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A. An Introduction to Ecology and

The Biosphere



Ecology

• The term ecology was coined by Earnst Haeckel in

1869.

• Derived from the Greek words Oikos – home + logos

–study

• Ecology deals with the study of organisms in their

natural home interacting with their surroundings.

• The surroundings or environment consists of other

living organisms called biotic and physical factors

called abiotic components.

e.g. How a small insect in a forest interacts with

other animals, plants, soil, air or water is studied

in its ecology.



Kinds of ecology

• Autecology- deal with the study of the individual

organism or an individual species.

• Synecology- deal with the study of group of

organism which are associated together as a unit.

• Population ecology

• Community ecology

• Environmental ecology

• Behaviour ecology

• Marine ecology

• Human ecology



An ecosystem is any system composed of physical,

chemical and biological processes active within any

space- time unit.

• Term ecosystem was coined by Arthur Tansley, 1935.

• An ecosystem is a self-regulating group of biotic

communities of species interacting with one another

and with their non-living environment exchanging

energy and matter.

Ecosystem



1.Natural ecosystem- this type of ecosystem

operate by themselves without any major

interference of man

(a)Terrestrial ecosystem- such as forest, grassland

etc ,.

(b)Aquatic ecosystem- such as pond ,lake , etc,.

2-Artificial ecosystem- these are also called man

made ecosystem. these are maintained artificially

by man.

e.g,.- dams , croplands , gardens.





Concepts of ecosystem 

• An ecosystem is an integrated unit consisting of

interacting plants, animals and microorganisms

whose survival depends upon the maintenance and

regulation of their biotic and abiotic structure and

function.

• The ecosystem is a unit or a system which is

composed of a number of sub-units, that are all

directly or indirectly linked with each other.



Cont…

• They may be freely exchanging energy and matter from

outside (an open ecosystem) or may be isolated from outside (

a closed ecosystem)

• Life on the earth is sustained by the flow of energy from the

sun and cycling of nutrients through the ecosystem.

• Energy flow and nutrient cycling through ecosystems are

getting altered by human activities.



Structural features of ecosystem

• 1. Biotic structure: 
• Life in ecosystem is nutritionally structured

• The plants, animals and microorganisms present in an

ecosystem form the biotic components.

• These organisms have different nutritional behaviour and

status in the ecosystem and are accordingly known as

produces or consumers, based on how do they get their food.

a. Producers:

they are mainly the green plants, which can synthesize their

food themselves through the process of photosynthesis.

They are also known as photo-autotrophs (auto=self,

troph=food, photo=light)



Cont…

b. Consumer:

all organism which get their organic food by feeding upon other

organisms are called consumers, which are:

(i) Herbivores (plant eaters):they feed directly on producers and hence

also known as primary consumers. E.g. rabbit, insect, man.

(ii) Carnivores (meat eater): they feed on other consumers. If they feed

on herbivores they are called secondary consumers (e.g. frog) and if

they feed on other carnivores (snake, big fish etc.) they are known as

tertiary carnivores/consumers.

(iii) Omnivores: they feed on both plants and animals, e.g. humans, rat,

fox, many birds.

(iv) Detritivores (Detritus feeders or saprotrophs): they feed on the parts

of dead oragnisms, wastes of living organisms, partially decomposed

matter, e.g. beetles, termites, ants, crabs, earthworms, vulture.



Cont…

C. Decomposers: 

they derived their nutrition by breaking down the complex

organic molecules to simple organic compounds and

ultimately into inorganic nutrients.

e.g. various bacteria and fungi are decomposers.



Cont…

2. Abiotic structure:

• The physical and chemical components of an ecosystem

constitute its abiotic structure.

It includes climatic factors, edaphic factors, geographical

factors, energy, nutrients and toxic substances.

a. Physical factors:

the sun light and shade, intensity of solar flex, duration of

sun hours, average temperature, rainfall, wind, latitude and

latitude, soil types, water etc.

b. Chemical factors:

availability of major essential nutrients (C,N,P,K,H,O,S)etc.





Food chain

The sequence of eating and being eaten in an ecosystem is known 

as food chain

a group of organisms in which there is a transfer of food energy 

through a series of repeated eating and being eaten.



