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QUERIES
 NEED OF CE 101?

 Stockholm conference 1972

 Earth Summit 1992
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 3. G.M. Masters & Wendell Ela. 1991. 
Introduction to Environmental 
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Publishers.
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Ecology

 Ecology- The study of the relationships between different species 

in a given area.

 Environment- The surroundings or conditions in which a person, 
animal, or plant lives or operates.

 Any external force, substance, or condition that affects organisms 

in a way, is known as factor. The sum of all such factors constitute 

the environment.
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Level of Organization

 Species- a group of organisms which can interbreed and produce 
fertile offspring

 Population- Groups of individuals of a certain species living in a 
certain area

 Community- Different populations that live in the same area.

 Ecosystem- Collection of both the community and the abiotic 
factors in a certain area or Ecosystem: An ecosystem is the whole 
biotic community in a given area and its abiotic environment.

 Biome- Group of ecosystems that have the same climatic 
conditions

 Biosphere: The Earth’s living organisms interacting with their physical 
environment may be considered as a vast ecosystem, which is the 
largest, self sufficient biological system we know, and this is termed 
as biosphere.
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Level of 
Organization
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Individual

Population

Biomes

Ecosystem

Community
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Types of ecosystem 12
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Ecosystem Services
 Ecosystem services is the capacity of natural processes and

components to provide goods and services that satisfy human

needs, either directly or indirectly

 Ecosystem services are subset of ecological processes and

ecosystem structures

 Each service is the result of the natural processes of the total

ecological sub-system of which it is a part

 Natural processes, in turn, are the result of complex

interactions between biotic (living organisms) and abiotic

(chemical and physical) components of ecosystems through

the universal driving forces of matter and energy



Ecosystem 

services
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1. Provisioning services (Food, water and other resources)

Food

 Ecosystems provide the conditions for growing food

 Food comes principally from managed agro-ecosystems but marine and freshwater 

systems or forests also provide food for human consumption

 Wild foods from forests are often underestimated

Raw Materials

 Ecosystems provide a great diversity of materials for construction and fuel including 

wood, biofuels and plant oils that are directly derived from wild and cultivated plant 

species

Fresh water

 Ecosystems play a vital role in the global hydrological cycle, as they regulate the 

flow and purification of water

 Vegetation and forests influence the quantity of water available locally

Medicinal resources

 Ecosystems and biodiversity provide many plants used as traditional medicines as 

well as providing the raw materials for the pharmaceutical industry

 All ecosystems are a potential source of medicinal resources



2. Regulating services (regulating the quality of air and soil or by 

providing flood and disease control)

 Air quality regulation: Ecosystems both contribute chemicals to and extract 

chemicals from the atmosphere, influencing many aspects of air quality

 Climate regulation:

❖ Ecosystems influence climate both locally and globally

❖ For e.g., at a local scale, changes in land cover can affect both temperature and precipitation

❖ At the global scale, ecosystems play an important role in climate by either sequestering or 
emitting greenhouse gases

 Water regulation: Timing and magnitude of runoff, flooding, and aquifer 

recharge can be strongly influenced by changes in land cover, including, 

in particular, alterations that change the water storage potential of the 

system, such as the conversion of wetlands or the replacement of forests 

with croplands or croplands with urban areas

 Erosion regulation: Vegetative cover plays an important role in soil retention 

and the prevention of landslides



 Water purification and waste treatment: Ecosystems can be a source of 

impurities (e.g., in fresh water) but also can help to filter out and 

decompose organic wastes introduced into inland waters and coastal 

and marine ecosystems and assimilate and detoxify compounds through 

soil and sub-soil processes

 Disease regulation: Changes in ecosystems can directly change the 

abundance of human pathogens, such as cholera, and can alter the 

abundance of disease vectors, such as mosquitoes

 Pest regulation: Ecosystem changes affect the prevalence of crop and 
livestock pests and diseases

 Pollination: Ecosystem changes affect the distribution, abundance, and 

effectiveness of pollinators

 Natural hazard regulation: The presence of coastal ecosystems such as 

mangroves and coral reefs can reduce the damage caused by hurricanes 

or large waves



3. Supporting services 

 Supporting services are those that are necessary for the 

production of all other ecosystem services

 They differ from provisioning, regulating, and cultural services in 

that their impacts on people are often indirect or occur over a 

very long time, whereas changes in the other categories have 
relatively direct and short-term impacts on people

