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Block Introduction 

Man has been taking keen interest in his surrounding and for that matter his environment in 

a practical sense since his evolution. His matter of survival was dependent on his understanding of 

the natural forces, the flora and fauna surrounding him. Civilization and settled agriculture further 

strengthened his relationship with environment as he started modifying and controlling the forces 

of nature. However, it is important to understand the concepts of environment ecology or 

ecosystems, which are loosely used interchangeably or as substitutes of each other.  

This block consisting of four units and gives you an overview of environment and introduces 

you to the concept of ecosystem and its functioning. In Unit 1, you will study the principle and scope of 

environmental science, the origin of environment, its characteristics, and impact of human activities on the 

environment. In Unit 2, detailed information on the biosphere is given along with notes on the Lithosphere 

and atmosphere- major components of our environment. By being important components of the 

environment, they play a major role in various environmental processes. The word Sustainable 

development is making a buzz these days. Of late, man has understood the necessity to conserve the 

environment as it is mandatory for his own survival. But, the developmental processes cannot be stopped. 

Sustainable development aims at balancing the both in such a way that the developmental processes are 

undertaken with minimum stress on the environment. A brief introduction to the theme of sustainable 

development is also given in this unit. In Unit 3, we have discussed the nature of aquatic and terrestrial 

ecosystem in brief, followed by an introduction to ecosystem modeling and its significance. As an 

example for aquatic ecosystem, Lake Ecosystem and its components have been discussed in detail. One of 

the major problems associated with water bodies- eutrophication is explained along with the control 

measures. Unit 4 focuses on the role of certain abiotic factors and their role in deciding many physiological 

processes. This topic has been discussed with reference to the laws proposed by Leibig and Shelford and 

the primary productivity, its types and methods of measurement is given. 

 
Chairman 
Department of Environmental Science 
Karnataka State Open University 
Mukthagangothri, 
Mysuru – 570 006  
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1.0. OBJECTIVES 

After reading this Unit, you will be able to 

• explain environment, its significance and origin 

• discuss the reasons and need to protect environment 

• elaborate the impacts of  human activities on the environment 

• explain biodiversity, its significance and conservation 
 

1.1. INTRODUCTION 
  

 
Environmental science encompasses many interconnected issues involving human population, 

earth’s natural resources, environmental pollution etc. and combines information from many disciplines, 

such as biology, geography, geology, chemistry, physics, economics, sociology, demography (the study of 

populations), cultural anthropology, natural resources management, agriculture, engineering, law, 

politics, and ethics. 
 

1.2. DEFINITION, PRINCIPLES AND SCOPE OF ENVIRONMENTAL SCIENCE 
  

 
A critical observation of your surroundings might have ignited an array of questions in your 

mind, at least once. How did life and its surroundings originate on earth? How did this life branch out 

leading to the current diversity on earth? What is the significance of our surrounding? Is it changing 

because of our intervention? Should we do something to restore homeostasis of the surroundings? So 

on and so forth. Before trying to answer the above questions let us understand the basics of 

‘Environmental Science’ which in turn would address these issues. The word “environment” originates 

from “environ” and refers to the ‘things that surround’. The environment of an organism consists of all 

the physical and biological surroundings and their interactions (Environment Protection Act). Environment 

can also be defined as the sum total of all conditions and influences that affect the development and life of 

all organisms on earth. 

Ecology is a branch of biology and a basic tool of environmental science and aims at the 

study of interrelationships between organisms and their environment. The word ‘ecology’ is derived 

from the Greek oikos, meaning “household,” and logos, meaning “study.” Thus, the study of the 

environmental house includes all the organisms in it and all the functional processes that make the house 

habitable. Ecology might therefore be thought of as the study of the ‘home life’ of living organisms. The 

environment of an organism consists of all those factors and phenomena outside the organism that 

influence it, whether these are physical and chemical (abiotic) or other organisms (biotic). In common 



3 
 

usage, “environmental science” and “ecology” are often used interchangeably, but technically, 

ecology refers only to the study of organisms and their interactions with each other and their 

environment (fig-1shows the levels of organization of matter in nature. Ecology focuses mainly on 

organisms, populations, community, ecosystem and biosphere). In practice, there is considerable overlap 

between the work of ecologists and other environmental scientists. 

Scope of Environmental science 

The environment studies provide detailed information about our surroundings, its importance 

and influence on organisms, including human beings. It even talks about the protection and conservation 

of our surroundings, which is being destroyed/altered due to human intervention. At present a great 

number of environment issues, have grown in size and complexity, threatening the survival of mankind on 

earth. Man is himself an organism within an environment. Like other animals, man is influenced by the 

physical features of his environment and absolutely dependent upon other species for his food, clothing, 

medicine, and other similar aspects and he has to adjust to other individuals of his own species. Therefore, 

the basic laws of ecology apply well to him and its fundamental knowledge is must for man for his own 

existence on this planet (Earth). Man almost always has a modifying influence, and without proper 

regulation he often has a destructive effect. For instance, by applying certain ecological principles to such 

fields as agriculture, biological surveys, game management, pest control, forestry, horticulture, and fishery 

biology, he has received tremendous economic gains. Its knowledge is found critically important for 

intelligent conservation whether in relation to soil, forest, wildlife, water supply or fishery resources. 

Further, rapid growth of urbanization and fast rate of multiplication of human population have 

resulted in fatal threat of scarcity of wild life, food, open space, and of survival. There are certain other 

ecological problems. Agriculture and now forestry are concentrating upon monoculture or single species 

ecosystems–in spite of the difficulties and dangers associated with unnaturally simplified ecosystems that 

lack a diversity of species. Over much of the world, especially in the grasslands, we continue to disrupt 

the energy balance through overgrazing and end up with eroded mountain sides, silt-clogged streams and 

lakes, and a scarcity of water. Therefore, future of human life on earth demands more knowledge about 

the ecosystems and other ecological problems. 
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Fig-1. Some levels of organization of matter in nature. Ecology focuses on the top five of these 

levels. (Adapted from G. Tyler miller, Jr. Scott E. Spoolman) 

Environmental science as a subject has a wide scope. It encompasses a large number of areas and 

aspects, which may be summarized as follows. 

· Natural resources — their conservation and management 

· Ecology and biodiversity 
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· Environmental pollution and control 

· Social issues in relation to development and environment 

· Human population and environment 

Several career options have emerged in these fields that are broadly categorized as: 

(i) Research & Development (R & D) in environment: Skilled environmental scientists have an 

important role to play in examining various environmental problems in a scientific manner and carry out R& D 

activities for developing cleaner technologies and promoting sustainable development. There is a need for 

trained manpower at every level to deal with environmental issues. Environmental management and 

environmental engineering are emerging as new career opportunities for environmental protection and 

management. 

(ii) Green advocacy: With increasing emphasis on implementing various Acts and laws 

related to environment, need for environmental lawyers has emerged, who should be able to plead 

the cases related to water and air pollution forest, wildlife etc. 

(iii) Green marketing: While ensuring the quality of products with ISO mark, now there is an increasing 

emphasis on marketing goods that are environment friendly. Such products have ecomark or ISO 14000 

certification. Environmental auditors and environmental managers would be in great demand in the coming years. 

(iv) Green media: Environmental awareness can be spread amongst masses through mass media like 

television, radio, newspaper, magazines, hoardings, advertisements etc. for which environmentally educated 

persons are required. 

(v) Environment consultancy: Many non- government organizations (NGOs), industries and 

government bodies are engaging environmental consultants for systematically studying and tackling 

environment related problems. 

The United Nations conference on environment and development held in Rio de Janeiro in 1992 and 

popularly known as ‘Earth summit’ followed by the world summit on sustainable development at 

Johannesburg in 2002 have highlighted the key issues of global environmental concern and have attracted the 

attention of the general public towards the deteriorating environment. Any government at its own level 

cannot achieve the goals of sustainable development until the public has a participatory role in it. Public 

participation is possible only when the public is aware of the ecological and environmental issues. A drive by 

the government to ban the littering of polythene cannot be successful until the public understands the 

environmental implications of the same. The public has to be educated about the fact that if we are degrading 

our environment we are actually harming our own selves. This is because we are a part of the complex 

network of environment where every component is linked to another. If we want to manage our planet earth, 
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we have to make all the persons environmentally educated. In view of this the supreme court of India issued 

directive to make all curricula environment-oriented in 1991. 

Making environmental education the centre of all learning process will greatly help in changing the 

thinking and attitude of people towards our earth and the environment. Introducing the subject right from the 

school stage will inculcate a feeling of belongingness to earth in the small children. Earth thinking will gradually 

get incorporated in our thinking and action which will greatly help in transforming our life styles to sustainable 

ones. 

 

1.3 EVOLUTION OF ENVIRONMENT 
  

 
As mentioned earlier, environment refers to the things that surround us. Let us briefly understand the 

evolution of our surroundings. Though there are many theories on the formation of this universe, we will 

consider the Big Bang model, or theory, which explains the early development of the universe. The theory 

tries to explain some of the earliest events in the universe (but not the absolute earliest state of things, 

or where it comes from). Our universe was once in an extremely hot and dense state that expanded 

rapidly (a “Big Bang”-remember there was no explosion). Big Bang caused the young universe to 

cool and resulted in the present diluted state that continues to expand today. Based on the best 

available measurements as of 2010, the original state of the universe existed around 13.7 billion years 

ago, which is often referred to as the time when the Big Bang occurred. The theory is the most 

comprehensive and accurate explanation supported by scientific evidence and observations. 

Georges Lemaître proposed what became popularly known as the Big Bang theory of the origin of the 

universe. ‘Hypothesis of the primeval atom’ was the name given by him for his theory. The 

framework for the model relies on Albert Einstein’s general relativity and on simplifying 

assumptions. The governing equations had been formulated by Alexander Friedmann. When the 

universe was less than 10-43 seconds old, the almost infinitely dense universe experienced some 

quantum fluctuations, which determined the whole future course of universal history. By 10 microseconds 

after the birth of the universe, protons and neutrons had formed. When the universe was one millisecond old, 

it was denser than the nucleus of an atom, consisting neither of energy nor matter as we know them today. 

As the universe expanded and cooled, particles, then hydrogen atoms, formed. Almost equal amounts of 

matter and antimatter were produced and canceled each other out; the slight excess of matter (one part in 100 

billion) that survived is what the universe is made of. During early moments matter was an ultra super dense 

brew of particles called ‘quarks’. This mixture had sparkling electrons, photons and other light elementary 

particles. At this time the temperature was more than 10000 times hotter than the suns core. 

Out of this brew plasma rather than a gas evolved. For a long time, heat prevented chemical 
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combination of protons. It is speculated that the early universe would have appeared as a dense mass of fog. 