Types of food chain

Grazing food chain

this type of food chain start from the living green plants, 

goes to grazing herbivores and on to carnivores.

Detritus food chain

the food chain pass through dead organic matters.



Food web
• in a given ecosystem various food chain are linked

together and intersect each other to form a complex

network called food web.

• in nature simple food chain occur rarely. the same

organism may be eaten by several organism of a

higher trophic level or an organism may feed upon

several different organism of a lower trophic level.

.





2. ECOLOGICAL PYRAMIDS

and the Transfer of Energy in Ecosystems



Relation/symbiosis types

• Symbiosis - A close and 

permanent association 

between organisms of 

different species

• Commensalism – a 

relationship in which one 

organism benefits and the 

other is not affected

• Example: Barnacles on a 

whale, epiphytes orchid, 

mosses on tree trunk
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• Mutualism – a relationship in 

which both organisms benefit 

from each other

• Example: Birds eating pest off a 

rhino’s back

• Parasitism – A relationship in 

which one organism benefits and 

the other is harmed

• Example: Ticks on a dog, 

loranthus (partial stem parasite)
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• Competition - a relationship where 

both organisms compete for the 

same energy source

• Example: a rabbit and a deer 

competing for grass, plants 

competing for light

• Predation - a relationship where 

one organism preys upon another

• Example: a wolf hunting a rabbit
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Energy transfers and “loss”

• Energy is converted into unusable forms such 
as heat.

• The amount of available energy changes even 
though energy is never created or destroyed. 
(First law of thermodynamics) 

• In any transfer of energy from one form to 
another some energy escapes from the 
ecosystem, usually as heat (Second Law of 
Thermodynamics)



ECOLOGICAL PYRAMIDS

and the Transfer of Energy in Ecosystems

Word first coined by Chales

Elton.

Which animals are at each

level? What type of

ecological niche do they

each belong to?



Most ecological pyramids are large at the 

base and narrow at the top.

This is because every time

that an organism is eaten by

the next trophic level, some of

the energy is lost as heat.

More Energy

Less Energy



TYPES OF PYRAMIDS

1. Pyramid of Biomass

2. Pyramid of Energy

3. Pyramid of Numbers



Pyramid diagrams

• are drawn to scale

• the width of each rectangle is proportional to:

– the number of organisms per square metre

– or the biomass in grams per square metre

– or the productivity in joules per square 

metre per month/year



PYRAMIDS OF BIOMASS

• These show the total biomass of organisms at 

different trophic levels, which depends on:

– the biomass available at each trophic level

– the standing crop at each trophic level

• Biomass pyramid diagrams may be:

– upright pyramids

– inverted pyramids



Pyramids of Biomass

Bugs/lice/p
arasite

birds

tree

Big Carnivores fish

Small herbivores 
fish

Diatom/phyt
oplankton 

(quite 
nigligible)

upright pyramids

inverted pyramids



PYRAMIDS OF ENERGY

These show productivity of organisms at different 

trophic levels, which depends on:

• the energy available from the previous trophic

level

• the efficiency of the organisms

Energy pyramid diagrams are always:

– upright pyramids



Pyramid of Energy

• Most of the energy available to the community is in the 1st trophic

level.

• Only 10-20% of the energy is available to the next trophic level (≈ 

90% lost)

• Shows the energy available at each trophic level.

– The size of the blocks represents the proportion of productivity

– Measured in Joules or Calories



PYRAMIDS OF NUMBERS

• These show numbers of organisms at different trophic 

levels, which depend on:

– the size of individual organisms

– the standing crop at the trophic level

• Number pyramid diagrams may be:

– upright pyramids

– inverted pyramids



Pyramid of Numbers
• Illustration of the number of organisms at each level



Pyramid of Number

Bugs/Lice

Birds

Tree

Carnivores

Rabbits/Grasshoppers

Grass/weeds/crops

upright pyramids inverted pyramids



3. Resources

• any material which is required or used to sustain life or

livelihood,

• Anything, which is useful to man, or can be transformed

into a useful product or can be used to produce a useful

thing.

