Ecosystem 

 

Environment (Left) and an Aquatic Ecosystem (Right) 

 Ecology is the study of interactions between organisms, organisms and the surroundings occurring within 

an ecosystem or environment. 

 An ecosystem is a functional unit of the environment (mostly biosphere). 

 An environment is a group of ecosystems. 

Environment  Can be almost everything or a small region. 

Habitat  Area where an organism lives. 

Biosphere  The region on earth that supports life. 

Ecosystem  Producers, Consumers, Decomposers and their relationships (tiny environment). It is the 

functional unit of the environment. 

 Q. Which one of the following is the best description of the term “ecosystem”? 

a) A community of organisms interacting with one another 

b) That part of the Earth which is inhabited by living organisms 

c) A community of organisms together with the environment in which they live. 
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 Desert lizards lack the physiological ability that mammals have. They bask in the sun and absorb heat when 

their body temperature drops but move into the shade when the ambient temperature starts increasing. 

 Some species are capable of burrowing into the soil to hide and escape from the above-ground heat. 

 Variation 

 Variations are induced by changes in genetic makeup due to addition or deletion of certain genes. 

 Mutations, change in climate, geographical barriers etc. induce variations over a period of time. 

 The difference in the colour of skin, type of hair; curly or straight, eye colour, blood type among different 

ethnic groups represents variation within human species. 

 Adaptive radiation 

 Adaptive radiation is a process in which organisms diversify from an ancestral species into a multitude of new 

forms when the environment creates new challenges or opens new environmental niches. 
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 Speciation 

 Speciation is the process by which new species are formed, and evolution is the mechanism by which 

speciation is brought about. 

 A species comprises of many populations. Often different populations of a species remain isolated due to 

some geographic barrier such as mountain, ocean, river, etc. 

 Geographic isolation leads to speciation (allopatric speciation or geographic speciation). 

 

 After a long period of time, the sub-populations become very different (genetic drift) and get isolated, re-

productively, i.e. they no longer interbreed. 

 Later even when the barrier is removed, the sub-populations are unable to interbreed, and thus subsequently 

the sub-populations become two different species. 

 Mutation 

 Mutation (a change in genetic material that results from an error in replication of DNA) causes new genes 

to arise in a population. 

 Further, in a sexually reproducing population, meiosis and fertilisation produce a new combination of genes 

every generation, which is termed recombination. 
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 Thus, members of the same species show ‘variation’ and are not identical. 

 Natural Selection 

 Natural Selection is the mechanism proposed by Darwin and Wallace.  

 Natural selection is the process by which species adapt to their environment. 

 It is an evolutionary force that selects among variations, i.e. genes that help the organism to better adapt 

to its environment. Such genes are reproduced more in a population due to natural selection. 

 Those offsprings which are suited to their immediate environment have a better chance of surviving, reaching 

reproductive age and passing on the suitable adaptations to their progeny. 

 Evolution 

 Evolution is the change which gives rise to new species.  

 It happens in order to make the organism better suitable to the present environment. 
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Explanation: 

 Ecotone – zone of transition between two ecosystems. E.g. grasslands, mangroves etc. 

 Habitat – surroundings in which an organism lives (home). 

 Home Range – A home range is an area in which an animal lives and moves on a daily or periodic basis (a 

little bigger than habitat – home → office → home). 

Answer: b) Niche 

2. Functions of Ecosystem 

 The function of an ecosystem includes: 

1. Ecological succession or ecosystem development 

2. Homeostasis (or cybernetic) or feedback control mechanisms 

3. Energy flow through the food chain 

4. Nutrient cycling (biogeochemical cycles) 

2.1 Ecological Succession 

 The process by which communities of plant and animal species in an area are replaced or changed into 

another over a period of time is known as ecological succession. 

 Succession is a universal process of directional change in vegetation, on an ecological time scale. 

 Succession occurs due to large scale changes or destruction (natural or manmade).  

 The process involves a progressive series of changes with one community replacing another until a stable, 

mature, climax community develops. 