 Some services, like erosion regulation, can be categorized as both 

a supporting and a regulating service, depending on the time 

scale and immediacy of their impact on people



 Soil Formation: Many provisioning services depend on soil fertility, 

the rate of soil formation influences human well-being in many 

ways

 Photosynthesis: Photosynthesis produces oxygen necessary for 
most living organisms

 Primary Production: The assimilation or accumulation of energy 

and nutrients by organisms

 Nutrient cycling: Approximately 20 nutrients essential for life, 

including nitrogen and phosphorus, cycle through ecosystems and 

are maintained at different concentrations in different parts of 
ecosystems

 Water cycling: Water cycles through ecosystems and is essential for 
living organisms



4. Cultural Services 

(These are the non-material benefits people obtain from ecosystems 
through spiritual enrichment, cognitive development, reflection, 
recreation and aesthetic experiences)

 Cultural diversity: The diversity of ecosystems is one factor influencing the 
diversity of cultures

 Spiritual and religious values: Many religions attach spiritual and religious values 
to ecosystems or their components

 Knowledge systems (traditional and formal): Ecosystems influence the types of 
knowledge systems developed by different cultures

 Educational values: Ecosystems and their components and processes provide 
the basis for both formal and informal education in many societies

 Inspiration: Ecosystems provide a rich source of inspiration for art, folklore, 
national symbols, architecture, and advertising



Cultural Services …..

 Aesthetic values: Many people find beauty or aesthetic value in 
various aspects of ecosystems, as reflected in the support for parks, 
scenic drives, and the selection of housing locations

 Social relations: Ecosystems influence the types of social relations that 
are established in particular cultures. Fishing societies, for e.g., differ in 
many respects in their social relations from nomadic herding or 
agricultural societies

 Sense of place: Many people value the "sense of place" that is 
associated with recognized features of their environment, including 
aspects of the ecosystem

 Cultural heritage values: Many societies place high value on the 
maintenance of either historically important landscapes ("cultural 
landscapes") or culturally significant species

 Recreation and ecotourism: People often choose where to spend their 
leisure time based in part on the characteristics of the natural or 
cultivated landscapes in a particular area
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Example of ecosystem 

services: Medicines
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Scientific Methods
 We can’t do experiments on whole, natural ecosystems

 Instead we use several tools to explore ecosystems:

 Observations- We watch and take detailed notes about an 
ecosystem

 Experimenting-Taking an artificial environment and using the 
scientific method on it.

 Modeling- Using computers to show what has happened and 
what will happen in an ecosystem.
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Structure and function…. 27



Structure and Function of an 

Ecosystem:

 Each ecosystem has two main components:

 (1) Abiotic

 (2) Biotic

 (1) Abiotic Components:
The nonliving factors or the physical environment prevailing in an 
ecosystem form the abiotic components. They have a strong influence on the 
structure, distribution, behaviour and inter-relationship of organisms.

Abiotic components are mainly of two types:
(a) Climatic Factors:
Which include rain, temperature, light, wind, humidity etc.
(b) Edaphic Factors:
Which include soil, pH, topography minerals etc.?
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The Functions of Abiotic Components 

• Soils are much more complex than simple sediments. They contain a 
mixture of weathered rock fragments, highly altered soil mineral particles, 
organic matter, and living organisms. 

• Soils provide nutrients, water, a home, and a structural 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 dioxide for photosynthesis and oxygen for respiration. 

• The processes of evaporation, transpiration and precipitation cycle water 
between the atmosphere and the Earth’s surface.
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The Functions of Abiotic Components 

• 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 metabolism, 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 90%. 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 precipitation from the atmosphere.
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Biotic Components

(A) Producers
(B) Consumers
(C) Decomposers or Reducers.
(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 photosynthesis. 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. Therefore, they depend on the producers for their food. They are 
known as heterotrophs (i.e. heteros = other, trophos = feeder)
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 The consumers are of four types, namely:

(i) 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.

