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Preface 

The present book entitled “Plant Ecology, Plant Resource Utilization and 

Biodiversity Conservation” has been designed so as to cover the unit-wise 

syllabus of MBO-07 course for M.Sc. Botany (Final) students of Vardhman 

Mahaveer Open University, Kota. The basic principles and theory have been 

explained in simple, concise and lucid manner. Adequate examples, diagrammes, 

photographs and self-learning exercises have also been included to enable the 

students to grasp the subject easily. The unit writers have consulted various 

standard books on the subject and they are thankful to the authors of these 

reference books. 
---------------- 
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Unit - 1 

Plant Ecology  
Structure of the Unit: 

1.0 Objectives  

1.1 Introduction  

1.2 Plant Ecology 

1.2.1 Basic Concepts of Ecology 
1.2.2 Approaches to Ecology 

1.3 Autecology 

1.4 Synecology   

1.5 Population Ecology 

1.6 Community Ecology 

1.7 Summary 

1.8   Glossary 

1.9  Self-Learning Excercise 

1.10 References  

1.0 Objectives  

After studying this unit you be able to understanding the concept of ecology: 

 Determination of the characters of the Autecology and Synecology.  

 Concept of Population Ecology. 

 Concept of Community Ecology. 

1.1 Introduction  

A community is a collection of populations of all the organisms which occur 
together in a given place and time. Community ecology is the study of the 
interactions between the organisms, and the interactions between the organisms 
and their environment. Communities can have emergent properties which arise 
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from these interactions - properties which could not be predicted by studying the 
individual populations in isolation. 

1.2 Plant Ecology 

1.2.1 Basic Concepts of Ecology 

Like other sciences ecology too has its own principles and basic concepts; 
(1)  All living organisms and their environment are mutually reactive, affecting 

each other in various ways. Animal population, flora, and vegetation are 
interdependent through the environment and are mutually reactive. 

(2) Environment, which is actually a complex of several inter-related factors and 
is much dynamic (i.e. varying with time and space), works as a sieve selecting 
organisms for growth from so many forms, as its one or the other factor 
becomes critical at critical stages of the life cycle of the species. 

(3) The species puts each effort to maintain its uniformity in structure, function, 
reproduction, growth and development by preservation of its genetic pool. 
However, species is also plastic and reacts to the varying environment to get it 
self adjusted structurally and physiologically in the changing environment. 
This is achieved by the degree of plasticity set by the genetic constitution of 
the species. The various forms of a species, in order to meet the challenge of 
changed environment, may arise by virtue of somatic plasticity, the ecads, or 
by the reorganisation of their genes during sexual reproduction, the ecotypes. 
Thus species may increase their capacity oftolerance towards changing 
environment developing ecads and ecotypes. 

(4) It is not only the environment which influences the life of organisms, but 
organisms too modify their environment as a result of their growth, dispersal, 
reproduction, death, decay etc. Thus, the environment is caused to change due 
to organisms' activities. The dynamic environment and organisms make ways 
for the development of different kinds of organisms through a process known 
as succession. The process continues till the development of a community 
which is now more or less stable and is now able to keep itself adjusted in 
equilibrium with the environment. This final stage of community is called a 
climax. 

(5) Clements and Shelford (1939), however, put forth a concept of biome wherein 
all plants and animals are related to each other by their co-action and reaction 
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on the environment. According to their view, under similar climatic 
conditions, there may simultaneously develop more than one community, 
some reaching to climax stage, others under different stages of succession. 
This complex of several communities in any area, represented by an 
assemblage of different kinds of plants, animals etc., sharing a common 
climate, is called a “biome”. 

In the above account, basic concepts of ecology have been explained mainly upon 
structural basis. However, with the introduction of ecosystem concept in ecology, 
functional aspects along with the structural ones are also to be strongly 
emphasized. Tansley (1935) thus emphasized the role of environment, with its 
various factors interacting with each other in his comprehensive term ecosystem 
which involves all the non-living and living factors working in a complex. With 
this new concept in modern ecology, following are the basic concepts: 
(1) When both, biotic and abiotic components are considered, the basic 

structural and functional units of nature are ecosystems. Discrete biological 
units consist of populations and communities, including biomes. Each 
population occupies a specific niche, a unique functional position with respect 
to other organisms with which it interacts. 

(2) There exist varying degrees of +, - or even neutral interactions among 
organisms; at both, inter- and intraspecific levels, which determine along 
with abiotic parameters, the degree of success a particular population has 
within a given habitat. Population ecologists study interactions at population 
as well as community levels. They study competition, usually between 
populations from the same trophic level (such as herbivores competing for the 
same grass i.e. population ecology involving individuals of same species), and 
prey-predator interactions between members of adjacent trophic levels (i.e. 
population ecology involving interactions between individuals of different 
species, at community level). 

(3) Also, there is involved energetics of ecosystem, as energy is the driving force 
of this system. The radiant energy is trapped by the autotrophic organisms 
(producers) and is transferred as organic molecules to the heterotrophic 
organisms (consumers). This energy flow is uni-directional or non-cyclic. 

(4) The chemical components of the ecosystem move in defined cycles called 
“biogeochemical cycles”. Within the ecosphere, biological systems 
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frequently regulate the rate of movement of cycling of the chemicals. Role of 
water as the universal solvent for biological systems is much relevant here. 

(5) Successful growth of the organism is governed by limiting factors. For 
success in growth and reproduction with a particular habitat, an organism 
requires various essential factors from its environment. The success of an 
organism is limited not only by deficiencies in substances or conditions but 
also by excesses. The minimal and maximal levels of tolerance for all 
ecological factors of a species vary seasonally, geographically and according 
to the age of the population. 

(6) Under natural conditions, different kinds of population undergo succession. 
Ecosystems undergo an orderly process of change with time, passing from a 
less complex to a more complex state. This process involves not only 
changes in species composition but also changes in the physical environment 
of a community. The terminal or stabilised state is known as the climax. 

According to Evans (1956), the ecosystem involves the circulation, 
transformation and accumulation of energy and matter through the medium of 
living things and their activities. Thus, the dynamic abiotic components of the 
environment and the assemblage of plants and animals there, as a result of 
interactions between themselves keep modifying and changing each other, 
and this leads to the development of ecosystem. 

(7) Then come to the probabilities of disruption and exploitation of ecosphere. 
As a result of natural condition or activities of man, species diversity of an 
ecosystem is reduced. It leads to a set back to the state of development and 
reduction in the stability of the ecosystem. Man's exploitation of ecosystems 
is directed toward channeling productivity to his needs. Applied ecology or 
human ecology is the use of ecological concepts to describe human 
activities and the determination of ways in which people can best obtain 
their needs from ecosystems. Ecosystems which are substantially altered by 
human activities are called managed; whereas those free from such 
disturbances are referred to as natural. 

1.2.2 Approaches to Ecology 

Its Main Subdivisions and Developmental Facets 
The definition of ecology makes it quite evident that fuller understanding of 
nature involves the study of plants, animals, and their environment. A perusal of 
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the developmental history of ecology reveals that ecological studies made from 
time to time are based upon three principal aspects — taxonomic affinities, 
habitat and levels of organisation. Accordingly, these approaches could lead to 
the development of the following main subdivisions of ecology:  
1.  Based on taxonomic affinities: In early days of ecology, botanists and 

zoologists engaged themselves separately in the study of ecology of plants and 
animals respectively. This led to the development of such sub-divisions as (i) 
Plant ecology, and (ii) Animal ecology. In each, there may be taken specialized 
fields like ecology of pines, insect ecology, avian ecology, bacterial ecology and 
ecology of mosquitoes, turtles etc. However, modern ecologists feel that the 
principles in the study of plants and animals are not only much similar, but 
these two great groups of organisms are very much inseparably interrelated with 
each other. Thus, modern ecology prefers not to make much distinction between 
ecology of plants and animals. The term ecology indeed includes the 
interrelationships and interdependencies of all kinds of organisms with their 
environment. 

2.  Based on habitat: Some ecologists thought of the study of habitats and their 
effects upon the organisms. There are selected a number of different types of 
habitats such as freshwater, marine, estuarine, grasslands, forests, arid lands etc. 
These are then studied in detail for their possible relationship with the kinds of 
organisms present there. Such a habitat approach led to the development of third 
subdivision of ecology, known as (iii) Habitat ecology. 

3.  Based on levels of organization: With such an approach to the ecology of area, 
units of study are either individual organisms or groups of organisms. 
Accordingly the other two, fourth and fifth subdivisions of ecology are (iv) 
Autecology, and (v) Synecology, 

1.3 Autecology 

This is also known as “ecology of individuals where we study the relation of 
individual species to its environment.” Thus at a given time, emphasis is given 
on the requirements and reaction of an individual species together with the 
influence of environment upon it. With an autecological approach, individual 
species are the units of study. These are studied for details of their geographic 
distribution, morphology, taxonomic position and life-cycle etc., alongwith the 



MBO-07 

6 
 

various ecological factors which might influence different stages of their life 
cycles. 
Population ecology or autoecology is a sub-field of ecology that deals with the 
dynamics of species populations and explain that these populations interaction with 
the environment. It is the study of how the population sizes of species groups 
change over time and space.  
The development of population ecology owes much to demography and actuarial 
life tables. Population ecology is important in conservation biology, especially in 
the development of population viability analysis (PVA) which makes it possible to 
predict the long-term probability of a species persisting in a given habitat patch. 
Although population ecology is a subfield of biology, it provides interesting 
problems for mathematicians and statisticians who work in population dynamics. 

1.4 Synecology   

The study of groups of organisms i.e. community is known as synecology. It is 
descriptive but also can be experimental with the aid of tools such as computer and 
radioactive tracers. It is subdivided into aquatic and terrestrial; Terrestrial includes 
Desert, Grassland, Forest and Aquatic includes Freshwater, Brackish and Marine 
water. Through the concept of Tansley (1935) the divergence between autecology 
and synecology were brought together. The concept states that “all organisms are 
interacting with one another and also with the abiotic elements of their 
environment in an interrelated system. This means that organisms and environment 
form a reciprocating system. There is a give and take between these two systems 
with the action or inaction of one system having impact on the other system. From 
this concept therefore emanates three main levels of integration in ecology: i. 
Individual ii. Population – Communnity iii. Ecosystem .These are referred to as the 
basic units of ecology especially the ecosystem.  
Population: An aggregation of individuals of the same species in a continuous 
area which contain no potential breeding barrier.  
Community: A group of interacting populations in a given habitat. Usually 
restricted to organisms of similar size and life habits e.g tree community, insect 
community, bird community, human community. BIOME: Several interacting 
communities  
Ecosystem: abstraction of many separate ecosystems with similar characteristics.  
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Under natural conditions, however, organisms- plants, animals, microbes  
etc., live together as a natural group affecting each other's life in several ways.  
Thus, more complex situations exist where the units of study, instead of single  
organisms are groups of organisms known as a community. Such an approach  
where units of study are groups of organisms is called synecological approach.  
Depending upon the conditions as these exist, synecology may deal with- 
1. Population ecology: A recently developed field, where the units of study  

are pure stands of individuals of a single species - population. As a result of  
aggregation of these individuals, it becomes desirable to study the 
interdependencies between them, and the populations are studied in terms of 
their size, growth rates etc., which are chiefly governed by the interactions of 
the members of population. Thus, population ecology is the study of such and 
other similar relationships of group of organisms. The main job of population 
ecologist is, "Why is this population of a particular density?" To answer this 
and other questions he studies competition, usually between population from 
the same trophic level (herbivores competing for same grass). Population 
ecology is also concerned with communities. A population ecologist also 
studies interactions between populations of different species in a community. 
For instance, study of prey-predator interactions between members of adjacent 
trophic levels of a community. 

2. Community ecology: In contrast with population ecology, here the units of 
study are groups of individuals belonging to different species-plants as well as 
animals. The living (biotic) components of the community are studied mainly 
for the nature of interdependencies between individuals of different species. 
Major concerns of community ecologist are, "Why is this community of a 
particular diversity? Why does a particular community occur at a given 
location? How communities interact and how these change through time?" 

3. Biome ecology: In nature, we generally find that there may exist a complex of 
more than one community, some in their climax stages and others in different 
stages of succession, and these all communities grow under more or less similar 
climatic conditions in an area. Thus in biomes, as units of study there are 
studied interactions between different communities of area. 

4. Ecosystem ecology: This has been the most recent development in ecology. It 
is established that not only living (biotic) but also non-living (abiotic) 
components of the nature interact with each other. These interacting biotic and 
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abiotic components, then interact with each other to form an integrated 
system—ecosystem or ecological complex or ecological system. Thus it 
becomes the most complicated synecological approach to the ecology of an 
area, where the units are the whole system-living as well as non-living 
components. Here we mainly emphasize the similarities and differences in food 
relationships among living organisms and various forms of energy supporting 
their life. This has also been referred to as bioenergetic approach in modern 
ecology. 

1.5 Population Ecology 

Population Level of Integration in Ecology is known as Population. Population is 
the unit of analysis in Population ecology. A population consists of individuals of 
the same species that live, interact and migrate through the same niche and habitat. 
It is a aggregation of related individuals (same species) capable of interbreeding 
and living (occupying) a continuous area that contain no potential breeding barrier. 
The organisms are of the same kind they occupy a particular area the population is 
the structural component of an ecosystem which develops and maintains itself by 
reproduction i.e. it is a self regulating system. The study dealing with structure 
and dynamics of individuals in a population and their interactions with 
environment is known as Population Ecology. The basic characteristic of a 
population is its size or density (numbers per unit area or per unit volume) Read 
on: Malthusian growth Model, Simplified population models, Age 
structure/pyramid. These Introductory models serve as foundation upon which the 
discipline of population ecology is built in order to further understand demographic 
processes in real life study populations and conduct statistical tests. The field of 
population ecology often uses data on life history and matrix algebra to develop 
projection matrices on fecundity and survivorship and this information is used in 
managing wildlife stocks and setting harvest quotas. The population density is 
dependent on: Natality (birth), Mortality (deaths), Immigration and Emigration I 
The foregoing unit provides a background of the various ecological factors as they 
might govern the distribution of organisms, and details of the requirements and 
reactions of an individual species (autecology). However, organisms in nature 
rarely grow as separated from each other. Invariably, organisms grow organised as 
populations, communities and ecosystems. We would consider the basic concepts 
applicable at each of these three levels of organization and we begin with 
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population level. In this unit, we would consider properties of populations as 
though largely isolated from populations of other species. 
Population ecology is the study of individuals of the same species where the 
processes as aggregation, interdependencies between individuals etc. and the 
various factors governing such processes are emphasised. This has been an 
important development in modern ecology. The foundations of population ecology 
were laid by animal ecologists in the first half of this century. It is only relatively 
recently that detailed studies of plant populations have been made. The increasing 
population of the world could attract the attention of not only of ecologists but 
also of behaviourial scientists and it led to the development of such new facets in 
ecology.Population ecology, thus has to play a vital role in a number of socio 
economic problems both at national as well as international levels. 
A population is generally a group of individuals of a particular species occupying 
a particular area at a specific time. Some of the ecologists, however, recognise two 
types of population. 
1.  Monospecific population: It is the population of individuals of only one 
species. 
2. Mixed or polyspecific population: It is the population of individuals of more 
than one species. However, in ecology polyspecific population is generally referred 
to as a community, and the term population is used for group of individuals of 
any kind of organism. 

1.6 Community Ecology 

In nature, different kinds of organisms grow in association with each other. A 
group of several species plants or animals living together with mutual tolerance 
and beneficial interactions in a natural area is known as a community. In a 
community, organisms share the same habitat growing in an uniform environment. 
Community ecology is the study of the interactions between these organisms, 
and the interactions between the organisms and their environment.  A forest, 
grassland, a desert, or a pond is natural communities. By definition, a community 
must include only living entities of the area. If non-living (abiotic) factors together 
with the living (biotic) entities are also considered, then we would be dealing with 
an ecosystem rather than a community. 



MBO-07 

10 
 

The concept of community is by no means so recent, and it may be traced back to 
the time of Theophrastus (370-250 B.C.) who had recognised the existence of plant 
communities or associations of species in different environmental areas. Many 
centuries later, Grisebach (1838) recognised the plant formation as an important 
unit of vegetation. Thereafter Edward Forbes (1844), while studying the molluscs 
of Aegean Sea, noticed for the first time that in different areas (i.e. at different 
depths), there might be distinguished different types of assemblages' of species. It 
was indeed in the later part of the 19th century that authentic studies on 
communities began, when Cari Mobius (1880) coined the term biocoenosis for the 
associations of organisms in an oyster-bed community. In 1902, Schroter and 
Kirchner introduced the term synecology referring to plant species on the ocean 
bottom as an association or community. Later developments in this particular field 
were the methods of studying such associations and their developmental trends in 
varying habitat conditions, etc. Further studies in community ecology led to the 
development of following five lines of traditional thoughts of classifications: 

(1) In U.S.A., Cowles (1899) and Clements (1905) emphasized the process of 
succession. 

(2) In Britain, Tansley (1904), also emphasized the idea of succession in 
community classifications. 

(3) In North Europe, at Uppsala (Sweden), HuIt (1881) and Du Rietz (1930) 
emphasized phytosociological, whereas Raunkiaer (1934) physiognomic 
methods of community studies. 

(4) In Southern Europe, Zurich-Montpellier school, led by Braun-Blanquet 
(1932), who also developed phyto-sociological studies. 

(5) In addition to above, with a different view point, not very clear, there 
developed also a Russian school of thought. 

A community has its own structure, developmental history and behaviour. All 
these characteristics are in correlation with the environmental factors (synecology), 
just as population of same species (population ecology) and individual species 
(autecology) are correlated. 

1.7 Summary 

A community is a collection of populations of all the organisms which occur 
together in a given place and time. Community ecology is the study of the 
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interactions between these organisms, and the interactions between the organisms 
and their environment. Communities can have emergent properties which arise 
from these interactions - properties which could not be predicted by studying the 
individual populations in isolation. 
Traditionally, the term ‘community’ has had restricted use to describe the activities 
of the populations only, whereas when these are combined with the physical 
environment (e.g. nutrient dynamics and energetics) the term ecosystem has been 
used.   
The term ‘community’ is also commonly used to refer to a subset of populations 
within the whole community, for example plant communities, insect communities, 
arthropod communities, small mammal communities, etc. 

A population refers to a group of individuals of one kind with no barriers to 
exchange of genetic material in a given area at a given time. For example, 
population of human beings in a city, or population of squirrels or of lions in a 
forest, or pine trees in a given land. The study dealing with structure and dynamics 
of individuals in a population and their interactions with environment is known as 
Population Ecology. It has almost the same meaning as that of conventional term 
Autecology, the study of ecology of individual species or its population, which is 
less in use now. Population ecology is a significant branch of ecology that plays an 
important role in protecting and managing populations, especially those of rare 
species, through various means including PVA Population Viability Analysis. PVA 
helps to determine whether a population would survive or face the risk of 
extinction (complete disappearance of a species from the biosphere) under a given 
set of environmental conditions. Further, each population has a minimum viable 
size - the size at which it can avoid the extinction due to various biotic and abiotic 
factors. 

1.8 Glossary 

 Ecology : The study of the interactions of organisms with their physical 
environment (abiotic) and with oneanother (biotic). 

 Population : Any group of individuals, usually of a single species, occupying a 
given area at the same time;groups of organisms with homologue (same) 
alleles. 
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 Predators : separate more often by being active at different times of the day 
than do other kinds of animals. Examples: Hawks and owls, lions and leopards 

 Terrestrial poikilotherms  : (= ectotherms, e.g., lizards, snakes) relatively 
often partition food by being active at different times of the day.  
Example: Lizards (some active in cool part of day, others at hottest times) 

 Vertebrates segregate less by seasonal activity than do lower animals  
Example: Mayflies and other stream in vertebrates will often emerge at 
different times of the year from the emergence times of their potential 
competitors. 

 Ecophysiology : Branch of science that examines how the physiological 
functions of organisms influence the way they interact with the environment, 
both biotic and abiotic. 

 Behavioural ecology : Branch of science that examines the roles of behaviour 
in enabling an animal to adapt to its environment. 
Population ecology studies the dynamics of populations of a single species. 

 Community ecology /synecology : If focuses on the interactions between 
species within an ecological community. 

 Ecosystem ecology : It explains the flows of energy and matter through the 
biotic and abiotic components of ecosystems. 

1.9  Self-Learning Excercise 

Section- A : (Very Short Answer Type Questions) 

1. What is ecology? Define it. 

2. What do you mean by population? 

3. The most important component of the population is....................? 

4. Who coined the term ecology? 

5. How autecology is differ with synecology? 

6.  Name the types of ecology. 

7. Define community? 

8. Write the functional and structural unit of ecosystem. 
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9. Write about biotic factor of ecosystem. 

10. What is biome ecology? 

Section- B : (Short Answer Type Questions) 

1.  Write short note on concept of ecology. 

2.  Write role of biotic & abiotic factors in ecology? 

3.   Write ecology based on taxonomic affinities. 
4.   Write a note on poly-specific population. 

5.  Write the difference between population and  community. 

6.  What do you understand by synecology? 

Section- C : (Long Answer Type Questions) 

1.  “Basic concept of Ecology” explain it with experimental evidences. 

2.  Write notes on - 

a. Autecology                            b.    Synecology 

3.  Explain population ecology in detail. 

4.  Describe the Approaches to Ecology in detail. 
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2.1 Introduction  

Every organism has a place to live in nature, a functional role in that place, and a 
complex set of adaptations for reproducing its kind. On the surface, this 
observation might seem to be obvious, even trivial. However, in order to 
understand our biological world—the biosphere, how it operates and ultimately 
how to protect it—we need to understand at a deep level. 

In this unit we will examine further some of the concepts that ecologists use to 
organize their thoughts about the ways in which organisms use their environment, 
relate to each other, and assemble into communities or ecosystems. The most 
fundamental and perhaps most difficult of these concepts is that of the ecological 
niche. 

“A niche refers to the way in which an organism fits into an ecological community 
or ecosystem.” Through the process of natural selection, a niche is the evolutionary 
result of a species’ morphological (morphology refers to an organism’s physical 
structure), physiological, and behavioural adaptations to its surroundings. 
A habitat is the actual location in the environment where an organism lives and 
consists of all the physical and biological resources available to a species. The 
collection of all the habitat areas of a species constitutes its geographic range. 