When temperature was around 3000K, atoms were formed by combinations. As a result of this the 

universe became transparent. After the combinations, the ordinary matter in the universe consisted entirely 

of neutral hydrogen and helium with a little bit of lithium. The universe was still hot, extremely dense and 

dark as there was no star to emit visible light. This period is known as Dark Age. At some stage, dark 

matter particles experienced only gravity and began pulling themselves together into clumps. Gravity would 

have attracted the neutral atoms of hydrogen and helium to the clumps, leading eventually to a very vast cloud 

consisting of both forms of matter in the center of which the first massive star was born. Our solar system is 

calculated to have originated by condensation from a rotator mass of gas and dust about 4.6 billion years 

ago. Inside the larger stars, additional fusion reactions produced atoms larger than helium. These 

stars gradually expand and become dimmer. At some point, most stars explode. The largest stars explode 

into supernovae. One supernova can release as much energy as an entire galaxy. Gravity began to pull these 

atoms together again in a flat, circular, swirling mass. The hydrogen in the dense center of the circle ignited 

once again in fusion reactions about five billion years ago. This was the birth of the Sun. The atoms away 

from the center formed clusters (planetesimals), some of gases, others of heavier elements. The gaseous 

clusters never produced sufficient pressure to ignite; they became the gas giant planets Jupiter, Saturn, 

Uranus, and Neptune. The clusters of heavier elements became the remaining planets, including our 

‘Earth’. More than 150 planets have been detected revolving around other stars. Eventually the Sun will cool to 

a red color and expand, becoming a red giant. Life on Earth will have ended before this. About the time, five 

billion years from now, that the Sun explodes, the Milky Way galaxy will collide with the Andromeda 

galaxy. Although galaxies are mostly empty space, gravitation will draw stars together in many colorful 

explosions. 

Most mythologies contain a nearly instantaneous creation of the Earth by one or more gods, 

followed shortly thereafter by the creation of humankind. As the documentation of fossils began, it became 

apparent that there was a time early in the history of the Earth when complex life-forms did not yet exist. 

Radiometric dating has become a very precise method of determining the periods of time in which 

different fossilized species lived, the times at which major Earth catastrophes occurred and of the age of the 

Earth. The Earth formed about 4.6 billion years ago. Its initial heat, plus the impacts of extraterrestrial 

debris prevented the formation of oceans until about 3.8 billion years ago. According to most evolutionary 

scientists, life began shortly after the oceans formed. 

Earths first atmosphere which consisted of hydrogen and helium did not last. A secondary 

atmosphere arose between 4.2 and 3.8 billion years ago largely from volcanic out gassing. But comets were 

the sources of many gases especially water vapour. Major constituent of secondary atmosphere are thought 

to have been water vapour and CO2; other gases probably include hydrogen (H2), carbon monoxide (CO), 

nitrogen (N2), ammonia (NH3),methane (CH4), hydrogen sulphide and hydrochloric acid. As the time went 
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on, earth’s surface temperature cooled and liquid water formed allowing CO2 to be absorbed by oceans and to 

react with silicates to produce carbonates and reduced CO2 in atmosphere. A number of noble gases such as 

neon, argon, xenon also may have been prevalent and should have persisted. Earth today is a layered 

structure. But when the earth was formed, collisions and radioactive decay of elements already present 

caused the temperature to increase substantially. As a result earth became molten, heavier elements 

particularly iron sunk inwards while lighter materials gravitated towards the surface. 

Until recently the oldest rocks found on Earth were about 3,800 million years old, leading 

scientists to believe for decades that Earth’s surface had been molten until then. Accordingly, they 

named this part of Earth’s history the Hadean eon, whose name means “hellish”. However analysis 

of zircons formed 4,400 to 4,000 million years ago indicates that Earth’s crust solidified about 100 

million years after the planet’s formation and that the planet quickly acquired oceans and an 

atmosphere, which may have been capable of supporting life. Soil, a combination of mineral 

particles and decomposed organic matter, did not exist. Land surfaces would have been either bare 

rock or unstable sand produced by weathering. Water and any nutrients in it would have drained 

away very quickly. 

1.3.1. Origin of life 

One of the greatest challenges to evolutionary science has been to explain how life began. Cells 

were probably in existence by 3.5 billion years ago, which was not very long after the oceans themselves 

formed. Evolutionary scientist J. William Schopf has found evidence, albeit controversial, of cells in 

rocks of the 3.5- billion-year-old Apex chert of Australia. Schopf claims to have recognized at least 11 

different kinds of cells, which resemble modern cyanobacteria (eg. blue green algae). The oldest 

sedimentary rocks in the world—3.8 billion years old—come from the Isua formation of Greenland. 

These rocks contain no fossils but do contain carbon compounds with an isotope ratio that suggests that 
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it is of biological origin. Until 3.9 billion years ago, the solar system was filled with errant asteroids and 

comets that crashed into the planets. On Earth, evidence of this bombardment has been largely erased 

by erosion; however, on the Moon, the craters (hollow or depression) have been preserved. Collisions 

with asteroids may have vaporized any oceans, and any life they might have contained. It appears that 

the origin of life is bracketed between 3.9 billion years ago, before which life would have been eliminated, 

and 3.8 billion years ago, by which time life was already in existence. 

There are three possibilities for where life originated: 

1. Life evolved on Earth only 

According to the Rare Earth hypothesis, the conditions necessary for complex life are so 

uncommon that the Earth may in fact be the only planet on which complex life has evolved. They also 

assume that bacterial life might be common in the universe. 

2. Life evolved someplace else, and was then transported to the Earth 

This hypothesis is called panspermia (“seeds everywhere”). Swedish chemist SvanteArrhenius 

brought up this idea early in the 20th century. Astronomers Fred Hoyle and Chandra Wickramasinghe 

have quite seriously suggested that the first cells came to the Earth from outer space, from a “life cloud”. 

The Martian meteorite, ALH84001 contains organic molecules, and structures that may be bacterial 

fossils. Despite these suggestions, it is unlikely that Martian bacteria would have survived being ejected 

from Mars, the journey through outer space, and falling through the atmosphere. It is therefore unlikely 

that meteorites brought the molecules of life to the Earth. 

3. Life evolved on Earth, but also in other places 

This idea is popular among scientists because the universe is, in fact, full of organic molecules. 

On the Earth today, all organic molecules have a biological origin: Even petrochemicals are the products 

of plants that died millions of years ago. But organic molecules can be produced during the same 

processes that form stars and solar systems. Organic chemicals (for example, naphthalene) are common in 

nebulae. There are at least 27 kinds of organic molecules, some quite complex, in the tails of Halley’s and 

Hale-Bopp comets. The Murchison meteorite, a carbonaceous meteorite that fell in Australia in 1969, 

contained at least 74 kinds of molecules, of which eight are amino acids found today in living cells, as well 

as fatty acids, glycerol, and purine and pyrimidine bases (found in nucleic acids such as DNA). This was 

also true of the Tagish Lake meteorite, which fell in Canada in 2000. Careful analysis discounted the 

possibility that these molecules were terrestrial contaminants. 

The presence of organic molecules in outer space does not explain where terrestrial organic 

molecules came from. It demonstrates that the universe has produced immense amounts of the very 
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kinds of organic molecules from which life is made—and this could have happened on the early Earth as 

easily as anyplace else in the universe. Because organic molecules are so common in the universe, the 

presence of PAH (polycyclic aromatic hydrocarbons) in the famous Mars meteorite is not itself evidence of 

life. [The study of life outside of the Earth is called astrobiology (“star-life”), formerly called exobiology 

(“outside life”)]. 

A. Producing the molecules. 

Biological molecules can form from inorganic molecules. Jons Berzelius, one of the most famous 

chemists of the early 19th century, said in 1827 that organic molecules could not be made from inorganic 

sources. The very next year, his friend and former student Friedrich Wohler synthesized urea, known at that 

time only from kidneys, simply by heating ammonium cyanate. Louis Pasteur showed that life comes only 

from life today and under normal conditions (the law of biogenesis), but many 19th- and early 20th-

century scientists speculated about the abiotic origin of life (abiogenesis) 

1. What was the energy source? 

To make simple inorganic molecules into complex organic molecules, energy is necessary. The early 

Earth had numerous sources of energy for the synthesis of organic molecules: lightning, ultraviolet light, 

cosmic radiation, and heat from asteroid bombardments and volcanoes, to name a few. 

During the mid-20th century, the atmosphere of the early Earth was assumed to be reducing, 

consisting of molecules such as methane, ammonia, water vapor, and hydrogen. By the late 20th 

century most scientists believed that the early Earth atmosphere was neutral, consisting largely of 

carbon dioxide. Recent evidence suggests that the atmosphere might have contained a substantial amount of 

methane after all. Based on studies of siderite minerals from the earliest sedimentary rocks, some 

scientists have suggested that the atmosphere could not have contained enough CO2 to have produced the 

greenhouse effect that was known to have prevailed on the Earth at that time, and that methane, a potent 

greenhouse gas, might have been largely responsible for the warmth of the atmosphere and Earth. The only 

fact on which there is universal agreement is that the atmosphere of the early Earth contained virtually no 

oxygen. 

Many scientists assume that life must have originated in shallow seas. One problem with this 

hypothesis is that the same ultraviolet radiation that would provide energy to organic syntheses would also 

have destroyed the molecules. Some scientists, such as geologist John Corliss, have asserted that life 

originated in deep ocean vents, where water meets lava. This has the disadvantage that the heat itself could 

have destroyed the organic molecules as easily as it created them. Some bacteria that live under those 

conditions today have special adaptations that prevent the heat from disrupting their molecules. The deep 

sea vents have abundant ferrous ions, which would have produced a reducing environment and 

encouraged the synthesis of organic molecules. 
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1.3.2. Evidence for the origin of organic molecules on the early earth 

Many scientists, starting with Aleksandr Ivanovich Oparin in Russia and J. B. S. Haldane in 

England, have suggested that organic molecules came into existence under the conditions of the primordial 

Earth. During the second half of the 20th century, numerous simulations of early Earth conditions have 

been conducted in laboratories. The earliest, and still most famous, of these simulations was conducted 

by biochemist Stanley Miller in 1953. He put a mixture of reducing gases (including methane and 

ammonia) into glassware that circulated the gases through water and past an electric spark. Organic 

molecules accumulated in the flask. Interestingly, the product was dominated by a few molecules: formic 

acid, glycine, glycolic acid, alanine, lactic acid, acetic acid, and propionic acid, in descending 

order. In much smaller quantities were urea, aspartic acid, and glutamic acid. Four of these were 

amino acids (glycine, alanine, aspartic acid, and glutamic acid). In 1960, chemist John Oro conducted a 

similar experiment that produced adenine.All of these molecules are used by organisms today. Amino 

acids are the building blocks of proteins, which are largely responsible for the complexity of life processes. 

The world was astounded that the building blocks of life could be so easily produced by simple chemical 

reactions. 

1.3.3. Producing all of the necessary molecules 

Although manyorganic molecules can be formed in laboratory simulations, manyof the molecules 

that are essential to life today had not been formed in these simulations. Ribose, a component of RNA, 

would have been especially difficult to form. In order to obtain the different molecules necessary for life, 

very different conditions of acidity and temperature are needed. For example, freezing conditions are 

necessary to preserve adenine and guanine, while for cytosine and uracil warm evaporative conditions 

are needed. 

Synthesis of large molecules from small precursors. 

The production of small organic molecules may have been easy on the primordial Earth. But, the 

assemblage of these small molecules into polymers like proteins, nucleic acids etc is a difficult task. But, 

there are two processes that may have allowed the formation of large molecules on the primordial Earth: 

1. Activated precursors. 

Regular amino acids do not polymerize into proteins in water very well, but amino acids in the 

amide form do. As biochemist James Ferris explains, carboxyanhydrides can form into protein-like 

molecules in water. 
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2. Adsorption on mineral surfaces 

Small molecules bumping into one another in watery swirls would be unlikely to form the complex 

molecules characteristic of life. In many chemical reactions, solid surfaces allow the orderly catalysis of 

reactions. J. D. Bernal, a British biochemist, first proposed the possibility that the synthesis of large 

molecules from small ones may have occurred on clay mineral surfaces. Clays certainly provide an 

enormous amount of surface area for such reactions to take place. Leslie Orgel calls this possibility “life on 

the rocks” and has demonstrated that RNA molecules of length up to 40 bases can be produced on a 

mineral surface. RNA molecules of this size would be long enough to get the RNA world started. 