• A. biotic resources

• B. abiotic resources

• Examples: air to breathing, water to drinking, land for

living and growing food, forests for timber and paper,

ores for Al, Cu, Fe, and other metals , coal, natural gas

for producing energy.



Natural Resources

a. Renewable Resources: can be replenished through

rapid natural cycles, these resources are able to

increase their abundance through reproduction

and utilization of simple substance.

examples: plants and animals

Solar energy although having a finite life, as a special

case, is considered as a renewable resource.



Natural Resources

b. Non-renewable resources: cannot be
replenished through natural processes, are
available in limited amounts which cannot be
increased.

Examples: fossil fuels (petrol, coal etc., metals
(iron, copper, gold, silver, lead, zinc, etc.),
minerals and salts(carbonates, phosphates,
sulphates, nitrates, etc.)



Non-renewable resources can further be

divided into two categories

• Re-cycleable

These are non-renewable resources, which can be
collected after they are used and can be recycled.
– These are mainly the non-energy mineral resources, which occur in the

earth’s crust (e.g. ores of aluminium, copper, mercury etc.) and deposits
of fertilizer nutrients (e.g. phosphate sock and potassium and minerals
used in their natural state (asbestos, clay, mica etc.)

• Non-re cycleable

These are non-renewable resources, which cannot be
recycled in any way.

– Examples of these are fossil fuels and uranium, which provide 90 per
cent of our energy requirements



Natural resources can be classified as 

• Inexhaustible resources

– The resources which are not changed or
exhausted by man’s activities and are
abundantly available for ever are said to be
inexhaustible.

Examples are solar energy, atomic energy, wind
power, power from tides etc.

• Exhaustible resources

– These resources are limited in nature and they
are non-maintainable e.g. coal, petrol and some
minerals etc. Hence, they come under non-
renewable category.

– It is very important to protect and conserve our
natural resources and use them in a judicious
manner.



Major natural resources: 

• Forest resources 

• Water resources

• Mineral resources

• Food resources

• Energy resources

• Land resources



4. BIODIVERSITY 

http://www.worcestercitymuseums.org.uk/coll/object/obj12/but1.htm
http://www.worcestercitymuseums.org.uk/coll/object/obj12/but1.htm




Biological Evolution

Fossils 

present 

but rare

Evolution and 

expansion of life

Fossils 

become 

abundant

Plants 

invade 

the land

Age of 

reptiles

Age of 

mammals

Insects and 

amphibians 

invade the land

Modern humans (Homo sapiens) appear 

about 2 seconds before midnight

Recorded human history begins 1/4 

second before midnight

Origin of life (3.6–3.8 billion years ago)

http://www.pbs.org/wgbh/nova/origins/life.html


Biodiversity - Definition

Biodiversity is the variety and variability of plants and animal species.

As per Convention on  Biological  Diversity - Biodiversity is the world 
used to describe the variability among living organism from all sources. 

It means the whole range of different living being including   plants, 
animals,  birds, insects, fishes, invertebrates, microorganism and so on .



1. Genetic diversity - genetic variability or diversity
within a species, i.e. between the individuals of a
species

Example ; Panthera tigris tigris (tiger)

Panthera pardus (leopard)

Panthera leo persica (asiatic lion)

Types of Biodiversity



2. Species diversity - diversity between different         

species

Example ; Abies pindrow (Fir)

Picea smithiana (Spruce)

Quercus leucotrichophora (Oak)



3. Ecosystem diversity – diversity within a

region

Grassland ecosystem

Forest ecosystem

Marine ecosystem



• “Survival of man is dependent on the survival of 

animals and plants life”.

• “Biodiversity has ethical, social and economic 

values”.



Agriculture/Forestry

Fuel/timber

Dyes, gums, resins, waxes, 

rubber

Insecticides/pesticides

Grazing land/fodder etc.



• Regulating  atmosphere and climate

• Soil and water conservation

• Nutrient cycling

• Pollination and seed dispersal

• Control of agricultural pests

• Tourism and recreation etc.



• Approximately 90% of flowering plants depend on
pollination by bees, birds, bats and other
pollinators.

• 30% of human crops depend on free services of
pollinators.



In-situ

• Involves protection of 

natural areas with high 

biodiversity.

