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Understanding Ecology, 
its Terminology & 
Biogeochemical Cycles

1.1 Ecology and its Types

The term ecology has been derived from two Greek words 
‘oikos’ meaning house and ‘logy’ meaning study of. Thus, 
Ecology refers to the study of relations of living organisms 
with their environment. 

According to:

Charles Elton, “Ecology is the scientific life natural history 
concerned with sociology and economics of animal.”

Warming, “Ecology is study of organism in relation to the 
environment.”

Ecology examines the relationships between organisms 
belonging to both the same and different taxonomic 
groups, and between those organisms and their physical 
environment.

Ecology is of two types, Autecology and Synecology.

1.1.1 Autecology

 y Autecology is the study of individual organism or 
individual species.

 y It is also known as population ecology. 

 y Autecology helps us to understand the relationships 
between individual plants and environment.

1.1.2 Synecology 

 y Synecology is the study of group of organisms of 
different species which are associated together as a 
unit in form of a community. 

 y It is also known as community ecology.

 y Synecology helps us to understand the relationships 
between communities and environment.

Synecology is of three types, namely:

A. Population Ecology

It deals with factors that impact the genetic composition 
and the size of the population of organisms. It examines the 
population distribution and density to determine whether 
a particular species is in endanger or its number is to be 
controlled and resources to be replenished.

B. Community Ecology

It is made up of two or more populations of different 
species living in a particular geographic area. It deals 
with how community structure is modified by interactions 
among living organisms.

C. Ecosystem Ecology

It is a science which examines how ecosystems work 
and interact. It deals with the entire ecosystem, including 

“Earth provides enough to satisfy every man’s needs but not every man’s greed.” 

-- Mahatma Gandhi
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the study of living and non-living components and their 
relationship with the environment.

1.2 Ecological Hierarchy/ Levels 
of Ecological Organization

Ecology not only deals with the study of the relationship 
of individual organisms with their environment, but also 
with the study of populations, communities, ecosystems, 
biomes and biosphere as a whole.

1.2.1 Individual

The individual performs all the life 
processes independently. However, parts 
of individual cannot exist independently 
of one another.

An individual is fully adapted to its 
environment. It has a definite life span 
including definite series of stages 
like birth, hatching, growth, maturity, 
senescence, aging and death.

Competition, mutualism and predation 
are various types of interaction between 
individuals.

E.g. An elephant of Kaziranga. 

1.2.2 Species

A species is defined as a group of 
individuals that are genetically related 
and can breed to produce fertile young. 
Individuals are not members of the same species if their 

members cannot produce offspring that can also have 
children.

The second word in the two-word name given to every 
organism is the species name. 

For example, in Homo sapiens, sapiens is the species name.

1.2.3 Population

Population is defined as a group of organisms belonging 
to the same species that live in the same area and interact 
with one another. 

E.g. Elephants of Kaziranga

For example, all individuals of the common grass, Cynodont, 
in a given area constitute its population. Similarly, the 
individuals of elephants or tigers in an area constitute their 
population.

EXTRA BIT

Why population and not species is smallest ecological 
unit?

All organisms have finite life spans. Therefore, 
reproducing population is considered to be the smallest 
ecological unit, because it is persistent in time.

Since ecology and environment has more to do 
with interaction among organisms and with their 
environment, population and not species is considered 
the smallest ecological unit. Whereas, Species is taken 
as the smallest unit in taxonomic classification.

1.2.4 Biotic Community

Biotic community is defined as group of organisms 
consisting of a number of different species that live in an 
area and interact with each other.

A biotic community is an assemblage of populations of 
plants, animals, bacteria and fungi that live in an area and 
interact with each other.

There are three types of biotic community, Animals, Plants 
and Decomposers (i.e., bacteria and fungi). 

A biotic community has a distinct species composition and 
structure.

1.2.5 Ecosystem

An ecosystem can be defined as a structural and functional 
unit of nature, where living organisms interact among 

Individual

Species

Population

Biotic 
community

Ecosystem

Landscape

Biome

Biosphere
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themselves and with the surrounding physical environment.

An ecosystem can be of any size but it includes  specific 
and limited species.

The biotic and abiotic components of an Ecosystem are 
linked together through nutrient cycles and energy flows.

Everything that lives in an ecosystem depends on the other 
species and elements and if one species or element is 
damaged or disappears, it has an impact on everything else.

The functions of an ecosystem are

 y Energy flow through food chain 

 y Homeostasis (or cybernetic) or feedback control 
mechanisms

 y Nutrient cycling (biogeochemical cycles)

 y Ecological succession or ecosystem development

Group of 
organism

Environment 
where they 

live in

Ecosystem

A. Characteristics of Ecosystem

 y A closed system

 y Interdependence: The organisms that live in an 
ecosystem are dependent on each other, and their 
actions and lives impact on each other’s lives.

 y Functional unit: It is smallest unit of biosphere, capable 
of energy transformation, circulation and accumulation.

 y Dynamic: Ecosystems are able to change and 
evolve. Evolution is the only reason we have different 
ecosystems.

 y Adaptation: The organisms in an ecosystem have 
adapted to their environments. They live in such a way 
as to draw the maximum benefit from the environment.

 y Delicate: Ecosystems are delicate when faced with global 
warming, pollution and other human made problems 
in the world. For example: In marine ecosystem of the 
great barrier reef. the precious and ancient coral in this 
reef are now dying out due to human pollution.

 y Structure and species diversity: The structure of an 
ecosystem is related to its species diversity; the more 

complex ecosystems have high species diversity.