Assembly of complex chemical systems-Modern life, even of the simplest bacteria, is too complex to 

have arisen directly. In modern cells, DNAstores genetic information, which is transcribed into RNA, which 

directs the formation of proteins. As microbiologist Carl Woese proposed in 1967, scientists realize that 

a simpler genetic system of life must have preceded that of DNA in the modern cell. Once modern 

DNA cells came into existence, they would have outcompeted the more primitive form which, therefore, 

no longer exists. 

• The first genetic molecule may have been something like TNA (threonucleic acid) or PNA 

(peptide nucleic acid). The formation of such molecules could have occurred more readily on the early 

Earth (in particular, TNAcontains no ribose); it works in a fashion similar to DNAand RNA; and it can bind 

with DNA and RNA, which means that it could have transferred its genetic information to RNA during 

the evolution of a new RNA-based life-form. In 2000, Israeli scientists proposed that the first genetic 

system may have consisted of lipid-like molecules that can not only form cell-like structures that grow, but 

also pass information into the new cells. 

• It is widely accepted, following the lead of biochemist Manfred Eigen, that an RNA-based 

genetic system would have preceded a DNA-based system, for several reasons. Biochemists Thomas Cech 

and SidneyAltman, who won the Nobel Prize for Chemistry in 1989, showed that RNAcan act as an 

enzyme (they are called ribozymes). That is, RNA can be both genotype and phenotype. Some 

organisms, such as the protist Tetrahymena thermophila, use ribozymes. Many scientists consider the 

ribosome, which is built of both RNA and protein, and in which it is the RNAthat has catalytic activity, to be 

a remnant of the time when RNAwas the blueprint of life, and in the laboratory, RNAcan catalyze its own 

reproduction. Strings of RNA containing guanine result when RNA molecules containing cytosine are used as a 

template. 
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Chemist Walter Gilbert proposed the ‘RNA world’ scenario in 1986. In this scenario, the 

primordial seas were filled with RNA molecules that replicated themselves and therefore constituted a 

primitive form of life. Later, according to evolutionarybiologists John Maynard Smith and Eors Szathmary, 

these RNA molecules were assisted by amino acids, which resulted in the origin of the genetic code. Still 

later, complex DNAreplaced simple RNAas a more stable form of genetic information—but living cells 

never got rid of the RNAcompletely. 

1.3.4. Formation of the first cells 

The final step in the origin of life would be to explain how the life reactions could have been 

isolated into cells—a step necessary to keep the waves of the ocean from separating and diluting them. 

Most modern cell membranes are made from phospholipids, which are molecules that can bridge the 

gap between fatty and watery molecules. Lipid-like molecules are todayfound in sea foam. Some scientists 

suggest that this sea foam, in shallow primordial ponds, may have formed the first cell membranes. Other 

scientists have formed micelles, which are clusters of molecules that carry out chemical reactions and 

replicate themselves, in the laboratory, and they propose that the first cells may have resembled these 

micelles.At some point, the origin of cells must be explained. Life may have been in operation for a long 

time before it was compartmentalized into cells, according to Carl Woese, who has described a life state 

that preceded life-forms. In conclusion, scientific research has illuminated many possibilities for the origin 

of life, in particular answers to the questions of when and where; but for now scientists will have to be 

satisfied with not knowing a definite answer to the questions of how. 

The earliest widely-accepted animal fossils are rather modern-looking cnidarians (the group that 

includes jellyfish, sea anemones and hydras), possibly from around 580 million years ago, although 

fossils from the Doushantuo Formation can only be dated approximately. Their presence implies that the 

cnidarian and bilaterian lineages had already diverged. Tetrapods, vertebrates with four limbs, evolved 

from other rhipidistian fish over a relatively short timespan during the Late Devonian, between 370 

million years ago and 360 million years ago 

Spores of land plants, possibly rather like liverworts, have been found in Mid Ordovician rocks 

dated to about 476 million years ago. In Mid Silurian rocks 430 million years ago there are fossils of 

actual plants including clubmosses such as Baragwanathia; most were under 10 centimetres (3.9 in) 

high, and some appear closely related to vascular plants, the group that includes trees. By the Late 

Devonian 370 million years ago, trees such as Archaeopteris were so abundant that they changed river 

systems from mostly braided to mostly meandering, because their roots bound the soil firmly. There is 

fossil evidence that flowering plants diversified rapidly in the Early Cretaceous, between 130 million 

years ago and 90 million years ago, and that their rise was associated with that of pollinating insects. 
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1.4. PHYSICO-CHEMICALAND BIOLOGICAL CHARACTERISTICS OF 

ENVIRONMENT 
  

 
Scheme-1: classification and components of environment 

 

 
As shown in the scheme-1 environment can be broadly classified in to physical, biological and 

cultural environment. At the same time we should remember that environment indeed has physical, 

chemical and biological characteristics. The Cultural Environment gives an idea of learned behavioral traits 

those are clear and shared by members of society. For example, if a person born in India and living in India 

and a person born in India and living inAustralia would have two different cultural environments, which they 

have to adapt to. The cultural environment can be divided into three sub-heads namely the social 

environment which reflects the traditions that he or she was grown, lives in, and the community with whom 

the individual interacts. The economic environment refers to the set of factors that surrounds the organism 

involving monetary, natural, and human resources that influence the behavior of that particular organism. The 

political environmentinvolves the environment involving conflicting interactions, between other organisms, 

often resulting in the formation of alliances or coalitions and used to resolve the conflict and achieve the goals 

of the allies or their influential members. The most important thing about the cultural environment is 

that it cannot be physically represented, but it is there anyway. The biological environment as the 

name indicates refers to the various flora (plants), fauna (animals) and microbes (micro organisms) that are 

found in our surroundings.Weare alreadyfamiliar with this environment 
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through our study of biological sciences. Though air, water and land are the components of environment, 

the British andAmerican scientists put it in two different manners. 

Components of Environment as per British literature 

Here the components are classified in terms of biotic and abiotic based upon life. The biotic 

components are further listed as producers, consumers and decomposers and the abiotic components 

are classified as climatic (water, air) and edaphic (land). It is from this component system that the study 

of structure of ecosystem was evolved. 
 

 

 

 
2. Components of Environment as per American literature 

As per American literature, the components of environment are listed as 

1. Hydrosphere(Water) 

2. Atmosphere(Air) 

3. Lithosphere(Land) 

4. Biosphere(Flora/Fauna/Microbes) 

5. Anthrosphere  (man made things) 
 

Living beings normally cannot exist more than a few kilometers below the surface of the earth, or 

more than a few kilometers above it. Life occupies an incredibly thin ‘skin’ at earth’s surface. This is 

known as the biosphere. The biosphere includes four major environmental categories or habitats- marine, 

estuarine, fresh water and terrestrial. The terrestrial habitat is further classified in biomes about which you 

will study in later units. All the four habitats have sub-types, which have a typical set of physical and 

biological features and from different ecosystems. Thus, ecosystem is a natural unit of biosphere, which 
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is composed of abiotic and biotic components whose interactions result in a stable self-perpetuating 

system. 

Before addressing the physicochemical and biological characteristics of environment let us 

understand its components. The whole characteristic feature of environment can be studied with reference to 

living (biotic) and non living (abiotic) factors. Both physical and chemical i.e. physicochemical 

characteristics are included under abiotic factors. Such physicochemical characteristics of the environment are 

climatic factors, edaphic (soil) factors, geographical factors, energy, nutrients and toxic substances. 

(a) Physical factors: The sunlight and shade, intensity of solar flux, duration of sun hours, average 

temperature, maximum-minimum temperature, annual rainfall, wind, latitude and altitude, soil type, water 

availability, water currents etc. are some of the important physical features which have a strong influence on 

the ecosystem. We can clearly see the striking differences in solar flux, temperature and precipitation 

(rainfall, snow etc.) pattern in a desert ecosystem, in a tropical rainforest and in tundra ecosystem. 

Although these forces are not necessarily part of the physical environment that people interact with on a daily 

basis, there are invisible forces, such as gravity, that exist because of the physical environment. Gravity is 

a force that attracts one mass to another, larger mass.All objects have their own gravity, even the smallest 

pebble of the lithosphere. Gravity and electromagnetism are two invisible forces that help to hold the physical 

environment together 

(b) Chemical factors: essential nutrients like carbon, nitrogen, phosphorus, potassium, hydrogen, oxygen and 

sulphur, level of toxic substances, salts causing salinity and various organic substances present in the soil or 

water. 

Biological characteristics of environment 

The biological characteristics of the environment refer to all living organisms that includes plants, 

animals and microbes. The biosphere is the biological component of earth systems, which also include the 

lithosphere, hydrosphere, atmosphere and other “spheres” (e.g. cryosphere, anthrosphere, etc.). There is 

a close association between abiotic and biotic i. e physicochemical and biological environment and they 

influence each other. A detailed information is given on these aspects in the unit-1 block 2. 

1.5 GEOGRAPHICAL CLASSIFICATION AND ZONES 
  

 
Each of the five main latitude regions of the Earth’s surface is said to be a geographical zone, 

divided by the major circles of latitude. The idea of a geographical zone was first hypothesized by the 

ancient Greek scholar Aristotle. He said that the earth was divided into three types of climatic zones, 

based on their distance from the equator. 
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Aristotle dubbed the region around the equator (from 23.5° N to 23.5° S) as the “Torrid Zone”, 

thinking that the area near the equator was too hot for habitation; He reasoned that from the Arctic Circle 

to the pole was permanently frozen. He called this uninhabitable zone the “Frigid Zone.” The only area 

that Aristotle believed was livable was the “Temperate Zone”, lying between the “Frigid Zone” and the 

“Torrid Zone”. However, humans have inhabited almost all climates on Earth, including inside the Arctic 

Circle. As knowledge of the Earth’s geography improved a second “Temperate Zone” was discovered 

south of the equator, and a second “Frigid Zone” was discovered around the Antarctic. 

Aristotle’s map was vastly oversimplified, although the general idea was correct. Today, the 

most commonly used climate map is the Köppen climate classification, developed by German climatologist 

and amateur botanist Wladimir Köppen (1846–1940), which divides the world into five major climate 

regions, based on average annual precipitation, average monthly precipitation, and average monthly 

temperature. 

The differences between them relate to climate, and the behaviour of the Sun. They are as follows: 

· The North Frigid Zone, north of the Arctic Circle 

· The North Temperate Zone, between the Arctic Circle and the Tropic of Cancer 

· The Torrid Zone, between the Tropical Circles 

· The South Temperate Zone, between the Tropic of Capricorn and the Antarctic Circle 

· The South Frigid Zone, south of the Antarctic Circle 

In the Torrid Zone, also known as the Tropics, the Sun is directly overhead at least once during 

the year. In the Northern Hemisphere, the overhead Sun moves north from the equator until it reaches 

23.5 degrees North (Tropic of Cancer) for the June solstice after which it moves back south to the 

equator. In the Southern Hemisphere, the overhead Sun moves south from the equator until reaches 23.5 

degrees South (Tropic of Capricorn) for the December solstice after which it moves back north to the 

equator. The Sun crosses the equator twice a year when it moves from June super to December solstice 

and when it moves from December solstice to June solstice. The days when the Sun crosses the Equator 

are known as the Equinoxes. The torrid zone forms the hottest region of the world with two annual 

seasons namely a dry and a wet season. This zone includes most of Africa, southern Asia, Indonesia, 

New   Guinea,  northern Australia,  southern  Mexico,  Central America   and  northern South America. 