 Stages 
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Primary Succession (Picture Credits: NIOS Environment) 

 The first plant to colonize an area is called the pioneer community.  

 The final stage of succession is called the climax community.  

 A climax community is stable, mature, more complex and long-lasting. 

 The stage leading to the climax community is called successional stages or seres.  

 Each transitional community that is formed and replaced during succession is called a stage in succession 

or a seral community. 

 Succession is characterized by the following: increased productivity, the shift of nutrients from the res-

ervoirs, increased diversity of organisms, and a gradual increase in the complexity of food webs. 

 Succession would occur faster in area existing in the middle of the large continent. This is because here 

seeds of plants belonging to the different seres would reach much faster. 

 Primary Succession 

 Primary succession takes place an over where no community has existed previously. 

 Such areas include rock outcrops, newly formed deltas and sand dunes, emerging volcano islands and lava 

flows, glacial moraines (muddy area exposed by a retreating glacier), etc. 
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 Succession in Plants 

 Succession that occurs on land (dry areas) where moisture content is low for e.g. on a bare rock is known 

as xerarch.  

 Succession that takes place in a water body, like ponds or lake is called hydrarch. 

 Both hydrarch and xerarch successions lead to medium water conditions (mesic) – neither too dry (xeric) nor 

too wet (hydric).  

 With time the xerophytic habitat gets converted into a mesophyte (plat needing only a moderate amount of 

water). 

 Succession in Water 

 In primary succession in water, the pioneers are the small phytoplankton, and they are replaced with time by 

free-floating angiosperms, then by rooted hydrophytes, sedges, grasses and finally the trees.  

 The climax again would be a forest. With time the water body is converted into land. 

 Another important fact is to understand that all succession whether taking place in water or on land, 

proceeds to a similar climax community – the mesic. 
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 Note that in a homeostatic system, negative feedback mechanism induced by the limiting resource (here 

its scarcity of food) is responsible for maintaining stability in an ecosystem. 

 However, the homeostatic capacity of ecosystems is not unlimited as well as not everything in an ecosystem 

is always well regulated. 

2.3 Energy Flow Through an Ecosystem – Trophic Levels 

(Trophe = Nourishment) 

 A trophic level is the representation of energy flow in an ecosystem.  

 The trophic level of an organism is the position it occupies in a food chain. 

 Trophic level interaction deals with how the members of an ecosystem are connected based on nutritional 

needs. 

  

 

Trophic levels 

Autotrophs Green plants (Producers) 

Heterotrophs Herbivore (Primary consumers) 

Heterotrophs Carnivores (Secondary consumers) 

Heterotrophs Carnivore (Tertiary consumers) 

Heterotrophs Top carnivores (Quaternary consumers) 

 Energy flows through the trophic levels from producers to subsequent trophic levels is unidirectional. 
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 Detritus food chain 

 This type of food chain starts from organic matter of dead and decaying animals and plant bodies from the 

grazing food chain. 

 Dead organic matter or detritus feeding organisms are called detrivores or decomposers.  

 The detrivores are eaten by predators. 

 In an aquatic ecosystem, the grazing food chain is the major conduit for energy flow.  

 As against this, in a terrestrial ecosystem, a much larger fraction of energy flows through the detritus 

food chain than through the grazing food chain. 

 

 Bacterial and fungal enzymes degrade detritus into simpler inorganic substances. This process is called 

catabolism. 

 Humification and mineralisation occur during decomposition in the soil. 

 Humification leads to accumulation of a dark-coloured amorphous (formless) substance called humus that 

is highly resistant to microbial action and undergoes decomposition at an extremely slow rate. 

 Being colloidal in nature, humus 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. 

 Warm and moist environment favour decomposition whereas low temperature and anaerobiosis inhibit 

decomposition resulting in a buildup of organic materials (soils become acidic like in taiga). 

 Q. With reference to the food chains in ecosystems, which of the following kinds of organism is/are 

known as decomposer organism/organisms? 

1) Virus 

2) Fungi 
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 Crustaceans form a very large group of arthropods which includes crabs, lobsters, crayfish, shrimp, krill and 

barnacles (Biology NCERT). 