Type of Ecosystem

Natural Ecosystem Artificial Ecosystem

Terrestrial 
Ecosystem: 

Ecosystems on land 

Aquatic Ecosystem: 
Ecosystem under 

water

Example:  
Crop Fields 

and Aquarium

Forest, Grassland  
Dessert etc

Ponds, Lakes, 
Wetlands Rivers, 

Estuary etc

B. Tree as an Ecosystem

Trees are not a single habitat but dozens of habitats 
inhabited by thousands of different species. Many of our 
rarest species are associated with ancient trees and only 
occur where there has been a continuous cover of old trees 
back through time on the site. 

Trees are keystone species in the landscape because they are 
essential to the survival of so many other organisms. Organisms 
which are dependent on tree dominated ecosystem includes 
birds, insects, fungi, small mammals etc.

EXTRA BITS

1. Epiphytes

A wide range of mosses, liverworts, lichens and 
algae can be found on trees and decaying wood. The 
establishment and persistence of these organisms 
depends on suitable local light levels, humidity, pH and 
shelter.
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The need for good lighting means that it is the large old 
open-grown trees which support the richest epiphyte 
communities, rather than trees in closed canopy 
woodland.

2. Mycorrhiza

Mycorrhiza is the product of a symbiotic association 
between fungi and green plants. The plants prepare 
sugar through the process of photosynthesis for the 
fungus, and in turn, the fungus provides essential 
minerals such as phosphorous to the plant.

Mycorrhizal plants are more resistant to disease and 
drought, They also increase resistance to insects by 
releasing chemicals which attract the insect’s predators.

Symbiotic relationship enables the plants to be more 
resistant to toxins present in the environment

1.2.6 Landscape

A landscape is the visible features of an area of land, its 
landforms and how they integrate with natural or man-
made features. 

Combining both their physical origins and the cultural 
overlay of human presence, often created over millennia, 
landscapes reflect a living synthesis of people and place 
that is vital to local and national identity.

1.2.7 Biome

 y The word biome is a short form of biological home.

 y Biome may be defined as a large natural eco-system 
wherein we study the total assemblage of plant and 
animal communities.

 y A biome includes both plant and animal communities 
but a biome is usually identified and named on the basis 
of its dominant vegetation, which normally constitutes 
the bulk of the biomass.

 y A biome is characterised by specific climatic conditions 
and associated flora and fauna.

Example: Tropical Evergreen Forest is characterised by 
High temperature and moisture throughout the year and 
supports vegetation like Ebony, Mahogany, Rosewood 
etc.

Biome Location Climate Soil Plants Animals

Desert Mid - 
Latitudes

Generally very hot days, 
cool nights; precipitation 

less than 10 inches a 
year

Poor in animal 
and plant decay 

products but 
often rich in 

minerals

None to cacti, 
yuccas, bunch 

grasses, shrubs, 
and a few trees

Rodents, Snakes, Lizards, 
Tortoises, Insects, and some 

Birds. The Sahara in Africa 
is home to Camels, Gazelles, 

Antelopes, Small Foxes, Snakes, 
Lizards and Gerbils

Tundra High Northern 
Latitudes

Very cold, harsh, and 
long winters; short and 

cool summers; 10-
25 centimeters (4-10 

inches) of precipitation 
a year

Nutrient poor; 
permafrost layer 

a few inches 
down

Grasses, 
wildflowers, 

mosses, small 
shrubs

Musk Oxen, Migrating Caribuou, 
Arctic Foxes, Weasels, Snowshoe 

Hares, Owls, Hawks, Various 
Rodents, Occasional Polar Bears

Grassland
Mid - 

Latitudes, 
Interiors of 
Continents

Cool in winter, hot 
in summer; 25-

75 centimeters of 
precipitation a year

Rich topsoil

Mostly grasses 
and small 

shrubs, some 
trees near 
sources of 

water

American grasslands include 
Prairie Dogs, Foxes, Small 

Mammals, Snakes, Insects, 
Varous Birds. African grasslands 
include Elephants, Lions, Zebras, 

Giraffes.

Deciduous

Forest
Mid - 

Latitudes

Relatively mild summers 
and cold winters, 76-

127 centimeters (30-50 
inches) of precipitation 

a year

Rich topsoil 
over clay

Hardwoods 
such as oaks, 

beeches, 
hickories, 

maples

Wolves, Deer, Bears and a wide 
variety of Small Mammals, 

Birds, Amphibians, Reptiles and 
Insects.

Taiga Mid to High 
Latitudes

Very cold winters, cool 
summers,; about 50 

centimeters (20 inches) 
of precipitation a year

Acidic, mineral 
poor, decayed 

pine and spruce 
needles on 

surface

Mostly spruce, 
fir, and other 
evergreens

Rodents, Snowshoe Hares, Lynx, 
Sables, Ermine, Caribout, Bears, 

Wolves, Birds in Summer

Tropical 
Rainforest

Near the 
Equator

Hot all year round, 200-
400 centimeters (80-100 

inches) of rain a year
Nutrient poor

Greatest 
diversity of any 

biome; vines, 
orchids, ferns, 

and a wide 
variety of trees

More Species of Insects, Reptiles, 
and Amphibians than anyplace 
else, Monkeys, Other Small and 

Large Mammals including in 
some places Elephants, all sorts 

of Colorful Birds

BIOME EXAMPLES AND CHARACTERSTICS
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1.2.8 Biosphere

 y The biosphere is the biological component of earth that 
supports the life forms.

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

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

 y Components of Biosphere: Biosphere is formed 
through the interaction of three components, namely: 
Lithosphere, Hydrosphere and Atmosphere.

A. Lithosphere 

 y Lithosphere is defined as the combination of earth’s 
Crust and outer Mantle. 

 y It provides habitat to the biotic elements of the 
ecosystem.