In the two Temperate Zones, consisting of the tepid latitudes, the Sun is never directly overhead, 

and the climate is mild, generally ranging from warm to cool. The four annual seasons, Spring, Summer, 

Autumn and Winter occur in these areas. The North Temperate Zone includes Great Britain, Europe, 
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northern Asia, North America and northern Mexico. The South Temperate Zone includes 

southern Australia, New Zealand, southern South America and South Africa. 

The two Frigid Zones, or polar regions, experience the midnight sun and the polar night for part of 

the year - the edge of the zone experiences one day at the solstice when the Sun doesn’t rise or set for 24 

hours, while in the centre of the zone (the pole), the day is literally one year long, with six months of daylight 

and six months of night. The Frigid Zones are the coldest parts of the earth, and are covered with ice and snow. 

The North Frigid Zone (the Arctic) includes northern Canada and Alaska, Greenland, northern 

Scandinavia, northern Russia, and th eArctic ice. The South Frigid Zone (The Antarctic) is filled by the 

continent of Antarctica; the next closest mainland is the southern tip of Chile and Argentina, followed 

by New Zealand. The edges of the Temperate Zones are also sometimes referred to as the Subtropics, 

Subarctic and Subantarctic. 
 

1.6 EARTH, MAN AND ENVIRONMENT 
  

 
For economic development and better living, man has sacrificed forest land for agriculture, 

industries, urbanization etc. This has brought in to trail environmental disaster and backfired on man 

himself endangering his existence on earth. 

Agriculture 

The dawn of human civilization can be traced back to the discovery of agriculture almost 10,000 years 

ago. In the early period, man used the primitive practice of slash and born cultivation or shifting cultivation, 

which is still prevalent in many tribal areas, as in North East India in the hill regions. The two modes of 

agriculture—traditional and modern —are described below along with their impacts. 

(i) Traditional Agriculture and its Impact: It involves small plots, simple tools, natural water, organic 

fertilizer and several crops. The yield is, however, low but it is still being used by about 50% of the world 

population. The impacts of this type of agriculture are as follows: 

(a) Depletion of Nutrients: During slash and burn of trees in forests, the organic matter in soil is 

destroyed and within a short period most of the nutrients are taken up by the crops. Thus the soil 

becomes deficient in nutrients and compels the cultivators to shift to another area. 

(b) Deforestation: Forest land is cleared by slash and burn of trees in forest for cultivation purposes. 

Frequent shifting of cultivation plots leads to deforestation i.e., loss of forest cover. 

(c) Soil Erosion: As a result of deforestation, soil gets exposed to the weathering forces i.e., rain, wind and 

storms and is subjected to erosion. The net result is loss of top fertile soil. 
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(ii) Modern Agriculture and its Impact: 

It is based on high input–high output technique using hybrid seeds of high-yielding variety and 

abundant irrigation water, fertilizers and pesticides. This is the basis of “Green Revolution” which boosted 

the production of wheat and India became self-sufficient in food. But the fallout from Green Revolution 

has become evident since (1990) as shown below: 

(a) Impacts from HYV (High-Yielding Varieties): 

Application of seeds of HYV gave rise to monoculture i.e., the same species (genotype) grown 

over vast areas, such monoculture is vulnerable to attack by some pathogen, which spreads like wild fire, 

devastating crops over large areas. 

(b) Fertilizer Problems: 

Essential micronutrients— nitrogen, phosphorus and potassium (NPK) are supplied by chemical 

fertilizers. Indiscriminate use of chemical fertilizers causes micronutrient imbalance in the soil which 

ultimately loses productivity. 

(c) Nitrate Pollution: 

From agricultural fields nitrogenous fertilizers leach into the soil and finally contaminate 

groundwater. When the nitrate level of groundwater exceeds 25 mg/l, they can cause a serious health 

hazard known as “Blue Baby Syndrome”, which affects mostly infants even leading to their death. 

(d) Eutrophication: 

Agricultural run-off water contains fertilizer components, particularly nitrogen and phosphorus, 

which reaches nearby waterbodies and causes their over nourishment. Excessive use of these fertilizers 

leads to over nourishment of the lakes/waterbodies and gives rise to the phenomenon of eutrophication 

(eu = more, trophication= nutrition). As a result, there is excessive growth of algal species, which is 

known as algal bloom. The waterbody or lake soon gets filled up with algal species which quickly 

complete their life cycle and die thus adding a lot of organic matter. Dissolved oxygen in the lake is 

consumed and fish get killed so that the lake becomes a dead pool of water devoid of plants and animals. 

Thus the lake ecosystem gets degraded due to eutrophication. 

(e) Pesticide Side Effects: 

Several thousand pesticides are used in agriculture for destroying pests and boosting crop 

production. In the early period of human civilization arsenic, sulphur, lead and mercury were used to kill 

pests. From 1940 synthetic organic pesticides have been used. Among these, DDT (Dichloro Diphenyl 

Trichloroethane), discovered by Paul Mueller (1939), deserves special mention. During 1940-1950, it 
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saved 5 million lives from malaria, typhus etc. and also protected crops from huge losses. But DDT and other 

pesticides show a number of harmful side-effects on environment. 

(a) Inducing Pest Resistance and Yielding New Pests: 

In course of time new generations of pests develop resistance to pesticides so that they survive even 

after pesticide spray. At present, about two dozen pest species are known to be immune to all types of 

pesticides. 

(b) Biological Magnification/Amplification: 

Many pesticides including DDT are non-biodegradable and persist in the food chain. At each step 

of the food chain the pesticide level gets more and more concentrated. This is the process of biological 

magnification or amplification. Thus, DDT builds up from 0.04 ppm in plankton to 75 ppm in fish-eating 

birds. Man occupies a high trophic level in the food chain and hence gets a high dose of pesticide, which is 

quite harmful. 

(iv) Waterlogging: 

Excessive irrigation of croplands for good growth of crop leads to waterlogging. In the absence of 

adequate drainage, excess water is accumulated which seeps into the underlying water table. Pore spaces 

in the soil get fully drenched with water and soil-air becomes deficient. The water table rises and the roots of 

plants have insufficient air for respiration. There is decline in crop yield with decrease in soil strength. Punjab 

and Haryana have faced water-logging problems as a result of extensive irrigation by canal water or 

shallow tubewell water and consequently sharp decline in crop output. 

(v) Salinity Problem: 

In addition to waterlogging, salinity also rises from excessive irrigation water. The latter contains dissolved salts 

which under dry conditions evaporates leaving behind salts in the upper soil profile. Saline soils are 

characterized by accumulation of soluble salts such as sodium chloride, sodium sulphate, calcium chloride, 

magnesium chloride etc. in the soil profile. Salinity causes stunted plant growth and reduces crop yield. 

Thousands of hectares of land in Haryana and Punjab have been affected by soil salinity. 

Industry 

Industries produce environmental hazards everywhere. They consume 37 per cent of world’s 

energy and emit 50 per cent of world’s CO2, 90 per cent of SOx (oxides of sulphur) and almost all the 

chemicals now threatening O3 (ozone) layer with depletion. Every year, they produce 2100 million tonnes of 

solid waste and 350 million tonnes of hazardous waste. In developing countries, small as well as big 

industries discharge untreated waste. There is world-wide concern about the disposal of radioactive 
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wastes from nuclear reactors. Nuclear reactor accidents are expected to increase over the years. 

Transport 

Transport is a great consumer of land and energy. The length of motor ways has almost doubled 

in developed countries over the past two decades, reaching 1, 500, 00 km. in 1990. Transport consumes 

30 per cent of world’s energy (of which 82 per cent is consumed on roads) and produces 60 per cent 

CO (carbon monoxide) emissions, 42 per cent of NOx (oxides of nitrogen) and 40 per cent of hydrocarbon 

emissions. But there is a hope of new cleaner transport becoming popular in future. Almost one-third of 

Brazil’s cars run on pure ethanol, obtained from specially grown crops and many cars run on ethanol/ 

petrol mixture. Natural gas is being used as a fuel in several countries including Italy where 3 lakh cars 

run on compressed natural gas (CNG). Major efforts have been made in developed countries in reducing 

petrol consumption by 50 per cent of the amount used two decades ago. Auto-emissions have also been 

cleaned up. Use of lead-free petrol has curtailed Lead (Pb) emission by 87 per cent during 1980-1990. 

Mining 
 

Minerals find extensive use in domestic, agricultural, industrial and commercial sectors and thus 

form a very important part of any nation’s economy. Minerals are broadly of two types: 

(a) Non-metallic minerals e.g., graphite, diamond, quartz, feldspar etc. 

(b) Metallic minerals e.g., bauxite, laterite, hematite etc. 

Since the early days of human civilization man has used metals extensively. That is why history 

labelled the eras as Bronze Age and Iron Age. The most abundantly used metals are Iron and Steel 

(Annual use 750 million tonnes) followed by Manganese, Copper, Chromium, Nickel and Aluminium. 

Mining and processing of minerals involve major environmental concerns including disturbance of land, 

air pollution from dust and smelter emissions and water pollution from disrupted aquifers. India is the 

producer of 84 minerals at an estimated annual value of Rs. 50,000 crore. 

IMPACTS OF MINING: 

Mining involves extraction of minerals/fossil fuels from deep deposits in soil employing the 

techniques of sub-surface mining or surface mining. The former method is more dangerous and expensive 

including risks and accidents. The environmental damages are described as follows: 

(a) Devegetation and Defacing of Landscape: Large-scale devegetation or deforestation leads to 

ecological imbalances besides disfiguring the landscape. The huge debris and tailings spoil the environment 
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of the region and make it vulnerable to soil erosion. 

(b) Subsidence of Land: Underground mining (e.g., coal) causes subsidence of the soil above resulting in 

tilting of buildings, cracks in soil/road, bending of rail tracks etc. 

(c) Groundwater Contamination: Mining disturbs the hydrological processes and also pollutes the 

ground water. Sulphur impurity in many areas gets converted into sulfuric acid through microbial action, 

which makes the water acidic. The acid mine drainage often contaminates the nearby streams and lakes and 

damages aquatic life (plants and fish). 

(d) Air Pollution: Smelters in metal extraction processes in metallurgical industries emit huge volumes of air 

pollutants—sulphur oxides, soot, arsenic, lead, cadmium particles etc. These have public health hazards for 

local residents. 

(e) Occupational Health Hazards: Most of the miners suffer from various respiratory and skin diseases due 

to constant exposure to the suspended particulate matter and toxic substances. Such diseases include asthma, 

bronchitis, black-lung disease, asbestosis, silicosis etc. 