2.2 History of the Niche Concept 
Niche is known as "a place or position suitable or appropriate for a living thing." 
Biologists and naturalists have long considered each species to have a proper place 
in nature. Darwin was influenced by this idea, as evidenced by the quote at the 
beginning of this chapter, while developing his theory of natural selection. It is 
natural then that the first uses of the word niche in an ecological context had a very 
strong "place" association. Although not the first ecologist to use the word, Joseph 
Grinnell, in a series of papers published between 1917 and 1924, is generally 
credited with being the first to develop the ecological concept of the niche. 
Grinnell defined niche as the "ultimate distributional unit, occupied by just one 
species or sub-species." To be more specific, Grinnell was interested in 
determining which factors governed a species’ potential geographical distribution 
and usually considered these to be physical or climatic factors, as opposed to 
relationships with other species such as competition or predation. For example, in a 
1917 paper entitled "The niche-relationships of the California Thrasher," Grinnell 
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considered the geographical range of thrashers, a common bird of the chaparral, to 
be limited by temperature since it avoided areas of extreme heat or cold. Thrashers, 
Grinnell maintained, were further restricted to chaparral areas because, being shy 
creatures, they needed dense hiding cover. These factors, because they explained 
the California thrasher’s distribution, constituted the bird’s niche. Grinnell’s 
concept of the niche also included two important components: first, 
animals evolved to fill niches and, second, no two species could have exactly the 
same niche. These two concepts have turned out to be central to the subsequent 
development of niche theory. 
At about the same time, one of the most important ecologists of the early part of 
this century, Charles Elton, was developing his own concept of niche. Elton’s 
(1927) niche concept differed from that of Grinnell in several fundamental ways as 
evidenced by his definition of niche as an organism’s "place in the biotic 
environment, its relations to food and enemies." When Elton uses the word "place" 
he really means the organism’s role in its community—what it does, how it makes 
its living—as opposed to the geographical sense used by Grinnell. In practice, 
Elton tended to define niches based on an animal’s size and feeding habits. For 
example, birds of similar size that catch insects on the wing were thought to have a 
similar niche; similarly, all large mammals that eat only grass were thought to have 
another. Elton’s view of the niche concept was simply "to give more accurate and 
detailed definitions of the food habits of animals" than those afforded by words 
such as carnivore or herbivore. 
A few years later the Russian scientist G. F. Gause (1934) combined Elton’s view 
of the niche with the observation that very similar species cannot co-exist within a 
community. This is because resources such as food generally are in limited supply. 
Very similar organisms would have to compete with each other for the resource in 
question and inevitably one species would prove to be the superior competitor. 
Although Grinnell and even Darwin had stated much the same thing, Gause based 
his concept on mathematical reasoning by the Italian mathematician Vito Volterra. 
This idea, now often referred to as "Gause’s principle or the competitive-
exclusion principle" can be restated succinctly as "no two species in a community 
may possess the same niche," and has become a central tenet of modern niche 
theory. 
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In order to demonstrate this principle, Gause performed what are now considered 
to be classic experiments. Gause placed two species of Paramecium, a single-
celled protozoan, into flasks containing a bacterial culture that served as food. 
Thus, in this artificial laboratory system both species of Paramecium were forced 
to have the same niche. Gause counted the numbers of Paramecium each day and 
found that after a few days one species always became extinct because it 
apparently was unable to compete with the other species for the single food 
resource. This process ofcompetitive exclusion has since been demonstrated many 
times in laboratory and field experiments with many species. However, extinction 
is not the only possible result of two species having the same niche. If two 
competing species can co-exist for a long period of time, then the possibility exists 
that they will evolve differences to minimize competition; that is, they can evolve 
different niches. 

 
Fig.: 2.1 : Results of competition between two species of Paramecium with 

similar requirements. 

Two niche concepts have been discussed so far. The first, propounded by Grinnell, 
is geographically oriented and we can term it a place niche. The second, 
championed by Elton and Gause, is defined on behavioral considerations and we 
might call this the functional niche. Ecologists were relatively satisfied by 
accepting these views of the niche until the late 1950s when the eminent 
limnologist and ecologist G. Evelyn Hutchinson devised a rigorous and 
quantitative concept of niche that, with slight modifications from his original 
concept, incorporated both place and functional elements and has remained the 
standard niche model for over thirty years. Prior to Hutchinson the niche was a 
rather nebulous concept defined only by words; that is, niches could not be 



MBO-07 

18 
 

measured. Hutchinson’s new idea not only allowed a way to measure niches but 
also a way to compare niches of two or more species. 
An animal that preys upon other animals will be limited in the range of prey sizes 
that it can kill. Certain prey will simply be too large to kill; others will be too small 
to bother with because the amount of energy needed to catch them is greater than 
the amount of energy to be gained by eating them.  

2.3 Concept and Habitat of Niche 

The Habitat 

This is a related but distinct concept to Niche that describes the environment over 
which a species is known to occur and the type of community formed as a result. 
More specifically, habitat can be defined as regions in environmental space that are 
composed of multiple dimensions, each representing a biotic or abiotic 
environmental variable, that is, any component or characteristic of the environment 
related directly (forage biomass) and quality or indirectly (elelvation) to the use of 
a location by the animal eg. aquatic or terrestrial environment. Organisms are 
subject to environmental pressures but are also modifiers of their habitats by the 
regulatory feedback between them and their environment. 
If we examine the geographic distribution of a widely-ranging species, we find that 
the distributional range consists of both occupied and unoccupied areas. Those 
areas actually occupied that meet the requirements for a species’ survival and 
reproduction are its habitat. We mentioned earlier that the desert bighorn prefers 
desert mountain ranges—these mountain ranges, along with all the plants and other 
animals found there, constitute the bighorn’s habitat.  
Any place where organisms live is by definition a habitat. Your backyard, an 
empty plot, an agricultural field, a pristine mountain wilderness—all these are 
habitats for some group of organisms. Ecologists often find it useful to talk about 
kinds of habitats or to classify them into more or less general groupings. Habitats 
are typically classified on the basis of more or less obvious visual characteristics. 
Alpine meadows, conifer forests, marshes, lakes, desert scrub, and riparian zones 
along stream banks are all different habitats. 
Sometimes habitat classifications have more to do with how the habitat functions 
than with its visual aspect. Although freshwater and saltwater marshes may appear 
similar superficially, each supports a different constellation of species. Along the 
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California coastline at the ocean’s edge we can distinguish several zones that are 
functionally different. Above the high tide line, there is a splash zone that only the 
highest ocean waves can reach. Below this is the inter-tidal zone that is alternately 
exposed and submerged with the ebb and flow of the tide. Deeper still is the 
subtidal zone, which is always submerged. Although all of these zones may occur 
within a few meters of each other, they are fundamentally different habitats for the 
organisms that live there and they support distinct assemblages of species. 
2.3.1 Habitat and Features 
Habitats have many features or factors that are important to the organisms living 
there. Conveniently, we can divide habitat factors into two major groupings: 
physical factors and biotic-factors. 
In terrestrial habitats some important physical factors are elevation, steepness, 
slope direction, soil type, and water availability. Elevation affects air temperature 
and rainfall—higher elevations are cooler and moister than lower ones. The 
steepness of a slope will affect the kind of soil that can form there and the amount 
of water that can soak into the ground after it rains. Slope aspect, the direction a 
slope faces is particularly important. In the northern hemisphere, south-facing 
slopes get more sun, are warmer and dryer, and thus support different vegetation 
than north-facing slopes. In aquatic habitats such characteristics as pH, salinity, 
dissolved oxygen concentration, temperature, and flow rate are important physical 
factors. 
Biotic factors include all the other species that occur in the habitat. For an 
herbivore such as the desert bighorn sheep many of the grass, shrub, and herb 
species of the desert mountains constitutes its food source. Trees and shrubs form 
both hiding cover from predators and thermal the dead trees in which their holes 
are found but also the other birds (e.g., Pileated woodpeckers) that make the holes 
in the first place. 
Finally, physical and biotic factors may interact to determine the quality of the 
habitat for a given organism. For example, the nutritional quality of plants 
available as food for herbivores, such as deer, is determined in large part by the 
quality of the soils present. 
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2.3.2 Habitats and their Conservation 
Obviously a species cannot survive without its natural habitat, except perhaps in a 
zoo. It follows then that the fundamental unit in the conservation of biodiversity is 
not the species but the habitat. 
An organism may have more than one habitat. During the summer many of our 
migratory waterfowl have breeding habitats in the arctic tundra, but in winter on 
the waterways and marshes of the southern United States. Mule deer of the Great 
Basin spend the summer in mountain forests, but winter snows drive them to lower 
elevation sagebrush zones where they can forage more easily. To ensure that there 
will always be migratory species such as these we need to protect not only the two 
habitats at the extremes of their seasonal movements but also the migration routes 
in between that serve as resting and feeding habitats. 
Habitats don’t exist in isolation. Many habitats have inputs and outputs. We can 
take Mono Lake, for instance, a spectacular lake on the east side of the Sierra 
Nevada in California. Its water source is streams fed by winter rains and melting 
snow in the mountains. In its natural state, water leaves the lake only by 
evaporation. The balance between the inflowing streams and evaporation created a 
saline lake with many unique features, including a species of brine shrimp found 
only in Mono Lake. As a large, food-rich body of water in a desert area, the lake is 
a major fueling stop for migratory waterbirds and a major nesting area for other 
species, such as California gulls. When water from the lake’s inflowing streams 
was diverted to quench the ever-growing thirst of southern California, the lake 
level dropped drastically. Islands in the lake became connected to the mainland, 
giving coyotes and other predators’ access to an easy source of food: nesting 
California gulls. With adequate inflowing water, the islands were good nesting 
habitat; without the water they were unsuitable as nesting habitat. Without 
adequate inflowing water, the lake also would become too saline to be habitat for 
the Mono brine shrimp and to be a feeding habitat for migratory waterbirds. 
Recognition of this fundamental relationship between inflow and habitat for many 
species was the partial basis of a successful court action that reduced the diversion 
of water from the inflowing streams.  

2.4 Niche Width and Overlap 

Some plants and animals are more specialized than others and measures of niche 
breadth attempt to measure this quantitatively. Niche breadth has also been called 
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niche width or niche size by ecologists. Niche breadth can be measured by 
observing the distribution of individual organisms within a set of resource states.  

Levins (1968) proposed that niche breadth be estimated by measuring the 
uniformity of distribution of individuals among the resource states. 
The concept of niche width or niche breadth refers essentially to the diversity of 
resource use shown by any one organism or group of organisms. 
Those whose resources use is restricted to a small portion of the available resource 
spectrum are considered to have narrow niches, those which exploit a relatively 
diverse set of resources within the resource continuum are defined with broad 
niches. 
They note that 'there are two situations in which one might wish to compare niche 
metrics: among species within communities, and between species of different 
communities. In both cases the paramount difficulty is standardization of the 
procedure so that measurements are comparable for different species and different 
communities. 

Niche Overlap  

One step to understanding community organization is to measure the overlap in 
resource use among the different species in a community guild. The most common 
resources measured in order to calculate overlap are food and space (or 
microhabitat). Several measures of niche overlap have been proposed and there is 
considerable controversy about which is best (Hurlbert 1978, Abrams 1980, Linton 
et al. 1981). The general problem of measuring niche overlap is very similar to the 
problem of measuring similarity. 
In the same was that measures of niche breadth are all primarily derived from 
various indices of diversity, the various measures of niche overlap are usually 
based on some analysis of resource partitioning. 
Each of these indices measures overlap along one resource dimension only. As 
noted above, multi-dimensional overlap may be derived as the arithmetic sum of 
separate overlaps if resource dimensions are inter-dependent, the product, if they 
are independent. Frequently, of course, it is very difficult to determine whether or 
not the separate dimensions are or are not dependent-or to what extent. 
Slobodkichoff and Schulz (1980) offer a valuable test for dependence and 
independence of resource dimensions used. 



MBO-07 

22 
 

The different indices obviously each have difference strengths and weaknesses.  
Although this has several disadvantages, it has the single advantage that it is 
sensitive to the number of individuals involved in each species Slobodkichoff and 
Schulz further note that the different measures embrace to different degrees, 
competitive events. 
They stress a clear distinction between the concepts of resource use overlap and 
competitive pressure resulting from niche overlap, and note that the same 
distinction should be recognised in the different indices. They suggest that Pianka's 
(1973) overlap index represents resource use overlap (true niche overlap) while 
Levins' (1968) index (with its sensitivity to numbers of individuals) is more an 
index related to competitive pressure resulting from niche overlap. 

2.5 Fundamental and Realized Niche  

Such a niche, determined in the absence of relations with other species, is termed 
the fundamental niche and represents a species’ potential to use available 
resources. Certain interactions between species can affect the breadth of a species’ 
niche along one or several niche axes. For example, the risk of predation could 
shrink the breadth of a species’ food niche axis if searching for certain kinds of 
food items increased the probability of being eaten. Competition for resources 
could also reduce the breadth of a species’ niche along the resource axis in 
question. Thus the fundamental niche is the niche that exists in the absence of 
predators and competitors and is determined largely by the species morphological 
and physiological limitations. In the real world, a niche is limited in extent by the 
presence of interactions with other species and is termed the realized niche. 

The realized niche of a species may vary from place to place because of the 
presence of different predators and competitors. In the Eel River of coastal 
California, for example, rainbow trout live primarily in riffles (shallow, fast-
flowing areas) and feed on aquatic insects when predatory pikeminnows are 
present in the pools; in the absence of the predator, the realized niche of the trout 
expands to include the pools and more terrestrial insects that fall on the pool 
surface. 
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2.6 Character Displacement 

Character displacement refers to the phenomenon where differences among similar 
species whose distributions overlap geographically are accentuated in regions 
where the species co-occur but are minimized or lost where the species’ 
distributions do not overlap. This pattern results from evolutionary change driven 
by competition among species for a limited resource like food. The rationale for 
character displacement stems from the competitive exclusion principle, also called 
Gause's Law, which contends that to coexist in a stable environment two 
competing species must differ in their respective ecological niche; without 
differentiation, one species will eliminate or exclude the other through 
competition. 
Character displacement was first explicitly explained by Brown and Wilson 
(1956): “Two closely related species have overlapping ranges. In the parts of the 
ranges where one species occurs alone, the populations of that species are similar 
to the other species and may even be very difficult to distinguish from it. In the 
area of overlap, where the two species occur together, the populations are more 
divergent and easily distinguished, i.e., they “displace” one another in one or more 
characters. 
Character displacement is the term used to describe an evolutionary change that 
occurs when two similar species inhabit the same environment. Under such 
conditions, natural selection favours a divergence in the characters–morphology, 
ecology, behavior, or physiology of the organism. The idea was only formalized in 
the middle of the twentieth century by the American entomologists William L. 
Brown (1922-1997) and Edward O. Wilson (1929), who compared the characters 
of a number of species living together with characters in the same species living 
apart, or in allopatry. They found that sympatric species possessed many different 
characters although these same species were sometimes indistinguishable when 
living allopatrically. Brown and Wilson concluded that these situations resulted 
from competition: because the species were similar, they competed for the same 
resources and natural selection favored those species that competed less. Thus, the 
characters diverged. 
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2.7 Resource Partitioning 
Differential resource selection is one of the principal factors, which permit species 
coexistence. In studies of niche partitioning, nest site location has received much 
less attention than food or habitat, perhaps because suitable nest sites are presumed 
to be readily available for most species. However, when a species has specific 
nesting requirements, suitable nesting locations may be difficult to obtain. This 
may bring about the overlap of nest sites and consequently, predation costs for 
breeders because of the attraction of the predators due to the increase in cumulative 
nest density. Factors commonly identified to explain aggregations are the spatial 
availability of food and defense against predators. Other studies suggest that ecto-
parasitism and abiotic factors e.g. Precipitation affect habitat quality and become a 
dominant force influencing aggregation behavior in birds. Differential resource 
selection is one of the principal factors, which permit species co-existence. The 
response of wild populations to their resources is not always predictable because of 
the outcome of the number of interacting factors, which may go since a single until 
multiple factors. Food scarcity often leads to foraging in distant areas, which may 
result in formation of small colonies. Strong seasonal peaks in food resources may 
limit breeding to a single season of the year and cause synchronized breeding of 
the population. In these cases large colonies are formed and intense competition 
occurs for food. Competition might be lessened by a strategy of fine scale temporal 
and spatial segregation in the use of habitats among species with similar feeding 
habits.  

2.8 Summary 

In this chapter we have discussed in detail some of the concepts that ecologists use 
to study biodiversity. These concepts are geographic range, habitat, and ecological 
niche. It should be obvious by now that these are not mutually exclusive topics. 
Elements of habitat and niche are considered into the determination of geographic 
ranges. It can also be difficult to say exactly where habitat leaves off and niche 
begins. Nonetheless, an understanding of these three concepts can help us to 
effectively plan conservation measures and to appreciate the wonderful complexity 
of our biosphere. 
Niche: The most widely accepted definition was one by Hutchinson (1957) ‘The 
Niche is the set of biotic and abiotic conditions in which a species is able to persist 
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and maintain stable population sizes.’ Two issues are recognizable from this 
definition (a) functional role of an organism (b) its position in time and space. The 
ecological niche is a central concept in the ecology of organisms and is subdivided 
into fundamental and realised niches.  
Fundamental niche is the set of environmental conditions under which a species is 
able to persist. Realised niche is the set of environmental plus ecological 
conditions under which a species persists. To determine an organisms niche in the 
community the following must be know: i. Nutrition and source of energy ii. Rate 
of metabolism and growth iii. Effect on other organism.  

2.9 Glossary 

 Habitat and Niche: The tendency for co-existing species which occupy a 
similar position along one niche dimension, e.g. altitude, to differ along 
another, e.g. diet. 

 Fundamental Niche: The potential range of all environmental conditions 
under which an organism can thrive. 

 Realized Niche: The part of the fundamental niche that a species actually 
occupies in nature due to inter or intra-specific competition. 

 Niche:  The role played by (occupation or profession) and the address of a 
particular species in its ecosystem. 

2.10 Self-Learning Exercise 

Section- A : (Very Short Answer Type Questions) 

1. Define niche. 
2. Define character displacement. 

3. What is habitat? 

4. What is overlapping? 

5.  Name the important types of habitat? 

6. What is habitat conservation? 

7. How fundamental niche and realized niche can be differentiated to each other? 
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Section- B : (Short Answer Type Questions) 

1. Write short note on characters of habitat. 
2. Write two importance of habitat conservation. 

3. What is niche overlap? 

4. Write the difference between Niche Width and Overlap? 

5. What do you understand by fundamental niche? 

Section- C : (Long Answer Type Questions) 

1. Write an essay on concept and habitat of niche. 

2. Write notes on - 

a. Realized niche 

b. Fundamental niche 

3. Describe various types of niche in detail with the help of examples. 

4. Write about character displacement in detail. 

5. Define niche, habitat and conservation of niche in detail. 
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3.0 Objectives  
After studying this unit, you will be able to: 

 Recognize the two major components of ecosystem Biotic & Abiotic 

Components 

 Explain energy flow through food chain 

 Differentiate between the various trophic levels- producers, consumers and 
decomposers 

 Construct a food chain and represents–terrestrial and aquatic ecosystem 

3.1 Introduction  

The earth is perhaps the only planet in the solar system that supports life. The 
portion of the earth which sustains life is called biosphere. Biosphere is very huge 
and can not be studied as a single entity. It is divided into many distinct functional 
units called ecosystem. In this unit you will study about the structure and functions 
of ecosystem. 

3.2 Ecosystem Structure  

The term ‘ecosystem’ was coined by A.G. Tansley in 1935. An ecosystem is a 
functional unit of nature encompassing complex interaction between its biotic 
(living) and abiotic (non-living) components. For example- a pond is a good 
example of ecosystem. 
3.2.1 Components of an ecosystem 
Components of ecosystem: They are broadly grouped into:- 

(a) Abiotic and (b) Biotic components 

 

Components of Ecosystem 

Abiotic components  Biotic components 

Physical factors Inorganic substances Organic substances 
•  Temperature Water Proteins 
•  Humidity Oxygen Carbohydrates 

Carbon dioxide Lipids 
•  Atmospheric pressure Nitrogen 

Producers  Consumers Decomposers 
( Green plants ) ( Animals ) ( Microorganisms ) 
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(a) Abiotic components (Nonliving): The abiotic component can be grouped into 
following three categories:- 
(i) Physical factors: Sun light, temperature, rainfall, humidity and pressure. 

They sustain and limit the growth of organisms in an ecosystem. 
(ii) Inorganic substances: Carbon dioxide, nitrogen, oxygen, phosphorus, 

sulphur, water, rock, soil and other minerals. 
(iii) Organic compounds: Carbohydrates, proteins, lipids and humic 

substances. They are the building blocks of living systems and therefore, 
make a link between the biotic and abiotic components. 

(b) Biotic components (Living) 
(i) Producers: The green plants manufacture food for the entire ecosystem 

through the process of photosynthesis. Green plants are called autotrophs, 
as they absorb water and nutrients from the soil, carbon dioxide from the 
air, and capture solar energy for this process. 

(ii) Consumers: They are called heterotrophs and they consume food 
synthesized by the autotrophs. Based on food preferences they can be 
grouped into three broad categories. Herbivores (e.g. cow, deer and rabbit 
etc.) feed directly on plants, carnivores are animals which eat other 
animals (eg. lion, cat, dog etc.) and omnivores organisms feeding upon 
both plants and animals e.g. human, pigs and sparrow.  

(iii)  Decomposers: They are also called saprotrophs. These are mostly 
bacteria and fungi that feed on dead decomposed and the dead organic 
matter of plants and animals by secreting enzymes outside their body on the 
decaying matter. They play a very important role in recycling of nutrients. 
They are also called detrivoresor detritus feeders. 

 
 (a) Abiotic components 

(i) Light: Solar radiation provides energy that controls the entire 
system.Penetration of light depends on transparency of water, amount 
of dissolved or suspended particles in water and the number of 
plankton. On the basis of extent of penetration of light a pond can be 
divided into euphotic (eu=true, photic=light), mesophotic and 
aphotic zones. Plenty of light is available to plants and animals in 
euphotic zone. No light is available in the aphotic zone. 
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(ii) Inorganic substances: These are water, carbon, nitrogen, phosphorus, 
calcium and a few other elements like sulphur depending on the 
location of the pond. The inorganic substances like O2 and CO2 are in 
dissolved state in water. All plants and animals depend on water for 
their food and exchange of gases- nitrogen, phosphorus, sulphur and 
other inorganic salts are held in reserve in bottom sediment and inside 
the living organisms. A very small fraction may be in the dissolved 
state. 

(iii) Organic compounds: The commonly found organic matters in the 
pond are amino acids and humic acids and the breakdown products of 
dead animals and plants. They are partly dissolved in water and partly 
suspended in water. 

 
(b) Biotic components 

(i) Producers or autotrophs: synthesize food for all the heterotrophs of 
the pond. They can be categorized into two groups:- 
(a) Floating micro-organisms and plants 
(b) Rooted plants 

(a) Floating micro-organisms (green) and plants are called phyto-
plankton (“phyto”- plants, “plankton” –floating). They are 
microscopic organisms. Sometimes they are so abundant in pond that 
they make it look green in colour e.g. Spirogyra, Ulothrix, 
Cladophora, Diatoms, Volvox. 

(b) Rooted plants: These are arranged in concentric zones from periphery 
to the deeper layers. Three distinct zones of aquatic plants can be seen 
with increasing deapth of water in the following order: 
i) Zone of emergent vegetation: . eg. Typha, Bulrushes and Sagittaria 
ii)Zone of rooted vegetation with floating leaves . eg. Nymphaea 
iii) Zone of submergent vegetation: eg. All pond weeds like Hydrilla , 
Rupia, musk grass etc. 