Functions of Lithosphere:

 y It provides salt or platforms for terrestrial, transitionary 
and aquatic plants.

 y It is the source of nutrients and minerals vital for the 
growth and survival of ecosystem. 

 y Depending upon its features, ecosystems are classified 

as Mountain, Aquatic, Desert, Mangrove.

B. Hydrosphere

 y Hydrosphere refers to the water bodies like Lakes, 
ponds, rivers, oceans etc. on the earth surface. 

 y The surface of planet earth is occupied by more than 
71% water. 

 y Saltwater accounts for 97.5%. 

 y Fresh water accounts for only 2.5%. 

Of this fresh water, 68.9% is in the form of ice and 
permanent snow cover in the Arctic, the Antarctic 
and mountain glaciers, 30.8% is in the form of fresh 
groundwater, Only 0.3% of the fresh water on Earth is 
in easily accessible lakes, reservoirs and river systems.

C. Atmosphere

 y Atmosphere is defined as a protective layer of gases 
that shelters all life on Earth, keeping temperatures 
within a relatively small range and blocking out harmful 
rays of sunlight.

 y This is the upper limit of our atmosphere.
 y It extends from the top of the thermosphere up to 10,000 km.

 y It is an abundant layer of electron and ionized atoms and molecules that stretches 
from about 48 km above the surface to the edge of space at about 965 km.

 y It overlaps into the mesophere and thermosphere.
 y This dynamic region grows and shrinks based on solar conditions.
 y The ionosphere is a critical link in the chain of Sun-Earth interactions.
 y This region is what makes radio communications possible.

 y It starts just above the mesophere and extends to 600 km.
 y Aurora and satellites occur in this layer.

 y It starts just above the stratosphere and extends to 85 km.
 y Meteors burn up in this layer.

 y It starts just above the troposphere and extends to 50 km.
 y The ozone layer, which absorbs and scatters the solar ultraviolet, is in this layer.

 y It starts at the Earth’s surface and extends from 8 to 145 km.
 y This part of the atmosphere is the most dense.
 y Almost all weather in this region.

Exosphere

Thermosphere

Mesosphere

Stratosphere

Troposphere

Ionosphere

Earth’s Atmospheric Layers
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1.3 Environment & its Components

Environment is derived from French word “environia”, 
meaning ‘to surround’. Therefore, the environment of an 
individual, object, or system includes all of the other entities 
– both living (biotic) and non-living (abiotic), with which it 
is surrounded.

According to WHO, “All physical, chemical and biological 
factors surrounding an individual, and all the related 
behaviors are termed as environment.” This excludes 
social, cultural, genetic and other non-environmental 
related behavior.

Components of environment are majorly divided into biotic 
(biological) and abiotic (physical).

Components of Environment

BIOTIC/BIOLOGICAL

PRODUCERS

CONSUMERS

DECOMPOSERS/
SAPROTROPHS

ABIOTIC/PHYSICAL

ATMOSPHERE

LIGHT

WATER

TEMPERATURE

SOIL

1.3.1 Biological/ Biotic Component

Biotic components refer to all life in an ecosystem. On 
the basis of nutrition, biotic components can be further 
divided into Autotrophs, Heterotrophs, Saprotrophs (or 
decomposers).

A. Producers

They are Primary Producers and are also known as 
autotrophs.

They are called autotrophs as they can make their own food 
from raw materials and energy. Consequently, all other 
organisms higher up on the food chain rely on producers 
for food.

For example: Plants, Algae, Diatoms, Dinoflagellates and 
some types of bacteria like cyanobacteria/ Blue Green 
algae.

Autotrophs are divided into:

 y Phototrophs: They derive their energy from the Sun,  the 
primary source of energy on the planet. These are the 
green plants that make their own food by the process 
of photosynthesis.

 y Chemotrophs: They obtain their energy from chemicals 
through a process called chemosynthesis and can 
make their own food. Example: Cyanobacteria

B. Consumers

CO
NS

UM
ER

S

PRIMARY - Feed on producers (plant)
Ex: Herbivores-cow and rabbit eat grass

SECONDARY - Feed on primary consumers 
Ex: wolf eats sheep and rabbit

TERTIARY: Carnivores that feed on secondary consumers
Ex: lion eats wolf 
Omnivores eat both plants and animals. 
Ex: Humans

Consumers are organisms that depend on other organisms 
for food. They can’t do photosynthesis. They are also 
known as heterotrophs.

Consumers are further divided into:

 y Primary consumers are always herbivores that they rely 
on producers for food.

 y Secondary consumers depend on primary consumers 
for energy. They can either be a carnivore or an omnivore.

 y Tertiary consumers are organisms that depend on 
secondary consumers for food. Tertiary consumers can 
also be an omnivore.

 y Quaternary consumers are present in some food 
chains. These organisms’ prey on tertiary consumers 
for energy. Furthermore, they are usually at the top of a 
food chain as they have no natural predators.

C. Decomposers

They are also known as saprotrophs. Decomposers include 
saprophytes like fungi, slime moulds and bacteria that 
feed on dead decomposed and the dead organic matter 
of plants and animals by secreting enzymes outside their 
body on the decaying matter.
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Decomposers are essential for the ecosystem as they help 
in recycling nutrients to be reused by plants.

Decomposers breakdown complex organic matter into 
inorganic substances like carbon dioxide, water and 
nutrients and the process is called decomposition.

1.3.2 Physical/Abiotic Components

Abiotic components are the non-living component of an 
ecosystem.  

It includes Climatic and physical factors like air, light, 
temperature, water, soil and sunlight; rainfall, humidity, soil 
texture and geomorphic conditions.