Environmental Impact Assessment (EIA) 

The inherent conflict between development and environment can be solved to a great extent by a 

sound environmental management plan which is based on balancing development with environment. The 

necessary tool for this is Environmental Impact Assessment (EIA). Development should not be treated as 

an economic goal but as a multi dimensional concept covering economic as well as political, social and 

cultural aspects of life of common man. The basic objective of EIA is to identify, predict and evaluate the 

probable economic, environmental and social impacts of developmental activities and take necessary steps as 

remedial measures which will be a part of the overall environmental management plan (EMP). It is the 

government’s policy that any industrial project particularly major industry must obtain EIA clearance from 

the ministry of environment before approval by the planning commission. It may be mentioned that EIA is 

conducted by a team of experts in the field (environment), appointed by the Ministry of Environment, 

Government of India. 
 

1.7 INTRODUCTIONS TO BIO-DIVERSITY IN- SITU AND EX- SITU BIODIVERSITY 

CONSERVATION 
  

 
The term ‘biodiversity’ is perceived differently, depending upon the sociological group involved. 

Taxonomists, economists, agronomists and sociologists each have their own partial view of the concept. 

Biologists tend to define biodiversity as the diversity of all living beings or Biodiversity or it is the 

degree of variation of life forms within a given ecosystem, biome, or an entire planet. Industry sees a 
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reservoir of genes useful in biotechnology or a set of exploitable biological resources (timber, fish, etc). 

As for the general public: its main concern is with landscapes and fascinating species threatened by 

extinction. All these points of view are acceptable and these different approaches are not independent of 

one another; they implicitly pursue the same objective, namely the conservation of natural environments 

and the species which they harbour. Humans depend on the contributions of thousands of species for 

their survival. In primitive societies, these contributions are direct: Plants, animals, and other organisms 

are the sources of food, clothing, and shelter. Although all societies make use of many kinds of plants, 

animals, fungi, and microorganisms, most species have not been evaluated for their potential usefulness. 

Biodiversity emerged as an environmental issue in the early 1980s, culminating in the Conference 

on Sustainable Development held in Rio in 1992. Towards the end of the 20th century, humankind 

became aware of its unprecedented impact upon natural environments and the danger of exhausting 

biological resources. At the same time, biological diversity was recognized as an essential parameter, in 

particular for the agro-alimentary and pharmaceutical industries. This raised ethical questions about the 

conservation of biological diversity and patenting of living beings. Biodiversity is the term popularized by 

the sociobiologist Edward Wilson to describe the combined diversity at all the levels of biological 

organization. Biological diversity consists of three components: genetic diversity, species diversity, and 

ecosystem diversity. 

i) Genetic diversity: 

It includes the genetic variations within species, both among geographically separated populations 

and among individuals within single population. It is the basic source of biodiversity. The genes found in 

organisms can form enormous number of combinations each of which gives rise to some variability. 

Genes are the basic units of hereditary information transmitted from one generation to other. When the 

genes within the same species show different versions due to new combinations, it is called genetic 

variability. For example, all mango varieties belong to the species Mangifera indica, but there are 

thousands of varieties of mango which show variations at the genetic level and differ in their color, size, 

shape, and nutrient content. This is the genetic diversity of mango. A single species might show high 

diversity at the genetic level over its distributional range. For example, the medicinal plant Rauwolfia 

vomitoria growing in different Himalayan ranges show genetic variation. Due to this genetic variation the 

plants in different regions show varied concentrations of an active chemical called reserpine. More than 

50,000 genetically different strains of rice is another good example of genetic variation. 

(ii) Species diversity: 

Species diversity is the variability found within the population of a species or between different 

species of a community. It represents broadly the species richness and their abundance in a community. 



24 
 

For example, the Western Ghats have greater amphibian species diversity than the Eastern Ghats. There 

are two popular indices of measuring species diversity viz., Shannon-Wiener index and Simpson index. 

(iii) Ecological diversity: 

Refers to Biological diversity that includes the variety among ecosystems, such as deserts, forests, 

grasslands, lakes, estuaries, and oceans. At the ecosystem level, India, for instance, with its deserts, rain 

forests, mangroves, coral reefs, wetlands, estuaries, and alpine meadows has greater ecosystem diversity 

than a Scandinavian country like Norway. The ecosystems show variations in physical parameters like 

moisture, temperature, altitude, precipitation etc. Thus, there occurs tremendous diversity within the 

ecosystems, along these gradients. We may consider diversity in forest ecosystem, which is supposed to 

have mainly a dominance of trees. But, while considering a tropical rainforest, a tropical deciduous 

forest, a temperate deciduous forest and a boreal forest, the variations observed are just too many and 

they are mainly due to variations in the above mentioned physical factors. The ecosystem diversity is of 

great value that must be kept intact. This diversity has developed over millions of years of evolution. If 

we destroy this diversity, it would disrupt the ecological balance. We cannot even replace the diversity of 

one ecosystem by that of another. Coniferous trees of boreal forests cannot take up the function of the 

trees of tropical deciduous forest lands and vice versa, because ecosystem diversity has evolved with 

respect to the prevailing environmental conditions with well regulated ecological balance. 

In 2003 Professor Anthony Campbell at Cardiff University, UK and the Darwin Centre, 

Pembrokeshire, defined a fourth level: Molecular Diversity 

1.7.1. Significance of biodiversity 

The value of biodiversity in terms of its commercial value, ecological services, social and aesthetic 

value is enormous. We are benefited by other organisms in innumerable ways. Sometimes we realize and 

appreciate the value of the organism only after it is lost from this earth. Very small, insignificant, organism 

may play a crucial role in the ecological balance of the ecosystem or may be a potential source of some 

invaluable drug for dreaded diseases like malaria, cancer or AIDS. The multiple uses of biodiversity or 

biodiversity value have been classified by McNeely et al in 1990 as follows: 

1. Consumptive use value: 

These are direct use values where the biodiversity product can be harvested and consumed 

directly e.g. fuel, food, drugs, fibre etc. Alarge number of wild plants are consumed by human beings as 

food. About 80,000 edible plant species have been reported from wild. About 90% of present day food 

crops have been domesticated from wild tropical plants. A large number of wild animals are also our 

sources of food. Drugs and medicines: The wonder drug Penicillin used as an antibiotic is derived from a 

fungus called Penicillium. Likewise, we get Tetracyclin from a bacterium. Quinine, the cure for malaria is 

obtained from the bark of Cinchona tree. Vinblastin and vincristine, two anticancer drugs, have been 
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obtained from Periwinkle (Catharanthus) plant, which possesses anticancer alkaloids. A large number 

of marine animals are supposed to possess anti-cancer properties which are yet to be explored 

systematically. Fuel: Our forests have been used since ages for fuel wood. The fossil fuels coal, petroleum 

and natural gas are also products of fossilized biodiversity. 

 

2. Productive use values: 

These are the commercially usable values where the product is marketed and sold. These may 

include the animal products like tusks of elephants, musk from musk deer, silk from silk-worm, wool 

from sheep, fur of many animals, lac from lac insects etc, all of which are traded in the market. Many 

industries are dependent upon the productive use values of biodiversity e.g. - the paper and pulp industry, 

Plywood industry, Railway sleeper industry, Silk industry, textile industry, ivory-works, leather industry, 

pearl industry etc. Developing countries in Asia, Africa and Latin America are the richest biodiversity 

centers and wild life products are smuggled and marketed in large quantities to some rich western countries. 

3. Social Value: 

These are the values associated with the social life, customs, religion and psycho-spiritual aspects 

of the people. Many of the plants are considered holy and sacred in our country like Tulsi (holy basil), 

Peepal, Lotus, Bael etc. The leaves, fruits or flowers of these plants are used in worship or the plant itself is 

worshipped. The tribal people are very closely linked with the wild life in the forests. Their social life, 

songs, dances and customs are closely woven around the wildlife. Many animals like Cow, Snake, Bull, 

Peacock, Owl etc. also have significant place in our psycho-spiritual arena and thus hold special social 

importance. Thus biodiversity has distinct social value, attached with different societies. 

4. Ethical value: 

It is also sometimes known as existence value. It involves ethical issues like all life must be 

preserved. It is based on the concept of Live and Let Live. If we want our human race to survive, then 

we must protect all biodiversity. 

5. Aesthetic value: 

Great aesthetic value is attached to biodiversity. None of us would like to visit vast stretches of 

barren lands with no signs of visible life. People from far and wide spend a lot of time and money to visit 

wilderness areas where they can enjoy the aesthetic value of biodiversity and this type of tourism is now 

known as eco-tourism. The willingness to pay concept on such eco-tourism gives us even a monetary 

estimate for aesthetic value of biodiversity. 
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6. Option values: 

These values include the potentials of biodiversity that are presently unknown and need to be 

explored. There is a possibility that we may have some potential cure for AIDS or cancer existing within the 

depths of a marine ecosystem, or a tropical rainforest. Thus option value is the value of knowing that there are 

biological resources existing on this biosphere that may one day prove to be an effective option for something 

important in the future. Thus, the option value of biodiversity suggests that any species may prove to be a 

miracle species someday. The option value also includes the values, in terms of the option to visit areas 

where a variety of flora and fauna, or specifically some endemic, rare or endangered species exist. 

7. Ecosystem service value: 

It refers to the services provided by ecosystems like prevention of soil erosion, prevention of 

floods, maintenance of soil fertility, cycling of nutrients, fixation of nitrogen, cycling of water, their role as 

carbon sinks, pollutant absorption and reduction of the threat of global warming etc. Different categories of 

biodiversity value clearly indicate that ecosystem, species and genetic diversity all have enormous 

potential and a decline in biodiversity will lead to huge economic, ecological and socio-cultural losses. 

We could lose all that wealth in less than two centuries if the present rates of species losses 

continue. Biodiversity and its conservation are now vital environmental issues of international concern as more 

and more people around the world begin to realize the critical importance of biodiversity for our survival 

and well- being on this planet. According to the IUCN (2004), the total number of plant and animal 

species described so far is slightly more than 1.5 million, but we have no clear idea of how many 

species are yet to be discovered and described. Some extreme estimates range from 20 to 50 million, 

but a more conservative and scientifically sound estimate made by Robert May places the global species 

diversity at about 7 million. More than 70 per cent of all the species recorded are animals, while plants 

(including algae, fungi, bryophytes, gymnosperms and angiosperms) comprise no more than 22 per cent of 

the total. 

Among animals, insects are the most species-rich taxonomic group, making up more than 70 per cent 

of the total. It should be noted that estimates do not give any figures for prokaryotes. Biologists are not sure 

about how many prokaryotic species there might be. The problem is that conventional taxonomic methods are 

not suitable for identifying microbial species and many species cannot be cultured under laboratory 

conditions. Although India has only 2.4 per cent of the world’s land area, its share of the global species 

diversity is an impressive 8.1 per cent. That is what makes our country one of the 12 mega diversity 

countries of the world. Nearly 45,000 species of plants and twice as many of animals have been recorded 

from India. 
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17.2. Patterns of Biodiversity 

a. Latitudinal gradients: 

The diversity of plants and animals is not uniform throughout the world but shows a rather 

uneven distribution. For many group of animals or plants, there are interesting patterns in diversity, the 

most well- known being the latitudinal gradient in diversity. In general, species diversity decreases as 

we move away from the equator towards the poles. With very few exceptions, tropics (latitudinal 

range of 23.5° N to 23.5° S) harbour more species than temperate or polar areas. Colombia located 

near the equator has nearly 1,400 species of birds while New York at 41° N has 105 species and 

Greenland at 71° N only 56 species. 