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

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

(iii) Tertiary Consumers or Third Order Consumers:

These are the large carnivores which feed on the secondary consumers. Example 
are Wolves.

iv). Omnivores: These are the largest carnivores which feed on the tertiary 

consumers and are not eaten up by any other animal. 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 release to the environment the simple inorganic and organic 

substances produced as by-products of their metabolisms.
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Ecosytems combine to form a Giant ecosystem 
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Energy and 

Matter Flow

 Both Energy and 

Matter flow through 
an ecosystem

 Energy flows into 

and out of the 

ecosystem

 Matter is usually 

recycled
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Energy

All energy from an 
ecosystem comes from the 
sun, originally

Plants convert sunlight into 
chemical energy

Other organisms eat plants 
and each other for that 
stored sunlight energy
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Thus the principal steps in the operation 
of ecosystem are as follows:

 (1) Reception of radiant energy of 
sun,

 (2) Manufacture of organic materials 
from inorganic ones by producers,

 (3) Consumption of producers by 
consumers and further elaboration of 
consumed materials; and.

 (4) After the death of producers and 
consumers, complex organic 
compounds are degraded and finally 
converted by decomposers and 
converters into such forms as are 
suitable for reutilization by producers.
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Food Chain
The simple chain of eating and being eaten away is known as food

chain. In a food chain of an ecosystem, energy flows from one
trophic level to another.

There are 3 types of food chains, namely Grazing food chain, Detritus

food chain and Parasitic food chain.

Grazing food chain (GFC) starts from producers or plants and passes

on to herbivorous primary consumers to carnivorous secondary
consumers and ends with tertiary carnivorous animals. Thus, it is
directly dependant on influx of solar radiation.

Detritus food chain (DFC) starts with dead organic matter and goes

to microorganisms and then passes on to organisms that feed on
detrivores and their predators. This ecosystems are less dependant on
solar energy and depends on the organic matter inflow in the system.

Parasitic food chain (PFC) – In this type of food chain, large organisms

either producer or consumer is exploited and therefore the food
passes to the smallerorganisms
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Parasitic food chain 35



Food web
However, food 
chains in the 
natural conditions 
never operate as 
isolated 
sequences, but 
are 
interconnected 
with each other 
forming some sort 
of interlocking 
patterns, which is 
referred as food 
web. 
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Types and Patterns of Food 
Webs
Connectedness webs: These are 

based on the concept of who eats  
whom, emphasizing on feeding  
relationships (also known as  
topological food webs)

Energy flow food webs: in this type  

energy flow through a food web is  
estimated. Connections between 
populations are quantified by the  
flux of energy between resource 
and consumers

Functional food webs:On the basis  

of the impact of species on the 
structure of community. It shows the  
feeding relationships within the  
topological food webs



Ecological 

pyramids

 Ecological Pyramid refers to a

graphical (pyramidal)

representation to show the

number of organisms, biomass,

and productivity at each trophic

level. There are three types of

pyramids.
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Pyramids of biomass
As the name suggests, the
Biomass Pyramids show the
amount of biomass (living or
organic matter present in an
organism) present per unit
area at each trophic level. It is
drawn with the producers at
the base and the top
carnivores at the tip.
Pyramid of biomass is generally
ascertained by gathering all
organisms occupying each
trophic level separately and
measuring their dry weight.
Each trophic level has a
certain mass of living material
at a particular time called
standing crop, which is
measured as the mass of living
organisms (biomass) in an unit

area.
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 Pyramid of 
Energy

 It is a graphical 
structure 
representing the 
flow of energy 
through each 
trophic level of a 
food chain over 
a fixed part of 
the natural 
environment. 

 An energy 
pyramid 
represents the 
amount of 
energy at each 
trophic level and 
loss of energy at 
each is 
transferred to 
another trophic 
level.
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Energy Pyramid
 Less energy is transferred to the next trophic level.

 This is due to some energy lost due to metabolic

activities

 Only about 10% of energy is available (in the form
of body structure) to the next trophic level.