A. Atmosphere

Earth’s atmosphere sustains life. Animals and other 
creatures breathe oxygen or filter it from water, and plants 
grow because of the presence of carbon dioxide. Living 
things combine oxygen and carbon to make carbohydrates, 
chemicals that provide energy and are important parts of 
DNA, proteins and other organic materials. The atmosphere 
is made up of four layers: troposphere, stratosphere, 
ozonosphere and mesosphere.

B. Light

Light exposure often affects the temperature. Areas with 
direct sunlight are warmer.

Components of Sunlight:

Sunlight is a portion of the electromagnetic (EM) radiation 
given off by the Sun, in particular infrared, visible, and 
ultraviolet light. 

The Sun emits EM radiation across most of the 
electromagnetic spectrum. This band of significant 
radiation power can be divided into five regions in increasing 
order of wavelengths.

 y Ultraviolet C or (UVC) range, which spans a range of 100 
to 280 nm.

 y Ultraviolet B or (UVB) range spans 280 to 315 nm.

 y It is also greatly absorbed by the Earth’s atmosphere, 
and along with UVC causes the photochemical reaction 
leading to the production of the ozone layer. It directly 
damages DNA and causes sunburn, but is also required 
for vitamin D synthesis in the skin of mammals.

 y Ultraviolet A or (UVA) spans 315 to 400 nm.

 y Visible range or light spans 380 to 700 nm.

 y Infrared range that spans 700 nm to 1,000,000 nm  
(1 mm).

The electromagnetic spectrum is the range of frequencies 
(the spectrum) of electromagnetic radiation and their 
respective wavelengths and photon energies.

Electromagnetic Spectrum
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Role of light in process of Photosynthesis:

Extremely high intensity causes Rapid root growth, 
Increased transpiration, Short stem, Smaller and thicker 
leaves.

Low intensity of light retards growth, flowering & fruiting of 
the plant.

Colour of light plays an important role during photosynthesis. 
Plants use only certain colours from light for the process of 
photosynthesis.

 y Out of 7 colours in visible light only (Blue > Red > Violet) 
are effective in photosynthesis.

 y Plants grown in Blue light are small (More roots, Smaller 
stem).

 y Plants grown in red light are etiolated (Pale & elongated) 
& Plants grown in UV & violet light are dwarf.

 y The chlorophyll absorbs blue, red and violet light rays.

 y Photosynthesis occurs more in blue and red-light rays 
and less, or not at all, in green light rays.

 y The light that is absorbed the best is blue, so this shows 
the highest rate of photosynthesis, after which comes 
red light.

 y Green light cannot be absorbed by the plant, and thus 
cannot be used for photosynthesis. 

 y As soon as the sun rises another process called 
photosynthesis starts, in which carbon dioxide is taken 
in and oxygen is given out.

 y Thus, the proportion of oxygen becomes greater in 
comparison to carbon dioxide in the lower atmosphere.

Concept of Photosynthetically Active Radiation (PAR):

Photosynthetically Active Radiation (PAR) is the amount of 
light available for photosynthesis, which is light in the 400 
to 700 nanometer wavelength range. 

PAR changes seasonally and varies depending on the 
latitude and time of day.

 y PAR values range from 0 to 3,000 millimoles per square 
meter. 

 y At night, PAR is zero.

 y During mid-day in the summer, PAR often reaches 2,000 
to 3,000 millimoles per square meter. Levels of PAR are 
greatest during the summer at mid-day. 

Factors that reduce the amount of PAR available to 
plants include anything that reduces sunlight, such as 
Cloud cover, Shade of trees and buildings, Air pollution.

Importance:

 y Photosynthetically Active Radiation is needed for 
photosynthesis and plant growth. 

 y Higher PAR promotes plant growth, and monitoring.

 y PAR is important to ensure plants are receiving adequate 
light for this process.

C. Temperature:

Temperature of the air and water affect animals, plants 
and humans in ecosystems. A rise in temperature has 
the potential to change the way a living thing develops, 
because it changes the metabolic rate of the organism. 
All living organisms have a tolerance level for temperature 
range. For example, a human being would die if he stood 
out in minus 50-degree temperatures for any length of time.

Concept of Autumn and Spring Turnover:

Thermal stratification takes place when the water in a lake 
forms distinct layers through heating from the sun. 

When the ice has melted in the spring, solar radiation 
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warms the water at the surface of the lake much faster than 
in deeper waters. In fact, sunlight often only penetrates a 
few metres into the lake, directly warming just the top few 
metres. As the water warms, it becomes less dense and 
remains at the surface, floating in a layer above the cooler, 
denser water below.

Autumn Turnover: As the air cools in the early autumn, the 
top layers of water cool first. Since warm water is lighter 
than cool water, this cooler water sinks. 

Suddenly, the layers of water mix and the lake becomes a 
more consistent temperature in the areas the fish live in.

Oxygen is mixed through-out these layers and fish roam 
freely. This mixing is known as autumn turnover.

Spring Turnover: It is the period of complete vertical mixing 
of a lake in the spring after the ice has left and winter 
is over prior to thermal stratification. Vertical uniform 
temperatures are observed from top to bottom leading to 
free and complete vertical mixing of nutrients.

D. Water

All living organism needs some water intake. Water covers 

70 percent of the earth’s surface and falls as rain or snow 
over land. In an environment with little water, only organisms 
requiring a small percentage of water can survive. Other 
animals thrive in conditions with large amounts of water, 
such as marine animals and plants in oceans. Water is 
essential to survival, but every organism needs a different 
amount of water.

Field Capacity: After the drainage has stopped, the large 
soil pores are filled with both air and water while the smaller 
pores are still full of water. At this stage, the soil is said to 
be at field capacity.

At field capacity, the water and air contents of the soil are 
considered to be ideal for crop growth.

