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Unit – III 

Ecosystem: Concept and types; Trophic structure, 

Ecological pyramids, Food chain and Food web; Energy 

flow, Ecological energetics, Production ecology and 

Biogeochemical cycles. Human impact on ecosystem: 

Pollution, types (air, water, soil, noise and radioactive 

pollution); Bioremediation; E- Waste: Concept and 

management. 



 

Concept of Ecosystem 

There are many supporting systems like Forests, oceans, 

grasslands, deserts which have structural components and 

functions. 

They all have living organisms interacting with their 

surroundings exchanging matter and energy. 

The word Ecology was coined by Earnest Haeckel in 1869 

from Greek Words: 

Oikos (Home) + Logos(study) 
So ecology is study of organisms in their natural home 

interacting with the biotic and abiotic components 

(Surroundings) 



 
 
 

 

What is Ecosystem 

▶ An Ecosystem is a self regulating group of 
biotic communities of species interacting 
with one another with their non-living 
environment exchanging energy and 
matter. 

 
▶ Therefore Ecology can be termed as--- 

“Study Of Ecosystems” 



 
 

 

 

 
Ecosystem is a unit or a system which 

is composed of no. of sub-units 

They may exchange energy & matter 

from outside – is an Open Ecosystem; 

or isolated from outside in a closed 

one. 

The Closed once are generally 

artificial. Eg. Biosphere 2, in Oracle, 

Arizona 

Life on earth is sustained by the flow 

Biosphere 2 is an American Earth system 

science research facility located in Oracle, Arizona. It was 

originally constructed between 1987 and 1991, and has 

been owned by the University of Arizona since 2011. Its 

mission is to serve as a center for research, outreach, 

teaching, and lifelong learning about Earth, its living 

systems, and its place in the universe. It is a 3.14-acre 

(1.27-hectare) structure originally built to be an artificial, 

materially closed ecological system, or vivarium. It 

remains the largest closed system ever created. 
 

 

https://en.wikipedia.org/wiki/Earth_system_science
https://en.wikipedia.org/wiki/Earth_system_science
https://en.wikipedia.org/wiki/Oracle%2C_Arizona
https://en.wikipedia.org/wiki/University_of_Arizona
https://en.wikipedia.org/wiki/Lifelong_learning
https://en.wikipedia.org/wiki/Closed_ecological_system
https://en.wikipedia.org/wiki/Closed_ecological_system
https://en.wikipedia.org/wiki/Vivarium


 
 

Characteristics of an Ecosystem 
Structure of ecosystem 

Biotic Structure 

Abiotic Structure 

Functions of Ecosystem 

Trophic Structure 

Food Chains 

Food Web 

Ecological Pyramids 

Energy Flow 

Ecological energetics, Production ecology 



Biotic Components 

 
Producers- they produce their own food either by process of Photosynthesis or by 

Chemical Process 

Plants produce food by Photosynthesis(using sun, CO2 and water) in presence of 

Chlorophyll. 

Thus they are also called as Autotrophs 

There are some micro-organisms which produce organic matter to some extent by 

oxidation of certain chemicals in absence of sunlight. They are called as 

CCChoensmuomsyenrsth:eAtllicoorgraCnhisemmsowtrhoicphhsget their food by feeding on other organisms are 

called as Consumers 

Herbivores- Feed on producers (plant eaters)also called as Primary Consumers 

Carnivores- Feed on other consumers 
If they feed on Herbivores- Secondary Consumers – eg frog 

If they feed on Carnivores – tertiary Carnivores/ Consumers- eg. Snake, Big Fish 

Omnivores- They feed on plants and animals- Man, many birds, fox 

Detrivores- They feed on parts of dead organisms, wastes of living organisms. Also 

known as Saprotrophs or Detritus feeders 



 
 

Biotic Components 

Decomposers 

They derive energy by breaking down complex organic 

matter to simpler once. 

E.g. Bacteria & Fungi 
 
 
 

 



 
 
 
 
 

 

 



 
 
 
 

 



 
 

 



 

 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hydrothermal vents act as natural plumbing systems 

that transport heat and chemicals from the interior of the 

Earth and that help regulate global ocean chemistry. In the 
process, they accumulate vast amounts of potentially 

valuable minerals on the seafloor. 



 



 
 
 

 



 



 

Abiotic Components 

They include various physical, chemical & Geographical factors; 

Physical Factors: 

The sunlight & shade 

Intensity of Solar flux 

Average Temperature 

Annual Rainfall 

Wind 

Soil type, availability of water, 

We can clearly see the difference in solar flux, temp., rainfall 

pattern in desert , tropical & Tundra Ecosystem. While in 

grassland and forest they also vary as per geographical location 



 

 

Abiotic Components 

 
Chemical Factors 

They include availability of nutrients like 

Nitrogen, Phosphorus, Carbon, Hydrogen, 

potassium, Oxygen, sulphur, levels of toxic 

substances, salts causing salinity influence 

the function of ecosystem. 