 First law of thermodynamics and 2nd law of

thermodynamics is followed in ecological energy
flow too!!!!
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Energy Flow
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Y-Shaped Energy Flow
 Confirms to the stratified structure of ecosystems

 Direct consumption of living plants and utilization of dead 

organic matter are usually separated in both time and space 

 Macroconsumers (phagotrophs) and microconsumers 

(saprotrophs) differ greatly in size-metabolism relations

 Lake as an example – Green belt (top of water) and brown 

belt (sediment)

 Forests and marshes – operate as detritus systems



Y Shaped Energy Flow Model
 Grazing and detritus food chains are inter-connected

 Not all food eaten by grazers is actually assimilated, as some (feces 

containing undigested material) is diverted to the detritus pathway

 Also, the amount of net production energy that flows down the two 

pathways varies in different kinds of ecosystems and, often in the same 

ecosystem; it may vary seasonally or annually

 Energy flow in case of shallow waters and heavily grazed 

pastures or grassland shows larger energy flow via the grazing 

food chain than in the detritus pathway. The reverse is true in 

case of the forest, marshes and oceans



Energy flow diagram in a Lake (Kcal/m2/yr)



Ecological 
Productivit

y

GPP=Gross Primary Productivity, NPP=Net 

Primary Productivity
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Productivity 
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Net primary productivity

 Net primary productivity is the energy that producers can make 
available to a community at any one time.

 Net productivity determines how much life an ecosystem supports.

 Productivity can be measured in calories (units of energy) or 
biomass (amount of organic material) g/m2

Image Source: Biology: Life on Earth, 8/e. 2008 Pearson Prentice Hall, Inc.



 Gross primary productivity is the amount of

carbon fixed during photosynthesis by all

producers in the ecosystem. However, a large

part of the harnessed energy is used up by the

metabolic processes of the producers

(respiration).
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Secondary Productivity

 Secondary productivity

describes the generation of

biomass by heterotrophic
organisms (consumers)

 This biomass generation is

driven by the transfer of

organic compounds between

trophic levels via feeding
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Ecological efficiencies

 Assimilation efficiency: 

 for plants, energy fixed by (plants/light absorbed)*100

 For consumers, (food energy assimilated/food energy 

ingested)*100

 Consumption efficiency:

 (Ingestion at trophic level n/net production at trophic level n)*100

 Production efficiency:

 (Production at trophic level n/assimilation at trophic level n)*100

 Ecological growth efficiency:

 (Production at trophic level n/ingestion at trophic level n)*100

 Transfer efficiency:

 (Production at trophic level n/production at trophic level n-1)*100



1. Why are ecological interactions important?

✓Interactions can affect distribution and

abundance.

✓Interactions can influence evolution.



• Ecological interactions are classified as 

intraspecific or interspecific interactions and as 

harmonious or inharmonious interactions.

2. How are ecological interactions classified?



3. What are intraspecific and interspecific 

ecological interactions?

• Intraspecific ecological interactions are those between

individuals of the same species.

• Interspecific ecological interactions are ecological

interactions between individuals of different species.



4. What is inharmonious ecological interaction?

• Inharmonious, or negative, ecological interaction 
is that in which at least one of the participating 
beings is harmed. 

5. What is harmonious ecological 
interaction?

• Harmonious, or positive, ecological interaction is 
that in which none of the participating beings is 
harmed.



6. What are the main harmonious 

intraspecific & inharmonious intraspecific 

ecological interactions? 

• The main harmonious intraspecific ecological 

interactions are colonies and societies. 

• The main inharmonious intraspecific ecological 

interactions are intraspecific competition and 

cannibalism.



11. What are the main interspecific ecological 

interactions? 

• The main harmonious interspecific ecological 

interactions are: 
– protocooperation, synergism and mutualism and commensalism. 

• The main inharmonious interspecific ecological 

interactions are: 
– interspecific competition, parasitism, predatism and ammensalism. 



What is an example of intraspecific 

competition? 
• Intraspecific competition occurs in practically all species, for 

example, the competition of humans for a job.

10. Why is cannibalism an inharmonious 
intraspecific ecological interaction?

In cannibalism an individual eats other of the same species 
(occurs in some insects and arachnids). Since it is an 
interaction between beings of the same species and at least one 
of them is harmed (the other is benefited) the classification as 
inharmonious intraspecific ecological interaction is justified.



Possible combinations for interactions: Source Ecology and 

Environment by P.D. Sharma
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• Competition is the ecological interaction in 

which the individuals explore the same 

ecological niche or their ecological niches 

partially coincide and therefore competition 

for the same environmental resources takes 

place. 