Wilting Capacity: Little by little, the water stored in the soil 
is taken up by the plant roots or evaporated from the topsoil 
into the atmosphere. If no additional water is supplied to 
the soil, it gradually dries out.

The dryer the soil becomes, the more tightly the remaining 
water is retained and the more difficult it is for the plant 
roots to extract it. At a certain stage, the uptake of water 
is not sufficient to meet the plant’s needs. The plant loses 
freshness and wilts; the leaves change colour from green to 
yellow. Finally, the plant dies.

The soil water content at the stage where the plant dies, is 
called wilting point. The soil still contains some water, but it 
is too difficult for the roots to suck it from the soil.

E. Soil

Soil act within the environment to impact what type 
of organisms can grow or thrive in the area. The soil 
composition, like acidity level, has a large impact on the 
plants in an area. For example, plants like azaleas or holly 
thrive in acidic soils.

Soil profi le: 

A vertical cross section from the Earth’s surface down 
through the soil layers and into the parent material is 
known as a soil profile. The almost infinite variety of soils 
in the world are usually grouped and classified on the basis 
of differences exhibited in their profiles.

The layers of soil can easily be identified by the soil color 
and size of soil particles. The different layers of soil are:

 y The plough layer (20 to 30 cm thick): is rich in organic 
matter and contains many live roots. This layer is 
subject to land preparation (e.g. ploughing, harrowing 
etc.) and often has a dark colour (brown to black).
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 y The deep plough layer: contains much less organic 
matter and live roots. This layer is hardly affected by 
normal land preparation activities. The colour is lighter, 
often grey, and sometimes mottled with yellowish or 
reddish spots.

 y The subsoil layer: hardly any organic matter or live roots 
are to be found. This layer is not very important for plant 
growth as only a few roots will reach it.

 y The parent rock layer: consists of rock, from the 
degradation of which the soil was formed. This rock is 
sometimes called parent material.

Soil takes a long time to form. It may take hundreds to 
thousands of years for one inch of soil to form. As soil 
forms, different layers result. A layer of soil differing from 
the layers above and below it is called horizon.

Soils typically have six horizons. From the top down, they 
are Horizon O, A, E, B, C and R. 

O Horizon : It is the top, organic layer of soil, made up mostly 
of leaf litter and humus (decomposed organic matter). 
It is most prominent in forested areas where there is the 
accumulation of debris fallen from trees.

A Horizon: This layer is also called topsoil it is found below 
the O horizon and above the E horizon. Seeds germinate 
and plant roots grow in this dark colored layer. It is made up 
of humus (decomposed organic matter) mixed with mineral 
particles (sand, silt, and clay). This layer is a good material 
for plants and other organisms to live.

E Horizon: This eluviation (leaching) layer is light in color. 
This layer is beneath the A Horizon and above the B Horizon. 
It is made up mostly of sand and silt, having lost most of 
its minerals and clay as water drips through the soil (in the 
process of eluviation). This layer is missing in some soils 
but often found in older soils and forest soils.

B Horizon: Also called the subsoil  this layer is beneath the 
E Horizon and above the C Horizon. It contains clay and 
mineral deposits (like iron, aluminum oxides, and calcium 
carbonate) that it receives from layers above it when 
mineralized water drips from the soil above.

C Horizon: Also called regolith, it is the layer beneath the 
B Horizon and above the R Horizon. It consists of slightly 
broken up bedrock. Plant roots do not penetrate into this 
layer very little organic material is found in this layer.

R Horizon: It is the un-weathered rock (bedrock) layer that is 
beneath all the other layers. Bedrock is made up of igneous, 
sedimentary, or metamorphic rock

Soil profi le helps in:

 y Maintaining the fertility and the nutrition content in the 
soil.

 y Determining the role of the soil.

 y Differentiation of the given sample of soil from other 
soil samples based on factors like its colour, texture, 
structure, and thickness, as well as its chemical 
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composition. Inorganic materials like, carbon, nitrogen, 
Sulphur, phosphorous, carbon-dioxide, water, etc. These 
are involved in the cycling of materials in the ecosystems. 
Organic materials like, proteins, carbohydrates, lipids, 
humus substances, etc. They largely form the living 
body and link the abiotic compounds with the biotic 
factors.

EXTRA BIT

Biotic Abiotic
Living part of ecosystem Non-living part
They need abiotic 
component to live and 
grow

Growth is independent 
of biotic component

Living things affect other 
living things in ecosystem 

They determine no. of 
organisms that can 
live and survive in the 
ecosystem

Have adaptability to 
changes- survival of the 
fittest

Can`t adapt to change, 
will survive or perish but 
can`t change

Comprise of producer, 
consumer, decomposer

Physical factors 
light, temperature, 
atmosphere, water, soil

Factors Organisms that 
interact & form relationship 
with each other. For ex. 
autotrophs, heterotrophs, 
parasites, symbionts etc.

Clomatic factors like 
water level, pH, salinity, 
turbidity, dissolved 
oxygen etc.

May be renewable (some 
not all)

Non renewable

EXTRA BIT

 y India occupied 168th position out of 180 countries 
in the 2020 Environmental Performance Index (EPI)

 y All South Asian countries ranked better than India 
except Afghanistan

 y Union ministry of forest, environment & climate 
change- proposed environment impact assessment 
(EIA) -amendment of 2006

 y AICTE released Environmental Policy 2020- 
promote environmental awareness and research

 y World environment day- June 5th every year

Theme 2020- “time for nature”- Columbia and Germany.

Theme 2018- “beat the plastic pollution”- hosted by India.

1.4 Ecology Terminology

1.4.1 Habitat & Niche

A. Habitat

The environment in which a particular organism lives is 
called its habitat.