Geographical Factors 
Latitude, Longitude and altitude 



 

Nutrient Cycling & Energy 

Flow 



 

Functions of Ecosystems: Trophic structure 

In ecosystems energy and matter exchange occurs in 

a definite pattern. 

Nutrients and energy move along food chain 

Producers, consumers are arranged in a specific 

manner and their interaction along with population 

size is called as Trophic structure and the level as 

Trophic Level. 

And the amount of living matter at each level is 

called Standing Crop or Standing Biomass 



 

Trophic structure 

Food chain 

The sequence of eating and being eaten is 

known as food chain. 

Someone is the food of other. 
Two major food chains 

Grazing- Starts from producers that is green 

plants – terrestrial, marine, pond ecosystem 

Detritus- Starts with dead organic matter- 

Mangrove Ecosystem 



 
 

Simple Grazing Food Chain 
 



 

Grazing food chain 
 
 
 
 

 

 

Terrestrial Food Chain 



 

Marine Food Chain 
 
 



 

 

Detritus food chain 
 
 

 



 

 

 
 
 

Mangrove 

Ecosystem 



 
 
 

 



 



 

 

 
No food chain is isolated. 

Food web 

Organisms act at various levels in different food chains. 

Feed on more than one type of organism. 

Form a Complex Food Web. 
Thus, “Food Web - is a network of food chains where different types of organisms are connected at 

different trophic levels” 

so that there are a no. of options of eating and being eaten at each trophic level 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Energy and nutrient flow 
Significance: Food chain and Food Web 

Maintain population of different species and thus maintain 

Ecological Balance 

 
Bio magnification: a rather harmful phenomenon. 

Eg: build up of DDT in higher animals. 

(Case Study- Pesticides - Diclofenac in Vultures.) 



 



Pyramid of Number 

Represents Number of individual 

organism at each level. 

May be Upright or Inverted. 

Of Forest, grassland and parasitic 

food chain 
 
 
 



 
 
 
 
 
 
 

 



 

Pyramid of Biomass 

Based on total biomass i.e dry 

matter at every level in a food chain 

Upright or Inverted 
 
 
 
 
 



 

 



op 

Pyramid of Energy 

 
 
 
 
 
 

 
Amount of energy at each trophic level. 

Always Upright 

Energy goes on reducing at each level. 

Loss in the form of heat, respiration. 

Shows sharp decline from producers to t 

carnivores. 

 
Amounts of 

energy are 

measured 

in Joule 

1 Watt = 1 Joule per second 



 

Energy flow in an ecosystem is Unidirectional 
Source of energy is sun 

Plants convert this energy into chemical energy 

Energy is lost in body functions like respiration 

Available passes to next trophic level 

Follows two laws of thermodynamics 
1st Law: Energy can neither be created nor destroyed, it 

can be converted from one form to another 

2nd Law: energy dissipates as it is used. 

Energy flow models: explain the flow of energy 

Energy Flow 



 



 



 
 
 

 



 

Ecological Pyramids 

 
Graphic representation of trophic structure and 

function of ecosystem 

Starts with producers at the base and consumers 
at successive levels towards apex is called as an 

“Ecological Pyramid” 

They are of 3 Types: 

Pyramids of Numbers 

Pyramids of Biomass 

Pyramid of Energy 



 
 

Pyramid of Number 

Represents Number of individual organism at each level. 

May be Upright or Inverted. 

Of Forest, grassland and parasitic food chain 
 



 
 
 
 

 

Upright – 

Grassland 

& Pond 

 
 
 
 
 

Inverted 

- 

Parasitic 

food 

Chain 

 
 
 
 
 
 

Narrow 

Pyramid 

- Forest 



 

 

Pyramid of Energy 
 
 

 

Amount of energy at each trophic 

level. 

Always Upright 
Energy goes on reducing at each 

level. 

Loss in the form of heat, 

respiration. 

Shows sharp decline from 
producers to top carnivores. 



 
 
 

 

 



 



 
 

 

 



 
 

 

 



 
 
 
 

 

 



 
 

 

 



 



 



 

 



 
 
 

 

What does biogeochemical mean? 