• Competition is harmful for all participating 

beings and thus it is classified as an 

inharmonious (negative) ecological 

interaction. 

8. What is competition? Which type of 

ecological interaction is competition? 



Competition – two species share a requirement for a

limited resource → reduces fitness of one or both species



Competitive exclusion principle:

If two species have the same niche, the stronger

competitor will eliminate the other competitor.

“Complete competitors cannot coexist.”



Symbiotic Relationships

Symbiosis- two species living together

3 Types of 
symbiosis:

1. Commensalism

2. Parasitism

3. Mutualism



Symbiosis : Source: Ecology and Environment 

P.D Sharma 
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What is protocooperation?
• Protocooperation is the ecological interaction in which 

both participants benefit but which is not obligatory 
for their survival. 

• Protocooperation is a harmonious (positive) 
interspecific ecological interaction. 

• Examples of protocooperation are: 
– the action of the spur-winged plover that using its 

beak eats residuals from crocodile teeth; 

– the removal of ectoparasites from the back of bovines 
by some birds that eat the parasites; 

– the hermit crab that live inside shells over which sea 
anemones live (these offer protection to the crab and 
gain mobility to obtain food).





What is mutualism? 

• Mutualism is the ecological interaction in which both
participants benefit and that is obligatory for their
survival.

• Mutualism is a harmonious (positive) ecological
interaction.

• Mutualism is also known as symbiosis.

• Examples of mutualism are:
– the association between microorganisms that digest cellulose

and the ruminants or insects within which they live;

– the lichens, formed by algae or cyanobacteria that make
organic material for the fungi and absorb water with their
help;

– nitrifying bacteria of the genus Rhizobium that associated to
leguminous plants offer nitrogen to these plants.



Symbiosis - Lichens



Symbiotic Relationships

Mutualism-
beneficial to both species

Ex. lichen





What is commensalism? 

• Commensalism is the ecological interaction between two
species where one species obtains a benefit from the
relationship and the second species is unaffected by it.

• Commensalism is a harmonious (positive) ecological
interaction, since none of the participants is harmed.

• An example of commensalism is the numerous bacteria that
live in the skin and in the digestive tube of humans without
being pathogenic or beneficial.

• They are innocuous bacteria living in commensalism with
humans.



In the picture below, two barnacles are attached to the shell of a 

scallop. The barnacle gains a place to live and, presumably, the 

scallop is not harmed by the presence of the barnacles. Therefore 

the relationship is commensalism.



What benefits can commensalism 

offer to a species? 

• Commensalism may involve obtainment of food 

(for example, the innocuous bacteria of the human 

gut), shelter or support (epiphytes on trees) and 

transportation (pollen carried by insects or birds). 

• The commensalism that involves obtainment of 

shelter is also called inquilinism.



Symbiotic Relationships

Commensalism-

one species benefits 
and the other is 
neither harmed nor 
helped

Ex. orchids on a tree

Epiphytes: A plant, such as a tropical 
orchid or a bromeliad, that grows on another 
plant upon which it depends for mechanical 
support but not for nutrients. Also called 
xerophyte, air plant. 



Symbiotic Relationships

Commensalism-

one species benefits 
and the other is 
neither harmed nor 
helped

Ex. polar bears and 
cyanobacteria



What is ammensalism?

• Ammensalism is the ecological interaction in which an
individual species harms other without obtaining benefit.

• Ammensalism is an inharmonious (negative) ecological
interaction since one participant is harmed.

• It is a -/0 relationship.

• For example, algal blooms can lead to the death of many
species of fish and other animals, however the algae do not
benefit from the deaths of these individuals.

• One of the best examples of ammensalism is the one
established between humans and other species under
extinction due to human actions like habitat devastation by
fires, ecological accidents, leisure hunting, etc.





What is predatism?

• Predatism is the ecological interaction in which

one individual mutilates or kills other to get food.

Predatism is an inharmonious (negative)

ecological interaction since one participant is

harmed.



Is herbivorism a form of predatism?