India, with much of its land area in the tropical latitudes, has more than 1,200 species of birds. A 

forest in a tropical region like Equador has up to 10 times as many species of vascular plants as a forest 

of equal area in a temperate region like the Midwest of the USA. The largely tropical Amazonian rain 

forest in South America has the greatest biodiversity on earth- it is home to more than 40,000 species of 

plants, 3,000 of fishes, 1,300 of birds, 427 of mammals, 427 of Amphibians, 378 of reptiles and of more 

than 1,25,000 invertebrates. What is so special about tropics that might account for their greater biological 

diversity? Ecologists and evolutionary biologists have proposed various hypotheses; some important 

ones are (a) Speciation is generally a function of time, unlike temperate regions subjected to frequent 

glaciations in the past, tropical latitudes have remained relatively undisturbed for millions of years and 

thus, had a long evolutionary time for species diversification, (b) Tropical environments, unlike temperate 

ones, are less seasonal, relatively more constant and predictable. Such constant environments promote 

niche specialization and lead to a greater species diversity and (c) There is more solar energy available in 

the tropics, which contributes to higher productivity; this in turn might contribute indirectly to greater 

diversity. 

b. Species-Area relationships: 

During his pioneering and extensive explorations in the wilderness of South American jungles, 

the great German naturalist and geographer Alexander von Humboldt observed that within a region 

species richness increased with increasing explored area, but only up to a limit. 

The importance of Species Diversity to the Ecosystem 

For many decades, ecologists believed that communities with more species, generally, tend to 

be more stable than those with less species. David Tilman’s long-term ecosystem experiments using 

outdoor plots provide some tentative answers. Tilman found that plots with more species showed less 
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year-to-year variation in total biomass. He also showed that in his experiments, increased diversity 

contributed to higher productivity. Although, we may not understand completely how species richness 

contributes to the well-being of an ecosystem, we know enough to realize that rich biodiversity is not only 

essential for ecosystem health but imperative for the very survival of the human race on this planet. Let us 

conclude by an analogy (the ‘rivet popper hypothesis’) used by Stanford ecologist Paul Ehrlich. In an 

airplane (ecosystem) all parts are joined together using thousands of rivets (species). If every passenger 

travelling in it starts popping a rivet to take home (causing a species to become extinct), it may not affect 

flight safety (proper functioning of the ecosystem) initially, but as more and more rivets are removed, the 

plane becomes dangerously weak over a period of time. Furthermore, which rivet is removed may also be 

critical. Loss of rivets on the wings (key species that drive major ecosystem functions) is obviously a 

more serious threat to flight safety than loss of a few rivets on the seats or windows inside the plane. 

Loss of Biodiversity 

The biological wealth of our planet has been declining rapidly and the accusing finger is clearly 

pointing to human activities. The colonization of tropical Pacific Islands by humans is said to have led to the 

extinction of more than 2,000 species of native birds. The IUCN Red List (2004) documents the 

extinction of 784 species (including 338 vertebrates, 359 invertebrates and 87 plants) in the last 500 

years. Some examples of recent extinctions include the dodo (Mauritius), quagga (Africa), thylacine 

(Australia), Steller’s Sea Cow  (Russia) and three subspecies (Bali, Javan, Caspian)  of tiger. The last 

twenty years alone have witnessed the disappearance of 27 species. Careful analysis of records shows that 

extinctions across taxa are not random; some groups like amphibians appear to be more vulnerable to 

extinction. Adding to the grim scenario of extinctions is the fact that more than 15,500 species world-wide are 

facing the threat of extinction. Presently, 12 per cent of all bird species, 23 per cent of all mammal species, 

32 per cent of all amphibian species and 31per cent of all gymnosperm species in the world face the 

threat of extinction. 

From a study of the history of life on earth through fossil records, we learn that large-scale loss of species like 

the one we are currently witnessing have also happened earlier, even before humans appeared on the scene. 

During the long period (> 3 billion years) since the origin and diversification of life on earth there were five 

episodes of mass extinction of species. The current species extinction rates are estimated to be 100 to 1,000 

times faster than in the pre-human times and our activities are responsible for the faster rates. Ecologists 

warn that if the present trends continue, nearly half of all the species on earth might be 
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wiped out within the next 100 years. In general, loss of biodiversity in a region may lead to (a) decline in 

plant production, (b) lowered resistance to environmental perturbations such as drought and (c) increased 

variability in certain ecosystem processes such as plant productivity, water use, and pest and disease 

cycles. 

1.7.3. Causes of biodiversity losses: 

The accelerated rates of species extinctions that the world is facing now are largely due to human 

activities. There are four major causes (‘The Evil Quartet’ is the sobriquet used to describe them). 

(i) Habitat loss and fragmentation: 

This is the most important cause driving animals and plants to extinction. The most dramatic 

examples of habitat loss come from tropical rain forests. Once covering more than 14 per cent of the 

earth’s land surface, these rain forests now cover no more than 6 per cent. The Amazon rain forest (it is 

so huge that it is called the ‘lungs of the planet’) harbouring probably millions of species is being cut and 

cleared for cultivating soya beans or for conversion to grasslands for raising beef cattle. Besides total 

loss, the degradation of many habitats by pollution also threatens the survival of many species. When 

large habitats are broken up into small fragments due to various human activities, mammals and birds 

requiring large territories and certain animals with migratory habits are badly affected, leading to population 

declines. 

(ii) Over-exploitation: 

Humans have always depended on nature for food and shelter, but when ‘need’ turns to ‘greed’, it 

leads to over-exploitation of natural resources. Many species extinctions in the last 500 years (Steller’s sea 

cow, passenger pigeon) were due to overexploitation by humans. Presently many marine fish populations 

around the world are over harvested, endangering the continued existence of some commercially important 

species. 

(iii) Alien species invasions: 

When alien species are introduced unintentionally or deliberately for whatever purpose, some of 

them turn invasive, and cause decline or extinction of indigenous species. The Nile perch introduced 

into Lake Victoria in east Africa led eventually to the extinction of an ecologically unique assemblage of 

more than 200 species of cichlid fish in the lake. We are also familiar with the environmental damage 

caused and threat posed to our native species by invasive weed species like carrot grass (Parthenium), 

Lantana and water hyacinth (Eicchornia). 
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(iv) Co-extinctions: 

When a species becomes extinct, the plant and animal species associated with it in an obligatory way also 

become extinct. When a host fish species becomes extinct, its unique assemblage of parasites also meets the 

same fate. Another example is the case of a coevolved plant-pollinator mutualism where extinction of 

one invariably leads to the extinction of the other. 

1.7.4. Biodiversity conservation 

The reasons for the conservation of biodiversity can be grouped into three categories: narrowly 

utilitarian, broadly utilitarian, and ethical. The narrowly utilitarian arguments for conserving biodiversity are 

obvious; humans derive countless direct economic benefits from nature food (cereals, pulses, fruits), 

firewood, fibre, construction material, industrial products (tannins, lubricants, dyes, resins, perfumes ) and 

products of medicinal importance. More than 25 per cent of the drugs currently sold in the market 

worldwide are derived from plants and 25,000 species of plants contribute to the traditional medicines used 

by native peoples around the world. With increasing resources put into ‘bioprospecting’(exploring 

molecular, genetic and species-level diversity for products of economic importance), nations endowed with 

rich biodiversity can expect to reap enormous benefits. 

The broadly utilitarian argument says that biodiversity plays a major role in many ecosystem 

services that nature provides. The fast dwindling Amazon forest is estimated to produce, through 

photosynthesis, 20 per cent of the total oxygen in the earth’s atmosphere. Pollination (without which 

plants cannot give us fruits or seeds) is another service, ecosystems provide through pollinators layer – bees, 

bumblebees, birds and bats. There are other intangible benefits – that we derive from nature–the aesthetic 

pleasures of walking through thick woods, watching spring flowers in full bloom or waking up to a bulbul’s 

song in the morning. 

The ethical argument for conserving biodiversity relates to what we owe to millions of plant, 

animal and microbe species with whom we share this planet. Philosophically or spiritually, we need to 

realize that every species has an intrinsic value, even if it may not be of current or any economic value to us. 

We have a moral duty to care for their well-being and pass on our biological legacy in good order to future 

generations. 

When we conserve and protect the whole ecosystem, its biodiversity at all levels is protected - we 

save the entire forest to save the tiger. This approach is called in situ (on site) conservation. However, when 

there are situations where an animal or plant is endangered or threatened and needs urgent measures to save it 

from extinction, ex situ (off site) conservation is the desirable approach. 
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The enormous value of biodiversity due to their genetic, commercial, medical, aesthetic, ecological 

and optional importance emphasizes the need to conserve biodiversity. Gradually we are coming to 

realize that wildlife is not just a game to be hunted, rather it is a gift of nature. To be nurtured and enjoyed. 

A number of measures are now being taken the world over to conserve biodiversity including plants and 

wildlife. There are two approaches of biodiversity conservation: 

(a) In situ conservation (within habitat): This is achieved by protection of wild flora and fauna in 

nature itself. E.g. Biosphere Reserves, National Parks, Sanctuaries, Reserve Forests etc. 

(b) Ex situ conservation (outside habitats): This is done by establishment of gene banks, seed 

banks, zoos, botanical gardens, culture collections etc. 

1.7.5. In Situ Conservation 

It can be defined as the conservation of plants and animals in their native ecosystem (natural 

habitats) or even man made ecosystem, where they naturally occur. This type of conservation is applicable 

to wild flora and fauna as conservation is achieved through protection of populations in their natural 

ecosystems. The concept of protected areas falls under this category e.g. National Parks, Sanctuaries 

and Biosphere reserves etc. 

The Biosphere Reserves conserve some representative ecosystems as a whole for long-term 

in situ conservation. In India we have Nanda Devi (U.P.), Nokrek (Meghalaya), Manas (Assam), 

Sunderbans (West Bengal), Gulf of Mannar (Tamil Nadu), Nilgiri (Karnataka, Kerala, Tamil Nadu), 

Great Nicobars and Similipal (Orrisa) biosphere Reserves. Within the Biosphere reserves we may have 

one or more National Parks. For example, Nilgiri Biosphere Reserve has two National Parks viz. Bandipur 

and Nagarhole National Park. During the past three decades the concept of Biosphere Reserves has 

been evolved by the Man and Biosphere (MAB) programme of the UNESCO. India has identified 

13 areas to be declared as biosphere reserves. Of these the Nilgiri Biosphere Reserve, including parts of 

Karnataka, Kerala and Tamil Nadu was declared in 1986 and the Nanda Devi Biosphere Reserve in 

1988. Two more biosphere reserves, one at Uttarakhand (including the Valley of Flowers in North- 

Western Himalaya) and another at Nokrek (North-Himalaya) have also been recently included in the list 

of biosphere reserves. In a biosphere reserve, multiple land use is permitted by designating various 

zones. These zones are : the core zone (where no human activity is permitted), the buffer zone (where 

limited human activity is allowed) and the manipulated zone (where a large number of human activities 

would go on). In a biosphere reserve, wild populations as well as traditional life styles of tribals and 

varied domesticated plant and animals genetic resources are protected. 

A National Park is an area dedicated for the conservation of wildlife along with its environment. 
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It is also meant for enjoyment through tourism but without impairing the environment. Grazing of domestic 

animals, all private rights and forestry activities are prohibited within a National Park. Each National Park 

usually aims at conservation specifically of some particular species of wildlife along with others. 