 Herrings are a fish, and they eat crustaceans. 

Answer: (a) Diatoms-Crustaceans-Herrings. Tough question. 

 Food Web 

 Multiple interlinked food chains make a food web.  

 Food web represents all the possible paths of energy flow in an ecosystem. 

 If any of the intermediate food chains is removed, the succeeding links of the chain will be affected largely. 

 The food web provides more than one alternative for food to most of the organisms in an ecosystem and 

therefore increases their chance of survival. 

 

 Q. With reference to food chains in ecosystems, consider the following statements: 

1) A food chain illustrates the order in which a chain of organisms feed upon each other. 

2) Food chains are found within the populations of a species. 

3) A food chain illustrates the numbers of each organism which are eaten by others. 

Which of the statements given above is/are correct? 
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 This type of pyramid can be seen in the grassland ecosystem and pond ecosystem. 

 The grasses occupy the lowest trophic level (base) because of their abundance. 

 The next higher trophic level is primary consumer – herbivores like a grasshopper. 

 The individual number of grasshoppers is less than that of grass.  

 The next energy level is a primary carnivore like rats. 

 The number of rats is less than grasshoppers, because, they feed on grasshoppers.  

 The next higher trophic level is secondary carnivore like snakes. They feed on rats. 

 The next higher trophic level is the top carnivore like Hawk. 

 With each higher trophic level, the number of individual decreases. 

 Pyramid of numbers – inverted 

 In this pyramid, the number of individuals is increased from lower level to higher trophic level. E.g. Tree 

ecosystem. 
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 Pyramid of Biomass – Inverted 

 

 In contrast, in many aquatic ecosystems, the pyramid of biomass may assume an inverted form. (In contrast, 

a pyramid of numbers for the aquatic ecosystem is upright) 

 This is because the producers are tiny phytoplankton that grows and reproduces rapidly. 

 Here, the pyramid of biomass has a small base, with the consumer biomass at any instant exceeding the 

producer biomass and the pyramid assumes an inverted shape. 

 

 Pyramid of Energy 

 To compare the functional roles of the trophic levels in an ecosystem, an energy pyramid is most suitable. 

 An energy pyramid represents the amount of energy at each trophic level and loss of energy at each transfer 

to another trophic level. Hence the pyramid is always upward, with a large energy base at the bottom. 
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 Types of Nutrient Cycles 

Based on the replacement period, a nutrient cycle is referred to as Perfect or Imperfect cycle. 

 A perfect nutrient cycle is one in which nutrients are replaced as fast as they are utilized.  

 Most gaseous cycles are generally considered as perfect cycles. 

 In contrast sedimentary cycles are considered relatively imperfect, as some nutrients are lost from the 

cycle and get locked into sediments and so become unavailable for immediate cycling. 

Based on the nature of the reservoir, a nutrient cycle is referred to as Gaseous or Sedimentary cycle 

 Gaseous Cycle: the reservoir is the atmosphere or the hydrosphere — water cycle, carbon cycle, nitrogen 

cycle, etc. and 

 Sedimentary Cycle: the reservoir is the earth's crust (soluble elements mostly found in earth’s crust) — 

phosphorous cycle, sulphur cycle, calcium cycle, magnesium cycle etc. 
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 Carbon Cycle (Gaseous Cycle) 
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 Industrial combustions, forest fires, automobile exhausts and power-generating stations are also 

sources of atmospheric nitrogen oxides. 

 

 Nitrogen Fixing – Nitrogen to Ammonia (N2 to NH3) 

 There is an inexhaustible supply of nitrogen in the atmosphere, but the elemental form cannot be used di-

rectly by most of the living organisms. 

 Nitrogen needs to be ‘fixed’, that is, converted to ammonia, nitrites or nitrates, before it can be taken up 

by plants. 

 Nitrogen fixation on earth is accomplished in three different ways: 

a) By microorganisms (bacteria and blue-green algae), 
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 Conversion of this ammonia to nitrate increases nitrogen leaching because nitrate is more water-soluble 

than ammonia. 