• Herbivorism is the form of predatism in which

first order consumers feed from producers (plants

or algae). For example, birds and fruits, humans

and eatable vegetable, etc. (There are proposals to

consider the herbivorism of leaves a form of

parasitism and the herbivorism of entire plants and

seeds a form of predatism).



Symbiotic Relationships

Parasitism-

one species benefits (parasite) and 
the other is harmed (host)

• Parasite-Host relationship



Symbiotic Relationships

Parasitism- parasite-host

Ex. lampreys, 

leeches, fleas,

ticks, tapeworm



Cycles of Matter or 

Biogeochemical cycles

 Water cycle- Water, through evaporation 

and condensation, cycles through 

ecosystems

 Carbon Cycle- Carbon travels through 

ecosystems by photosynthesis and 

respiration

 Nitrogen Cycle- Nitrogen travels through 

ecosystems by chemical processes

 Phosphorus cycle:

 Sulphur cycle:

90
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Hydrological Cycle
1. Reservoir–oceans, air (aswater vapor),  

groundwater, lakes and glaciers; evaporation, wind 
and precipitation (rain) move water from oceans to 
land.

2.Assimilation –plants absorb water from the ground,  
animalsdrink water or eat other organismswhich  
are composed mostly of water.

3.Release –plants transpire, animals breathe and 
expel liquid wastes.



Carbon Cycle
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Carbon Cycle

Carbon is required for building organic compounds
1. Reservoir (stock)– atmosphere (as CO2), fossil fuels (oil, coal), organic

materials (for example: cellulose).

2. Assimilation (the absorption and digestion of food or nutrients by the 
body or any biological system.) – plants use CO2 in photosynthesis;
animals consume plants.

3. Release – plants and animals release CO2 through respiration and 
decomposition; CO2 is released as wood and fossil fuels are burned.



Global “Warming”

• “Global Warming” - has been strongly linked to levels of carbon 
dioxide in the atmosphere.

• While natural events add carbon dioxide to the atmosphere, human
activities also contributes to carbon levels.

• GREENHOUSE EFFECT

https://www.britannica.com/science/greenhouse-effect

http://www.britannica.com/science/greenhouse-effect
http://www.britannica.com/science/greenhouse-effect


Nitrogen 
Cycle
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Nitrogen Cycle

• The earth’s atmosphere is 78% nitrogen, but in this form, it
cannot be used by producers.

• Nitrogen-fixing bacteria convert nitrogen gas into nitrogen 
compounds that plants can absorb and use in making amino 
acids to build proteins.



Nitrogen
Cycle

(Nitrogen is required for the manufacture of amino acids and
nucleic acids)

1. Reservoir – atmosphere (as N2); soil (as NH4
+ or ammonium, NH3 or 

ammonia, N02
- or nitrite, N03

- or nitrate
4 32. Assimilation – plants absorb nitrogen as either NH + or as N0 -, animals

obtain nitrogen by eating plants and other animals. The stages in the 
assimilation of nitrogen are as follows:

• Nitrogen Fixation: N2 to NH4
+ by nitrogen-fixing bacteria (prokaryotes in the

soil and root nodules), N2 to N03
- by lightning and UV radiation

• Nitrification: NH4
+ to N02

- and N02
- to N03

- by various nitrifying bacteria.

3. Release – Denitrifying bacteria convert N03
- back to N2 (denitrification); 

detrivorous bacteria convert organic compounds back to NH4
+ (ammonification); 

animals excrete NH4
+ (or NH3) urea, or uric acid.
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Phosphorus Cycle

(Phosphorus is required for the manufacture of ATP and all 
nucleic

acids)

1. Reservoir – erosion transfers phosphorus to water and soil; 
sediments and rocks that accumulate on ocean floors 
return to the surface as a result of uplifting by geological 
processes

42. Assimilation – plants absorb inorganic PO 3- (phosphate) from soils;
animals obtain organic phosphorus when they consume 
plants and other animals

3. Release – plants and animals release phosphorus when they 
decompose; animals excrete phosphorus in their waste 
products



Sulphur cycle

1/29/2024 CE101 Env Sc. Module 1 Dr. Tanushree Bhattacharya 101

Marine phytoplankton are the primary source of DMS. A portion of the DMS is oxidized above the 
sea surface to sulfur dioxide (S02) resulting in acid precipitation. Aerosols of DMS which act as 
cloud condensation nuclei (CCN), enhancing cloud formation with potential influences on global 
climate 