• Sacred groves, BR, NP 

& WS

Ex-situ

• conserve biodiversity in an 

artificial settings.

• Botanical gardens, zoological

gardens, conservation

stands, gene, pollen,

seedlings, tissue culture and

DNA banks and

Arboreta/aquaria



Facts related to Biodiversity

 Total Land Area of Earth – 149 million sq.km

(29.2% of earth surface area)

 Forest Cover – 3.9 billion ha.

(30%)

 40% of global forest land is

in South America, Africa,

and South Asia.



Facts related to Biodiversity  

 There are 5 million to 100 million species on earth.

 Only about 1.9 million species have been catalogued so far.

 There are 34 recognized “Hotspots” in the world.

 35.3% of Vertebrate species and

 44.4% of Global Plant species are present in Hotspots.



Total geographical area of India    - 328.9 million.ha

India occupies 2.47% of the World’s geographical area and has only 1% 

of the forest. 

India has 17.7 % of world human population and 17.1% of cattle 

population

Total Forest area and tree cover in India – 24.56 % (FSI, 2019)

Facts related to Biodiversity  



Facts related to Biodiversity  

In India

• 1,39,000 species of plants, animals and microbes are

recorded

• More than 4 lakh species are yet to be identified

• There are three mega centers of endemism and 26 micro centers

of endemism



India is sharing 12.53 % of world’s  biodiversity

India is the 7th largest country in the world and one 

among the 18 mega diversity centers. 

Facts related to Biodiversity  



Facts related to Biodiversity  

India recorded :

 45,000 + species of wild plants

 89,000 + species of wild animals

 At least 320 species of wild 

relatives of crops have been

originated here.





Uttarakhand

27th state of Republic of India

Total Land Area – 53,483 sq.km

Forest Cover – 34,662 sq. km (64.8%)

Reserves forest – 71.08%

Protected forest – 28.51%

Unclassed forest – 0.41%

Protected Areas – (13.8%)

Biosphere reserve :  01

National Parks :  06

Wildlife sanctuaries :  07 

Conservation Reserves   :  04

Facts related to Biodiversity  



Facts related to Biodiversity  

Uttarakhand

Total population – 8.48 million (Census 2001)
Districts - 13

 Tehsils - 46

 Towns - 73

Mountainous area – Approx. 89% of TGA
19% under permanent snow cover, 

glaciers & steep slopes

Altitude wise total area
Below 1000msl - 26%

1000 - 2000msl - 33%

2000 - 3000msl - 13%

Above 3000msl - 28%



Facts related to Biodiversity  

Uttarakhand

Floral biodiversity

343 species (representing 256 genera from 107 families)

320 species – Angiosperms
7 species – Pteridophytes
12 species – Bryophytes

Faunal Biodiversity

102 species - Mammals
624 species - Avifauna
124 species - Pisces





Hotspots “

Where exceptional concentrations of endemic species are undergoing an 

exceptional loss of habitat”.

•Concept of biodiversity was developed by Norman Myers, 1988.

•34 areas around the world, those represents only 2.3% of the total 

land surface.  

1. Endemism-

It must contain at least 0.5% or 1500 species of vascular

plants as endemics.

2. Degree of Threat

It have lost at least 70% of its original natural vegetation.



Hotspots in India

1.  Western Ghats

2.  Himalayas

3.  Indo-Burma

4.  Sundaland



The Himalayas

Nearly 163 globally threatened species including One horn 

rhinoceros.

Mammals - 45

Birds - 50

Reptiles - 17

Amphibians - 12

Invertebrates - 03

About 10,000 species of plants of which 

1/3 are endemic



The Western Ghats

Regions have moist deciduous forest and rain forest.

High species diversity as well as high level of endemism.

Over 6,000 vascular plants belonging over 2,500 genera of which 

3,000 are endemic.

Birds species - 4,500

Mammalian species  - 140

Reptiles - 260

Amphibians - 175

Over 60% of the reptiles and amphibians 

are completely endemic



Threats to Biodiversity

• Deforestation and overgrazing

• Habitat destruction and fragmentation of the 

area.



• Poaching and hunting for flesh, fur, skin, horn etc.