(ii) Consumers/Heterotrophs are animals which feed directly or 
indirectly on autotrophs eg. Tadpole, snails, sunfish, bass etc. 
Pond animals can be classified into the following groups 
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(a) Zooplanktons are floating animals. Cyclops, Cypris 
(b) Nektons are the animals that can swim and navigate at will. Eg. 

fishes 
(c) Benthic animals are the bottom dwellers: beetle, mites, mollusks 

and some crustaceans. 
(iii)Decomposers: They are distributed through out the entire in the whole 

pond but in the sediment most abundant. There are bacteria and fungi. 
(Rhizopus, Penicillium, Curvularia ,Cladosporium) found at the 
bottom of the pond 

3.3 Organization 

In addition to above, each community has its own trophic structure or organisms 
grouped based on feeding habits. Trophic structure of a pond consists of a variety 
of organisms as producers - which can prepare their own food through 
photosynthesis, consumers- heterotrophs which can not prepare their own food but 
are dependent on producers for nutrition directly or indirectly and decomposers, 
which decompose the dead and decaying matter and in this way release nutrients. 
Rooted or free-floating green plants (macrophytes), free-floating minute organisms 
(phytoplanktons – green algae and diatoms) constitute producers or autotrophs of a 
pond community. The consumers may be primary herbivores that directly feed on 
green plants or algae, secondary carnivores, that feed on herbivores or tertiary 
feeding on other carnivores. Zooplankton or floating minute animals like rotifers, 
crustaceans and protozoans, which feed on phytoplanktons, constitute herbivores in 
the pond community. In addition, there are several animal species associated with 
the green plants and feed on them. Some herbivores are also present at the bottom 
of the pond and feed on dead decaying plant parts. These may be beetles, mollusks 
or even crustaceans. Some birds and domesticated animals such as cow, goat and 
buffaloes also feed on green plants found in the pond especially on the margins in 
the littoral zone. Fishes constitute the secondary consumer of the pond feeding 
largely on herbivores. Some insects are also included in this category. In the pond, 
some larger fish or the game fish that feed on smaller fish constitute tertiary 
consumers. Besides there are varieties of decomposers (microconsumers – since 
they take a fraction of food) in the pond and these decompose complex, dead and 
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decaying matter into simpler forms like nutrients, which are absorbed by the plants 
for their growth and development.  
3.3.1 Trophic Structure 

Trophic structure of a forest community also has a same pattern but with different 
species composition. In a forest, the autotrophs or the producers are the trees, 
which are also the dominant species. Additionally, the forests also have shrubs, 
herbs and grasses that are autotrophic and form a distinct understorey, but their 
role is lesser than that of trees. The type of the trees in the forests varies from place 
to place depending upon environmental conditions.  
For example, a typical tropical moist deciduous forest is composed of tree species 
like teak (Tectona grandis), sal (Shorea robusta) or Queen’s myrtle (Lagerstoemia 
parviflora); whereas a temperate deciduous forest has trees like oak (Quercus), 
maple (Acer sp.), birch (Betula sp.) and spruce (Picea sp.). The primary consumers 
in the forests include ants, beetles, leafhoppers, spider and bugs that feed on tree 
leaves. Besides, there are larger animals like elephants, nilgai, squirrels, rabbits, 
flying foxes and birds, which feed on shoots or fruits of the trees. Birds, snakes, 
lizards and foxes constitute secondary consumers whereas lions and tigers 
constitute tertiary consumers. The decomposers include several types of fungi, 
bacteria and actinomycetes. 
Food chains and energy flow are the functional properties of ecosystems 
which make them dynamic. The biotic and abiotic components of an 
ecosystem are linked through them. 
3.3.2 Food Chain 

Transfer of food energy from green plants (producers) through a series of 
organisms with repeated eating and being eaten is called a food chain. e.g. 

Grasses → Grasshopper → Frog → Snake → Hawk/Eagle 
 
Each step in the food chain is called trophic level. In the above example 
grasses are 1st, and eagle represents the 5th trophic level. 
During this process of transfer of energy, some energy is lost into the system as 
heat energy and is not available to the next trophic level. Therefore, the numbers of 
steps are limited in a chain to 4 or 5. Following trophic levels can be identified in a 
food chain. 
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(1) Autotrophs: They are the producers of food for all other organisms of the 
ecosystem. They are largely green plants and convert inorganic material in the 
presence of solar energy by the process of photosynthesis into the chemical 
energy (food). The total rate at which the radiant energy is stored by the 
process of photosynthesis in the green plants is called Gross Primary 
Production (GPP). This is also known as total photosynthesis or total 
assimilation. From the gross primary productivity a part is utilized by the plants 
for its own metabolism. The remaining amount is stored by the plant as Net 
Primary Production (NPP) which is available to consumers. 

 
P = Producer, H = Herbivore, C = Carnivore, 

C1 = First level carnivore, C2 = Top Carnivore 
Fig. 3.1: Some examples of food chain 

(2) Herbivores: The animals which eat the plants directly are called 
primary consumers or herbivores e.g. insects, birds, rodents and 
ruminants. 

(3) Carnivores: They are secondary consumers if they feed on herbivores 
and tertiary consumers if they use carnivores as their food. e.g. frog, 
dog, cat and tiger. 

(4) Omnivores: Animals that eat both plant and animals e.g. pig, bear and 
man 

(5) Decomposers: They take care of the dead remains of organisms at 
each trophic level and help in recycling of the nutrients e.g. bacteria 
and fungi. 
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There are two types of food chains: 
(i) Grazing food chains: which starts from the green plants that make 

food for herbivores and herbivores in turn for the carnivores. 
(ii) Detritus food chains: start from the dead organic matter to the 

detrivore organisms which in turn make food for protozoan to 
carnivores etc. 

In an ecosystem the two chains are interconnected and make y-shaped 
food chain. These two types of food chains are:- 

Producers → Herbivores → Carnivores 

Producers → Detritus Feeders → Carnivores 
3.3.3 Food web 

Trophic levels in an ecosystem are not linear rather they are interconnected and 
make a food web. Thus food web is a network interconnected food chains 
existing in an ecosystem. One animal may be a member of several different food 
chains. Food webs are more realistic models of energy flow through an ecosystem. 

 
           Fig. 3.2: Simple Food Web 

The flow of energy in an ecosystem is always linear or one way. The quantity of 
energy flowing through the successive trophic levels decreases as shown by the 
reduced sizes of boxes in fig. 3.3. At every step in a food chain or web, the energy 
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received by the organism NU is used to sustain itself and the left over is passed on 
to the next trophic level. 

 
Fig. 3.3: Model of Energy Flow through an Ecosystem  

Boxes indicate the standing crop biomass and pipes indicate the energy flowing.  
(NU = Not utilized, R = Respiration) 

3.4 Energy Dynamics 
3.4.1 Ecological pyramid 

Ecological pyramids are the graphic representations of trophic levels in an 
ecosystem. They are pyramidal in shape and they are of three types: The producers 
make the base of the pyramid and the subsequent tiers of the pyramid represent 
herbivore, carnivore and top carnivore levels. 
(1) Pyramid of number: This represents the number of organisms at each trophic 

level. For example in grassland the number of grasses is more than the number 
of herbivores that feed on them and the number of herbivores is more than the 
number of carnivores. 
In some instances the pyramid of number may be inverted, i.e herbivores are 
more than primary producers as you may observe that many caterpillars and 
insects feed on a single tree.  

(2) Pyramid of biomass: This represents the total standing crop biomass at each 
trophic level. Standing crop biomass is the amount of the living matter at any 
given time. It is expressed as gm/unit area or kilo cal/unit area. In most of the 
terrestrial ecosystems, the pyramid of biomass is upright. However, in case of 
aquatic ecosystems the pyramid of biomass may be inverted e.g. in a pond 
phytoplankton are the main producers, they have very short life cycles and a 
rapid turn over rate (i.e. they are rapidly replaced by new plants). Therefore, 

Sun light 

NU NU 
NU NU NU 

R R R R R 
Light reflected 

10 ,000 kcal  kcal 100 1000  kcal 10  kcal 
NU = Not utilized R = Respiration 

Autotroph Herbivores Primary 
carnivores 

Secondary 
Carnivores Decomposers Decomposers 

R 
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their total biomass at any given time is less than the biomass of herbivores 
supported by them.  

(3) Pyramid of energy: This pyramid represents the total amount of energy at 
each trophic level. Energy is expressed in terms of rate such as kcal/unit area 
/unit time or cal/unit area/unit time.e.g. in a lake autotroph energy is 20810 
kcal/m/year. Energy pyramids are never inverted. 
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Pyramid of Energy 

Fig. 3.5: Ecological Pyramids 
P = Producer; C1= herbivore; C1= Carnivore ; C2= Top carnivore 
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There are two types of systems that are of ecological interest - open and cybernetic  
Open System 
Open systems depend on an outside environment to provide inputs and accept 
outputs. The ecosystem, too, is an example of an open system; it receives energy 
from an outside source. It acts upon it, and transmits it to the outside. Like, the sun 
fixes and utilizes it and ultimately dissipates heat to space. If the sun's energy were 
to be cut off, the ecosystem (and life on earth) would cease to function. An open 
system can consist of a number of components or parts, called subsystems: and 
each subsystem can consist of a number of elements. 
Cybernetic System 
A cybernetic system, which can also be an open system, has some sort of feedback 
system to make it self- regulating. It maintains itself to function by some forms of 
information feedback into the system in such a manner the cybernetic system has 
an ideal state. 

 Most living systems possess cybernetic systems that can function at various levels, 
from the cell to the community, but always functioning through organisms; the 
difference being that in living systems the set point is not fixed. 

Rather, organisms have a limited range of tolerances, called homeostatic plateaus, 
within which conditions must be maintained. If environmental conditions exceed 
the operating limits of tile system, it goes out of control. Instead of negative 
feedback governing the system positive feedback takes over. Positive feedback is a 
continual movement away a system's set point or homeostatic plateau that 
ultimately can destroy the system, A feedback loop can be defined as the 
relationship in which a change in some original state of being 'feedback" onto that 
original state to alter the rate or direction of further change 

Cybernetic systems produce stable systems. A stable system is one that responds to 
summit by developing forces to restore it to its original condition. In natural 
ecosystems this stability may mean that the system can survive many changes but 
still preserve a similar structure. Stability also means persistence, i.e., the system 
remains much the way it was. 

In natural ecosystems the operation of feedback mechanisms in the regulation of 
population size in a hypothetical population of animals has positive feedback 
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leading to self sustained change and negative feedback leading to self regulated 
homeostasis. 
The result is a self-sustaining population increase, driven by the offspring feeding 
back into the breeding population in the same way, if more breeders die than are 
replaced each year (which happens in some populations), this loss will be reflected 
in a smaller breeding population and will result in sustaining decline in population 
number by the same type of the positive- feedback loop. 
In the negative feedback-loop, the population is controlled by external factors, such 
as food supply. If the population increase in size, there will not be sufficient food 
to go around, and more individuals than usual will die from starvation; conversely, 
if the population decrease in size, there will be more than enough food to go 
around, and the animals will be well- nourished, leading to a smaller than normal 
die off. 
In either case, the equilibrium population size is regained most interactions 
between different species of organisms, and many interactions between a given 
species and its physical environment, depend on either positive or negative 
feedback. All organisms in an ecosystem are part of several different feedback 
loops at any point in time. Some of these relationships are negative, while others 
are positive. 
3.4.1 Homeostasis 

Natural ecosystems possess self-regulating mechanisms that maintain their 
balance. The tendency of ecosystems to resist change and remain in a state of 
equilibrium is called Homeostasis (homeo=same and stasis=standing). Such a 
mechanism requires ‘feedback’ processes and many such process exist in the 
natural world. 
A common way of thinking is that if ecosystems are self maintaining, then why not 
throw all wastes into nature and let nature take care of it? But it has been realized 
and experienced that whether it is an ecosystem, a community or even an 
organism, every system has its tolerance limits. Stresses beyond the tolerance 
limits of these systems can be fatal for the biosphere and hence for us. 
Ecosystems provide a number of goods such as food, timber, medicines, genetic 
resources, etc. Ecosystems also serve a number of functions— ecological, 
economic, recreational/aesthetic, as well as educational. Major ecological functions 
of ecosystems include: meeting the habitat (shelter), food, water, air as well as 
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breeding demands of not just humans but also of the various other organisms; 
providing ecological services—clean air, water, waste absorption—to the 
organisms living in it; regulating climate, flood control, coastline stabilization, 
carbon appropriation, waste treatment, biodiversity conservation, soil generation, 
disease regulation, and the provision of aesthetic and cultural benefits. 
3.4.3 Liebig’s Law of the Minimum 
In 1840, a German chemist Jus us von Liebig published a book, 
OrganicChemistry and its Application to Agriculture and Physiology. Liebig 
described in his bookthe effect of various factors of the growth of plants. He 
concluded his findings in this simple statement: "Growth of a plant is dependent 
on the amount of food stuff which is present to it in minimum." This has come 
to be known as Liebig's law of the minimum. He said that each plant requires 
certain kinds and quantities of nutrient or food material. If one of these food 
materials is absent, the plant dies and if it is present in minimal quantity, the 
growth of the plant will be minimum. 
The Liebig law was originally related with chemical material required by plants in 
their natural environment. Later his hypothesis was expanded in order to include 
animals and all of the abiotic factors. A number of environmental factors like 
temperature, atmospheric gases, humidity, amount of light and many other similar 
abiotic factors can act as limiting factors with respect to the organism. 
Liebig began experimental work on the topic of limiting factors that their 
significance on plant growth became evident. He was able to show that only one of 
the factors necessary for growth need be absent, or be present in very small 
amounts, to cause plant growth and development to be constricted. For plants, the 
basic nutrients necessary for growth can be subdivided into two categories, the 
abundant substances called the macronutrients which are: 

(i) Nitrogen, Phosphorus, Potassium 
(ii) Calcium, Magnesium, Sulphur 
and the substances which are present in very small amounts called trace elements 
or micronutrients: 

(i) Iron, Manganese, Boron 

(ii) Chlorine, Copper, Zinc 
(iii) Molybdenum, Vanadium 
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Liebig's experiments showed that only rarely did the macro nutrients become 
limiting factors and instead it was the micro nutrients that were the problem. These 
are present in such small amounts that they are measured in units of parts per 
million (p.p.m.). Trace element deficiency in soils is now known to be responsible 
for poor yields from cereal crops, for tomatoes that fail to ripen, for apples that 
remain small and sour on the tree. 
From this work, Leibig produced his Law of the Minimum which states that 
growth of a plant is dependent on the amount of foodstuff which is presented to it 
in minimum quantity. 
More recently, it has been shown that the opposite of the Law of the Minimum can 
also operate. A super-abundance of an element can sometimes compensate for the 
deficiency of another, for example a zinc deficiency in the soil can be compensated 
for if a plant grows in full sunlight and not in the shade. This compensation effect 
is called factor interaction. 

Liebig made great contributions to the science of plant nutrition and soil fertility. 
As a result of millenia of practical experience of farmers manuring fields to 
improve fertility, many early chemists thought that the "principle ofvegetation", the 
essential nutrients needed for plant growth, were organic in nature rather than 
mineral. Liebig essentially debunked the humus theory and made a scientific case 
for plant requirements for mineral elements from the soil, carbon from CO2 in the 
air, and H and O2 from water. Liebig thought that plants derived most of their 
nitrogen content from the air as well, which is somewhat correct for legumes, but 
not true for other plants. Liebig developed the first mineral fertilizers applied to 
replentish nutrients removed from soils by crops and clearly saw mineral fertilizers 
as part of sustainable agricultural practices. 
F. F. Blackmann, a British physiologist, incorporated the law of limiting factors. 
He while studying the factors affecting the rate of photosynthesis discovered that 
rate of photosynthesis is governed by the level of the factor that is operating at a 
limiting intensity. 
The Liebig's law of minimum should be restricted to chemical materials such as 
oxygen, phosphorus etc., necessary for physiological growth and reproduction 
while other factors and the limiting effect of the maximum are included in the law 
of tolerance.  
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Usually, Leibig's law is combined with the Law of Limiting Factors developed by 
an American scientist called Blackman who studied the relationship of 
photosynthesis with a variety of environmental factors during the early years of 
this century. He discovered that the rate of photosynthesis was governed by the 
level of the factor that is operating at a limiting intensity. 
Numerous modifications to the Liebig-Blackman law have been postulated, and in 
particular the role of a time factor on the relationship is usually added. 
While we have thus concentrated on minimal amounts of a substance acting as a 
limit on growth, then so it is possible to have too much of a commodity. Too much 
calcium in the soils (such as occurs over chalky parent materials) can prevent a 
large group of plants known as the acidophiles or the acid tolerant plants from 
occurring. In coastal areas along the western side of Britain, the occurrence of 
strong westerly winds transfers large quantities of sea salt (mainly sodium chlorate 
but also potassium) for some 5km inland. The sea salt nuclei become trapped on 
leaf surfaces and after a strong spring gale, many newly formed buds and twigs of 
vegetation can become scorched by the salt. Growth becomes stunted as a 
consequence. 
3.4.4 Natural and Artificial 

Ecosystems are classified as follows: 
(i) Natural ecosystems (ii) Man made ecosystems 
(i) Natural ecosystems 

(a) Totally dependent on solar radiation e.g. forests, grasslands, oceans, lakes, 
rivers and deserts. They provide food, fuel, fodder and medicines. 

(b) Ecosystems dependent on solar radiation and energy subsidies (alternative 
sources) such as wind, rain and tides. e.g tropical rain forests, tidal estuaries 
and coral reefs. 

(ii) Man made ecosystems 

(a) Dependent on solar energy-e.g. Agricultural fields and aquaculture ponds. 

(b) Dependent on fossil fuel e.g. urban and industrial ecosystems. 

3.5 Functions of Ecosystem  
It is clear from the trophic structure of an ecosystem that the amount of energy 
decreases at each subsequent trophic level. This is due to two reasons: 
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1. At each trophic a part of the available energy is lost in respiration or used up in 
metabolism. 

2. A part of energy is lost at each transformation, i.e. when it moves from lower to 
higer trophic level as heat. 

It is the ratio between the amount of energy acquired from the lower trophic level 
and the amount of energy transferred from higher trophic level is called ecological 
efficiency. Lindman in 1942 defined these ecological efficiencies for the 1st time 
and proposed 10% rule e.g. if autotrophs produce 100 cal, herbivores will be able 
to store 10 cal. and carnivores 1cal. However, there may be slight variations in 
different ecosystems and ecological efficiencies may range from 5 to 35%. 
Ecological efficiency (also called Lindman’s efficiency) can be represented as 
 

1- level  trophicpreviousat Ingestion -It
100 × t level at trophicIngestion 100It  

Ecosystems are complex dynamic system. They perform certain functions. These 
are: 
(i) Energy flow through food chain 

(ii) Nutrient cycling (biogeochemical cycles) 
(iii) Ecological succession or ecosystem development 
(iv) Homeostasis (or cybernetic) or feedback control mechanisms 
Ponds, lakes, meadows, marshlands, grasslands, deserts and forests are examples 
of natural ecosystem. Many of you have seen an aquarium; a garden or a lawn etc. 
in your neighbourhood. These are man made ecosystem. 
3.5.1 Production in Ecosystems 

Productivity or Production refers to the rate of generation of biomass in an 
ecosystem. It is usually expressed in units of mass per unit surface (or volume) per 
unit time, for instance grams per square metre per day. The mass unit may relate to 
dry matter or to the mass of carbon generated. It is a measurement of the rates of 
conversion of energy and nutrients into growth. There two major types: primary 
productivity (productivity of autotrophs) and secondary productivity (productivity 
of heterotrophs) food webs and trophic levelS: These are two widely employed 
conceptual models/maps used to explain the linkages among species in relation to 
production in the ecosystem and transfer of energy. They are used to illustrate 
pathways of energy flow in an ecological community, usually starting with solar 
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energy being used by plants during photosynthesis. Food webs can be more 
complicated depending on which ecological dimension is being mapped such as 
species composition (types), species richness (number), biomass (dry weight of 
plants and animals), productivity (rates of conversion of energy and nutrients into 
growth) and stability (food webs over time). Trophic dynamics: When the relative 
abundance or biomass of each functional feeding group is stacked into their 
respective trophic (feeding) levels, they naturally sort into a pyramid of numbers. 
One of the several patterns that are repeated amongst the planet’s ecosystems is the 
emergent pyramidal arrangement or trophic levels with amounts of energy transfer 
decreasing as species become further removed from the source of production. The 
size of each level in the pyramid generally represents biomass which can be 
measured as the dry weight of an organism. Autotrophs may have the highest 
global proportion of biomass, closely rivalled or surpassed by microbes. Functional 
trophic groups sort out hierarchically into pyramid trophic levels because it 
requires adaptations to become a photosynthesizer or a predator; few organisms 
have the adaptations needed to combine both abilities. Each trophic level contains 
unrelated species that grouped together because they share common ecological 
functions.  
3.5.2 LitterFall and Decomposition 
Primary Production in Terrestrial Ecosystems 

Average net primary production in terms of dry weight for terrestrial ecosystems is 
presented. It is clear that more than 60% of terrestrial primary production occurs in 
the tropics. Thus tropical ecosystems generally have greater production than 
comparable ones at higher altitudes. However, there is much variation within the 
substantial overlap between categories. For example, primary production in 
tropical forests ranges from approx. 1000-3000 g/m2/yr, temperate forests 600-
2500 g/m2/yr and boreal forests 400-2000 g/m2/yr. Some tropical forests are less 
productive than some of their temperate or local counterparts. Similar variations in 
plant production of savannas and grasslands are also found. 
The highest rate of primary production occurs in tropical rain forests, and yet the 
average for these ecosystems, 2300 g/m2/yr, represents conversion of less than 0.00 
1% of the total solar radiation reaching 1m2 of the planet.  
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It shows energy losses in primary production between solar radiation and net 
primary production. These are comparisons for tropical and temperate intensive 
agriculture. Losses are due to: 

(1) Geometry and rotation of the earth and transmission through the atmosphere. 
(2) Energy not absorbed by chlorophyll. 
(3) Rate of carbon dioxide diffusions and photo-chemical efficiency. 
(4) Plant respiration. 

Thus tropical forests, particularly tropical rain forests have maximum primary 
production among terrestrial ecosystems of the world. But these too have a very 
poor efficiency of conversion of less than 0.001% of the total solar radiation 
reaching 1m2 of the earth. Following are the possible reasons for this poor 
efficiency of net primary production: 
1.   Energy losses between the outer atmosphere and plant canopy. Only 15% 

and 8% of the solar radiation reaching the earth remains in tropical and 
temperate regions respectively. 

2. Interception of light by plants. Annual average leaf area indices (leaf area 
index is the area of leaf (m2) arranged vertically above each square meter of 
ground; a useful measure of canopy density) are at their highest in evergreen 
forests (10 or more) and their lowest in arid deserts (0.5 or less). In seasonal 
environments as Indian grassland this index value was 0.5 in dry season 
when the plants had died back and 5.0 in the wet season when they were 
actively growing. 

No overall estimate can be given for interception efficiency. It can be defined as 
the fraction of incident light intercepted. On an estimated basis, values of annual 
average of interception efficiency are 20% for tropical intensive agriculture, 5% 
for tropical subsistence agriculture, and 33% for temperate intensive agriculture. 
This greater value for temperate one leads to tropical production being only 
slightly greater than the temperate estimate in summary values given above. 
1. Plant biochemistry: On an average, only about 30% of gross primary 

production is available as net primary production in tropical rain forests 
compared with 40% in temperate forests. This difference is partly due to fast 
respiration at higher temperatures than is photosynthesis. Respiration is also 
greater in plant communities with a high ratio of standing crop to production. 
In forests the photosynthetic leaves support a large nonphotosynthetic biomass 
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of wood while in herbaceous vegetation most of the above ground tissues are 
photosynthetic. 

3.5.3 Nutrient Regeneration 

Decomposition rate largely determines the rate of nutrient cycling. 

 The rates at which nutrients cycle in different ecosystems are extremely 
variable as a result of variable rates of decomposition. 

 Decomposition takes an average of four to six years in temperate forests, while 
in a tropical rain forest, most organic material decomposes in a few months to a 
few years. 

 The difference is largely the result of warmer temperatures and more abundant 
precipitation in tropical rain forests. 

 Like net primary production, the rate of decomposition increases with actual 
transpiration. 

 In tropical rain forests, relatively little organic material accumulates as leaf 
litter on the forest floor. 

 75% of the nutrients in the ecosystem are present in the woody trunks of trees. 

 10% of the nutrients are concentrated in the soil. 

 In temperate forests, where decomposition is slower, the soil may contain 50% 
of the organic material. 

 In aquatic ecosystems, decomposition in anaerobic mud of bottom sediments 
can take 50 years or more. 

 However, algae and aquatic plants usually assimilate nutrients directly from the 
water. 

 Aquatic sediments may constitute a nutrient sink. 

 Nutrient cycling is strongly regulated by vegetation. 

 Long-term ecological research (LTER) monitors the dynamics of ecosystems 
over long periods of time. 

 The Hubbard Brook Experimental Forest has been studied since 1963. 
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 The study site is a deciduous forest with several valleys, each drained by a 
small creek that is a tributary of Hubbard Brook. 

 Preliminary studies confirmed that internal cycling within a terrestrial 
ecosystem conserves most of the mineral nutrients. 

 Some areas were completely logged and then sprayed with herbicides for three 
years to prevent regrowth of plants. 

 All the original plant material was left in place to decompose. 

 Water runoff from the altered watershed increased by 30–40%, apparently 
because there were no plants to absorb and transpire water from the soil. 