All the populations living in the same place at the same 
time interact, forming a community. Such community also 
interacts with the non-living world around it, thus forming 
an ecosystem. Therefore, habitat is a part of the ecosystem.

B. Ecological Niche

The role and functional position of an organism within an 
ecosystem is called Ecological niche.

Ecological Niche is species specific, i.e. no two species can 
have exactly same niche.

A niche includes:

 y The role the species plays (e.g. A pollinator, a decomposer)

 y The food it eats

 y The Places where it lives

 y Where it reproduces 

 y Where it interacts with other species

Habitat Niche
1. A specific physical 

space occupied by an 
organism (species)

A funtional space occupied 
by an organism in the 
same eco-system

2. Same habitat may 
be shared by many 
organisms (species)

A single niche is occupied 
by a single species

3. Habitat specificity is 
exhibited by organism

Organism may change their 
niche with time and season
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1.4.2 Genotype & Phenotype

A. Genotype

A genotype refers to the genetic characteristics of an 
organism. 

The human genetic code could be found by their genotype. 
It determines the traits which will be expressed. Organisms 
that look same do not have the same genotype. Genotype 
can be determined by biological tests.

B. Phenotype

The term “phenotype” refers to the observable physical 
properties of an organism; these include the organism’s 
appearance, development, and behaviour. 

An organism’s phenotype is determined by its genotype, 
which is the set of genes the organism carries, as well as 
by environmental influences upon these genes.

Due to the influence of environmental factors, organisms 
with identical genotypes, such as identical twins, ultimately 
express nonidentical phenotypes because each organism 
encounters unique environmental influences as it develops. 

Examples of phenotypes include height, wing length, and 
hair colour. 

Phenotypes also include observable characteristics that 
can be measured in the laboratory, such as levels of 
hormones or blood cells.

Phenotype Genotype
It denotes Morphology 
or physical features of 
organism

It denotes Genetic 
constituents

Determined by seeing 
external features

Determined by DNA 
genotyping methods

Depends on environment 
and genotype

Depends only on sequence 
of gene

Not inherited by offspring Inherited

1.4.3 Ecotones & Edge Effect

A. Ecotone

Ecotone is a junction or boundary between two or more 
diverse ecosystems. 

 y Grassland is an ecotone between forest and desert.

 y Marshland is an ecotone (between dry and wet 
ecosystems).

 y Wetlands having mangroves are ecotone between land 

(terrestrial ecosystem) and sea. 

 y Estuaries (between saltwater and freshwater).

FOREST
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Characteristics of Ecotones:

 y It may be wide or narrow.

 y It is a zone of tension (as it has conditions intermediate 
to the bordering ecosystems).

 y It could contain species that are entirely different from 
those found in the bordering systems.

 y Ecotones can be natural or man-made. For example, the 
ecotone between an agricultural field and a forest is a 
man-made one.

B. Edge effect

Edge effect is defined as the changes in population or 
community structures that occur at the boundary of two 
habitats (ecotone).

Sometimes the number of species and the population 
density of some of the species in the ecotone is much 
greater than either community. This is called edge effect.

The organisms which occur primarily or most abundantly in 
this zone are known as edge species. 

In the terrestrial ecosystems edge effect is especially 
applicable to birds.

For example, the density of birds is greater in the ecotone 
between the forest and the desert.
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1.4.4 Ecads, Ecophenes & Ecotypes

A. Ecotype

 y Ecotypes are the ecological races in which the variations 
associated with certain factors of environment are 
genetically fixed. 

 y A widely distributed species encounters a variety of 
environmental conditions and a series of variations, 
often observable morphological variations, develop in 
course of the species evolution and adjustment.

 y These variations associated with ecological conditions 
become genetically fixed and such variations are called 
ecotypes.

B. Ecad/Ecophene

Ecophene or Ecad are organisms of the same species 
which differ in appearance such a size, erect or prostrate 
nature, reproductive vigour etc. in differing environmental 
conditions. In other words, Ecophene or ECAD is an organism 
whose structure has been affected by its environment. 

For example, When a European comes to the tropics, the 
immediate response is increased production of melanin, 
his skin becomes darker. 

Similarly, a species of grass called Euphorbia hirta has two 
different ecophene - 

 y One that has adapted to grow in dry, hard soils.

 y The other that grows in places that have been heavily 
trampled.

These variations are not genetically fixed, when transplanted 
to neutral conditions the variations vanish.

1.4.5 Phenotypic Plasticity 

Phenotypic plasticity is the ability of an organism to change in 

response to stimuli or inputs from the environment.

Environment

A

single genotype
Environment

B

Phenotype A

Phenotype B

PHENOTYPIC PLASTICITY

1.4.6 Acclimatisation and Adaptation

A. Acclimatization

Acclimatization is the process in which an individual 
organism adjusts to a change in its environment, allowing it 
to maintain performance across a range of environmental 
conditions. 

For example, in acclimatization to the low pressure of 
oxygen (hypoxia) in high mountains, animals, including 
man, improve the capacity of blood to transport oxygen by 
increasing the number of red blood cells (polycythemia).

Acclimatization occurs in a short period of time, and within 
the organism’s lifetime.

B. Adaptation

Adaptation is the physical or behavioural characteristic of 
an organism that helps an organism to survive better in the 
surrounding environment.

For example: In Giraffe, very long necks are an adaption to 
feeding at high levels in the treetops.

There are three different types of Adaptations:

 y Behavioural: Responses made by an organism that help 
it to survive/reproduce.

 y Physiological: A body process that helps an organism to 
survive/reproduce.

 y Structural: A feature of an organism’s body that helps it 
to survive/reproduce.

EXTRA BITS

In news- A recent study by scientists has revealed new 
details about the earliest domestication of chicken. 