• Forest fires 

• Over-exploitation of the resources.



• Natural calamities

• Pollution of various kinds and release of toxic 

substances. 

• Soil erosion and loss of soil nutrients.



• Population pressure and unequal distribution of the resources 

• Agricultural expansion

• Spreading urbanization and establishment of industries.

• Construction of hydro-electric power projects



• Climatic changes like depletion of ozone, global
warming, increased concentration of carbon dioxide,
etc,

• Mining activities and quarrying.

• Lack of awareness.



Impact of Loss Of Biodiversity

Global warming and climate change



• Due to change in decomposition rate by 

microbes

• Soil erosion and loss in fertility

• Increased pollution

• Altered nutrient cycling 



• Reduces gene pool - affects speciation 

• Food chain is altered 

• Alteration in Hydrologic cycle



Conservation Measures

1. Maintenance of the integrity of the habitat and

improvement of habitat in productivity and quality

for the desired species to grow and reproduce well.



2. Prevention and control of forest fires. Burning of

grasslands has to be controlled, protection can be given

to wildlife.

3. Excessive cutting should be eliminated, only mature

trees should be harvested and new seedlings should

replace the harvested trees.



4. Fragmentation of the forest area/ wildlife

habitat, which decreases the biological

diversity should be minimised.

5. Wise management in the control of insects

and disease that attack trees.



6. Measures to check the wind velocity in deserts, 

planting 'wind breaks' across the direction of wind. 

7. Control  man-made forest fire.



8. Planting grass species for soil conservation and 

improvement of soil fertility.

9 Reforestation in degraded forest and agricultural 

wastelands with suitable tree species, which are 

viable, genetically superior and disease resistant.



10. Protection of forest from illicit felling and   

overgrazing.

11.Establishment and maintenance of  'germ-plasm

banks' of wild species for future genetic  

improvement and breeding programme.



12. The maintenance and preservation of  germ-plasm

of vegetatively propagated species. 



13. Improvement of the heredity of trees and proper

adoption of breeding techniques.

14. The Management of natural forests, which will

ensure future productivity and environmental stability.



15. Follow principles and procedures of "Social

Forestry“ to minimize the stress on the exploitation

of renewable forest resources.



16. Conservation of endangered and endemic species

in natural forests.

17. Proper utilization and management of non-wood

based resources.



18. Implementation of effective and scientific 

methods of water, soil and air pollution control to 

ensure high productivity of the biomass. 

19. Improper mining activities should be stopped to 

check land degradation.



20. Promote conservation and sensible use of forest

products for mankind and ecosystem.

21. Control of soil erosion and establishment of

vegetative cover.



22. Check destructive 

activities of poachers.

23. Stabilization of water-table.

24. Development of renewable

Resources.



25. Promoting the habitat improvement.

26. Conservation and restoration of  species.



27. Establishment of National Parks, Wildlife 

sanctuaries for the preservation of natural biotic 

communities.

28. Establishment of Biosphere Reserves. 



29. Implementation of modern tools for aerial 

photography, data  collection of plants and 

animals, detection of forest fires, educational 

programmes and monitoring of animal 

movements.



30. Implementation of educational programmes to promote 

the knowledge of conservation and preservation of wildlife 

(including flora and fauna) through literatures, scientific  

exhibitions, audio-visual aids and conferences stressing 

upon environmental conservation.



5. Forest Policies and Legislations

Forest Policies

1. First Forest Policy, 1894 

• Public benefit is the sole objective

• Maintenance of forest in hilly areas for the

preservation of climatic and physical conditions.

• Forest lands may be transfer for agricultural

purposes

• Forest products for railways, defences etc.

No bar was fixed  



2. National Forest Policy, 1952
Revolutionary changes taken place in physical, economic and political fields 

and reorientation of old policy by retaining the fundamental concepts

•Need for evolving a system of balanced and complimentary landuse

(produce most and deteriorate least)

•Need for checking denudation of mountaneous regions, ersoion along

treeless banks, coastal lands and shifting sand dunes

•Need for establishing tree lands

•Need for progressively increasing supplies of grazing, small wood etc.