 The concentration of Ca2+ in the creek increased four-fold, while concentration 
of K+ increased by a factor of 15. 

 Nitrate loss was increased by a factor of 60. 

 This study demonstrates that the amount of nutrients leaving an intact forest 
ecosystem is controlled by the plants. 

 Results of the Hubbard Brook studies assess natural ecosystem dynamics and 
provide insight into the mechanisms by which human activities affect 
ecosystem processes. 

3.6 Types of Ecosystem 

3.6.1 Terrestrial Ecosystem  
(a) Grassland Ecosystem 

This is a type of terrestrial ecosystem. Grasslands occupy a comparatively fewer 
area, roughly 19 per cent of the earth's surface. The various components of a 
grassland ecosystem are as follows: 
Abiotic component 

These are the nutrients present in soil and the aerial environment. Thus the 
elements like C, H, O, N, P, S etc. are supplied by carbon dioxide, water, nitrates, 
phosphates and sulphates etc., present in air and soil of the area. Moreover, in 
addition to the above, some trace elements are also present in soil. 
 
 



MBO-07 

48 
 

Biotic component 

These may be categorised as: 
1.  Producers: They are mainly grasses, as species of Dichanthium, Cynodon, 

Desmodium, Digitaria, Dactyloctenium, Brachiaria, Setaria, Sporobolus 
etc. Besides them few herbs and shrubs are also contribute to primary 
production. 

2.  Consumers: These occur in the following sequence: 
(a) Primary consumers: The herbivores feeding on grasses are mainly 
such grazing animals as cow, buffalo, deer, sheep, rabbit, mouse etc. 
Besides them, there are also present some insects as Leptocorisa, 
Dysdercus, Oxyrhachis, Cicincella, Coccinella, some termites and 
millipeds etc, that feed on the leaves of grasses. 
(b) Secondary consumers: These are the carnivores feeding on 
herbivores. These include the animals like fox, jackals, snakes, frogs, 
lizards, birds etc. Sometimes the hawks feed on the secondary consumers, 
thus occupying tertiary consumers level in the food chain. 

3.  Decomposers: The microbes active in the decay of dead organic matter of 
different forms of higher life are fungi, as species of Mucor, Aspergillus, 
Penicillium, Cladosporium, Rhizopus, Fusarium etc., and some bacteria and 
actinomycetes. They bring about the minerals back to the soil, thus making 
them available to the producers. 

(b) Forest Ecosystem 

Forests occupy roughly 40 per cent of the land. In India, the forests occupy roughly 
one-tenth of the total land area. The different components of a forest ecosystem, 
like others, are as follows: 
Abiotic component 

These are the inorganic as well as organic substances present in the soil and 
atmosphere. In addition to the minerals present in forests we find the dead organic 
debris — the litter accumulation, chiefly in temperate climate. Moreover, the light 
conditions are different due to complex stratification in the plant communities. 
Biotic component 

The living organisms present in the food chain occur in the following order: 
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1.  Producers: These are mainly trees that show much species diversity and 
greater degree of stratification especially in tropical moist deciduous 
forests. The trees are of different kinds depending upon the kind of the 
forest formation developing in that climate. Besides trees, there are also 
present shrubs and a ground vegetation. In these forests, dominant members 
of the flora, the producers, are such trees as Tectona grandis, 
Buteafrondosa, Shorea rubusta and Lagerstroemia parvifiora. In temperate 
coniferous forests, shrubs and ground flora are insignificant. In temperate 
deciduous forests the dominant trees are species of Quercus, Acer, Betula, 
Thuja, Picea etc., whereas in a temperate coniferous forests, the producer 
trees are species of Abies, Picea, Pinus, Cedrus, Juniperus, Rhododendron 
etc. 

2.  Consumers: These are as follows: 
(a) Primary consumers: These are the herbivores that include the 
animals feeding on tree leaves as ants, flies, beetles, leafhoppers, bugs and 
spiders etc., and larger animals grazing on shoots and fruits of the 
producers, the elephants, nilgai, deer, moles, squirrels, shrews, flying 
foxes, fruit bats, mongooses etc. 
(b) Secondary consumers: These are the carnivores like snakes, birds, 
lizards, fox etc. feeding on the herbivores. 
(c) Tertiary consumers: These are the top carnivores like lion, tiger 
etc. that eat carnivores of secondary consumers level. 

3.  Decomposers:  These are wide variety of microoganisms including fungi 
(species of Aspergillus, Coprinus, Polyporus, Ganoderma, Fusarium, 
Alternaria, Trichoderma etc.), bacteria species of Bacillus, Clostridium, 
Pseudomonas, Angiococcus etc., and actinomycetes, like species of 
Streptomyces etc. Rate of decomposition in tropical and subtropical forests 
is more rapid than that in the temperate ones. 

(c) Desert Ecosystem 

Deserts occupy about 17 per cent of land, occurring in the regions with an annual 
rainfall of less than 25 centimeters. The species composition of such ecosystem is 
much more varied and typical due to extremes of both, temperature and water 
factors.  
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The various biotic components are: 
1.  Producers: These are shrubs, especially bushes, some grasses and a few 

trees. The shrubs have widespread, branched root system with their stems 
and branches variously modified. Sometimes a few succulents like cacti are 
also present. Some lower plants like lichens and xerophytic mosses may 
also be present. 

2. Consumers: Themost common animals are reptiles and insects, able to live 
under xeric conditions. In additions to them, there are also found some 
nocturnal rodents and birds. The 'ship of desert', camels feed on tender 
shoots of the plants. 

3. Decomposers: These are very few, as due to poor vegetation the amount of 
dead organic matter is correspondingly less. They are some fungi and 
bacteria, most of which are thermophilic.    

(d) Cropland Ecosystem 

The ecosystems, described so far, are natural in the sense that they all operate as 
self-regulating systems without much direct interference and manipulations by 
man. However, in nature, we also find another kind of ecosystems, where man is 
very much involved in their operation. These are the cropland ecosystems, which 
are artificial or man-engineered, where in order to obtain more food, cloth, timber, 
medicines and other useful products; man becomes responsible for the replacement 
of natural systems. To secure maximum production, man makes much planned 
manipulations in the physic chemical environment. These include addition of 
fertilizers to soil, use of chemicals for disease control, proper irrigation practices 
etc. Thus, a cropland ecosystem is an artificial system aimed primarily to grow a 
single species of one's choice. We have ecosystems of dominant crop species like 
wheat, maize, jowar, paddy, sugarcane, vegetable etc. under most suitable 
conditions of their growth and yield. It is generally argued that in a natural 
ecosystem, the nature maximizes for gross production, whereas in an artificial 
ecosystem, man maximizes for net production. In a cropland ecosystem, there is 
not necessarily an increase in the total dry matter production of the whole plants, 
but generally most of the production goes into grain and less into leaves, stems and 
roots. Thus, in agriculture (where all the systems are artificial), there is an 
objective to achieve high rates of production (P) of readily harvestable products 
with little standing crop (biomass — B) left in the field for accumulation, or we 
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may say that there is a high P/B efficiency. Nature (natural ecosystem), on the 
other hand, follows just a reverse efficiency--i.e. a high B/P ratio, where the 
standing crop is generally accumulated to its maximum. The following are the 
chief components of a maize cropland ecosystem. 
Abiotic component 

These include the climatic conditions of the region, where the crop may grow most 
successfully, and the various minerals particularly C, H, O, N, P, K in soil and 
atmosphere. In such field man generally makes additions of a number of chemical 
fertilizers to soil. Maize generally grows best in slightly alkaline soil with good 
aeration. 
Biotic component 

The various living organisms in the food chain occur as follows: 
1. Producers: The dominant plant species would naturally be Zea mays. Besides 

maize, a number of weeds like Cynodon dactylon, Launaea nudicaulis, 
Euphorbia hirta, Cyperus rotundus, Digitaria spp. and Alysicarpus sp. also 
contribute to primary production of the field. 

2. Consumers:  These are (a) Primary consumers: These are the herbivores 
represented by a variety of animals, big as well as small. The smaller animals 
include chiefly the insects as aphids, thrips, beetles etc. which feed and lay their 
eggs on maize leaves. Larger animals are rabbits, rats, birds and man feeding on 
leaves, flower and fruits of maize. (b) Secondary consumers: These are 
carnivores like frogs and some birds that eat insect. (c) Tertiary consumers: 
These are carnivores like snakes and hawks which feed on the secondary 
consumers, frogs and smaller birds. 

3. Decomposers. These are microbes present in soil as well as air, that decompose 
the dead organic matter of plants and animals. These are chiefly bacteria, 
actinomycetes and fungi, responsible for decay, decomposition and 
humification, making the minerals available again to the producers. 

3.6.2 Aquatic Ecosystem 

An aquatic ecosystem is an ecosystem in a body of water. Communities of 
organisms that are dependent on each other and on their environment live 
in aquatic ecosystems. The two main types of aquatic ecosystems are 
freshwater ecosystems and marine ecosystems. 
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Fig. 3.4 : Aquatic Ecosystem 

(a) Freshwater Ecosystem 

Only 3% of the world's water is fresh. And 99% of this is either frozen in glaciers 
and pack ice or is buried in aquifers. The remainder is found in lakes, ponds, rivers, 
and streams. 
Lakes and Ponds Ecosystem 
Deep lakes contain three distinct zones, each with its characteristic community of 
organisms. 

 Littoral zone- The zone close to shore. Here light reaches all the way to the 
bottom. The producers are plants rooted to the bottom and algae attached to the 
plants and to any other solid substrate. The consumers include tiny crustaceans, 
flatworms, insect larvae, snails, frogs, fish, and turtles. 

 Limnetic zone- This is the layer of open water where photosynthesis can 
occur. As one descends deeper in the limnetic zone, the amount of light 
decreases until a depth is reached where the rate of photosynthesis becomes 
equal to the rate of respiration. At this level, net primary production no longer 
occurs. The limnetic zone is shallower in turbid water than in clear and is a 
more prominent feature of lakes than of ponds. Life in the limnetic zone is 
dominated by  

Basic inorganic and 
organic compounds 

Bacteria and fungi 
( Reducers ) 
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 floating microorganisms - called plankton  
 actively swimming animals - called nekton 
 The producers in this ecosystem are planktonic algae. 
 The primary consumers include such animals as microscopic crustaceans 

and rotifers the so-called zooplankton. 
 The secondary (and higher) consumers are swimming insects and fish. 

These nekton usually move freely between the littoral and limnetic zones. 

 Profundal zone- Many lakes (but few ponds) are so deep that not enough 
light reaches here to support net primary productivity. Therefore, this zone 
depends for its calories on the drifting down of organic matter from the 
littoral and limnetic zones. The profundal zone is chiefly inhabited by 
primary consumers that are either attached to or crawl along the sediments 
at the bottom of the lake. Such bottom-dwelling animals are called 
the benthos. The sediments underlying the profundal zone also support a 
large population of bacteria and fungi. These decomposers break down the 
organic matter reaching them, releasing inorganic nutrients for recycling. 

 
Fig. 3.5: Fresh Water Ecosystem 

(b) Ocean (Marine) Ecosystem 

Major oceans of the world, Atlantic, Pacific, Indian, Arctic and Antarctic cover 
approximately 70 per cent of the earth's surface. Each ocean indeed represents a 
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very large and stable ecosystem. Marine environments, as compared with fresh 
water, appear to be more stable in their chemical composition due to being saline, 
and moreover other such physico-chemical as dissolved oxgen content, light and 
temperature are also different. These aspects would be considered in some detail 
later under 'Habitat Ecology'. 
The biotic components of an ocean ecosystem are of the following orders: 
1. Producers:  These are autotrophs and also designated as primary producers, 
since they are responsible for trapping the radiant energy of sun with the help of 
their pigments. Producers are mainly the phytoplanktons, such as diatoms, 
dinoflagellates and some microscopic algae. Besides them, a number of macro-
scopic seaweeds, as brown and red algae (members of Phaeophyceae and 
Rhodophyceae), also contribute significantly to primary production. These organ-
isms show a distinct zonation at different depths of water in the sea. 
2. Consumers: These all are heterotrophic macroconsumers, being dependent for 
their nutrition on the primary producers. These are: 
(a) Primary consumers- The herbivores that feed directly on producers are chiefly 
crustaceans, molluscs, fish etc. 
(b) Secondary consumers- These are carnivorous fish, as Herring, Shad, 
Mackerel etc., feeding on the herbivores. 
(c) Tertiary consumers- Still in the food chain, there are other carnivorous fishes 
like Cod, Haddock, Halibut etc. that feed on other carnivores of the secondary 
consumers level. Thus these are the top carnivores in the food chain. 
3. Decomposers- The microbes active in the decay of dead organic matter of 
producers and macro-consumers are chiefly bacteria and some fungi. 
3.6.3 Estuarine 

An estuary is a semi-enclosed (partially enclosed) coastal body of water (with one 
or more rivers or streams flowing into it) which has a free connection to the open 
sea. According to Perillo (1995) "an estuary is a semi-enclosed coastal body of 
water that extends to the effective limit of tidal influence, within which sea water 
entering from one or more free connections with the open sea, or any other saline 
coastal body of water, is significantly diluted with fresh water derived from land 
drainage, and can sustain euryhaline biological species from either part or the 
whole of their life cycle." Examples are The Sundarban river estuay, The Amazon 
river estuary, The Mississippi River estuary, The Nile river estuary etc. 
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Fig. 3.6: Estuarine Ecosystem 

 

Characteristics of Estuarine Ecosystem 

This ecosystem is made up of brackish water which is quite different from both 
freshwater and marine water. Estuaries are marine environments whose pH, 
salinity, and water levels vary, depending on the river that feeds the estuary and the 
ocean from which it derives its salinity. Both ocean and land contribute to form a 
unique environment which plants and animals have specially adapted. Estuaries are 
protected from ocean forces by reefs, barrier islands, headlands and deltas. In 
estuaries circulations is more or less continous and are mainly two types - 
i. Estuarine circulation occurs when fresh or brackish water flows out near the 
surface, while denser saline water flows inward near the bottom. 
ii. Anti-estuarine flow near the bottom and less dense water circulates inward at 
the surface. 
Estuaries are extremely rich in organic matter and nutrients, as transport and traps, 
nutrients. Estuaries provide a calm refuge from the open sea for millions of plants 
and animals, which supports enormous abundance and diversity of species e.g. 
fish, shellfish, lobsters, marine worms, seagrasses, algae and phytoplankton etc. 
The margins of the estuary contain the food webs important producers e.g. algae, 
eelgrass, rushes and mangroves providing a huge amount of organic matter. 
Marshes and mangroves produce up to ten tones of plant detritus per hectare per 
year considered organic factories. Sediments are important as they store organic 
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matter and are the site of microbial activity. Microorganisms decompose complex 
organic compounds into useable forms ammonia, nitrates and phosphates. 
Values of Estuaries 
Estuaries are important from the ecological, economical, social and cultural point 
of view.  
Ecological Value: Estuaries are one of the most productive ecosystems on earth. 
They maintain water quality through natural filtration. Water draining from the 
land carries sediments, nutrients and other pollutants. Much of the sediments and 
pollutants are filtered out as the water flows through these fringing marshes. This 
creates clearer and clearer water, which benefits both people and marine life.  
Economic Value: Estuaries maintain water quality which benefits both people and 
marine life. They help to maintain biodiversity by providing a diverse range of 
unique habitats that are critical for the survival of many species.  
Cultural Value: People value estuaries for recreation, scientific knowledge, 
education, aesthetic and traditional practices. Boating, fishing, swimming, surfing, 
and bird watching are few of the numerous recreational activities people enjoy in 
estuaries. These are laboratories for scientists and students.  

3.7 Summary 

Thus, an ecosystem provides both products as well as services (the ecological 
functions) to humans. Each ecosystem has a unique set of environmental services 
provided and goods that it provides (for example, grasslands are usually the fodder 
source for browsers and grazers, while wetlands recharge aquifers), what is 
important for us is to understand that these ecosystem services can be provided to 
us only when the integrity and overall wellbeing of the ecosystem is maintained. 
For example, the moment we start looking at forests as timber and start cutting 
down trees for their economic value, we would be deprived of several other 
functions of the forests, like their recharging of the water table, appropriation of 
carbon-dioxide, prevention of top soil loss. 

It is further important to understand that ecosystems are both the source as well as 
the sink of human activities. 

This means that human beings derive resources from food, fibre, timber to the 
various raw material for the industries, from ecosystems; and that all the products 
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and by products of human activities from domestic to industrial, finally go back to 
the ecosystems, which could be the rivers, the oceans or even the forests. 

3.8 Glossary  

 Food web: A complex network of many interconnected food chains and 
feeding relationships. 

 Grassland: A biome found in regions where moderate annual average 
precipitation (25 to 76 centimeters, or 10 to 30 inches) is enough to support the 
growth of grass and small plants, but not enough to support large stands of 
trees. 

 Habitat:  A place or type of place where an organism or a population of 
organisms lives. 

 Heterotrophic succession: It is characterized by early dominance of 
heterotrophs; occurs in cases where environment is primarily organic. 

 Ecological diversity:  the variety of forests, deserts, grasslands, oceans, 
streams, lakes, and other biological communities interacting with one another 
and with their non-living environment. 

 Ecological niche:  total way of life or role of a species in an ecosystem. It 
includes all physical, chemical, and biological conditions a species needs to 
live and reproduce in an ecosystem. 

 Ecology: study of the interactions of living organisms with one another and 
with their non-living environment of matter and energy; study of the structure 
and function of nature. 

 Competition: two or more individual organisms of a single species 
(intraspecific competition) or two or more individuals of different species 
(interspecific competition) attempting to use the same scarce resources in the 
same ecosystem. 

 Consumer: organism that cannot synthesize the organic nutrients it needs and 
gets its organic nutrients by feeding on the tissues of producers or of other 
consumers; generally divided into primary consumers (herbivores), secondary 
consumers (carnivores), tertiary (higher-level) consumers, omnivores, and 
detritivores. 
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 Ecosystem:  an inter-connected and symbiotic grouping of animals, plants, 
fungi, and microorganisms. 

 Biodiversity:   large number and wide range of species of animals, plants, 
fungi, and microorganisms. Ecologically, wide biodiversity is conducive to the 
development of all species. 

 Biomass: the amount of living matter in an area, including plants, large animals 
and insects. 

 Biosphere:  the part of the earth and its atmosphere in which living organisms 
exist or that is capable of supporting life. 

 Consumer: An organism within an ecosystem, plant or animal that derives its 
food from another organism. 

 Decomposer: Organisms (bacteria, fungi, heterotrophic protists) in ecosystems 
that break down complex organic material into smaller inorganic molecules 
that then are recirculated.  

 Denitrification: The conversion of nitrate to gaseous nitrogen; carried out by a 
few genera of free-living soil bacteria. 

 Energy: The power to perform chemical, mechanical, electrical or heat related 
tasks. 

 Energy Flow in Ecosystems: Movement of eneryin an ecosystem. 

 Ecological Pyramid : Energy relationship among various feeding levels 
involved in a particular food chain; autotrophs (at the base) represent the 
greatest amount of available energy; herbivores are next; then primary 
carnivores; secondary carnivores; and so forth; similar pyramids of mass, size, 
and number also occur in natural communities.  

 Food: Organic compounds used in the synthesis of new biomolecules and as 
fuel in the production of cellular energy; i.e. carbohydrates (glucose), starch 
(amylose, amylopectic), proteins (from aminoacids), fatty acids, vitamins, trace 
elements. 

 Food Chain: A sequence of organisms through which energy captured from 
sunlight by photosynthesis is transferred from one consumer/ trophic level to 
the next; each organism in the chain eats the preceding and is eaten by the 
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following member of the sequence; there are seldom more than six links in a 
chain, with autotrophs at the bottom and the largest carnivores at the top.  

 Food Web: Representation of feeding relationships in a community that 
includes all the links revealed by dietary analysis; it depends upon the number 
of species involved and their connectiveness. 

3.9 Self- Learning Excercise 

Section- A : (Very Short Answer Type Questions) 

1. Define deforestation. 

2. What is primary productivity? 
3. Define biomass. 
4. What are phytoplanktons? 
5. Where will you search for the decomposers in a pond? 
6. Draw a simple food chain. 
7. What is a food web? 
8. Give examples of inverted pyramids. 

Section- B : (Short Answer Type Questions) 
1. Define the following terms- 

(i) Autotrophs 
(ii) Heterotrophs 
(iii) Primary carnivores 
(iv) Saprotophs 
(v) Omnivores 

2. Write short note on trophic level. 

3. Write two importance of food web.  

4. Write the difference between producer and consumer? 

5. What do you understand by productivity? 

6. Explain interlocking pattern of food chains. 
7. Give types of ecosystem in detail. 

Section- C : (Long Answer Type Questions) 
1. What is an ecosystem? How is it different from an ecological community? 
2. Name a few biotic and abitoic components of an ecosystem. 
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3. Define the terms autotrophs and heterotrophs. 
4. Define pollution. Give sources and types of household pollution. 
5. Write a detailed note on Forest resources. 
6. Write in detail about overexploitation of natural resources.  
7. Write short notes on any two: 

(a) Ecological pyramid 
(b) Food web 
(c) Artificial ecosystem 

8. Write short notes on: 
(a) Ecological energetics  
(b) Detritous food chain 
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Unit - 4 

Global Biogeochemical Cycles 
Structure of the Unit: 

4.0 Objectives  

4.1 Introduction  
4.2 Water Cycle 
4.3 Carbon Cycle 
4.4 Nitrogen Cycle 
4.5 Phosphorus Cycle  
4.6 Sulphur Cycle 
4.7 Mineral Cycle 
4.8 Summary 
4.9 Glossary  
4.10 Self-Learning Excercise 
4.11 References  

4.0 Objectives  

After studying this unit you will understand the - 

 Importance of water cycle. 

 Cyclic pathway of Carbon, Nitrogen and Phosphorous. 

 Bio-geochemical circulation of Sulphur and mineral Cycles in ecosystem. 

4.1 Introduction  

Biogeochemical cycle or substance turnover or cycling of substances is a pathway 
by which a chemical substance moves through both biotic and abiotic 
compartments of Earth. A cycle is a series of change which comes back to the 
starting point and which can be repeated.Water, for example, is always recycled 
through the water cycle as shown in the diagram. The water 
undergoes evoperation, condensation and precipitation, falling back to Earth. 
Elements, chemical compounds, and other forms of matter are passed from one 
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organism to another and from one part of the biosphere to another through bio-
geochemical cycles. 

The term "bio-geochemical" means that biological, geological and chemical 
factors are all involved. The circulation of chemical nutrients like carbon, oxygen, 
nitrogen, phosphorus, calcium, and water etc. through the biological and physical 
world are known as biogeochemical cycles. In effect, the element is recycled, 
although in some cycles there may be places (called reservoirs) where the element 
is accumulated or held for a long period of time (such as an ocean or lake for 
water). 

4.2 Water Cycle 

Water molecules are made of hydrogen and oxygen atoms.  Hydrogen and 
oxygen are nutrients that organisms need.  Clearly, there is no problem obtaining 
these nutrients in aquatic ecosystems.  However, they are sometimes in short 
supply in terrestrial ecosystems.  The cycling of water in nature involves both 
aquatic and terrestrial ecosystems and the air above them.   

Water vapour enters the atmosphere through transpiration from vegetation.  
Transpiration is the loss of water through pores in the leaves of plants.  It also 
enters the atmosphere through evaporation from bodies of water and the soil.  In 
the cool upper atmosphere this vapour condenses, forming clouds.  In time, 
enough water collects in the clouds to cause precipitation.  When this occurs, 
some of the water falling on the ground runs along the surface of the ground to a 
stream, pond or other body of water.  This is called surface runoff.  Some of the 
water also soaks into the ground by a process called percolation.  Some water 
percolates down to the bedrock.  Then it becomes ground water and gradually runs 
back to lakes and other bodies of water. 