Significance: Unveiling the mystery over chicken 
domestication would help in identifying ecological 
adaptation and phenotypic plasticity among the five 
subspecies of Red Jungle Fowl.

Backgrounder:

The DNA sequencing of 863 genomes has shown the 
first domestication of chicken occurred in southwestern
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China, northern Thailand and Myanmar.

Charles Darwin postulated that chickens were 
domesticated around 4,000 B.C. from a single ancestor, 
Red Jungle Fowl in the Indus Valley

Key Highlights: 

A collaborated study, which involved sequencing of 
genomes from:

 y Four species of the genus Gallus

 y Five subspecies of Red Jungle Fowl 

 y Various domestic chicken breeds 

collected worldwide, revealed single domestication 
from Red Jungle Fowl sub-species Gallus spadiceous.

The study demonstrated that all five Red Jungle Fowl 
subspecies were genetically differentiated from each 
other approximately 50,000 years ago (much earlier 
than domestication), corresponding to their geographic 
ranges and taxonomic classifications.

The recent results contradicted the earlier claim that 
chickens were domesticated in northern China and the 
Indus Valley.

The results further reveal that domestic chickens 
undergo genetic adaptations that underline their unique 
behavioural, morphological and reproductive traits.

1.5  Biogeochemical Cycles 
(Nutrient Cycle)

Biogeochemical cycle, refers to any of the natural pathways 
by which essential elements of living matter are circulated. 
i.e. Bio (living), Geo (Rock) and Chemicals (elements).

There are more than 40 elements required for the various 
life processes by plants and animals.

The entire earth or biosphere is a closed system i.e. nutrients 
are neither imported nor exported from the biosphere.

There are two important components of a biogeochemical 
cycle:

 y Reservoir pool: atmosphere or rock, which stores large 
amounts of nutrients.

 y Cycling pool or compartments of cycle:They are 
relatively short storages of carbon in the form of plants 

and animals.

What does nutrient cycling mean?

It is the movement of nutrients through various parts of an 
ecosystem.

1.5.1 Gaseous Cycle

Gaseous cycle refers to the transfer and transformation 
of gasses between various biogeochemical reservoirs, 
lithosphere, hydrosphere, atmosphere, and biosphere.

Gaseous biogeochemical cycles important to living 
organisms include: Carbon cycle, Nitrogen cycle and 
hydrological cycle (water cycle).

A. Carbon Cycle

The source of all carbon is carbon dioxide present in the 
atmosphere. It is highly soluble in water, therefore, oceans 
also contain large quantities of dissolved carbon dioxide. 
Carbon is the backbone of organic molecules.

Reservoirs: 

 y Oceans

 y Fossil fuel

CO2 cycles through oceans, atmosphere, living and dead 
organisms.

How CO2 reaches atmosphere?

 y Natural process: Respiration of animals and humans. 
Decomposers give out CO2.

 y Activities of man-Burning wood, fuel, deforestation, 
greenhouse effect.

 y Disasters like Volcanos and forest fires.

The global carbon cycle consists of following steps 
Photosynthesis, Respiration, Decomposition and Combustion.

B. Nitrogen Cycle

Nitrogen is an essential component of protein and 
required by all living organisms including human beings. 
Our atmosphere contains nearly 79% of nitrogen but it 
cannot be used directly by the majority of living organisms. 
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EXTRA BITS

Carbon Footprint

Carbon footprint is a measure of the amount of CO2 
emitted through the combustion of fossil fuels, in case 
of an organization, business or enterprise as a part of 
their everyday operation; in the case of an individual or 
household as a part of their daily lives; or in case of a 
product or commodity in reaching the market.

Offsetting Carbon using Flexible Mechanism

Under Kyoto Protocol, United Nations Framework 
Convention on Climate Change (UNFCCC) members are 
divided into two groups: 

 y Annex-1 countries include mainly the OECD and 

eastern European industrialized countries.

 y Non Annex-l countries are the developing economic.

Three emission trading based ‘flexibility mechanisms’ 
were adopted to help in minimizing the global economic 
cost of achieving the agreed emission reductions.

They are namely:

 y International Emission Trading: It involves the transfer 
of the Assigned Amounts Units (AAU) among the 
Annex-1 countries.

 y Joint Implementation (JI): It involves project-based 
activities undertaken between Annex 1 countries.

 y Clean Development Mechanism (CDM): it involves 
emission reduction projects undertaken in non-Annex- 
1 countries. 

Nitrogen is the backbone of DNA. 

There are five main processes which are essential for 
nitrogen cycle.

1. Nitrogen fixation

 This process involves conversion of gaseous nitrogen into 

Ammonia, a form in which it can be used by plants.

Atmospheric nitrogen can be fixed by the following three 
methods:

 y Atmospheric fixation: caused by lightening, combustion 
and volcanic activity.

Carbon Cycle
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 y Industrial fixation: molecular nitrogen is broken into 
atomic nitrogen which then combines with hydrogen to 
form ammonia at high temperature and pressure.

 y Bacterial fixation: There are two types of bacteria-

Symbiotic bacteria: Example Rhizobium in the root 
nodules of leguminous plants.

Free living bacteria: Example Nostoc, Azobacter, 
Cyanobacteria.

2. Nitrification

It is a process by which ammonia is converted into nitrates 
or nitrites by Nitrosomonas and Nitro coccus bacteria 
respectively. Another soil bacteria Nitrobacter can covert 
nitrate into nitrite.

3. Assimilation

In this process nitrogen fixed by plants is converted into organic 
molecules such as proteins, DNA, RNA etc. These molecules 
make the plant and animal tissue.

4. Ammonification

Living organisms produce nitrogenous waste products such as 
urea and uric acid. These waste products as well as dead remains 
of organisms are converted back into inorganic ammonia by the 
bacteria This process is called ammonification. Ammonifying 
bacteria help in this process.