▶ Bio –living system 

▶ Geo - envirnment 

▶ Chemical - 
elements 

 
 
 

Biogeochemical 

cycles: the 

movement (or 

cycling) of 

matter through a 

system 



 

 

 

 

‘Fundamentals’ of biogeochemical cycles 

 

▶ All matter cycles...it is neither created nor destroyed... 

 
▶ As the Earth is essentially a closed system with respect to matter, we can 

say that all matter on Earth cycles . 

 
▶ Biogeochemical cycles: the movement (or cycling) of matter through a 

system 



Matter = elements (carbon, nitrogen, oxygen) or molecules (water) 

so the movement of matter (for example carbon) between these parts of the 
system is, practically speaking, a biogeochemical cycle 

 
The Cycling Elements: 

macronutrients : required in relatively large amounts 

 
carbon , hydrogen , oxygen , nitrogen , phosphorous 
sulfur 

 

other macronutrients: 

potassium , calcium , iron , magnesium 

micronutrients : required in very small amounts, (but still necessary) 

boron (green plants) 
copper (some enzymes) 
molybdenum (nitrogen-fixing bacteria) 



ATMOSPHERE 
 

The atmosphere is the blanket of 
gases which surrounds Earth. It is 
held near the surface of the planet 
by Earth's gravitational attraction. 
Without the atmosphere there 
could be no life on Earth. 
The atmosphere: ... keeps the 

climate on Earth moderate 

compared to that of other planets. 

 
The atmosphere is comprised of layers based on temperature. 
These layers are the troposphere, stratosphere, mesosphere and 
thermosphere. A further region at about 500 km above the Earth's 
surface is called the exosphere. 



 
 
 
 
 

 

Living things are made up of – chemicals 
Carbohydrates-CHO 

Proteins- CHON 

fats-CHO 

Vitamins-CHO and etc 

Minerals-Mg,Cl,S,P,Zn….macro and micro elements and 

Water 

 
6 of the most important cycles are the water, carbon, nitrogen, sulfur, phosphorus and 

oxygen. 

1. Water 

2. Carbon 

3. Nitrogen 

4. Phosphorous 
5. Sulfur 

6. Oxygen 



 

Effects of Human Activities 

on Water Cycle 

 
▶ We alter the water cycle by: 

▶ Withdrawing large amounts of freshwater. 

▶ Clearing vegetation and eroding soils. 

▶ Polluting surface and underground water. 

▶ Contributing to climate change. 



 
 
 

 

Water Quality Degradation 
 
 
 

 



Where does carbon come from? 
 
 
 
 

 

Natural Sources 

of 

Carbon 

 

Sources of Carbon from 

Human Activity 

• Death of plants and animals 

• Animal waste 

• Atmospheric CO2 

• Weathering 

• Methane gas from cows 

(and other ruminants) 

• Aerobic respiration from 

terrestrial and aquatic life 

• Burning wood or forests 

• Cars, trucks, planes 

• Burning fossil fuels 

such as coal, oil and 

natural gas to produce 

heat and energy. 



 
 
 

 

Carbon in Oceans 

▶ Additional carbon is stored in the ocean. 

 

▶ Many animals pull carbon from water to use in shells, etc. 

 

▶ Animals die and carbon substances are deposited at the bottom of the 
ocean. 

 

▶ Oceans contain earth’s largest store of carbon. 



 



 
 

 

 
 

Fig. 3-27, pp. 72-73 
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MARINE CARBON CYCLE 
 
 
 

 

Diffusion between 

atmosphere and ocean 
 
 
 
 

 
 

Carbon dioxide 

dissolved in 

ocean water 

Combustion of fossil fuels 

 
 

 

photosynthesis aerobic 
respiration 

 

 

Marine food webs 

Producers, consumers, 

decomposers, detritivores 
 

 

incorporation death, uplifting over 

into sediments sedimentation 

 
Marine sediments, including 

formations with fossil fuels 

geologic time 

sedimentation 

 
 
 

Figure 4-29a 
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TERRESTRIAL CARBON CYCLE 

Atmosphere 
(most carbon is in carbon dioxide) 

volcanic action 
Combustion 

of fossil 
fuels 

photosynthesis 
combustion of wood (for 
clearing land; or for fuel 

Terrestrial 
rocks 

aerobic 
respiration 

sedimentation 
weathering 

Peat, 
fossil fuels 

leaching 
runoff 

death, burial, compaction 
over geologic time 

Soil water 
(dissolved 

carbon) 

Land food webs 
producers, 
consumers, 

decomposers, 
detritivores 



 

Effects of Human Activities 

on Carbon Cycle 

 
 We alter the carbon cycle by 

adding excess CO2 to the 
atmosphere through: 

 Burning fossil fuels. 

 Clearing vegetation faster than it 
is replaced. 