Wildlife sanctuaries are also protected areas where killing, hunting, shooting or capturing of wildlife is 

prohibited except under the control of highest authority. However, private ownership rights are permissible and 

forestry operations are also permitted to an extent that they do not affect the wildlife adversely. For plants, 

there is one gene sanctuary for Citrus (Lemon family) and one for pitcher plant (an insect eating plant) in 

Northeast India. For the protection and conservation of certain animals, there have been specific projects in our 

country e.g. Project Tiger, Gir Lion Project, Crocodile Breeding Project, Project Elephant, Snow Leopard 

Project etc. Several special projects have also been launched to save certain animal species which have 

been identified as needing concerted protection effort. These projects are designed to protect the species in-

situ, by protecting and conserving their natural habitat. Project Tiger and Project Elephant are two such major 

initiatives. Other species Conservation projects include Project Crocodile Breeding and Management, 

which was started in 1976 and now operates in 16 sanctuaries; and the Gir Lion Sanctuary Project in Gujarat, 

which aims at saving the Asiatic lion which once roamed over a wide stretch of the northern and central parts 

of the Indian subcontinent, but is today one of the most threatened species of animals in India. Many NGOs 

are also involved in the conservation of wild species of fauna and flora. The WWF, India, for example, has a 

specific programme focused on the protection of the tiger and its habitat. Operation Kachhapa was initiated 

in 1998 for the conservation of the Olive Ridley sea turtles in Orissa. 

As of 2003, India has 89 national parks and 500 wildlife sanctuaries occupying 156,000 sq km, or over 5 per 

cent of the country’s area. These protected areas have helped in conserving habitats and their 

biodiversity. 

1.7.6. Ex situ Conservation 

In this approach, threatened animals and plants are taken out from their natural habitat and 

placed in special setting where they can be protected and given special care. Zoological parks, botanical 

gardens and wildlife safari parks serve this purpose. There are many animals that have become extinct in the 

wild but continue to be maintained in zoological parks. In recent years ex situ conservation has 

advanced beyond keeping threatened species in enclosures. Now gametes of threatened species can be 

preserved in viable and fertile condition for long periods using cryopreservation techniques, eggs can be 

fertilized in vitro, and plants can be propagated using tissue culture methods. Seeds of different genetic 

strains of commercially important plants can be kept for long periods in seed banks. Biodiversity knows no 

political boundaries and its conservation is therefore a collective responsibility of all nations. The 
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historic Convention on Biological Diversity (‘The Earth Summit’) held in Rio de Janeiro in 1992, called 

upon all nations to take appropriate measures for conservation of biodiversity and sustainable utilization 

of its benefits. In a follow-up, the World Summit on Sustainable Development held in 2002 in 

Johannesburg, South Africa, 190 countries pledged their commitment to achieve by 2010, a significant 

reduction in the current rate of biodiversity loss at global, regional and local levels. 

Ex situ conservation is mainly done for conservation of crop varieties, the wild relatives of crops 

and all the local varieties with the main objective of conserving the total genetic variability of the crop 

species for future crop improvement or afforestation programmes. In India, we have the following important 

gene bank/seed bank facilities: 

(i) National Bureau of Plant Genetic Resources (NBPGR) is located in New Delhi. Here agricultural 

and horticultural crops and their wild relatives are preserved by cryo-preservation of seeds, pollen etc. 

by using liquid nitrogen at a temperature as low as -196°C. Varieties of rice, pearl millet, Brassica, turnip, 

radish, tomato, onion, carrot, chilli, tobacco, poppy etc. have been preserved successfully in liquid 

nitrogen for several years without losing seed viability. 

(ii) National Bureau of Animal Genetic Resources (NBAGR) located at Karnal, Haryana. It preserves 

the semen of domesticated bovine animals. 

(iii) National Facility for Plant Tissue Culture Repository (NFPTCR) for the development of a 

facility of conservation of varieties of crop plants/trees by tissue culture. This facility has been created 

within the NBPGR. The G-15 countries have also resolved to set up a network of gene banks to 

facilitate the conservation of various varieties of aromatic and medicinal plants for which India is the 

networking coordinator country. 

National conservation strategies 

Several measures are being taken  at  the  national  level  to  protect  biodiversity. Legislation: 

India has several Acts in force, which have a bearing on the conservation of biodiversity. 

The Environment Protection Act, 1986, relates to general measures to protect the environment, such 

as restrictions on industrial and other processes or activities in specified areas. It also deals with the 

prevention of and control over the manufacture, use, release and movement of hazardous substances. 

The Fisheries Act, 1897, prohibits the use of explosives and poisons for fishing. It also regulates fishing 

in private waters. 

The Forest Act, 1927, deals with the setting up and management of reserved, protected and village 

forests, and controls how selected products from the forest can be sold and at what price. 
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The Forest (Conservation) Act, 1980, primarily focuses on prohibiting or regulating non-forest use of 

forest lands. 

The Wildlife (Protection)Act, 1972; The Wildlife (Protection) Amendment Act, 1991; and The Wildlife 

(Protection) Amendment Act, 2002, deal with the restriction and prohibition of the hunting of animals, and 

with the protection of specified plants. They also deal with the setting up and management of sanctuaries and 

national parks, setting up of the Central Zoos Authority, control of zoos and captive breeding. They also 

control trade and commerce in wild animals, animal articles and trophies. 

The Biodiversity Act, 2002, which was formulated after a long period of discussions and considerable 

public debate, is part of India’s follow-up of the International Convention on Biological Diversity. The Act 

provides for a National Biodiversity Authority (NBA), which will screen proposals for the transfer of genetic 

resources abroad, and set up a system for genetic material from India to be sent to any other country. This 

is to ensure that there is a record of all genetic material going out of the country. The NBA will also advise 

the central government on measures for conservation, sustainable use, and benefit- sharing resulting 

from the use of the biodiversity with the communities who are its traditional custodians 
 

1.8 SUMMARY 
  

 
· Environment refers to the sum total of all conditions and influences that affect the development and life 

of all organisms on earth. 

· Ecology is a branch of biology and a basic tool of environmental science and aims at the study of 

interrelationships between organisms and their environment. 

· Big Bang model, explains the early development of the universe. The theory tries to explain some of 

the earliest events in the universe. Our universe was formed from an extremely hot and dense state 

that expanded rapidly 

· The Earth was formed about 4.6 billion years ago. Its initial heat, plus the impacts of extraterrestrial 

debris prevented the formation of oceans until about 3.8 billion years ago. 

· Earth’s crust solidified about 100 million years after the planet’s formation and that the planet 

quickly acquired oceans and an atmosphere, which may have been capable of supporting life. 

· Cells were probably in existence by 3.5 billion years ago. Various experiments have pointed 

towards the chemical origin of life. Simple chemical substances which were formed by various 

combinations resulted in polymeric compounds like DNA, RNA etc. which further played an important role 

in the formation of first cells. RNA must have been the first genetic material which later was replaced 

by DNA. 
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· There are five major climatic regions, classified based on average annual precipitation, average 

monthly precipitation, and average monthly temperature. 

· Various human activities are causing serious harms to the ecosystems. Industries, agriculture, 

transport, mining and other activities are contributing to the pollution seen in water sources, land 

and air. 

· Biodiversity is the degree of variation of life forms within a given ecosystem, biome, or an entire 

planet and consists of three components: genetic diversity, species diversity, and ecosystem diversity. 

· Man is entirely dependent on the plants and animals for various resources. Once again human 

activities are the main reasons for the depletion of biodiversity which in turn has deleterious effects 

on the integrity of nature. 

· Biodiversity should be and can be conserved. In situ and ex situ conservations are the major 

types of ecosystem conservation.. 
 

1.9. KEY WORDS 
  

 
Ecology Earth Summit 

Environmental Components 

In-situ biodiversity conservation Ex-situ biodiversity conservation 

1.10. QUESTIONS FOR SELF STUDY 
  

 
1. What is ecology? How different is it from environmental science and add a note on the scope of 

environmental science. 

2. Write a note on the geographical classification of zones 

3. Briefly explain big bang theory and comment on the formation of earth 

4. Give an account of origin of life on earth 

5. What is the impact of traditional agriculture on the environment 

6. Write short notes on 

 i. the impact of industry and mining on environment 
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ii. The first genetic material and RNA world 

7. What is meant by biodiversity? Critically comment on its significance 

8. What are the reasons for the loss of biodiversity 

9. What are the types of biodiversity conservation which one would feel is better and why 

10. Write short notes on 

i. Patterns of biodiversity i . Genetic diversity 

ii. . Ecological diversity 

iv. in situ conservation 

v. ex situ conservation 

vi. legislation and conservation 
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2.0. OBJECTIVES 

After reading this Unit, you will be able to  

• explain the nature of life supporting biosphere 

• discuss the functional role of lithosphere 

• describe the components of hydrosphere and atmosphere 

• delineate the water cycle and its significance 

• discuss the concept of sustainable development and its importance 
 

2.1. INTRODUCTION 
  

The size and shape of the earth was a mystery for thousands of years. Most people thought the land 

and seas were flat. They were afraid that if they traveled too far in one direction, they would fall off the edge. 

Explorers who sailed to the limits of known navigation were considered crazy and on paths to destruction. 

Since many early ships did not return from long voyages, people thought they had been sunk by storms, eaten 

by sea monsters, or just went too far and fell off. It wasn’t until the Greek philosopher Aristotle (384–322 

BC), who noticed that Earth’s shadow on the moon was curved, that people began to question the “flat 

earth” idea. It was another 1500 years, however, before the earth’s round shape was well understood. 

Compared to the sun, which is over 332,000 times the mass of the Earth, our home planet is tiny—a bit 

like a human compared to an ant. The sun is 1,391,000 kilometers in diameter compared to the Earth, 

which is approximately 12,756 km in diameter. That means the diameter . That means the diameter of the 

sun is over 100 times that of the Earth. 

In 1755, Immanuel Kant offered the idea that the solar system was formed from a rotating cloud of 

gas and thin dust. In the years since, this idea has become known as the nebular hypothesis. The clouds 

that Kant described could be seen by powerful telescopes. The NASA Hubble space telescope has sent 

back images of many of these beautiful formations, called nebulae. It is likely that when the Earth was 

first forming in our young solar neighborhood, it was a molten mass of rock and metals simmering at 

about 3,600° Fahrenheit (2,000° Celsius). The main cloud elements included hydrogen, helium, carbon, 

nitrogen, oxygen, silicon, iron, nickel, phosphorus, sulfur, and others. As the sphere (Earth) cooled, the 

heavier metals like iron and nickel sunk deeper into the molten core, while the lighter elements like silicon 

rose to the surface, cooled a bit, and began to form a thin crust. This crust floated on a sea of molten rock 

approximately four billion years ago, sputtering volcanic gases and steam from the impact of visitors like ice 

comets. Millions more years passed like this while an atmosphere gradually formed. Rain condensed and 

poured down, cooling the crust into one large chunk and gathering into low 



39  

spots and cracks, forming oceans, seas, lakes, rivers, and streams. Even though the sun seems to be the 

center of our universe, it is really just one of many kids on the block. Our solar system is found on one of 

the spiral arms, Orion, of the galaxy known as the Milky Way. 