Some of the water in the soil moves up to the roots of plants by capillarity.  The 
roots absorb the water.  This is how most plants get the hydrogen and oxygen they 
need.  Animals can obtain water by eating plants or by eating other animals.  Of 
course, they can also obtain water by drinking it directly from a body of water.  
When plants and animals die, they decompose.  During the decomposition 
process, the water present in their tissues is released into the environment.  
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Fig. 4.1: Water Cycle 

 

4.3 Carbon Cycle 

Carbon is another nutrient that all organisms need.  In fact, it is the basic building 
block of all living things.  Like water, carbon moves through an ecosystem in a 
cycle.   

Carbon is present in the atmosphere as carbon dioxide.  Water also contains carbon 
dioxide as it can dissolve it.  Producers (plants and algae) use it to perform 
photosynthesis and make food.  Now the carbon is in the producers.  Herbivores 
eat the plants and carnivores eat the herbivores.  Now the carbon is in animals.  
Both plants and animals respire.  Their respiration returns carbon dioxide to the 
atmosphere.  Decomposers break down dead plants and animals as well as animal 
waste.  This too returns carbon dioxide to the atmosphere or soil. 
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Fig. 4.2: Carbon Cycle 

Some organic matter does not decompose easily.  Instead it builds up in the 
earth’s crust.  Oil and coal were formed from the build-up of plant matter 
millions of years ago. 

At one time, the carbon cycle was almost a perfect cycle.  That is, carbon was 
returned to the atmosphere as quickly as it was removed.  Lately, however, the 
increased burning of fossil fuels has added carbon to the atmosphere faster than 
producers can remove it.  Also, de-forestation reduces the amount of carbon 
dioxide being used in photosynthesis. Further, the use of land for agriculture 
releases carbon dioxide into the environment. 

Plants in water need carbon dioxide to perform photosynthesis and release oxygen.  
Fish use the oxygen to breathe and the plants for food.  Thus, fish depend on the 
carbon dioxide cycle. 

4.4  Nitrogen Cycle 

Nitrogen is another important nutrient that all organisms need.  All living things 
need nitrogen to make proteins.   
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Almost 78% of the atmosphere is nitrogen.  However, neither plants nor animals 
can use this form of nitrogen directly.  Usually, the nitrogen must be in the form 
of chemicals called nitrate.  Then the plant roots can absorb it.  Lightning forms 
some nitrate by causing oxygen and nitrogen in the atmosphere to join.  
Rhizobium bacteria can do the same thing.  These bacteria lives on the roots of 
plants called legumes such as beans, peas and alfalfa.  Many bacteria and blue-
green algae also form nitrates.  The changing of nitrogen to nitrates is called 
nitrogen fixation. 

Plants use the nitrates that they absorb to make plant proteins.  Animals get the 
nitrogen that they need to make proteins by eating plants or other animals. 

When plants and animals die, bacteria change their nitrogen content to ammonia.  
The nitrogen in the urine and fecal matter of animals is also changed to ammonia 
by bacteria.  The pungent odour of outhouses, chicken pens, hog yards, cat litter 
boxes and wet baby dipers is ample evidence of this fact.  Ammonia, in turn, is 
converted to nitrites and then to nitrates by bacteria.  This process is called 
nitrification and completes the main part of the cycle.   

Many plants are able to use ammonia directly.  Therefore all of it does not have to 
be converted to nitrate before plants absorb it. 

When people use synthetic fertilizers they add nitrite or nitrate into the soil.  This 
skips most of the nitrogen cycle and thus the bacteria and micro-organisms loose 
their food source.   

Plants and algae in the water need nitrogen to grow.  Some fish species depend on 
these plants for food.   
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Fig. 4.4: Nitrogen Cycle 

  

4.5 Phosphorus Cycle  

The phosphorus cycle describes the movement of phosphorus through the  
lithosphere, lithosphere and biosphere.  Unlike many other biogeochemical cycles, 
the atmosphere does not play a significant role in the movement of phosphorus, 
because phosphorus and phosphorus-based compounds are usually solids at the 
typical ranges of temperature and pressure found on Earth. 

On the land, phosphorus (chemical symbol, P) gradually becomes less available to 
plants over thousands of years, because it is slowly lost in runoff. Low 
concentration of P in soils reduces plant growth, and slows soil microbial growth. 
Soil micro-organisms act as both sinks and sources of available P in the 
biogeochemical cycle. Locally, transformations of P are chemical, biological and 
microbiological: the major long-term transfers in the global cycle. 

Humans have caused major changes to the global P cycle through shipping of P 
minerals, and use of P fertilizer, and also the shipping of food from farms to cities, 
where it is lost as effluent. 
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Fig. 4.5: The aquatic Phosphorus Cycle 

Phosphorus is an essential nutrient for plants and animals. Phosphorus is a limiting 
factor for aquatic organisms. Phosphorus forms parts of important life-sustaining 
molecules that are very common in the biosphere. Phosphorus does not enter the 
atmosphere, remaining mostly on land and in rock and soil minerals. Eighty 
percent of the mined phosphorus is used to make fertilizers. Phosphates from 
fertilizers, sewage and detergents can cause pollution in lakes and streams. Over 
enrichment of phosphate in both fresh and inshore marine waters can lead to 
massive algae blooms which, when they die and decay, lead to eutrophication of 
fresh waters only. An example of this is the Canadian Experimental Lakes Area. 
These freshwater algal blooms should not be confused with those in saltwater 
environments. Recent research suggests that the predominant pollutant responsible 
for algal blooms in salt water estuaries and coastal marine habitats is Nitrogen. 

The primary biological importance of phosphates is as a component of Nucleotide 
which serves as energy storage within cells ATP or when linked together, forms 
the nucleic acids DNA and RNA. The double helix of our DNA is only possible 
because of the phosphate ester bridge that binds the helix. Besides making 
biomolecules, phosphorus is also found in bone and the enamel of mammalian 
teeth, whose strength is derived from Calcium phosphatein the form of 
Hydroxylapatite.                 

Phosphates move quickly through plants and animals; however, the processes that 
move them through the soil or ocean are very slow, making the phosphorus cycle 
overall one of the slowest bio-geochemical cycles. 

Initially, phosphate weathers from rocks and minerals, the most common mineral 
being apatite. Overall small losses occur in terrestrial environments by leaching 
and erosion, through the action of rain. In soil, phosphate is absorbed on iron 
oxides, aluminium hydroxides, clay surfaces, and organic matter particles, and 
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becomes incorporated (immobilized or fixed). Plants and fungi can also be active 
in making P soluble. 

 
Fig. 4.6: Phosphorus Cycle 

Human influences 

Nutrients are important to the growth and survival of living organisms, and hence, 
are essential for development and maintenance of healthy ecosystems. Humans 
have greatly influenced the phosphorus cycle by mining phosphorus, converting it 
to fertilizer, and by shipping fertilizer and products around the globe. Transporting 
phosphorus in food from farms to cities has made a major change in the global 
Phosphorus cycle. However, excessive amounts of nutrients, particularly 
phosphorus and nitrogen, are detrimental to aquatic ecosystems. Waters are 
enriched in phosphorus from farms run off, and from effluent that is inadequately 
treated before it is discharged to waters. Natural eutrophication is a process by 
which lakes gradually age and become more productive and may take thousands of 
years to progress. Cultural or anthropogenic eutrophication, however, is water 
pollution caused by excessive plant nutrients, which results in excessive growth in 
algae population. Surface and sub-surface runoff and erosion from high-
phosphorus soils may be major contributing factors to fresh water eutrophication. 
The processes controlling soil Phosphorus release to surface runoff and to 
subsurface flow are a complex interaction between the type of phosphorus input, 
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soil type and management, and transport processes depending on hydrological 
conditions 

4.6 Sulphur Cycle 

The sulphur cycle is the collection of processes by which sulphur moves to and 
from minerals including the waterways and living systems. Such cycles are 
important in geology because they affect many minerals. Biogeochemical cycles 
are also important for life because sulphur is a trace element being a constituent of 
many proteins. 

Sulphur is found in oxidation state ranging from +6 in SO4  to -2 in sulfides. Thus 
elemental sulphur can either give or receive electrons depending on its 
environment. Minerals such as pyrite (FeS2) comprise the original pool of sulphur 
on earth. Owing to the sulphur cycle, the amount of mobile sulphur has been 
continuously increasing through volcanic activity  as well as weathering of 
the crust in an oxygenated atmosphere.Earth's main sulphur sink is the oceans as 
SO2, where it is the major oxidizing agent. 

When SO4
2− is assimilated by organisms, it is reduced and converted to organic 

sulphur, which is an essential component of proteins. However, the biosphere does 
not act as a major sink for sulphur, instead the majority of sulphur is found 
in seawater or sedimentary rocks   especially pyrite rich shales and evaporite rocks. 

The amount of sulfate in the oceans is controlled by three major processes: 

1.  Input from rivers 

2.  Sulfate reduction and sulfide reoxidation on continental shelves and slopes 

3.  Burial of anhydrite and pyrite in the oceanic crust. 

There is no significant amount of sulphur held in the atmosphere with all of it 
coming from either sea spray or wind blown sulphur rich dust, neither of which is 
long lived in the atmosphere. In recent times the large annual input of sulphur from 
the burning of coal and other fossil fuels adds to a substantial amount SO2 which 
acts as an air pollutant.  In the geologic past, igneous intrusions into coal 
measures have caused large scale burning of these measures, and consequential 
release of sulphur to the atmosphere. This has led to substantial disruption to the 
climate system, and is one of the proposed causes of the great dying. 
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Dimethylsulfide is produced by the decomposition of dimethylsulfoniopropionate 
from dying phytoplankton cells in the shallow levels of the ocean, and is the major 
biogenic gas emitted from the sea, where it is responsible for the distinctive “smell 
of the sea” along coastlines.DMS is the largest natural source of sulphur gas, but 
still only has a residence time of about one day in the atmosphere and a majority of 
it is redeposited in the oceans rather than making it to land. However, it is a 
significant factor in the climate system, as it is involved in the formation of clouds. 

 
 

Fig. 4.7: The Sulphur cycle 

 

Human influences 

Human activities have a major effect on the global sulphur cycle. The burning 
of coal, natural gas and other fossil fuels has greatly increased the amount of S in 
the atmosphere and ocean and depleted the sedimentary rock sink. Without human 
impact, sulphur would stay tied up in rocks for millions of years until it was 
uplifted through tectonic events and then released through erosion and weathering 
processes. Instead it is being drilled, pumped and burned at a steadily increasing 
rate. Over the most polluted areas there has been a 30-fold increase in sulfate 
deposition. 
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Although the sulphur curve shows shifts between net sulphur oxidation and net 
sulphur reduction in the geologic past, the magnitude of the current human impact 
is probably unprecedented in the geologic record. Human activities greatly increase 
the flux of sulphur to the atmosphere, some of which is transported globally. The 
result of human impact on these processes is to increase the pool of oxidized 
sulphur (SO4) in the global cycle, at the expense of the storage of reduced sulphur 
in the Earth's crust. Therefore, human activities do not cause a major change in the 
global pools of S but they do produce massive changes in the annual flux of S 
through the atmosphere. 

When SO2 is emitted as an air pollutant, it forms sulphuric acid through reactions 
with water in the atmosphere. Once the acid is completely dissociated in water 
the pH can drop to 4.3 or lower, causing damage to both man-made and natural 
systems. According to the EPA, acid rain is a broad term referring to a mixture of 
wet and dry deposition (deposited material) from the atmosphere containing higher 
than normal amounts of nitric and sulphuric acids. Distilled water (water without 
any dissolved constituents), which contains no carbon dioxide, has a neutral pH of 
7. Rain naturally has a slightly acidic pH of 5.6, because carbon dioxide and water 
in the air react together to form carbonic acid, a very weak acid.  

4.7 Mineral Cycle 

Nutrients such as carbon, nitrogen, and calcium are cycles between living things 
and the atmosphere and soils. Where mineral cycles are healthy, nutrients cycle 
tend to stay within living things or accessible to them (for instance, as a ‘nutrient 
bank’ in the upper layers of soil). Where mineral cycles are unhealthy, nutrients 
tend to get tied up in biologically unavailable forms or lost through erosion, 
leaching, or burning. 
By way of examining the mineral cycle, we will have a brief description of the 
carbon cycle. Carbon is the building block of life, essential to the structure, 
nutrition and chemistry of all living things. Its growing presence in the atmospheric 
part of the carbon cycle is also the main ‘culprit’ of man-made global warming. 

The movement of carbon through the environment happens in a much more 
complex way than water because carbon plays an important role in many different 
things. 
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To begin the carbon cycle, the energy of the sun shining on plants allows them to 
take in carbon dioxide from the atmosphere and turn it into carbohydrates, which 
they use to grow bigger, releasing oxygen as they do so. In this way, young, 
growing trees take more carbon from the atmosphere than old mature forests, 
which exhale carbon dioxide at night. 

Animals eat the plants, (and other animals eat the animals), using the carbon within 
the plants to build tissue, cycling that carbon through their bodies. When plants and 
animals die, the carbon they contain is eventually released back into the 
atmosphere through the processes of digestion and decay. 

Some of this cycle can be rapid (for example, when trees burn because of a 
bushfire) and some might be slow (for example, the conversion of plant material 
into coal, which takes millions of years). Without human intervention (coal 
mining), the carbon in a coal deposit would remain there millions of years longer, 
until it is burnt or becomes exposed to the atmosphere through geological action. 

The oceans are responsible for the largest reservoirs of carbon, and a lot of marine 
animals use that carbon, for example in the building of shells. There is a large 
spontaneous exchange of carbon between the atmosphere and the surface of the 
ocean, but carbon also sinks to the ocean bottom, where it may form limestone and 
remain for millennia. 

Most of the world’s oil fields, huge reservoirs of hydrocarbons, have been created 
by marine organisms that have died and sunk to the bottom, taking with them the 
carbon they have captured from the ocean, to create the energy-rich gloop we call 
oil. That carbon is being cycled into the atmosphere now, as we extract the oil and 
then burn it in our cars and power stations. Without our intervention, that carbon 
would have remained sequestered for an indefinite, but lengthy time. 

Rocks and soils can contain a lot of carbon, which can be released slowly through 
erosion or rapidly as a function of land clearing and soil disturbance. The making 
of cement, which involves heating limestone to create lime, is a significant source 
of man-made carbon dioxide and a relatively rapid cycle for carbon that has been 
previously incorporated into rock. 

 

 



MBO-07 

73 
 

4.8 Summary 

Biogeochemical cycles are pathways for the transport and transformation of matter 
within four categorical areas that make up planet Earth (biosphere, hydrosphere, 
lithosphere, and the atmosphere). 

The transfer of matter involves biological, geological and chemical processes; 
hence the name biogeochemical cycles derives. Matter is continually recycled 
among living and abiotic elements on earth.Biogeochemical cycles facilitate the 
transfer of matter from one form to another and from one location to another on 
planet earth. Additionally, biogeochemical cycles are sometimes called nutrient 
cycles, because they involve the transfer of compounds that provide nutritional 
support to living organisms.  

In this unit biogeochemical cycle of water N, P, S and minerls  discussed in detail 
to develop better understanding of transformation of matter from one form to 
another. 

4.9 Glossary  

 Acid precipitation:   Acidic rain, snow, or dry particles deposited from the air 
due to increased acids released by anthropogenic or natural resources. 

 Biogeochemical cycles : Movement of matter within or between ecosystems; 
caused by living organisms, geological forces, or chemical reactions. The 
cycling of nitrogen, carbon, sulphur, oxygen, phosphorus, and water are 
examples. 

 Carbon cycle : The circulation and reutilization of carbon atoms, especially 
via the processes of photosynthesis and respiration. 

 Carbon source  : Originating point of carbon that reenters the carbon cycle; 
cellular respiration and combustion. 

 Crust : The cool, lightweight, outermost layer of the earth's surface that floats 
on the soft, pliable underlying layers; similar to the "skin" on a bowl of warm 
pudding. 

 Denitrifying bacteria : Free-living soil bacteria that converts nitrates to 
gaseous nitrogen and nitrous oxide. 
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 Sedimentary cycles : these cycles involve the transportation of matter through 
the ground to water; that is to say from the lithosphere to the hydrosphere. 

 Phosphorous cycle : Phosphorus is commonly found in water, soil and 
sediments. Phosphorus cannot be found in air in the gaseous state. This is 
because phosphorus is usually a liquid at standard temperatures and pressures. 
Phosphorus is mainly cycled through water, soil and sediments.  

 Sulphur cycle : Sulphur in its natural form is a solid, and restricted to the 
sedimentary cycle in this form. It is transported by physical processes 
like wind, erosion by water, and geological events like volcanic eruptions. 
However, in its compounds such as sulphur dioxide, sulphuric acid, salts of 
sulphate or organic sulphur, sulphur can be moved from the ocean to the 
atmosphere, to land and then to the ocean through rainfall and rivers. 

 Gaseous cycles : these involve the transportation of matter through the 
atmosphere.  

 Nitrogen cycle : Nitrogen gas is the most abundant element in the atmosphere 
and all the nitrogen found in terrestrial ecosystems originate from the 
atmosphere. The nitrogen cycle is by far the most important nutrient cycle for 
plant life. 

 Oxygen cycle : The oxygen cycle describes the movement of oxygen within 
and between its three main reservoirs: the atmosphere, the biosphere, and the 
lithosphere. The main driving factor of the oxygen cycle is photosynthesis and 
because of this, oxygen and carbon cycles are usually linked and the two cycles 
are collectively called oxygen-carbon cycle. 

 Hydrological cycle : This is also called the water cycle. Water is the most 
important chemical of life for all living organisms on earth. Water in the 
atmosphere is usually in form of vapor but condenses to liquid water and can 
solidify when temperatures are 00C to form ice. Ninety three percent of water 
on earth is in solid state mainly comprising the ice caps and glaciers of Polar 
Regions. 
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4.10 Self-Learning Excercise 

Section- A : (Very Short Answer Type Questions) 

1. Define biogeochemical cycle. 

2.   The most important process in carbon cycle which is related to plants? 

3. What is precipitation? 

4. What is condensation? 

5.  Name the important steps in Nitrogen cycle? 

6. What is mineralisation? 

7. How sulphur cycle is important in ecological cycling? 

8. Rhizobium is related to which cycle? 

Section- B : (Short Answer Type Questions) 

1. Write short note on Water cycle. 

2. Write two importance of ecological cycling. 

3. What is sedimentation? 

4. Write the difference between weathering and mineralisation? 

5. What do you understand by Biogeochemical cycle? 

6. Write the role of sedimentation in phosphorous cycle. 

 

Section- C : (Long Answer Type Questions) 

1. Write an essay on Biogeochemical cycles. 

2. Write detailted description notes on - 

(a) Carbon cycle 

(b) Sulphur cycle 

3.  Describe Nitrogen cycle in detail with the help of outline diagram. 

4. Write about phosphorous cycle in detail. 

5. Define biogeochemical cycle. Explain sulphur cycle in detail. 
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Unit – 5 

Climate, Soil and Vegetation of the India 
Structure of the Unit: 

5.0 Objectives 

5.1 Introduction   

5.2  The Climatic Regions of India 

 5.2.1 Wet zone 

 5.2.2 Intermediate zone 

 5.2.3 Dry zone  

 5.2.4 Arid zone 

5.3 Soil types of India 

 5.3.1 Alluvial soils  

 5.3.2 Black Soils 

 5.3.3 Red Soils   

 5.3.4 Lateritic soils (Latosols)  

 5.3.5 Forests Soil 

 5.3.6 Desert Soils 

 5.3.7 Saline and Alkaline Soils 

 5.3.8 Peaty and Marshy Soils 

5.4 Vegetation Patterns of India 

5.5 Summary  

5.6  Glossary  

5.7 Self -Learning Exercise  

5.8 References  

5.0 Objectives 

After going through this unit you will be able to - 

 to understand the basic concepts of climatology. 



MBO-07 

78 
 

 discuss the types of climates in India, season and monsoon. 

 discuss the types of soil of India and their location. 

 discuss the soil distribution pattern and vegetations. 

 discuss the vegetation pattern in different regions of India. 

5.1 Introduction   

The climate of an area is the totality of the atmospheric conditions of that area 
during the specific period of time, with reference to their mean conditions and their 
variability. The branch of meteorology deals with climate called as Climatology. 
The elements of weather and climate are the same i.e. temperature, atmosphere, 
pressure wind, humidity, precipitation. On the basis of the generalized monthly 
atmospheric conditions, the year is divided in to seasons, such as winter, summer 
and rainy. 

The world is divided in to a number of climatic regions. The climate of India 
described as the monsoon type. The word monsoon is derived from Arabic word 
mausin which literary means season. Monsoon refers the seasonal reversal in the 
wind direction during a year. The monsoon type depend on two elements i.e. 
temperature and precipitation. 

The Meteorological Department of India identified four seasons in the country- 

1 The seasons of the North East Monsoon  

 The cool season from mid-December to February. 

 The hot season from March to June. 
2 The seasons of South –East Monsoon 

 The wet season from mid June to mid September. 

 The season of retreating monsoon from mid September to mid December. 

5.2  The Climatic Regions of India 

The climatic regions of India are based on annual precipitation; India has been 
divided into four climatic regions. 

5.2.1 Wet zone 
Here the rainfall is more than 200cm. It covers the area of western slope of 
Western Ghats, hill of Meghalaya and Bengal, Tarai region of Bihar and Uttar 
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Pradesh. In these regions geographic features play an important role because the 
moisture laden monsoon winds strike against physical barriers like mountains to 
cause heavy rainfall. This zone is of evergreen forest and paddy is the main crop. 
5.2.2 Intermediate zone 
The rain fall in this zone varies 100-200 cm. This zone covers the areas like West 
Bengal, Bihar, Orissa, Eastern Madhya Pradesh, Himachal Pradesh, Yamuna, 
Eastern slope of  Ghats, north eastern Andhra Pradesh, east Tamil Nadu. Basically 
with deciduous forests and the important crops is paddy, millets, jowar etc.  
5.2.3 Dry zone  
The rainfall in this zone is 50-100 cm. The areas covered in this zone are Punjab, 
Uttar Pradesh, Delhi, Western Madhya Pradesh, Gujarat, Maharashtra, Karnataka, 
Southern Andhra Pradesh, Tamil Nadu, The forest of this climatic zone are dry 
deciduous thorn and scrub and the wheat and millets are the chief crops of this 
region. 
5.2.4 Arid zone 
The rain fall in this zone is less than 50cm. It occupies North-West low lands, 
North West Plateau and Western part of the country.  It covers southwest Punjab, 
Rajasthan North West Gujarat. Thorn forests dominant are in this zone. 

 
Table - 5.1 : Mean Annual Rainfall 

 

Area of Heavy Rainfal 

(200-400cm) 

Wet zone 

Area of Moderate 
Rainfall 

(100-200cm) 

Intermediate zone 

Area of Less 
Rainfall 

(50-100cm) 

Dry zone 

Area of Scanty 
Rainfall 

(<50cm) 

Arid zone 

The Arabian Sea 
branch of south west 
monsoon  cause 
rainfall all along the 
western Ghats and 
western coastal 
regions from June to 
September. 

The average 
rainfall over 
north Indian 
plain generally 
remains between 
100-200cm. 
Other areas of 
moderate rainfall 
is north eastern 

Rainfall 
between 60-
100cm occurs in 
upper Ganga 
valley, eastern 
parts of 
Arawalis, 
eastern Gujarat , 
internal parts of 

Part of Punjab, 
Haryana, northern 
and western 
Rajasthan and kutch, 
Katiawar region of 
Gujrat. A narrow 
stripe of land lying in 
the rain shadow area 
of peninsular India 
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part of peninsular 
India, highland 
of central India 
and Tamil nadu 

Andhra 
Pradesh, 
Maharastra and 
Karnataka 

receives rainfall 
below 60 cm. 