5. Denitrification

N2 to NH3

NH3 TO [NO2]

[NO2]- to [NO3]

[NO3]- to N

•	 Nitrogen fixation

•	 By Nitrosomonas/nitro coccus  
= Nitrification

•	 By Nitrobacter

•	 By thiobacillus  
= denitrification

Conversion of nitrates back into gaseous nitrogen is called 
denitrification. Denitrifying bacteria live deep in soil near 
the water table as they like to live in oxygen free medium.

Denitrification is reverse of nitrogen fixation.

Example:  Thiobacillus Micrococcus. Pseudomonas, and 
Achromobactin are implicated as denitrifiers.

C. Hydrological Cycle

Water received from the atmosphere on the earth returns 
back to the atmosphere as water vapour resulting from 

Nitrogen Cycle
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direct evaporation and through evapotranspiration the 
continuous movement of water in the biosphere is called 
water cycle (hydrological cycle).

The driving forces for water cycle are Solar radiation, Gravity. 
Evaporation and precipitation are two main processes 
involved in water cycle.

1.5.2 Sedimentary Cycle

Sedimentary cycles are those cycles which include the 
weathering of rocks and erosion of minerals along with its 
circulation in the environment and back to earth crust. It 
includes those of iron, calcium, phosphorus and other more 
earthbound elements.

A. Sulphur Cycle

The sulphur cycle is the collection of processes by which 
sulphur moves between rocks, waterways and living 
systems.

Sulphur enters the atmosphere from several sources like, 
combustion of fossil fuels, volcanic eruptions, from surface 
of ocean and from gases released during decomposition.

Plants intake sulphur in the form of sulphates and convert 
it into sulphur bearing amino acid with the help of various 

metabolic process and then it is incorporated to proteins 
of autotroph tissues. It then passes through grazing food 
chain.

Sulphur bound in living organisms is carried back to the 
soil, to the bottom of ponds and lakes and seas through 
excretion and decomposition of dead organic matter.

B. Phosphorous Cycle

The phosphorus cycle is the biogeochemical cycle that 
describes the movement of phosphorus through the 
lithosphere, hydrosphere, and biosphere. Phosphorous is 
present in cell membrane as phospholipids and nucleic 
acid DNA.

When rocks are weathered, minute amounts of these 
phosphates dissolve in soil solution and are absorbed by 
the roots of the plants.

Herbivores and other animals obtain this element from 
plants. The waste products and the dead organisms are 
decomposed by phosphate-solubilising bacteria releasing 
phosphorus. Atmospheric inputs of phosphorus through 
rainfall are much smaller than carbon inputs, and, secondly, 
gaseous exchanges of phosphorus between organism and 
environment are negligible. Mycorrhizal fungi- release 
oxalic acid into the soil, thereby maintaining phosphorous 
content.

1. Which one of the following is the best description 
of the term ‘ecosystem’? [2015]

(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

(d) The flora and fauna of a geographical area

Prelims Grasp
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2.  Which of the following adds/add carbon dioxide to 
the carbon cycle on the planet Earth? [2014]

1. Volcanic action 

2. Respiration 

3. Photosynthesis

4. Decay of organic matter

Select the correct answer using the code given below

 (a) 1 and 3 only  (b) 2 only 

 (c) 1, 2 and 4 only  (d) 1, 2, 3 and 4

3.  In the grasslands, trees do not replace the grasses 
as a part of an ecological succession because of
 [2013]

(a)  Insects and fungi 

(b)  Limited sunlight and paucity of nutrients

(c)  Water limits and fire 

(d)  None of the above

4.  Which one of the following is the correct sequence 
of ecosystems in the order of decreasing 
productivity?  [2013]

(a) Oceans, lakes, grasslands, mangroves 

(b) Mangroves, oceans, grasslands, lakes 

(c) Mangroves, grasslands, lakes, oceans 

(d) Oceans, mangroves, lakes, grasslands

5. With reference to food chains in ecosystems, 
consider the following statements:  [2013]

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?

 (a) 1 only  (b) 1 and 2 only 

 (c) 1, 2 and 3  (d) None

6.  Which of the following adds/add nitrogen to the 
soil? [2013]

1.  Excretion of urea by animals

2.  Burning of coal by man 

3.  Death of vegetation

Select the correct answer using the codes given below.

 (a) 1 only  (b) 2 and 3 only 

 (c) 1 and 3 only  (d) 1, 2 and 3

7.  Which one of the following terms describes not 
only the physical space occupied by an organism, 
but also its functional role in the community of 
organisms? [2013]

(a)  Ecotone 

(b)  Ecological niche 

(c)  Habitat 

(d)  Home range

8.  What would happen if phytoplankton of an ocean is 
completely destroyed for some reason? [2012]

1. The ocean as a carbon sink would be adversely 
affected 

2.  The food chains in the ocean would be adversely 
affected 

3.  The density of ocean water would drastically 
decrease

Select the correct answer using the codes given below:

 (a) 1 and 2 only  (b) 2 only 

 (c) 3 only  (d) 1, 2 and 3

9.  Human activities in the recent past have caused the 
increased concentration of carbon dioxide in the 
atmosphere, but a lot of it does not remain in the 
lower atmosphere because of [2011]

1.  Its escape into the outer stratosphere

2.  The photosynthesis by phytoplankton in the 
oceans 

3.  The trapping of air in the polar ice caps.

Which of the statements given above is/are correct?

 (a) 1 and 2  (b) 2 only 

 (c) 2 and 3  (d) 3 only

1) c 2) c 3) a 4) d 5) a 6) c 7) b 8) d 9) c

Answers