DMS

Phytoplanktons



Sulfur Cycle

(Sulfur is required for the synthesis of proteins)

1. Reservoir – erosion transfers sulfur to water and soil; sediments 
and rocks that accumulate on ocean floors return to the surface
as a result of uplifting by geological processes

2. Assimilation – plants absorb sulfate from soils and water; animals 
obtain organic sulfur when they consume plants and other
animals

3. Release – plants and animals release sulfur when they decompose;
animals excrete sulfur in their waste products



Limiting Nutrients
 Some nutrients are in short supply in an ecosystem

 These nutrients are called limiting nutrients

 E.g. water in a desert ecosystem

 Nitrogen and phosphorus in the cropland.
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Ecological Succession
 Ecological succession is the process 

by which an ecosystem is established 
by natural process.

 A natural process by which different 
communities colonise the same area 
over a period of time in a definite 
sequence.

 The final community is climax 
community.

 There are stages, and at each stage 
there are distinct species

 Two types of succession:

 Primary succession- the ecosystem 
suffered a total loss, and species from 
the outside are recolonizing

 Secondary succession- the ecosystem 
was disturbed, but not totally wiped 
out, so its own members can recover 
the disturbed space.
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Fate of environmental pollutants
10

5



Pathways 
or fate of 
pollutants
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Bioaccumulation is the gradual accumulation of substances, such as pesticides 

or other chemicals, in an organism. Bioaccumulation occurs when an organism 

absorbs a substance at a rate faster than that at which the substance is lost or 

eliminated by catabolism and excretion.

Biomagnification, also known as bioamplification or biological magnification, is 

any concentration of a toxin, such as pesticides, in the tissues of tolerant 

organisms at successively higher levels in a food chain.
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Ecosystem Management
10
8

• To address this concern of reviving Ecosystem services,
IUCN promotes the sound management of ecosystems
through the wider application of the Ecosystem Approach –
a strategy for the integrated management of land, water
and living resources that places human needs at its centre,
through the Ecosystem Management Programme.

 The Ecosystem Management Programme works on five key
programmatic areas for IUCN:

• Red List of Ecosystems, compiles information on the state of
the world’s ecosystems at different geographic scales. Its
central objective is to assess the risk of ecosystem collapse.

• Ecosystem based Adaptation, where the Initiative aims to
include biodiversity concerns in adaptation and mitigation
polices and practice, as well as furthering natural resource
management strategies that help biodiversity and people to
adapt to the impacts of climate change. The Initiative
coordinates Climate Change work across IUCN's
programmes, regions, Commissions and member
organizations.
CE101 Env Sc. Module 1 Dr. Tanushree Bhattacharya 

1/29/2024

https://www.iucn.org/theme/ecosystem-management/our-work/red-list-ecosystems
https://www.iucn.org/theme/ecosystem-management/our-work/climate-change-adaptation


 Cilmate change and Disaster Risk Reduction, where the

programme aims to promote integration of ecosystem

management, livelihoods, community vulnerability and

climate change adaptation to disaster management.

 Drylands, where the programme demonstrates the high value

of ecosystem services and shows how to adapt development

and conservation approaches to the unique challenges of

aridity and climatic uncertainty.

 Global Island Partnership, this is a voluntary partnership for all

islands, regardless of size or political status, to take bold steps

to build resilient and sustainable island communities through

innovative partnerships.
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Recent status of climate change according to IPCC

report and its impact
 Anthropogenic activities have caused a temperature rise by 1 

degree Celsius than the preindustrial era.

• This further may increase upto 1.5ᵒC by 2052 if business as usual 

continues.

• The mean surface temp was higher during 2006-2015 by 0.75ᵒC to 

0.99ᵒC as compared to 1850-1900.

• Intention to hold the rise in temperature upto 1.5ᵒC rather than 2ᵒC.

• Extreme hot days in mid-latitudes will increase upto 3ᵒC at 1.5ᵒC 

global warming.

• Extreme cold nights in high latitude will also warm up by 4.5ᵒC at 

1.5ᵒC global warming.

• Risk associated with drought/cyclone will rise globally.