In North East India 
the bay of Bengal 
branch of monsoonal 
winds which causes 
monsoon in southern 
hills of Shillong 
plateau, Garo, Khasi, 
Jaintia hills of 
Meghalaya and other 
states. 

The intensity of 
rainfall decreases 
from east to west 
and north to 
south in northern 
plain. 

 The dry region of 
Rajasthan, west of 
the Arawalli hills 
receive rainfall 
bellow 20cm. 
Northern part of 
Gujarat, Punjab and 
Jammu Kashmir are 
other region which 
receives scanty  
rainfall  

 

 
 

Fig. 5.1 : Mean annual rainfall of India 
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Area of Winter Rainfall— 
1. Northwest part of India –Jammu and Kashmir, Punjab and Uttar Pradesh plains. 
2. Tamil Nadu due to north east monsoon. 

 

5.3 Soil Types of India 

Due to temperature extremes and marked seasonal fluctuations throughout the 
year, climatic conditions of India become of much ecological interest, Moreover, 
soil in different parts of the country also differ from each other. 

Soil is loose material and the uppermost layer of earth crust. It is the important 
natural resource made by weathering of rocks. It provides nutrients and water to 
the plants. The factors affecting the soil formation are- Climate, Vegetation, type 
and age of parent rocks and relief etc. Based on the composition of soils, the Indian 
soils have been classified in to four groups. These are; Alluvial soil, Black soils, 
Lateritic soils and Red soil. In addition to these there, are four other soil groups’ 
under forest, the desert and semi desert soil the saline and alkaline soil and peaty 
and marshy soils. 

5.3.1 Alluvial soils  
These occur chiefly in to indo-gangatic plain covering the states of Punjab and 
Haryana in the north-west, and Bihar in the north and Bengal and part of 
Meghalaya and Orissa.  In the soil map, this group includes alluvial soil, deltaic 
alluvium, calcareous alluvial soil, chestnut brown soils (alluvial), coastal alluvium 
and coastal sands. This soil is rich in loam and clay components, generally alkaline 
or neutral in reaction. This group is largest and most important because most of the 
alluvial soils are used for crop production; the main features of alluvial soils are 
due to silt deposition by numerous tributaries of Indus, Brahmaputra and Gangaes 
systems. Geologically, these soils are divided as follows- 
1. Khandar, new alluvial soil composed of sand, generally light coloured and 

less kankary. Khadar is found along the water channels, flood plains and 
deltas. 

2. Bhangar, i.e. old alluvial soils composed of clay, generally dark coloured 
and full of kankar. The Bhanger is found usually in the hill foot zones on 
Ganga and Brahamputra plains, and also along the western margin of the 
Bengal delta. 
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5.3.2 Black Soils 
These soils are designated as the shallow black, medium black, deep black, and 
mixed red and black soils. The typical black soil derived from Deccan trap is 
known as regur or black cotton soil. This type of soil is common in Maharashtra, 
Mysore, M.P and Tamil Nadu.  These soils predominate in clay and chiefly consist 
of iron, aluminium, magnesium and calcium oxides with poor phosphorus, nitrogen 
and organic matter. The soil has high water holding capacity. When the soil comes 
in contact with water, it swells, however due to considerable concentration on 
drying, large and deep cracks are formed. These soils are highly fertile and the 
deep black soils are well known for growing cotton. 
5.3.3 Red Soils   
It covers large areas in south, and in north east of peninsula. Such soil occur in 
Andhra Pradesh, Tamil Nadu, parts of Bihar, Orissa, UP, and West Bengal. These 
are mainly sandy to loam in texture, with gravel in upper slopes, sandy to loam on 
lower slopes and loam to clay in valley in bottom. The red loamy soil, red sandy 
soil and red and yellow soil are included in this group. These soils have been 
originated from the ancient crystalline and metamorphic rocks. However, some are 
lateritic in origin and of quite different in nature. The wide diffusion of the iron 
compound in the soil is responsible for its red colour. The yellow colour of the soil 
is due to high degree of hydration of the ferric oxide than that of red soils. These 
soils are poor in nitrogen, thin, gravelly and light coloured, however in plain and 
valleys, red soils are fertile, deep and dark coloured. Very little is known about 
yellow soils; however red and yellow may occur side by side. 
5.3.4 Lateritic soils (Latosols)  
These are present in Western Ghats, the northern half of Eastern Ghats. These soils 
are porous clay, soil are brown in colour and formed by atmospheric weathering of 
many types of rocks. It is peculiar to India and some other tropical countries with 
intermittently moist climate. This group of soil is rich in hydroxides of iron, 
manganese and aluminium. Because under monsoonal conditions the soluble 
minerals (including silica) leached away almost completely during weathering. 
These soils are poor in lime, manganese, potash, nitrogen as well as in organic 
matter. Large concentration or aluminium minerals occurring as lenses or layers in 
the vegetation soils are termed as lateritic. As lower elevations, these soils are best 
suited for paddy cultivation; however, these are also best for cinchona, rubber and 
coffee cultivation. 
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Fig. 5.2 : Major Soil types of India 
5.3.5 Forests Soil 

The forest occurs from hot to cold deserts, a large area in the country supports 
deciduous forests, tropical rain forests and the coniferous forests. The physico-
chemical properties of soils associated with topography and climate control the 
distribution and growth of vegetation, thus different forest types are developed in 
different soil types. 

Chaturvedi (1952) identified three main geographical regions in the country in 
respect to the forest growth. These regions are- 
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A Himalayan and Shivalik region; It is hilly region where soil are formed 
from sedimentary and metamorphic rocks. The soil includes podsoils, 
brown forest soil etc. 

B Indo-Gangetic alluvium; It is alluvial or aeolion deposit and includes 
deltaic alluvium, desert deposits, sub recent formations (Bhabar and Tarai) 
Saline and Alkaline soil, Yellow and brown soils. 

5.3.6 Desert Soils 
The arid climate results in the formation of desert soil in western Rajasthan and 
south Punjab. Desert soils are alkaline and poor in organic matter. 
5.3.7 Saline and Alkaline Soils 
These soils occur in almost all climatic zones and are developed due to high 
salinity of sodiumization or both. The soil classes as red soil, black soil, desert soil 
and alluvial soil includes in this group. These lands are not fertile and left as 
uncultivated waste lands. These soils are characterized by high content of 
exchangeable monovalent bases. In Uttar Pradesh the saline and Alkali soil are 
known as User or Reh.InPunjab, these soils are known as Kallar. Alkali soils are 
also frequent in other parts of the country as in the state of Maharastra, Gujrat, 
Karnataka and also in Deccan. 
5.3.8 Peaty and Marshy Soils 
In humid regions, the accumulation of large amount of organic matter (10-40%) 
results in the formation of peaty soils. These soils are black heavy and highly 
acidic due to the decomposition of organic matter under anaerobic conditions. It is 
porous with good water holding capacity. It is not very fertile being soft and week, 
after monsoon these soils are put under paddy cultivation. 
In alluvial and coastal areas, the dried river basin and lakes give rise marshy soils 
which are usually blue in colour. The blue colour is due to the presence of iron 
(ferrous), aluminium salts, and organic matter content. The characteristic areas of 
marshy soils include coastal tracts of Orissa, sunder bans, north Bihar (central 
portion), Almora district (UP) and south east coast of Madras. The soil is rich in 
organic matter and acidic in reaction. 
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Table 5.2 : Major Soil Types of India 

S.No. Soil Types Formation Characteristics Regions & States 

1. Alluvial Soil  

 

(Distribution-
7.7 lakh 
Km2)/24% of 
country’s total 
area 

Formed due to 
deposition of 
alluvium 
brought by 
river over 
millions of 
years. 

 Terms--- 
Newer 
Alluvium-
Khadar, Older-
Bhanger, Terai 
soil-Bhabar, 
Infertile soil 
Usar. 

Very fertile soil  

Rich in Potash 
and Lime 

Deficient in 
Humus nitrogen 
and 
phosphorous. 

Northern plain or 
river basin-Punjab 
Haryana, eastern 
parts of Rajasthan, 
Gujarat ,UP, Bihar, 
west Bengal and 
Assam valley 

2. Black cotton 
Soil  

     REGUR 

(Distribution- 
5.18 lakh 
Km2)/16% of 
country’s total 
area 

Formed over 
Deccan lava 
gneiss and 
graynite 

Black in colour 
due to Fe and 
Mg. Deficient in 
N&P.  

Plateau of 
Maharashtra, south 
Orissa North 
Karnataka, parts of  
Rajasthan , (Bundi 
,Tonk), central and 
South TamilNadu. 

3. Red soil 

(Distribution- 
5.1 lakh Km2) 

The soil 
developed on 
old crystalline 
rock under 
moderate to 
heavy rainfall. 
It is in 

Red colours due 
to presence of 
Fe.deficient in 
organic plant 
material, 
phosphorus, 
nitrogen, lime 

Large parts of 
Tamil Nadu, 
Andhra Pradesh, 
Karnataka.Southern 
part of Maharashtra, 
eastern MP, part of 
Orrisa, 
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different 
shades of Red 
and Yellow. 

content. Potash 
and Alumina 
content  

chotanagpur, 
bundelkhand.   

4. Laterite soil 
(Distribution- 
1.26 lakh Km2) 

The laterite 
soil is the 
result of 
intense 
leaching due to 
heavy tropical 
rain with 
alternate wet 
and dry 
seasons. 

More acidic on 
higher areas due 
to presence of Al 
and Fe. 

Tropical humid 
areas where rainfall 
is more then 
200cm.western 
ghats, Karnataka, 
Tamil Nadu.north 
eastern states. 

5. Arid or desert 
soil 

Distribution- 
1.42 lakh Km2) 

Sand and 
windblown. 
Weathering 
due to 
temperature 
help in 
formation of 
these soils. 
developed in 
arid and 
semiarid 
conditions in 
north western 
part of country 

Deficient in 
humus and 
nitrogen, rich in 
phosphorous 

Panjab, Haryana, 
western Rajasthan, 
and run of kuch in 
Gujrat. 

6. Mountain soil Formed by the 
deposition of 
organic matter 
derived from 
the forest 
growth. 

Rich in humus 
but deficient in 
potash, 
phosphorus and 
lime, most 
suitable for 

Himalayan region 
of Jammu and 
Kashmir, Himachal 
Pradesh also in 
western and eastern 
ghat and some 
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Characteristic 
7of soil varies 
with variation 
of soil, ground 
configuration 
and climate. 

plantation crops 
like tea and 
coffee. 

regions of 
peninsular India. 

7. Peaty and 
organic soil 

Developed in 
hot humid 
conditions as a 
result of 
accumulation 
of large 
amount of 
organic matter. 

Dark and almost 
black in colour, 
very strongly 
acidic and saline.  

They are confined 
to depression 
caused by dried 
lakes in alluvial and 
coastal areas and 
developed under 
water logged 
environments eg 
Kerala, Tamil 
Nadu, coastal 
Orissa, WB and 
North Bihar. 

5.4 Vegetation Patterns of India 

India is one of the twelve mega biodiversity countries of the world with about 
47,000 plant species. Natural vegetation refers to a plant community which has 
grown naturally without human aid and has been left undisturbed by human for a 
long time. This is term as virgin vegetation.  The botanical regions of India are 
classified by different botanist in different ways; D. Chaturjee (1939) classified the 
vegetation pattern and phytogeographical zones in the following way and dissussed 
thoroughly the floristic patterns.   

 
1. Deccan 
2.  Malabar 
3. The Indus plain 
4. Gangetic plain 
5. Assam 
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6. Eastern Himalayas and Western Himalayas 
7. Central Himalayas 
8. Central India 
9. Andamans  
10. Upper Burma 
11. Lower Burma 
But subsequently Chaterjee (1962) deleted the upper and lower Burma from this 
list. 

 

 
 

Fig. 5.3 : Floristic regions of India 
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Phytogeographical zones 

1. Deccan- It includes major part of peninsular India as Andhra Pradesh, 
Tamilnadu and Karnataka except Malabar. It is divided in to- 

a. High hilly plateau, which is with dry climate and with rainfall around 
10cms. It is occupied by dry tropical thorn forest with the dominance of 
trees like, Boswellia serrata, Santalum, Prosopis, Acacia, Tectona 
grandis, Terminalia, Hardwickia pinnata.  

b. Coromandal coast is with >100cms rainfall and consists of tropical even 
green forests. The common trees are- Strychnos, Eugenia, 
Pterosprmum, Cedrela toona.  

2. Malabar (West Coast)- This extends from Gujarat to the southern tip of 
Indian Peninsula, (cap camorin). All along the west of the Western Ghats 
are in the form of long and narrow strip. Here the rainfall is heavy and 
epiphytic orchids and ferns are abundant. 

The vegetation is of 4 types – 
a. The tropical wet evergreen forest- Very luxuriant and multistoreyed, tall 

trees are present as (Dipterocarpus indicus, Hopea, Sterculia alata, 
Artocarpus). 

b. The mixed deciduous forests (Tectona grandis, Dalbergia latifolia, 
Bamboos as Dendrocalamus strictus and Bambusa arundinacea). 

c. The sub-tropical or temperate even green forest- In the nilgiri hills, 
forest known as sholas)(Eurya japonica, Michalia nilagirica and  
Gordonia obtusa,) 

d. The mangrove forest (Bombay, Elephanta islands, Uttain islands, Madh 
islands). 

3. The Indus Plain- (West Indian desert) : It includes the north-western arid 
low land of Delhi, Punjab, Rajasthan, Kutch and North Gujarat. The climate 
is very hot and dry summer and winter is very cold. Here the rainfall is 
<75cm (July-September) and in Rajasthan it is less than 10-15cm. 
Vegetation is tropical thorn forest, plants are mostly xerophytes  like, 
Acacia nelotica, Prosopis spicifera, Salvadora oleoides, Capparis aphylla, 
Tamarix dioica, Zizypus nummularia, Boswellia, Stercularia, Butea, 
Euphorbia spp, Calotropis procera, Penicum antidotale, Tribulus terrestris, 
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Acacia senegal, Prosopis juliflora, Agave, Opuntia, Argemone, Carthamus, 
Solanum, etc. 

4. Gangetic Plain- This includes Eastern Delhi, whole Uttar Pradesh, North 
Bihar, West Bengal. It comprising most fertile region. The chief climatic 
factors, the temperature and rainfall together are responsible for distinct type 
of vegetation. Rainfall is 200cm in east and 100cm in west. It is with 
tropical moist and dry deciduous forests. The dominant tree species in Uttar 
Pradesh Himalayan foothills are Dalbergia sissoo, Acacia nelotica. The 
south west UP is occupied by Capparis aphylla and Saccharum munga, 
while eastern UP with Butea monosperma and Madhuca indica, Cardia 
myxa, Acacia catechu, Azardirichta indica, Mangifera indica, Ficus 
bengalensis, Ficus religiosa. The gangetic delta is dominated by tidal forest 
with halophytic plants like Rhizophra mucronata, R. conjugate, Sonneratia 
sp, Acanthus illicifolius, Ceriops roxburghiana, Kandelia rheedii, Bruguiera 
gymnorhiza. 

5. Assam- This zone is with heavy rainfall i.e., above 1000 cm. the 
temperature and wetness is also high. The vegetation is dense tropical wet 
evergreen forests. The dominant plant species are Dipterocarpus 
macrocarpus, Mesua ferrea, Artocarpus chaplasha, Alstonia scholaris 
Lagerstroemia flos-regina, Michelia champaca, Shorea robusta, Dillenia 
indica, Ficus elastic. Some bamboos as Bambusa pallida, Dendrocalamus 
hamiltonii, Calamus spp. insectivorous plants like Nepenthes sp are also 
present. 

6. Western Himalayas- Comprises the Himalayas maintains from Kumaon to 
Kashmir. Rainfall ranges from 40-100 inches. The snow fall is high. 
Altitudinally, there are three zones of vegetation corresponding to three 
climatic belt. 

Submontane or lower region (tropical and subtropical) – It is about 1,000 
to5,000ft above sea level in region of Siwaliks and adjacent areas. Forest is 
dominated by timber trees of Shorea robusta. In riverain region trees of 
Dalbergia sissoo are dominant. In dry belt xerophytes as zizyphus spp, 
Acacia spp are present with thorny succulents euphorbians on slopes. Pinus 
roxburghii appears at 3,000 to5,000ft. 
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Temprate or montane zone- It is about 5,000 to 11,675ft above the sea 
level. At about 5,500ft Pinus longifolia is generally replaced by Pinus 
excelsa. From 5,500ft to 6,000ft Cedrus deodara is quite abundant forming 
pure forest stands. At these altitudes Quercus incana also grow as separate 
patches. In inner Himalayas in KashmirBetula, Salix and Populous are 
abundant conifers as Abies pindrow, Picea morinda, Taxus baccata etc 
common. In wet region of Kashmir valley saffron (Croccus sativus), apples, 
peaches, walnut almonds, rice are cultivated. 

Alpine zone- It is the limit of tree growth at about 12,000ft known as timber 
or tree line, where the plants height is considerably reduced. Plants are 
mostly dwarfed and cushion shaped shrub and grasses. At about 15,000ft 
and above snow line, plant growth is almost nil. On lower levels of this 
zone, some Rhododendrons, Betula utilis and small Junipers are present. 
Above this zone there are present many types of herbs, with short period of 
vegetation growth and flowering. These include Primula, Potentilla, 
Polygonum, Geranium, Saxifraga, Aster etc 

7. Eastern Himalayas- It consists of region of Sikkim and extends in to the 
eastern boundaries. In its vegetation zones, it is similar to the western 
Himalayas. On the whole, the eastern Himalayas have more tropical 
elements, greater variety of Oaks and Rhododendrons and less of conifers 
than the western Himalayas. The chief differences are the higher rainfall and 
warmer conditions in this part of Himalayas. The tree and snow lines are by 
about 1,000ft than the corresponding lines on western Himalayas, species 
diversity and vegetation density is higher in the east. This region is also 
divided in to three zones. 

Submontane zone- Due to warm and humid weather it is typically tropical 
with dense forest of Shorea rubusta. It extends from the plain foot of the hill 
up to 6,000ft altitude. Mixed forests of deciduous trees like Sterospermum, 
Cedrela toona, Bauhinia, Anthocephalus cadamba, Lagerstoemia pavriflora 
are predominant. Tall tresses are as Albizzia procera, Salmalia, Artocarpus, 
Acacia catechu. 

Temperate zone- It ranges between 6,000 to 12,000ft altitudes above sea 
level. The lower region has several species of oak, such as Quercus 
lemellosa and Quercus lineate, Michelia, Cedrela and Eugenia. The upper 
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region which is cooler has such conifer as Juniperus, Cryptomeria, Picea, 
Abies and Tsugais also common. 

Alpine zone- It is above 12,000ft where vegetation is devoid of trees. 
Shrubby growth of Juniperus and Rhododendron is found in grassy areas. 

8. Central Himalayas- The central Himalayas lie between Eastern and 
Western Himalayas and dominated by Quercus, Ergenia and Taxus. 

9. Central India- This vegetation zone runs from eastern part of Rajasthan in 
the west to coastal area of Orissa in the east. Whole Madhya Pradesh, 
southern Bihar and northern Orissa, eastern Rajasthan comes under this 
zone. The rain fall here varies in between 60-80’ and dominated by 
epiphytic orchids. 

The vegetation is of two types are two;  

1 Thorn forest (west); Acacia, Butea, Zizypus, Prosopis 

2 Mixed deciduous forests (middle and East); Tectona, Terminalia, 
Dalbergia, Diospyrus, ficus, Lagerstomia, Phyllanthus, Shorea. 

10. Andamans- It is with luxuriant vegetation of ever green tall trees and also 
with tidal forest and beach forests. Dipterocrpus, lagerstromia, Terminalia, 
Rhizophora, Mimusops are main vegetation.  Most of the area is now cleared 
for paddy cultivation. 

5.5 Summary  

The important climatic factors are responsible for different phytogeographic zones, 
vegetation types, climatic regions and soil types which influence the diversified 
ecosystems. Based on climatic factors there are three four identified seasons in 
India. Winter, summer, rainy, season of retreating monsoon. These seasons form 
important climatic regions of India; they are Wet zone, Intermediate zone, Dry 
zone, Arid zone.   
There are four major and few minor groups of soil in India, i.e. Alluvial soil, Red 
soil, Black soil, Laterite soil, other are Peaty and Marshy soils,  Saline or Alkaline 
soil, Desert soil etc. Based on influence of climatic factors different  vegetation 
pattern formed in India, they are  Deccan, Malabar, Indus plain, Gangetic plain, 
Assam, Central India, Andaman and Western and Eastern Himalayas. 
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5.6  Glossary  

 Arid : Very dry desert region, where rain fall is below 25cm. 

 Alpine zone : hilly region having height above 12000 ft, where no tree 
vegetation is seen. 

 Altitude : defines height usually in upward direction, from sea level. 

 Epiphytes : Plants grows harmlessly on other plant. 

 Desert : Barren area of land, or dry climatic zone where rain fall is very less 
(10-25cm) living condition are hostile to the plant and animals. 

 Halophytes : vegetation find in saline and Alkaline soil/water (high salt 
content) 

 Mangrove vegetation : special type of vegetation find in marshy areas and 
saline coastal line. 

 Peninsula: Piece of land bordered by water from three sides but connected to 
main land. 

 Precipitation: Rainfall 

 Temperate : region where temperature is moderate, neither extreme cold nor 
hot, 

 Tidal region : also known as fore shore or sea shore, it is a intermediate region 
between sea/ocean and land, where tides reaches. 

5.7 Self -Learning Exercise  

Section- A : (Very Short Answer Type Questions) 

1. Name the desert of India. 

2. Central Himalaya lies between. 

3. Name two thorny vegetations. 

4. Andaman lies in which side of Indian subcontinent. 

5. Name two halophytes. 

6. Indus plain also known as........   

7. Malabar coast is the part of............. 
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8.  Saline soil also known as ..............in Punjab. 

 

Section- B : (Short Answer Type Questions) 

1. Name the subparts of vegetation pattern of Himalaya. 

2. Explain four seasons of India. 

3. Describe the climatic region of India. 

4. Write about the alluvial soil. 

 

Section- C : (Long Answer Type Questions) 

1. Give the classification of different soil types and there special features in 
detail. 

2. Describe the different vegetation types in various physiographic regions of 
India. 

Answer key of section A 

1.  Thar 

2.  Eastern and western Himalayas. 

3.  Acacia, Prosopis, Zizypus, Capparis 

4.  South East side in Bay of Bangal 

5.  Rhizophora, Sonneratia 

6.  West Indian desert 

7.  West coast of India along the western ghat 

8. kallar 
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Unit - 6 

Vegetation Organization 
Structure of the Unit: 

6.0     Objectives 

6.1     Introduction 

6.2 Concept and Characteristics of Community 

 6.2.1 Species Diversity  

 6.2.2 Growth Form and Structure  

 6.2.3 Dominance  

 6.2.4 Succession  

 6.2.5 Trophic structure (self sufficiency)  

6.3 Composition and Structure of a Community  

6.4 Characters used in Community Structure Analysis 

 6.4.1 Raunkiaers Concept of Life Forms 

6.5 Methods of Study of Communities 

 6.5.1 Quadrat Method 

 6.5.2 Transect Method 

 6.5.3 Point method  

6.6 Summary 

6.7 Glossary  

6.8 Self -Learning Exercise  

6.9 References  

6.0    Objectives 

After going through this unit you will be able to understand- 

 Concept and characters of different plant communities 

 Composition and structure of a community 
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 Characters used in community structure 

 Raunkiaer’s Concept and Braun Blanquet Scheme 

 Methods of analysis of plant communities Floristic methods,  Physiognomic 
methods and Phytosociological methods-Quadrate Method, Transect Method,  
Point Method 

6.1    Introduction 

Population of many different species in a local association constitutes a 
community. This universe of living organisms is a sum total of communities of 
different types. The communal habitat comes under community ecology as 
terrestrial, aquatic, epiphytic etc. The basic concept of the community is ‘several 
species are somewhat related to everything else’, it is the relationship includes 
interlocking functions of many other organisms. 