•Need for sustained supply of timber and other forest produce,

•Need for realisation of maximum amount of revenue,

•keeping 33% area of TGA under forest cover with 60% in hills and

20% in plains.



3. National Forest Policy, 1988

•Maintenance of environmental satiability through

preservation and restoration of ecological balance,

•Conservation of natural heritage,

•Checking soil erosion and denudation,

•Checking extension of sand dunes.

•Substantially increasing forest/ tree cover,

•Taking stapes to meet fuel, fodder, MFP, timber

requirement,

•Increasing the productivity of forests.

•Encourage efficient utilization of forest produce,

•Generation of work opportunities, the involvement of

women.



Wildlife Protection Act, 1972

• The formation of wildlife advisory boards, wildlife wardens, 

specifies their powers and duties, etc.

• It helped India become a party to the Convention on International 

Trade in Endangered Species of Wild Fauna and Flora (CITES). 

• The Act prohibited the hunting of endangered species.

• It provides for the establishment of wildlife sanctuaries, national 

parks, the formation of the Central Zoo Authority etc.

• The National Board for Wildlife was constituted as a statutory 

organisation under the provisions of this Act. 

• The Act also provided for the establishment of the National Tiger 

Conservation Authority.

• It gives statutory authority to Project Tiger which was launched in 

1973 and has put the endangered tiger on a guaranteed path of 

revival by protecting it from extinction.



Protection Acts

1. Water (Prevention and Control) Act, 1974
(Under the Indian constitution , water is a state subject)

C-8, S-

• To prevent and control water pollution,

• To maintain “wholesomeness” of water,

• To establish state boards for prevention and

control of pollution,

• To empower the boards for prevention and

control of pollution,

• To provide penalties for breaking the rules,

• To establish state testing laboratories and

develop its protocols.



2. Air (prevention and control) Act, 1981

Chapters-VII and Sections - 54

• To provide for the prevention, control and abatement 

of air pollution. 

• To provide for the establishment of central and State 

Boards with a view to implement the Act. 

• To confer on the Boards the powers to implement the 

provisions of the Act and assign to the Boards 

functions relating to pollution. 



Forest (Conservation) Act, 1980

• The act places restrictions on the power of the State Government

concerning preservation of forests or use of forest land for non-forest

purposes.

• The Act provides for the constitution of advisory committee to advise

the Government with regard to the grant of approved by the Central

Government,

• All ongoing non-forest activities within any forest, in any State

throughout the country, without prior approval of the Centre, must

cease forthwith.

• On violation of the provision the offender shall be punishable with

imprisonment.

• The amendment of 1988 shattered all the expectations of tribal

communities and many voluntary agencies placed all the forest land

under the jurisdiction of the forest department.



Environmental (Protection) Act, 1986

• The central government shall have the power to take all such

measure as it deems necessary or useful for the purpose of

protecting and improving the quality of the environment and

preventing, controlling and decreasing environmental

pollution.

• No person carrying on any industry, operation or processes

shall discharge or emit any environmental pollutants,

• No person shall handle or cause to be handled any hazardous

substances,

• The central government or any officer empowered by it, shall

have power to take, for the purpose of analysis, sample of air,

water, soil or other substances from any premises, factory

etc.

• Whoever fails to comply with or violate any of the provisions

of this Act or the rules made or orders or directions issued

there under shall in respect of each such failure or violation

be punishable.



Thanks     



Activity oriented assignments on 

1. Ecosystem and ecological pyramids representing structures of

different ecosystems.

2. Structures of Earth’s atmosphere and different layers of

atmosphere.

3. Consequences of changes in Global Biogeochemical cycles by

anthropogenic activities, Its major causes, impact and

remedies.

4. Impact of future changes in climatic conditions on biodiversity

and biodiversity conservation strategies.

5. Ecosystem services and REDD+

6. To determine the Relative density, Relative frequency, Relative

dominance and Importance Value Index (IVI) of given forest

data.

Species Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Avg. CBH 

(cm)

P. roxburghii 2 1 3 1 1 2 3 1 3 1 55

C. deodara 2 1 - - 2 - 3 2 1 2 45

C. torulosa 1 - 2 1 - - - 2 1 - 40

A. nepalensis 4 2 - - - 2 1 - - - 35