• By 2100, mean sea level will rise by 0.1m at 1.5ᵒC global warming -

coastal islands/ countries/ cities are at risk.
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• Continued….

• 8% plants, 6% insects, 4% vertebrates will lose their geographic 

presence by 50% at 1.5ᵒC global warming.

• 4% terrestrial ecosystem will change at 1.5ᵒC global warming.

• Woody shrubs will encroach over tundra/boreal regions.

• 70-90% coral reef decrease at 1.5ᵒC global warming.

• Ocean acidification will rise due to carbon dioxide concentration. 

• Invasive species will increase.

• Net reduction in yield of rice, maize, wheat globally.

• Adaptation needs will be lower at 1.5ᵒC global warming.

• RFC’s - Reasons for concerns due to 1.5ᵒC global warming

 Priority - 1. Threatened species increase 2. Extreme weather 

events

11

1



Recent report, 9th August 2021

 Faster warming

 The report provides new estimates of the chances of crossing the global 
warming level of 1.5°C in the next decades, and finds that unless there are 
immediate, rapid and large-scale reductions in greenhouse gas emissions, 
limiting warming to close to 1.5°C or even 2°C will be beyond reach.

 The report shows that emissions of greenhouse gases from human activities 
are responsible for approximately 1.1°C of warming since 1850-1900, and 
finds that averaged over the next 20 years, global temperature is expected 
to reach or exceed 1.5°C of warming. This assessment is based on improved 
observational datasets to assess historical warming, as well progress in 
scientific understanding of the response of the climate system to human-
caused greenhouse gas emissions.

 “This report is a reality check,” said IPCC Working Group I Co-Chair Valérie 
Masson-Delmotte. “We now have a much clearer picture of the past, 
present and future climate, which is essential for understanding where we 
are headed, what can be done, and how we can prepare.”
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 Every region facing increasing changes

 Many characteristics of climate change directly depend on the level of global

warming, but what people experience is often very different to the global

average. For example, warming over land is larger than the global average,

and it is more than twice as high in the Arctic.

 “Climate change is already affecting every region on Earth, in multiple ways.

The changes we experience will increase with additional warming,” said IPCC

Working Group I Co-Chair Panmao Zhai.

 The report projects that in the coming decades climate changes will increase in

all regions. For 1.5°C of global warming, there will be increasing heat waves,

longer warm seasons and shorter cold seasons. At 2°C of global warming,

heat extremes would more often reach critical tolerance thresholds for

agriculture and health, the report shows.

 But it is not just about temperature. Climate change is bringing multiple

different changes in different regions – which will all increase with further

warming. These include changes to wetness and dryness, to winds, snow and

ice, coastal areas and oceans. For example: Climate change is intensifying

the water cycle. This brings more intense rainfall and associated flooding,

as well as more intense drought in many regions.

 Climate change is affecting rainfall patterns. In high latitudes, precipitation is

likely to increase, while it is projected to decrease over large parts of the

subtropics. Changes to monsoon precipitation are expected, which will vary

by region.
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Continued….

 Coastal areas will see continued sea level rise throughout the 21st century, contributing to 

more frequent and severe coastal flooding in low-lying areas and coastal erosion. Extreme sea 

level events that previously occurred once in 100 years could happen every year by the end of 

this century.

 Further warming will amplify permafrost thawing, and the loss of seasonal snow cover, 

melting of glaciers and ice sheets, and loss of summer Arctic sea ice.

 Changes to the ocean, including warming, more frequent marine heatwaves, ocean 

acidification, and reduced oxygen levels have been clearly linked to human influence. These 

changes affect both ocean ecosystems and the people that rely on them, and they will 

continue throughout at least the rest of this century.

 For cities, some aspects of climate change may be amplified, including heat (since urban 

areas are usually warmer than their surroundings), flooding from heavy precipitation events 

and sea level rise in coastal cities.

 For the first time, the Sixth Assessment Report provides a more detailed regional assessment 

of climate change, including a focus on useful information that can inform risk assessment, 

adaptation, and other decision-making, and a new framework that helps translate physical 

changes in the climate – heat, cold, rain, drought, snow, wind, coastal flooding and more 

– into what they mean for society and ecosystems.
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