The recognition of communities depends on their floristic composition. 
Subdivision of the field is useful to simplify the work, but these are somewhat 
hypothetical, not natural. The method of study adopted will naturally depend on 
these subdivisions. Communities are treated from various angles including 
floristic, physiognomy, topography, chronology (developmental history), 
climatology, pedology (soil relations) etc. 

Species diversity, growth forms, structure, dominance and successional trends are 
characterising the community. A particular species is dominant in the community 
based on their analytic and synthetic characters.  

Analytical characters- it include quantitative and qualitative characters.  

Quantitative characters these include characters such as, Frequency, Density, 
Abundance, Cover and Basal area etc.  

Qualitative character- these include physiognomy, phenology, stratification, 
abundance, sociability or gregariousness, vitality and vigour, life forms etc.  

Synthetic characters- these are actually computed from analytical characters.  

6.2 Concept and Characteristics of Community 

In nature different kinds of organisms grow in association with each other. A group 
of several species (Plants and animals) living together with mutual tolerance 
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(adjustment) and beneficial interactions in a natural area is known as a community. 
In a community organisms share the same habitat growing in a uniform 
environment. A forest, grassland, a desert and a pond are natural communities. The 
concept regarding its organisation that have developed firstly by observation and 
secondly by experimentation, reveal that a biotic community is an organised or 
supper organised unit. The concept of community organisation is by no means a 
recent one, and may be traced back to the time of Theophrastus (370-250BC) who 
recognised the existence of plant communities or association of species in different 
climatic areas. The concept of community was first visualised by Forbes (1844), 
while studying the molluscs of Aegean Sea. Mobius (1877) recognised the biotic 
nature of the community. 

The basic concept of community is interdependence, limitation and complexity.  

 The interdependence includes interacting and interdependent components and 
they are open and linked to each other. 

 The limitation means that limits are ubiquitous and that no individual species in 
community goes on growing indefinitely. Various species control and limit 
their own growth in response to overcrowding or other environmental signals 
and the total number keep pace with the resource available.  

 The complexity is the three dimensional interactions of the various constituents 
or elements of community are highly complex. 

Community has its own characteristics which, are not shown by its individual 
component species. These characteristics have meaning only with reference to 
community level of organisation, are as follow;  

6.2.1 Species diversity  
Each community is made up much different organism as plants, animals, microbes, 
which differ taxonomically from each other. The number of species and population 
abundance in community also vary greatly. 
There are two levels of species diversity; (1) Regional diversity of whole nations or 
parts of continents within which many different communities exist, and (2) Local 
diversity in a given nation where different communities exist at different latitudes. 
6.2.2 Growth form and structure  
Community is describe in major growth form as trees, shrubs, herbs, mosses etc. In 
each growth form as in trees, there may be different kinds of plants as broad leaved 
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trees, evergreen trees etc. These different growth forms determine the structural 
pattern of a community. Communities show different patterns according to mode 
of arrangements- zonation horizontal layering, stratification (vertical layering). 
6.2.3 Dominance  
In each community all the species are not equally important there are relatively 
only a few of these which determine the nature of the community. These few 
species exert a major controlling influence on the community. Such species are 
known as dominants. 
6.2.4 Succession  
Each community has its own developmental history. It develops as a result of a 
directional change in it with time. This directional change with time called 
succession. 
6.2.5 Trophic structure (self sufficiency)  
Nutritionally, each community, a group of autotrophic plants as well as 
heterotrophic animals, exists as a self sufficient, perfectly balanced assemblage of 
organisms. 

6.3 Composition and Structure of a Community  
Each community has its own composition, structure and developmental history. 

 Composition- Community may be large or small, large extend over area of 
several thousand kilometres as forest and desert etc, other occupies 
restricted areas such as meadow, river, pond, etc. Very small sized 
communities are the groups of microorganisms in such micro habitats as 
leaf surface, fallen log, litter, soil etc. The number of species and 
population abundance in communities vary greatly. 

            In such communities there are diverse species. All these species are not 
equally important but these are only a few overtopping species which by 
their bulk growth can modify  habitat and control the growth of other  
species of the community, thus forming a sort of characteristic nucleus of 
the community, these species are called the dominants. Generally in most 
of the communities, only a single species, due to being particularly 
conspicuous, is dominant, and in such case the community is called by the 
name of dominant species as for example spruce forest community. In 
other, there may be more than one species are dominants as in oak hickory 
forest.   
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 Structure- besides composition and dominance, the community exhibit a 
structure or recognizable pattern in the spatial arrangements of their 
members. Thus structurally, a community may be divided horizontally in 
to sub communities which are unit of homogenous life forms and 
ecological relation. This horizontal division constitutes the zonation in the 
community. Latitudinal as well as altitudinal zonation of vegetation is 
observed in mountains, ponds, lakes etc. e.g.  In lake these are three zones 
littoral zones, limnetic zone, profundal zone, in each zone differ from each 
other. 

 
 

Fig. 6.1 : Diagrammatic sketch of three major zones of fresh water 
body as lake 

Another aspect of structure that is more common is stratification which involves 
vertical rather than horizontal changes within the community. In each horizontal 
zone, there may be recognised distinct vertical storeys. Sometime the stratification 
is very complex where communities possess a number of vertical layers of species, 
each made up of a characteristic growth form. In grassland community there a sub-
terranean flora, containing  basal portions of vegetation such as rhizomes of grass 
covered by litter and debris of plants as well as animals and herbaceous sub-
stratum consisting of upper part of the grasses or herbs with a characteristic fauna.  
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Stratification in forest is more complicated where as many five vertical 
subdivisions may be recognised. These are 1. Subterranean 2. Forest floor 3. 
Herbaceous 4. Shrubs 5.trees. In tropical rain forest there are as many as eight 
vertical strata based upon light and humidity requirements.    

 
 

Fig. 6.2 : A forest community showing stratification, with  five vertical 
sub-divisions of different vegetation types 
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6.4 Characters used in Community Structure Analysis 

To study the detail aspects of any community number of characters are taken in to 
consideration, these are then used to express the characteristics of community. 
These characters are broadly classified in to two major categories- 
1. Analytical characters- these are generally expressed in terms of 5 point 

scale. 
These are of two types- a.  Quantitative characters, b. Qualitative character 
a. Quantitative characters-  These include characters such as, Frequency, 

Density, Abundance,  Cover and Basal area etc 
b. Qualitative character- These include physiognomy, phenology, 

stratification, abundance, sociability or gregariousness, vitality and 
vigour, life forms etc 

2. Synthetic characters- These are actually computed from analytical 
characters. These are determined after computing the data from the 
quantitative and qualitative characters of the community. For comparing the 
vegetation of different area, community comparison needs the calculation 
of their synthetic characters. These are determined by terms of- Presence 
and Constance, Fidelity, Dominance, and synthetic characters. 

6.4.1 Raunkiaers Concept of Life Forms 

A life form can be defined as the characteristic vegetative appearance of plant 
regarding its shape, size, crown, histological features, modes of branching and its 
life span.  Raunkiaer’s (1934) viewed the concept as location of over wintering 
parts. Hanson and Churchill (1961) visualized that the floristic habit succession 
status, physiognomy and geographical character are the basis for life forms. But in 
general, it is noted that the genetic constitution and environmental factors 
determine the life forms. The sum of the adaptations of the plant to climate is the 
life form. The way in which different species overcome the adverse environmental 
conditions determine their limits of distribution. Thus the plants climate can be 
expressed by the statistical distribution of life forms in the flora of particular 
region. This statistical distribution of species among the life forms of a flora is 
defined as biological spectrum. 
Raunkiaer classified the vegetation life forms on the basis of (a) temperature and 
(b) position of buds in the plants. 
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Based on the temperature the vegetation of the world has been classified in to;  
i) Megatherms -plant requires constant and high temperature for their growth 

throughout the year. Tropics are the regions for these types of life forms. 
ii)  Mesotherms- plants that can tolerate low temperature for a longer or 

shorter period of year. The sub tropical conditions are favourable for the 
growth of such life forms. 

iii)  Microtherm- Plants that grows well under low temperatures and cannot 
tolerate high temperature. The temperate regions are good for growth of 
these life forms. 

iv)  Hekistotherms- Plants that requires constant low temperatures for the 
growth throughout the year. The alpine and arctic areas support this type of 
vegetation. 

Based on the position of the buds on the plant, Raunkiaer classified the vegetation 
of the world in to five classes. 
i) Phanerophytes- The buds in this group of plants are naked or covered by 

scales and are situated high up to the plants. The tree shrubs, climbers are 
included in the group and are generally occupy the tropical climates. 
Further, depending on the height of the plant the phanerophytes are divided 
in to; 
a) Mega phanerophytes-  Tree more than 30 meters of height. 
b) Meso phanerophytes-  Trees that are 8-30 meters of height. 
c) Micro phanerophytes-  Trees that are 2-8 meters of height.  
d)  Nano phanerophytes-    Trees that are below 2 meters in height. 
Epiphytes are also added in phanerophytes or sometimes included under 
separate life forms. Recently three more groups of plants are also added to 
phanerophytes and those are epiphytic phanerophytes, stem succulent 
phanerophytes and lianas phanerophytes. 

ii) Chamaephytes- the plants that have the buds situated just above the 
surface of the ground. These groups of the plants are very common on high 
altitudes. These plants die during winter season and their buds survive 
below ground and develop into new individuals during favourable periods. 
In this way, these plants can avoid the unfavourable situations and survive. 
This positioning of the buds and their survival is an adaptive character of 
these plants. 
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iii) Hemicryptophytes- the buds in such life forms are hidden below the 
surface of the soil or are protected by fallen litter and over winter there. 
These plants grow in cold temperate zones and their shoots generally die 
each year. Most of the biennial and perennial herbs are the best examples 
for such life forms. 

iv) Cryptophytes-The buds of these life forms are completely hidden in the 
soil as bulbs and rhizomes. Mostly, these life forms are found in arid zones 
(desert and steppes). Hydrophytes are also included in this life forms as 
their buds are embedded in the below the waste water surface. 

v) Therophytes- this life form are drought evading and completes their life 
cycle in single favourable season. They are dormant throughout the 
unfavourable season. They are dormant though out the unfavourable period 
in to the form of seeds. The hot or cold deserts are the appropriate climate 
conditions for the growth of their life forms. 

Raunkiaer’s life forms are also discussed based on the leaf size classes; 
i) Leptophyll-  Leaf size of the plant 25sqmm 
ii) Nanophyll- Leaf size of the plant 225sqmm 
iii) Microphyll- Leaf size of the plant 2025sqmm 
iv) Mesophyll-   Leaf size of the plant 18,222sqmm 
v) Macrophyll-  Leaf size of the plant 1,64,025sqmm 
vi) Megaphyll-    Leaf size of the plant more than macrophyll    
The percentage of different life forms in the total flora is known as biological 
spectrum. This will be varying in different ecological situation based on the 
climatic and edaphic conditions accordingly, all the ecosystems with their peculiar 
characteristics are compared with the normal Raunkiaer’s biological spectrum. 
6.4.2 Braun Blanquet’s Scheme 
Braun Blanquet (1951) modified Raunkiaer’s classification and proposed the 
following scheme; 
i) Phytoplankton- It includes microscopic forms that grow suspended in air, 

snow, or water surface.  
ii) Phytoedaphon- It includes the microscopic soil forms 
iii) Endophytes- It includes plants that grow within the bodies of other plants  
 e g. Some algae and fungi. 
iv) Therophytes- It includes annual e g. Algae, liverworts, mosses, ferns and 

some seed plants. 
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v) Hydrophytes- The plants that grow in water. 
vi) Geophytes- It includes the plants with perennating structure buried under 

the soil. 
vii) Hemicryptophytes- These Plants are with buds hidden below surface 

protected by litter. 
viii) Charmophytes- plants with buds just above surface. 
ix) Epiphytes- plants that grow on other plants. 
Sociability is one of the fundamental qualitative characters of communities. 
Proximity of plant to one another forms the patches, colonies and groups. This is 
the degree of association between species. Braun Blanquet used five sociability 
groups. 

S1-Plant (stem) found growing quite separately from each other thus occurs singly. 

S2- A group of 4-6 plants at one place. 

S3- Many smaller scattered groups at one place. 

S4- Several bigger groups of many plants at one place. 

S5- A large group occupying larger area. 

The capacity of normal growth and reproduction for successful survival of plant 
species is called as viability. The stem height, root length, leaf area, leaf number, 
number and weight of flower, fruits, seed etc. determine the viability of the 
community. Braun Blanquet classified the plants based on the specific character 
related to viability. It is; 

V1- plants whose seedling die 

V2 – plants whose seedling grow, but unable to reproduce 

V3- plants that reproduce vegetatively 

V4- plants that reproduce sexually, but uncommon 

V5- plants that reproduce sexually, but grow regularly 

To obtain various characters used to characterize a particular community several 
methods have been used from time to time. The field of community ecology has 
been investigated in detail particularly for plant communities, and thus methods 
described are mainly related to plants. 
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6.5 Methods of Study of Communities 

The various characters used to characterise a particular community, to obtain these 
characters several methods have been used from time to time.  
Various methods of study of plant communities are broadly classified into three 
major categories; 
(1) Floristic methods- There are rather obsolete methods. Here the flora is 

studied by listing various genera and species present in the community. 
Thus, vegetation is described in terms of the flora. These are actually 
descriptive methods. Such methods, however give little or no idea of the 
composition, structure, growth form etc of the community. 

(2) Physiognomic methods- The various species of the community are studied 
chiefly in terms of their life-forms (growth forms), general stature, spread 
etc, Out of a number of physiognomic methods. Raunkiaer’s (1934) life-
form method because most popular. We will describe this method in detail 
here. 

Raunkiaer’s life form method-this method has two parts; 
(a) Record of different life-forms. The various species of the 

community are recorded. These are than distributed among the 
different life forms- i.e. phanerophytes, chamaephytes, 
hemicryptophytes, cryptophytes and therophytes, on the basis of 
position of renewal bud or organs in the species. 

(b) Biological (phyto-climatic) spectrum. Biological spectrum 
represents the percentage (% of the total species in the community) 
distribution of species among the various life forms. Thus, through 
calculation of percentage value of each life form, biological 
spectrum of the area is obtained. 

(3) Phyto-sociological methods- None of the above said methods provides 
detailed information on the composition, structure, species diversity, 
growth, trends of succession and other characteristics of the community. 
Methods, based upon some such characteristics- phytosociological methods 
were developed. 

Sampling unit- In phytosociological methods, there are three forms of 
sampling units; area, line and point. 
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In area and line as sampling units, there is a definite area (suitable size) for 
sampling. However, in such communities as thick forests with long grassy 
and shrubby belts, it becomes difficult to have a definite area. For such 
analysis, point is taken as a sampling unit. 
On the basis of the nature of sampling units, there are three popular 
methods of study of communities. 
1. Quadrat method, where the sampling unit is definite area which is 

taken in form of a square, a rectangle, or a circle. 
2. Transect method, where the sampling unit is line of suitable length. In 

fact a segment of suitable length along the line may be considered as 
quadrate. 

3. Point method, where the sampling unit is a point. 

6.5.1 Quadrat Method 

Sample unit is a quadrate which is an area of a definite size. In shape, it may be 
square, rectangle or a circle. Depending upon the type of vegetation and purpose of 
study a quadrat may be 

 List quadrat. The species present in the area are simply listed 

 List-count quadrat. Besides listing the various species, numerical counts of 
individuals of each species are also made.  

 Chart quadrat. Here a detailed to scale growth and distribution of each species 
in space is recorded. The individuals are recorded on a miniature quadrat on 
graph paper by the use of pantograph at intervals of months or years. 

Experimental permanent quadrat. The chart quadrat is left undisturbed and the area 
is studied for vegetation changes over a long period, to study periodic changes in 
community. Such quadrates are useful in succession studies.  
Study of community by quadrat method involves three steps; 
1. To determine the minimum size of quadrate by Species Area Curve method 
2. To determine the minimum number of quadrates to be laid down, 
3. Record of the species- Their listing and counting of the individuals of each 

species. 

After the record of various species, the value of frequency, density, abundance is 
determined for each species of the community.   
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In this method, the list of different species and other data is systematically assessed 
and presented in tabular form consisting of the following items; 

Name of the plant species  
1. The number of quadrant are laid down(1-10) 
2. Total number of individuals of the species 
3. Total number of quadrants of occurrence 
4. Frequency percentage 

Frequency- Frequency is thenumber of sampling units in which a particular 
species occurs. Thus frequency of each species is calculated as follows- 

Frequency(%)= X 100 

After determining the frequency(%) of each species, these are then distributed 
among Raunkiaers(1934) five frequency classes-A,B,C,D,E, depending upon their 
frequency(%) value as follows; 

Frequency%                                    Frequency class 
 0-20 A 
 21-40 B 
 41-60 C 
 61-80 D 
 81-100 E  
Now find out the values (as % of the total species) of each of the five prepare the 
frequency classes to prepare the frequency diagram. 

> 
A>B>C=D<E 
< 

As a result of his extensive study, he also proposed a normal frequency diagram in 
which the % values of different frequency classes are-A-53, B-14, C-9, D-8 and E-
16. The frequency diagram prepared for the area studied is then compared with 
normal frequency diagram. A comparison makes it clear that values of frequency 
classes BCD are comparatively higher than their respective value in normal 
diagram , Thus community studied is a heterogeneous one, Higher values of E 
indicate the homogenous nature  of the community.   
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Fig. 6.4 : Frequency diagram of a grassland community showing that the 
value of frequency classes B,C,D are higher than upper  figure, thus the 

community is heterogeneous in nature 

Density-Frequency does not give correct idea of the distribution of any species, 
unless it is correlated with other characters such as density etc. Density represents 
the numerical strength of a species in the community. The number of individuals of 
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the species in any unit area is its density. Density gives an idea of degree of 
competition. It is calculated as follows-   

                          

Density=  

The value thus obtained is then expressed as number of individuals per unit area. 

Abundance- this is the number of individuals of any species per sampling unit of 
occurrence. It is calculated as follows- 

Abundance=  

Abundance thus obtained in quantitative terms give little idea of the distribution of 
the species. 

6.5.2 Transect Method 

A transect is a sampling strip extending across a stand or several stands of 
vegetation where line is the sampling unit. It may be a  

(a) Line transect- Line transect is a thin line, which is generally used for 
grasslands, or 

(b) Belt transect- Belt transect is a belt of suitable breath, used for forests. The 
transect is divided into segments of suitable length. This method is useful to 
analyse the vegetation changing in its composition through an ecotone. 
Each segment may be taken as a quadrate. Frequency, density values of 
each species is calculated. 

6.5.3  Point method  

The sampling unit is a point. For convenience, a number (usually10) of moveable 
pins (about 50cm long) are inserted in a wooden frame, known as point frame. The 
pins are laid down at random in the area. Plants hit by pins are recorded. Thus 
frequency of each species is taken as its occurrence in the sampling unit. For 
density values, there are two alternative procedures. 

1.  Random pair method and 

2. Point centred quarter method  
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For each of the above methods, frequency diagrams may be prepared which are 
compared with Raunkiaers (1934) normal frequency diagram to draw possible 
conclusions. 

6.6 Summary 

The basic of association of various populations i.e. community is the 
interdependence, limitations and complexity. Species diversity, growth forms, 
structure, dominance and successional trends are characterising the community.  

The dominance of a species in the community is based on their analytic and 
synthetic characters. The analytical characters include quantitative and qualitative 
characters. Quantitative characters these include characters such as, Frequency, 
Density, Abundance, Cover and Basal area etc. Qualitative character- these include 
physiognomy, phenology, stratification, abundance, sociability or gregariousness, 
vitality and vigour, life forms etc. Synthetic characters- these are actually 
computed from analytical characters.  

Raunkiaer’s biological spectrum explains the vegetation life forms based on the 
temperature and position of bud on the plant. The life forms related to temperature 
are classified in to megatherms, mesotherms, microtherms, and hekistotherms. The 
position of bud on the plant has classified the life forms in to phanerophytes, 
chamaephytes, hemicryptophytes, cryptophyetes and therophytes.  Further he 
classified the life form into leptophylls, nanophylls, microphylls, masophylls and 
macrophylls. 

Considering various climatic situations and organism behaviour Bran Blanquet has 
modify the Raunkiaer’s life forms and regrouped them into phytoplankton, 
phytoedaphon, endophytes, therophytes, hydrophytes, geophytes, 
hemicryptophytes , chaemophytes and epiphytes. These plant communities 
occupying in various terrestrial habitats are studied for their distributional levels by 
floristic, physiognomic and phytosociological methods. Among them the important 
approach is phytosociological methods which are evaluated by quadrat, transect 
and point method. In quadrat method frequency abundance and density of 
population is calculated and compared to normal biological spectra of Raunkiaer. 
The possible conclusions are made on the community dynamics and also the 
homogeneity or heterogeneity of the population is established.   
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6.7 Glossary  

 Abundance : this is the number of individuals of any species per sampling unit 
of occurrence. It is calculated as follows. 

 Biological spectrum : it represents the percentage (%) of the total species in 
the community. 

 Community : A group of several species living in similar habitat. 

 Density : it represents the numerical strength of a species in the community. 

 Desert : Barren area of land, or dry climatic zone where rain fall is very less 
(10-25cm) living condition are hostile to the plant and animals. 

 Dominant : main species of community control other all factor and species. 

 Epiphytes :Plants grows harmlessly on other plant. 

 Floristic : vegetation is described in terms of the flora. 

 Frequency : Frequency is the number of sampling units (as%) in which a 
particular species occurs. 

 Quadrat method : Sample unit is a quadrate which is an area of a definite size. 
In shape, it may be square, rectangle or a circle. 

 Sociability : Sociability is one of the fundamental qualitative characters of 
communities. 

 Species : The group of organism which can interbreed 

 Synthetic characters : the actually computed or derived characters. 

6.8 Self-Learning Exercise  

Section- A : (Very Short Answer Type Questions) 

1. Stratification is one of the characteristic of a....................  

2. Seasonal plant completing their life cycle in a................ 

3. Scientific study of seasonal change in life cycle is called..............  

4. Physiognomic method of study of plant community was given by....................... 
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5. Detailed information on the composition, srtructure, species composition of 
community provided by.................. method. 

6. Write the formula of abundance. 

7. Define viability. 
8. Microscopic soil forms are included in ............... by Braun Blanquet. 

Section- B : (Short Answer Type Questions) 

1.   Which method is suitable for study of forest community and why? 

2.    Define community and write its characters. 

3.   Write an account on the modified life forms of Braun Blanquet. 

4.   Explain the analytic characters of community. 

Section- C : (Long Answer Type Questions) 

1. Describe the normal biological spectrum of Raunkiaer based on the position 
of buds.  

2. Explain the types and procedure of population study by quadrat method. 

Answer key of section A 

1.  Community 

2.  Therophytes. 

3.  Phenology. 

4.  Raunkiaer. 

5.  Phytosociological method 

6. Abundance= 

 

7. The capacity of normal growth and reproduction for successful survival of 
plant species is called as viability 

8. Phytoedaphon. 
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Unit - 7 

Vegetation Development 
Structure of the Unit: 

7.0 Objectives 

7.1 Introduction 

7.2 Causes of Succession                                       

7.3 Trends of Succession 

7.4 Basic types of Succession 

7.5 General Process of Succession 

7.6 Concept of Climax in Succession  

7.7 Examples of Succession  

7.8 Summary 

7.9 Glossary  

7.10 Self Learning Exercise  

7.11 References 

7.0 Objectives 

After going through this unit you will be able to comprehend- 

 The basic concept and causes of succession 

 Trends and types of succession  

 General process of succession  

 Climax concept of succession and theories  

7.1 Introduction 

Communities are never stable, but dynamic, changing more or less regularly over 
time and space. Communities interact biotic factors as well as physical factors i.e. 
the environment. Environment is always kept on changing over a period of time 
due to; variation in climate and physiographic factors and the activities of the 
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species of the communities themselves. These influences bring about marked 
changes in the dominants of the existing community which is thus sooner or later 
replaced by another community at the same place. This process continues and 
successive communities develop one after other over a period of time in the same 
area, until the terminal final community, becomes more or less stable for a period 
of time. This occurrence of relatively definite sequence of communities over a 
period of time in the same area is known as Ecological succession. 