Figure 3-28 



 
 
 

 

Sources of Nitrogen 
 

▶ Inorganic fertilizers 

▶ Nitrogen Fixation 

▶ Animal Residues 

▶ Crop residues 

▶ Organic fertilizers 

Forms of Nitrogen 
• Urea  CO(NH2)2 

• Ammonia  NH3 (gaseous) 

• Ammonium  NH4 

• Nitrate  NO3 

• Nitrite  NO2 

• Atmospheric Dinitrogen N2 

• Organic N 
 

Nitrogen is a naturally occurring element that is 

essential for growth and reproduction in both plants 

and animals. It is found in amino acids that make up 

proteins, in nucleic acids, that comprise the 

hereditary material and life’s blueprint for all cells, 

and in many other organic and inorganic compounds. 



 
 

 



 

Effects of Human Activities 

on the Nitrogen Cycle 

 
▶ We alter the nitrogen cycle by: 

▶ Adding gases that contribute to acid rain. 

▶ Adding nitrous oxide to the atmosphere through farming practices which can warm the 
atmosphere and deplete ozone. 

▶ Contaminating ground water from nitrate ions in inorganic fertilizers. 

▶ Releasing nitrogen into the troposphere through deforestation. 



 

Effects of Human Activities 

on the Nitrogen Cycle 

 
▶ Human activities such as 

production of fertilizers now fix 
more nitrogen than all natural 

sources combined. 

Figure 3-30 



 
 
 

 

IMPORTANCE OF PHOSPHOROUS CYCLE 

 

▶ 1.Phosphorous is an essential nutrient of both plants and animals. 

▶ 2. It is part of DNA molecules which carry genetic information. 

▶ 3. It is part of ATP and ADP) that store chemical energy for use by organisms 
in cellular respiration. 

▶ 4. Forms phospholipids in cell membranes of plants and animal cells. 

▶ 5. Forms bones, teeth, and shells of animals as calcium phosphate 
compounds. 



 
 
 

 

PHOSPHOROUS CYCLE 

mmmiiinnniiinnnggg FERTILIZER 

eeexxxcccrrreeetttiiiooonnn GUANO 

agriculture 

uptake by 

autotrophs 

weathering 
uptake by 

autotrophs 

MARINE 

FOOD 

WEBS 

DISSOLVED 

IN OCEAN 

WATER 

leaching, runoff DISSOLVED IN 

SOIL WATER, 

LAKES, RIVERS 

LAND 

FOOD 

WEBS 

death, 

decomposition 

death, 

decomposition 

sedimentation settling out weathering 

uplifting over 

geologic time 
MARINE SEDIMENTS ROCKS 



 
 
 

 

HUMAN IMPACTS TO PHOSPHOROUS 

CYCLE 

1. Humans mine LARGE quantities of phosphate rock to use in 

commercial fertilizers and detergents. Phosphorous is NOT 

found as a gas, only as a solid in the earth’s crust. It takes 

millions to hundreds of millions of years to replenish. 

2. Phosphorous is held in the tissue of the trees and vegetation, not 

in the soil and as we deforest the land, we remove the ability for 

phosphorous to replenish globally in ecosystems. 

3. Cultural Eutrophication – ad excess phosphate to aquatic 

ecosystems in runoff of animal wastes from livestock feedlots, 

runoff of commercial phosphate fertilizers from cropland, and 

discharge of municipal sewage. 



 

Effects of Human Activities 

on the Phosphorous Cycle 

 
▶ We remove large amounts of phosphate from the earth to make fertilizer. 

▶ We reduce phosphorous in tropical soils by clearing forests. 

▶ We add excess phosphates to aquatic systems from runoff of animal wastes and 
fertilizers. 



 
 
 

 

IMPORTANCE OF SULFUR CYCLE 

 
1. Sulfur is a component of most proteins and some vitamins. 

2. Sulfate ions (SO4 
2- ) dissolved in water are common in 

plant tissue. They are part of sulfur-containing amino 
acids that are the building blocks for proteins. 

3. Sulfur bonds give the three dimensional structure of amino 

acids. 

4. Many animals, including humans, depend on plants for 

sulfur-containing amino acids. 



SULFUR CYCLE 
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Figure 4-34 



 

Effects of Human Activities 

on the Sulfur Cycle 

 
▶ We add sulfur dioxide to the atmosphere by: 

▶ Burning coal and oil 

▶ Refining sulfur containing petroleum. 

▶ Convert sulfur-containing metallic ores into free metals such as copper, lead, and zinc 
releasing sulfur dioxide into the environment. 



 
 

 

The Oxygen cycle 
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