 Nitrification also plays an important role in the removal of nitrogen from municipal wastewater.  

 The conventional removal is nitrification, followed by denitrification. 
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 The legume-rhizobium symbiosis is a classic example of mutualism — rhizobia supply ammonia or amino 

acids to the plant and in return receive organic acids as a carbon and energy source. 

 So, excessive/inappropriate use of nitrogenous fertilisers can make the plants independent of both 

symbiotic and free-living nitrogen fixers. Fixers don’t get the food from the plants due to a broken rela-

tionship and other factors. So, their population decreases. 

Answer: c) 2 and 3 only 

 Phosphorus Cycle (Sedimentary cycle) 

 

 Phosphorus plays a central role in aquatic ecosystems and water quality. 
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 Unlike carbon and nitrogen, which come primarily from the atmosphere, phosphorus occurs in large amounts 

as a mineral in phosphate rocks and enters the cycle from erosion and mining activities. 

 This is the nutrient considered to be the main cause of excessive growth of rooted and free-floating 

microscopic plants (phytoplankton) in lakes (leads to eutrophication). 

 The main storage for phosphorus is in the earth's crust.  

 On land, phosphorus is usually found in the form of phosphates. 

 By the process of weathering and erosion, phosphates enter rivers, streams and finally oceans. 

 In the ocean, phosphorus accumulates on continental shelves in the form of insoluble deposits. 

 After millions of years, the crustal plates rise from the seafloor and expose the phosphates on land. 

 After more time, weathering will release them from rock, and the cycle's geochemical phase begins again. 

 Sulphur Cycle (Sedimentary cycle) 
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 The sulphur reservoir is in the soil and sediments where it is locked in organic (coal, oil and peat) and 

inorganic deposits (pyrite rock and sulphur rock) in the form of sulphates, sulphides and organic sulphur. 

 It is released by weathering of rocks, erosional runoff and decomposition of organic matter and is carried to 

terrestrial and aquatic ecosystems in salt solution. 

 The sulphur cycle is mostly sedimentary except two of its compounds, hydrogen sulphide (H2S) and sulphur 

dioxide (SO2), which add a gaseous component. 
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 Since the land resources belong to them, the State Governments/UT Administration are responsible for the 

management of wetlands. 
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Global Distribution of Ramsar Sites 

 The Montreux Record 

 The Montreux Record is a register of wetland sites on the List of Wetlands of International Importance 

where changes in ecological character have occurred, are occurring, or are likely to occur as a result of 

technological developments, pollution or other human interference.  

 It is maintained as part of the Ramsar List. 

 Q. If a wetland of international importance is brought under the ‘Montreux Record’, what does it 

imply? 

a) Changes in ecological character have occurred, are occurring or are likely to occur in the wetland as a 

result of human interference. 

b) The country in which the wetland is located should enact a law to prohibit any human activity within five 

kilometres from the edge of the wetland 

c) The survival of the wetland depends on the cultural practices and traditions of certain communities living 

in its vicinity, and therefore the cultural diversity therein should not be destroyed 

d) It is given the status of ‘World Heritage Site’ 

Answer: a) 

 International Organization Partners 

 The Ramsar Convention works closely with six organisations known as International Organization Partners 

(IOPs). These are: 

1. Birdlife International 
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1. Chilka Lake Orissa 1981 

2. Keoladeo Ghana NP Rajasthan 1981 
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 Estuarine Ecosystem 

 An estuary is a place where a river or a stream opens into the sea (mouth of the river). 

 It is a partially enclosed coastal area of brackish water (salinity varies between 0-35 ppt) with one or more 

rivers or streams flowing into it, and with a free connection to the open sea. 

 At the estuaries, freshwater carrying fertile silt and runoff from the land mixes with the salty sea water. 

 Estuaries form a transition zone (ecotone) between river environments and maritime environments. 

 Examples of estuaries are river mouths, coastal bays, tidal marshes, lagoons and deltas. 

 