Ecological succession may be defined in term of the following three parameters--- 

 It is orderly process of community development that involves changes in 
species structure and community processes with time, it is reasonably 
directional and therefore predictable. 

 It results from modification of the physical environment by the community, 
that is succession is community controlled even though the physical 
environment determines the pattern, the rate of change, and often sets limits 
as to how far development can go. 

 It culminates in a stabilised ecosystem in which maximum biomass (or high 
information content) and symbiotic functions between organisms are 
maintained per unit of available energy flow. 

Hult (1885) firstly used the term “succession” for orderly change in communities. 

Clements (1916) while studying plant communities defined “succession” as the 
natural process by which the same locality become successively colonised by 
different group or communities of plants.  

Knight (1965) has defended the ecological succession as an orderly sequence of 
different communities over a period of time in some particular area. 

Smith (1966) Ecological succession is the orderly and progressive replacement of 
one community by another till the development of a stable community. 

Benton and Smith (1969) Succession is the occurrences of gradual, orderly and 
predictable changes in the composition of the communities towards the climax 
type. 

Odum (1971) preferred to call this orderly process as ecosystem development in 
place of ecological succession. 
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7.2 Causes of Succession                                       

Since succession is a process, more properly a series of complex processes, it is 
natural that there may not be a single cause for this, generally there are three types 
of causes; 

1. Initial or initiating cause- These are climatic as well as biotic. The former 
includes factors such as erosion and deposits, wind, fire etc caused by lightning 
or volcanic activity, and the latter includes the various activities of organisms. 
These produce bare areas or destroy the existing population in an area. 

2. Ecesis or continuing causes- These are the processes as migration, ecesis, 
aggregation, competition, reaction etc. which cause successive waves of 
populations as a result of changes, chiefly in the edaphic feature of the area. 

3. Stabilizing causes- These cause the stabilization of the community. According 
to Clements, climate of the area is the chief cause of stabilization; other factors 
are of secondary value.  

7.3 Trends of Succession 

An ecological succession proceeds along the following four lines; 

A continuous change in the kind of plants and animals 

A tending increase in the diversity of species 

A increase in the organic matter and biomass supported by the available energy 
flow (in heterotrophic succession reverse is true) 

Decrease in net community production or annual yield. 

7.4 Basic types of Succession 

The various types of succession have been grouped in different ways on the basis 
of different aspects; some basic types of successions are as follows-  

1. Primary succession- In any of the basic environments (terrestrial, fresh water, 
marine) one type of succession is primary succession which starts from the 
primitive substratum, where there was no previously any sort of living matter. 
The first group of organisms establishing there are known as the pioneers, 
primary community or primary colonisers, e.g. a new exposed rock, sand dune, 
new island or recent lava flow etc. 
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2. Secondary succession- Another general type of succession which starts from 
previously built up substrata with already existing living matter. The action of 
any external force as a sudden change in climatic factors, biotic intervention, 
fire etc, courses the existing community to disappear, thus, area becomes 
devoid of living matter but its substratum, instead of primitive, is build up 
where conditions for existence are already favourable. Such succession is 
comparatively more rapid, e.g.Cut over forests, Abandoned cropland and 
ploughed fields 

On the basis of factors responsible for environment changesuccessions are 
sometimes classified as;  

Autogenic succession- After the succession has begun, in most of the cases; it is 
the community itself which as a result of its reactions with the environment 
modifies its own environment and thus causing its own replacement by new 
communities. This course of succession is known as autogenic succession. e.g all 
common successions.   

Allogenic succession- The replacement of the existing community is caused 
largely by any other external condition and not by the existing organisms. Such a 
course is referred to as allogenic succession.e.g water body where nutrients and 
pollutants enter from outside and modify the environment. 

On the basis of successive change in nutritional and energy contents, successions 
are sometimes classified as;  

Autotrophic succession- it is characterised by early and continued dominance of 
autotrophic organisms like green plants. It begins in a predominantly inorganic 
environment and the energy flow is maintained indefinitely. There is gradual 
increase in the organic matter content supported by energy. 

Heterotrophic succession- it is characterised by early dominance of heterotrophs, 
such as bacteria, actinomycetes, fungi and animals it begin in a predominantly 
organic environment, and there is a progressive decline in the energy 
content.e.g.polluted stream, in fallen log,etc 

Some other kinds of succession based upon nature of the environment where 
the process is begun 

Hydrosere or hydrarch- starting where water is plenty, as lakes, streams etc 
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Mesarch or mesarch- where adequate moisture conditions are present as garden, 
farms, forest etc 

Xerosere or xerach- where the moisture presents in minimal amount as desrt, 
rocks etc. 

Lithosere- initiating on rocks, 

Psammosere- on sand. 

Halosere- saline water or soil. 

 

 
 

Fig. 7.1 : Hypothetical diagram of  various stages of Ecological succession 

7.5 General Process of Succession 

The whole process of a primary autotrophic succession is actually completed 
through a number of sequential steps, which follow one another. These are as 
follows- 
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(1) Nudation : This is the development of a bare area without any form of life. 
The area may develop due to several causes such as landslide, erosion, 
deposition or other catastrophic agency. The cause of nudation may be- 
a. Topographic- Due to soil erosion by gravity, water or wind the 

existing community may disappear. Other causes may be deposition 
of sand, landslide, volcanic activity and other factors. 

b.  Climatic- Glaciers, dry period, hail and storm, frost, fire etc may 
also destroy the community. 

c. Biotic- man is most important, responsible for destruction of forests 
grasslands for industry, agriculture, housing etc. other factors are 
disease epidemics due to fungi, virus etc, which destroy the whole 
population. 

(2) Invasion : This is successful establishment of a species in a bare area. The 
species actually reaches this new site from any other area. This whole 
process is completed in following three successive stages 

a.   Migration (dispersal) - The seeds, spores, or other propagules of 
the species reach the bare area. This process, known as migration, 
is generally brought by air, water etc. 

b.   Ecesis (establishment)-After reaching to new area the process of 
successful establishment of the species, as a result of adjustment 
with the conditions prevailing there, is known as ecesis. In plants, 
after migration, seeds or propagules germinate, seedling grows, 
and adults start to reproduce. Only a few of them are capable of 
doing this under primitive harsh conditions, and thus most of them 
disappear. Thus as a result of ecasis, the individuals of the species 
become established in the area.  The species which colonise the 
bare area in the beginning of succession are called pioneers. 

c. Aggregation- After ecasis, as a result of reproduction, the individual 
of the species increase in number, and they come close to each 
other. This process is known as aggregation. 

(3) Competition and coactions : After aggregation of a large number 
of individuals of the species at the limited place, there develops 
competition(inter/ intra specific) mainly space and nutrition. 
Individuals of a species affect each other’s life in various ways and 
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this is called coactions. The species, if unable to complete with 
other species, if present, would be discarded. 

(4) Reaction : This is the most important stage in succession. The 
mechanism of the modification of the environment through the 
influence of living organism on it, known as reaction. As a result of 
reactions, change takes place in soil, water, light conditions, 
temperature etc. of the environment. Due to all these the 
environment is modified, becoming unsuitable for the existing 
community which sooner or later is replaced by another community 
(seral community). The whole sequence of communities that replace 
one another in the given area is called a sere, and various 
communities the sere, as seral communities, seral stages or 
developmental stages. The pioneers are likely to have low -nutrient 
requirements, more dynamic and able to take, minerals in 
comparatively more complex forms. They are small-sized and make 
less demand from environment. 

(5) Stabilization (climax) : Finally, there occurs a stage in the process, 
when the final terminal community becomes more or less stabilised 
for a longer period of time and it can maintain itself in equilibrium 
with the climate of the area. This final community is not replaced, 
and is known as climax community and the stage as climax stage. 

 
Fig. 7.2 : Process of Succession 
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Different types of Succession 
Retrogressive succession : Some ecologists (Gleason, 1929), have talked of 
retrogressive succession in which continuous biotic influences have some 
degenerating influence on the process. Due to destructive effects of organisms, 
sometimes the development of disturbed communities does not occur and the 
process of succession instead of progressive becomes retrogressive. For example 
forest may change to shrubby or grassland community. This is called retrogressive 
succession. 
Deflected succession : sometime due to change in local conditions as soil 
characteristics or microclimate, the process of succession becomes deflected in a 
different direction than that presumed under climatic condition of the area. Thus 
the climax communities are likely to be different from presumed climatic climax 
community. This type of succession is called deflected succession. 
Seasonal succession- In India, with a monsoon type of climate, in some habitats 
like temporary ponds, pools etc the development of different kinds of communities 
are observed in different seasons of the year.  

7.6 Concept of Climax in Succession  

The final terminal and more or less stabilised community in succession that is able 
to establish some sort of equilibrium with the environmental conditions of that  
area was climax by Clements (1916). The subject of climax has been much 
controversial and is reviewed from time to time by many ecologists. According to 
Clements (1916, 1935), climax has the following three principal characteristics; 

1. Unity- Climax is a unit, and index of climate of area. 

2.  Stability-The form of climax community is more or less stable with the 
climate. 

3.  Origin and phylogenetic relations - Climax community is to be treated 
equivalent to an organism, which take birth, grows and develops and 
become mature. Similar to the development of organism with changing age, 
climax communities have also simultaneously undergone changes with 
changing climate. Thus phylogenetic relation may be established between 
different climax communities of world. 

There have been three popular theories about the climax concept in ecology. 
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Monoclimax theory- This theory was developed by Clements, he emphasized the 
importance of only climate in the stabilization of the climax community. 
According to the monoclimax theory, within a given region all land surfaces 
eventually tend to be occupied by a single kind of community which is climax. The 
climax is determined by the regional climate. Given a stable climate the climax 
community is stable indefinitely. This theory recognises only one climax, 
determined solely by climate, no matter how great the variety of environmental 
conditions is at the start. All seral communities in a given region, if allowed 
sufficient time, world ultimately converge to a single climax.  

However, his view was strongly criticised by many ecologists as Cowles, 
disagreeing with the idea of stability, stated that equilibrium state is never reached 
and succession is infract a variable rather than constant. According to Cooper, all 
progressive as well as retrogressive changes in communities reflect succession. 
Thus he considered climax state as state of minimum change, rather than finally 
changed state of succession. It is commonly observed that in the same climate, 
climax communities are different. Because, depending upon their primary stage 
and habitat characteristic, their successional stages are also different.  

Also, in same climate, a lithosere and hydrosere beginning with different pioneer 
communities and proceeding through different successive developmental stages, 
might develop into similar climax communities. Similarly, it may not always be 
true that successions with similar pioneer communities and seral communities 
would develop in to similar climax communities. In many conditions, in an area of 
uniform climate, it is common to observe different types of climax communities 
according to soil, topography and other factors. Under such situations it would not 
be correct to consider only the climate as determining factor in climax. 

Polyclimax theory- The climatic-climax concept of Clements was strongly 
opposed by ecologists including Tansley (1935) who believed that climax is 
controlled by many factors. According to this theory a number of different, climax 
communities may be present in a climatic or geographical region. Thus preclimax, 
postclimax and disclimax communities are all climax communitiesas they are all 
self reproducing and able to maintain for an indefinite period of time.This theory 
does not rule out climax communities but the other stages within the area are also 
given equal recognition and are not regarded as minor communities. Accordingly it 
becomes popularly known as polyclimax theory. As per this theory the climax 
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stage may be controlled by any factor of the environment and not only by climate. 
Accordingly the climax stage is to be named, depending upon the nature of the 
factor in stabilisation. Thus in addition to climatic climax, controlled by climate, 
there may develop;  

1. Edaphic climax-On an under developed soil, it develops due to edaphic 
effects. 

2. Biotic climax- Developed due to biotic disturbance. Some ecologists make 
further categorisation in to anthropogenic climax (due to man), grazing climax 
(due to grazing effects) and zootic climax (due to animals). 

3. Topographic climax- Due to difference in topographic factors at mountains, 
hills, mounds etc. 

4. Fire climax- Due to repeated effects of fire.  

Clements introduce in literature a number of new terms, with an attempt to 
accommodate the intermediate stages in his hypothesis. These are as follows- 

Subclimax- the stage in succession just preceding the climatic community was 
called a subclimax. 

Sere climax- the community, which become stabilised at any of the seral stage of 
succession due to microclimate, or effects of factors a less stabilised dues soil, fire 
etc, was called a sereclimax. 

Disclimax- A disclimax (disturbed climax) is the community which become more 
or less stabilised due to recurrent disturbance by man or other biotic factors, which 
prevent the establishment of climatic climax community in the area. 

Preclimax - it is the community with life forms lower than those in the expected 
climatic climax, which might develop in a habitat drier than that of the expected 
climatic climax. 

Postclimax- a strip of community with life forms higher than those in the expected 
climatic climax and which develops under more moist or colder habitats. 

As a result, followers of Clements coined a number of new terms. For instance, 
coclimax superclimax, quasiclimax, paraclimax, anti-climax, conclimax, 
peniclimax, metaclimax, pseudoclimax etc. 

Climax- pattern hypothesis- This concept about climax was put by R.H. 
Whittaker (1953). According to this theory, the composition, species structure and 
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balance of a climax community are determined by the total environment of the 
ecosystem and not by one aspect, such as climate alone. Factors involved are the 
characters of each populations, their biotic interrelationships, availability of biota 
to colonise the area, the chance dispersal of seeds and animals, the oil and the 
climate. The pattern of climax vegetation will change as the environment changes. 

 On the basis of community gradient analysis, it was postulated that the 
communities developing at a particular place are in accordance with all the factors 
of environment. In this area, the vegetation may not be divided into smaller basic 
units. In fact different climax type is orderly organised parallel to the environment 
gradient. According to this hypothesis, there is in a sense, only one big community 
that changes according to soil, slope, and other habitat factors. 

Information theory- This theorywas proposed by Fosberg (1965, 1967) and 
Odum (1969). It considered succession and climax in terms of ecosystem 
development. In autotrophic succession, diversity of species tends to increase with 
an increase in organic matter content and biomass supported by the available 
energy. Thus in the climax community, the available energy and biomass, which is 
called information content, increases. In contrast to it, in a heterotrophic 
succession a gradual depletion of energy occurs, because the rate of respiration 
always exceeds that of production. However in an ecosystem both the autotrophic 
and heterotrophic successions operate in a coordinate manner. The autotrophic 
individuals drive mineral elements from the soil and the atmosphere, while the 
heterotrophic individuals carry on return of the nutrients to the soil and the 
atmosphere, through the decomposition of complex dead organic matter. Thus 
succession reaches a stage, the climax stage, when the amount of energy and 
nutrients received from the environment by the plants is again returned in more or 
less similar amount to the environment by decomposition through heterotrophs. 

7.7 Examples of Succession  

Ecological succession can be best illustrated by studying the following examples in 
different habitats. 

Hydrosere (Aquatic succession)    

The various stages in a hydrosere are well studied in ponds, in a new virgin pond. 
Hydrosere starts with the colonisation of some phytoplanktons which forms the 
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pioneer plant community and finally terminates in to a forest (the climax 
community), the completeprocess of hydrosere includes the following stages. 

 Phytoplankton stage 

 Rooted submerged stage 

 Rooted floating stage 

 Reed swamp stage 

 Sedge meadow stage 

 Woodland stage 

 Forest stage   
Lithosere (A xerosere on rock) 
This type of xerosere originates on rock surface. Substrate is deficient in water and 
lack of any organic matter.It start from lichen and through a series of serial stages 
finally terminates in to forest. The serial stages are- 

 

 Custose lichens 

 Foliose lichen 

 Moss stage 

 Herbs stage 

 Shrub stage 

 Forest stage 
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Fig. 7.3 : Hydrosere (Aquatic succession) 

 

 
Fig. 7.4 : Lithosere  (A xerosere on rock) 
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7.8 Summary 

It can be inferred from above reading that the development of community in an 
ecosystem begins with pioneer stage which are replaced by a series of more mature 
communities until a relatively stable community is formed which is in equilibrium 
with the local conditions. The whole series of communities which develop in a 
given area is called sere, the relatively transitory communities are called seral 
stages or pioneer stages and the final stabilised community is called climax 
community. The principle of ecological succession is one of the most important 
aspects of ecology. The remarkable thing about it is directional and predictable, 
and results from the modification of the physical environment by the community. 
In the end it culminates in a stabilized ecosystem in which maximum biomass and 
symbiotic function between organisms are maintained. 

7.9 Glossary  

 Abundance : this is the number of individuals of any species per sampling unit 
of occurrence. It is calculated as follows. 

 Biological spectrum : it represents the percentage (%) of the total species in 
the community. 

 Community : A group of several species living in similar habitat. 

 Density : it represents the numerical strength of a species in the community. 

 Desert : Barren area of land, or dry climatic zone where rain fall is very less 
(10-25cm) living condition are hostile to the plant and animals. 

 Dominant : main species of community control other all factor and species. 

 Epiphytes : Plants grows harmlessly on other plant. 

 Floristic : vegetation is described in terms of the flora. 

 Frequency : Frequency is the number of sampling units (as%) in which a 
particular species occurs. 

 Quadrat method  :  Sample unit is a quadrat which is an area of a definite 
size. In shape, it may be square, rectangle or a circle. 

 Sociability : Sociability is one of the fundamental qualitative characters of 
communities. 
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 Species : The group of organism which can interbreed 

 Synthetic characters : the actually computed or derived characters. 

7.10 Self -Learning Exercise  

Section- A : (Very Short Answer Type Questions) 

1. Stratification is one of the characteristic of a....................  

2. Rates of production are generally more than rates of respiration 
in........................ 

3. The hydro sere in a pond begins with............................... 

4. The whole sequence from beginning till the climax stage in a succession in 
a climax in a succession is called a............................... 

5. Lichnes are the primary colonisers in a.................... . 

6. The final, terminal stabilised stage of a plant succession is called? 

7. The earliest stage in plant succession is called? 

8. Information theory was proposed by whom? 

Section- B : (Short Answer Type Questions) 

1. Which method is suitable for study of forest community and why? 

2. Define community and write its characters. 

3. Write an account on the modified life forms of Braun Blanquet. 

4. Explain the analytic characters of community. 

Section- C : (Long Answer Type Questions) 

1. What is succession? Describe the causes, trends and basic types of 
succession.  

2.  Define succession; Give an account of general process of succession in 
nature. 

Answer key of section A 

1.  Community 

2.  All Autotrophic successions. 

3.  phytoplankton. 
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4.  sere. 

5.  rock 

6.        climax 

7. Nudation 

8. Fosberg (1965, 1967) and Odum (1969). 
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Unit - 8 

Climate Change 
Structure of the Unit: 

8.0 Objectives 

8.1  Introduction 

8.2 Consequences of Climate Change 

8.3 Global Warming 

8.4 Green House Effect 

8.5  Green House Gases 

8.6 Ozone Layer, its Depletion and Ozone Hole 

8.7 Carbon di oxide Fertilization              

8.8 Sea Level Rise             

8.9  Copenhagen Summit (2009) and Montreal Protocol  

8.10 Summary                      

8.11 Glossary                      

8.12 Self -Learning Exercise 

8.13 References 

8.0 Objectives 

After going through this unit you will be able to  

 Understand about climate change and major Global problems  

 know the concept of Green House Effect and Green House Gases 

 understand the Ozone Layer and its Depletion about Ozone hole 

 find out the consequences of climate change 

8.1 Introduction 

The most significant global environmental problem faced by the world community 
is related to‘Global Environmental Changes’ (GEC). Alterations in both physico 
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chemical (Abiotic) and biological (Biotic) components of the biosphere by human, 
resulted in environmental degradation world over. Major environmental problems, 
that are infact the manifestation of the degraded environments at global level 
include air and water pollution, loss of biodiversity, global warming,ozone 
depletion, emission of green house gases at alarming increasing rate, deforestation 
etc.  

The probable net result of global warming would be climatic changes at local, 
regional and global levels. The international communities are scared of 
catastrophic adverse effect of future climatic changes on different spheres of man 
and nature e.g. sea level changes, submergences of island nations and major coastal 
low lands, atmospheric dynamics including evaporation and precipitation, global 
radiation balance, photosynthesis and ecological productivity, plant and animal 
community, human health and wealth and many more. The major sources of global 
environmental problems have been identified as rapid rate of industrialization and 
urbanization, population growth at alarming rate, advancement in productive 
technology; major land use changes etc and efforts are taking for tackling this 
alarming problem of global warming leading to climatic changes. 

8.2 Consequences of Climate Change 

There are many evidences of climate change; these evidences draw the attention at 
locally and globally. studies of climate were done in  past and it is compared with 
present climatic conditions  to prove that climate is changed with time, by various 
experiments, impact assessments, study of rocks, ice cover, sea levels, radio 
tagging, analysis of coral rings, tree rings over the time etc. The few facts that 
indicate the change in atmosphere are- 

 Temperature of the earth increased in last few decades called global warming. 

 Widening of Arctic Ozone hole and depletion of ozone layer. 

 Oceans are warm leading to sea level rise in different localities. 

 Glaciers and snow covers are melting down. 

 Arctic ice cover is shrinking in depth and extent. 

 Seasonal changes are observed. 
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 Climatic condition is altered. 

 Extreme and erratic weather conditions leading to flood, drought, famine and 
various diseases. 

 More intensive and longer droughts are observed 

 Change in vegetation pattern 

 Threatened ecosystem, communities and livelihood, 

 Loss of land due to inundation and erosion increased flooding and salt water 
intrusion. 

 Effect on coastal agriculture, fisheries, aquaculture, and tourism  

 Social economic impacts of climate changes on human civilization 

8.3 Global Warming 

Global warming refers to gradual rise in atmospheric and ground surface air 
temperature and consequent change in global radiation balance caused mainly by 
anthropogenic processes leading to climatic change at different levels (Local, 
Regional and Global). It may be pointed out that the pattern of global rise in air 
temperature has been studied and reported by different scientists and agencies but 
their results are not uniform. Radioactive forcing, as defined and used by 
intergovernmental panel on climate change(IPCC,1990), refers to the effects which 
green house gases have in altering the energy balance of the earth atmosphere 
system’(GWP) is used as a tool to compare the relative warming effect of different 
gases. There are some differences of opinions, however, about the extent of rise in 
earth’s temperature due to increasing CO2 levels.  

Some analysts believe that changes in the earth’s mean temperature will be 
apparent by 2050, when the temperature would increase by 1.5 to 4.50C. According 
to one projection, changes will be the least in the tropics and the most at the poles. 

It has been estimated that the overall increase in the surface air temperature over 
the past one hundred year has been about 0.050 C to 0.70 C. It was mentioned that 
rise of 20 C temperature was recorded in the Indian Ocean during 1997-1998 which 
caused catastrophic coral bleaching leading to 70% death of corals in the Andaman 
Nicobar and Lakshadweep islands.  
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Various models have been developed to predict global rise in air temperature. The 
general circulation model developed by S.Manabe and R.T Wetherald (1975) 
predicts that if the present amount of carbon dioxide of the atmosphere is doubled, 
the temperature of the earth’s surface will increase by 2.90 C. 

 

 
The temperature has gradually risen over the last 150 years. 

Fig. 8.1 : Depiction of the mean temperatures in the northern hemisphere 

8.4 Green House Effect 

 There are two common meanings of the term "greenhouse effect". There is a 
"natural" greenhouse effect that keeps the Earth's climate warm and habitable. 
There is also the "man-made" greenhouse effect, which is the enhancement of 
Earth's natural greenhouse effect by the addition of greenhouse gases from the 
burning of fossil fuels (mainly petroleum, coal, and natural gas).  