The Milky Way galaxy is 80,000 to 120,000 light years across (a light year is a measure of 

distance equal to or more than 9 trillion km, or 9.46 × 1012 km). The center of the Milky Way is made up 

of a dense molecular cloud that rotates slowly clockwise, throwing off solar systems and cosmic debris. It 

contains roughly 200 billion (2 × 1012) stars.Although Andromeda is the closest full-size galaxy to the 

Milky Way, the Sagittarius Dwarf, discovered in 1994, is the closest galaxy. It is 80,000 light years 

away, or nearly 24 kiloparsecs. A parsec is a unit of measurement equal to 3.26 light years. 
 

2.3. BIOSPHERE 
  

 
The term “biosphere” originated with the geologist Eduard Suess in 1875, who defined it as “the 

place on earth’s surface where life dwells”. Vladimir I. Vernadsky first defined the biosphere in a form 

resembling its current ecological usage in his long-overlooked book of the same title, originally published 

in 1926. It is Vernadsky’s work that redefined ecology as the science of the biosphere and placed the 

biosphere concept in its current central position in earth systems science. The biosphere is the biological 

component of earth systems, which also include the lithosphere, hydrosphere, atmosphere and other 

“spheres” (e.g. cryosphere, anthrosphere, etc.). The biosphere (fig-1&2) includes all living 

organisms on earth, together with the dead organic matter produced by them. The biosphere concept is 

common to manyscientific disciplines including astronomy, geophysics, geology, hydrology, biogeography 

and evolution, and is a core concept in ecology, earth science and physical geography.Akey component 

of earth systems, the biosphere interacts with and exchanges matter and energy with the other spheres, 

helping to drive the global biogeochemical cycling of carbon, nitrogen, phosphorus, sulfur and other 

elements. From an ecological point of view, the biosphere is the “global ecosystem”, comprising the 

totality of biodiversityon earth and performing all manner of biological functions, including photosynthesis, 

respiration, decomposition, nitrogen fixation and denitrification. 

The biosphere is dynamic, undergoing strong seasonal cycles in primary productivity and the 

many biological processes driven by the energy captured by photosynthesis. Seasonal cycles in solar 

irradiation of the hemispheres is the main driver of this dynamic, especially by its strong effect on terrestrial 

primary productivity in the temperate and boreal biomes, which essentially cease productivity in the 

winter time. 

The biosphere has evolved since the first single-celled organisms originated 3.5 billion years ago 

under atmospheric conditions resembling those of our neighboring planets Mars and Venus, which have 
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atmospheres composed primarily of carbon dioxide. Billions of years of primary production by plants 

released oxygen from this carbon dioxide and deposited the carbon in sediments, eventually producing the 

oxygen-rich atmosphere we know today. Free oxygen, both for breathing (O2, respiration) and in the 

stratospheric ozone (O3) that protects us from harmful UV radiation, has made possible life as we know it 

while transforming the chemistry of earth systems forever.As a result of long-term interactions between the 

biosphere and the other earth systems, there is almost no part of the earth’s surface that has not been 

profoundly altered by living organisms. The earth is a living planet, even in terms of its physics and 

chemistry. Aconcept related to, but different from, that of the biosphere, is the Gaia hypotheses, which 

posits that living organisms have and continue to transform earth systems for their own benefit. 

The biosphere is a core concept within Biology and Ecology, where it serves as the highest level of 

biological organization, which begins with parts of cells and proceed to populations, species, ecoregions, biomes 

and finally, the biosphere. Global patterns of biodiversity within the biosphere are described using biomes. 

In earth science, the biosphere represents the role of living organisms and their remains in 

controlling and interacting with the other spheres in the global biogeochemical cycles and energy budgets. The 

biosphere plays a central role in the biogeochemical processing of carbon, nitrogen, phosphorus, sulfur 

and other elements. As a result, biogeochemical processes such as photosynthesis and nitrogen fixation are 

critical to understanding the chemistry and physics of earth systems as a whole. The physical properties of the 

biosphere in terms of its surface reflectance (albedo) and exchange of heat and moisture with the atmosphere 

are also critical for understanding global circulation of heat and moisture and therefore climate.Alterations in 

both the physics (albedo, heat exchange) and chemistry (carbon dioxide, methane, etc.) of earth systems by the 

biosphere are fundamental in understanding anthropogenic global warming. 

The earth’s biodiversity is truly amazing. Everything from exotic and fearsome deep-ocean 

creatures to sightless fish in underground lakes exists as part of the earth’s diverse inhabitants. There are 

sulfur-fixing bacteria that thrive in sulfur-rich, boiling geothermal pools and frogs that dry out and remain 

barely alive in desert soils until the rare rains bring them back to life. However, the large majority of 

biosphere organisms that grow, reproduce, and die are found in a much more narrow range. In fact, most of 

the Earth’s species live in a thin slice of the biosphere. This slice is located at temperatures above zero (most 

of the year) and in upper ocean depths where sunlight can penetrate. 
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Fig-1.Earth’s four realms, represented as intersecting circles, are a system of interrelated 

parts (adapted from Peter H. Raven et al) 

 

Fig-2.General structure of the earth showing that it consists of a land sphere (geosphere), air 

sphere (atmosphere), water sphere (hydrosphere), and life sphere (biosphere) (Adapted from 

G. Tyler Miller, Jr. Scott E. Spoolman) 



42  

The vertical range of the biosphere is roughly 20,000 meters, but the section most populated with 

living species is only a fraction of that. It includes a section measured from just below the ocean’s surface to 

about 1,000 meters above it. Most living plants and animals live in this narrow layer of the biosphere. 

In physical terms, the biosphere is a relatively thin and incomplete envelope covering most of the 

world. It represents a mosaic of different biotic communities from simple to complex, aquatic to terrestrial, and 

tropical to polar. It does not exist in the extremities of the Polar Regions, the highest mountains, the 

deepest ocean troughs, the most extreme deserts, or the most highly polluted areas of land and water. Its 

zone of active biological production, in terms of photo-synthesis, is much narrower, and varies from a few 

centimetres to over 100 metres. This zone would, for instance, be only a few centimetres in muddy or turbid 

water, whereas in very clear ocean water, it could be more than 100 metres in thickness. On land, the zone of 

biological production might be only a few millimeters in a desert or rock environment, whereas it might again 

be more than 100 metres in a sequoia or tropical rain forest. These media are not completely isolated from 

each other, however, some of the atmospheric gases are dissolved in all natural waters, and some moisture is 

present almost everywhere in the atmosphere. Each of these media can be discussed separately in the 

following manner: 
 

2.4. LITHOSPHERE 
  

 
The interior of the Earth, like that of the other terrestrial planets, is divided into layers by their 

chemical or physical (rheological) properties. It has a distinct outer and inner core. The outer layer of the 

Earth is a chemically distinct silicate solid crust, which is underlain by a highly viscous solid mantle. The 

thickness of the crust varies: averaging 6 km under the oceans and 30–50 km on the continents. The crust 

and the cold, rigid, top of the upper mantle are collectively known as the lithosphere, and it is of the 

lithosphere that the tectonic plates are comprised. Beneath the lithosphere is the asthenosphere, a relatively 

low-viscosity layer on which the lithosphere rides. Beneath the mantle, an extremely low viscosity liquid 

outer core lies above a solid inner core. The inner core may rotate at a slightly higher angular velocity than 

the remainder of the planet, advancing by 0.1–0.5° per year. The crust and very top part of the mantle are 

collectively known as the lithosphere (lithos is Greek for “stone” fig-2A). This layer of the crust is rigid 

and brittle, acting as an insulator over the active mantle layers below. It is the coolest of all the Earth’s land 

layers and thought to float or glide over the layers beneath it. Scientists have determined that around 250 

million years ago, all the land mass was in one big chunk or continent. They called the solid land mass 

Pangaea, meaning “all earth.” The huge surrounding ocean was called Panthalassa, which means “all 

seas.” By nearly 65 million years ago, things had gradually broken apart to form the continental land 

masses we know and live today, separated by huge distances of water. 
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2.4.1. Crust 

The Earth’s crust is the hard, outermost covering of the planet. This is the layer exposed to 

weathering like wind, rain, freezing snow, hurricanes, tornadoes, earthquakes, meteor impacts, volcano 

eruptions, and everything in between. It has all the wrinkles, scars, colorations, and shapes that make 

nature interesting. Just as everyone is different, with diverse ideas and histories depending on their 

experiences, the land varies widely around the globe. Lush and green in the tropics to dry and inhospitable 

in the deep Sahara to fields of frozen ice pack in the Arctic, the crust has many faces. 

2.4.2. Continental crust 

The land mass of the crust is thin compared to the rest of the Earth’s layers. It makes up only about 

1% of the earth’s total mass, but the continental crust can be as much as 70 km thick. The land crust 

with mountain ranges and high peaks is thicker in places than the crust found under the oceans and seas, 

but the ocean’s crust, about 7 km thick, is denser.  
 
 

 
 

Fig-2A. Structure of the Earth’s crust and top most layer of the upper mantle. The 

lithosphere consists of the oceanic crust, continental crust, and uppermost mantle. Beneath the 

lithosphere is the asthenosphere. This layer, which is also part of the upper mantle, extends to a 

depth of about 200 kilometers. Sedimentary deposits are commonly found at the boundaries 

between the continental and oceanic crust. 

The continents are the pieces of land that sit above the level of ocean basins, the deepest levels of land 

within the crust. Continents have broken up into six major land masses: Africa, Antarctica, Australia, Eurasia, 

North America, and South America. This hard continental crust forms about 29% of the Earth’s surface. Beside dry 

land, continents include undersea continental shelves that extend the land mass even further, like the crust around 
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the edge of a pie. A continental shelf provides a base for the deposit of sand, mud, continental crust is 

thicker, especially under mountains, but less dense than the “wet crust found under the oceans. Commonly, the 

continental crust is 32 km thick, but can be up to 80 km thick from the top of a mountain. 

2.4.3. Oceanic crust 

The land below the levels of the seas is known as the oceanic crust. This “wet” crust is much 

thicker than the continental crust. The average elevation of the continents above sea level is 840 meters. 

The average depth of the oceans is about 3,800 meters, or 41/2 times greater. The oceanic crust is 

roughly 7 to 10 km thick below the bottom of the oceans. Though not pounded by wind and rain like the 

continental crust, the oceanic crust is far from dull. It experiences the effects of the intense heat and 

pressures of the mantle more than the continental crust, because the oceanic crust covers more area. 

Even slow processes like sediment collection can trigger important geological events. This happens 

when the build-up of heavy sediments onto a continental shelf by ocean currents causes pieces to crack 

off and slide toward the ocean floor in a rush. When this happens, the shift can roar downward at speeds of 

between 50 and 80 km per hour, smashing everything in its path. Delicate ocean communities are as 

affected by these types of undersea events as land animals would be after a mudslide or earthquake. The 

sudden water movement causes intense turbidity currents that can slice deep canyons along the ocean 

floor. These currents cause disruptive undersea avalanches that change the underwater seascape and 

affect its many inhabitants. The winds from the Northern and Southern Hemispheres also keep the 

oceans churning and recycling. Their pushing movement, along with the Earth’s rotation, keeps ocean 

currents moving until they hit a land mass and are deflected. A large, circular rotation pattern in the 

subtropical ocean is called a gyre. The circulation of gyres in the Northern Hemisphere is clockwise, 

while the circulation in the Southern Hemisphere is counterclockwise. 

2.4.4. Mantle 

The mantle is the next layer in the Earth’s crust. It is located just below the lithosphere. The 

mantle makes up over 80% of the earth’s volume. It is estimated to be about 2,900 km thick. The mantle is 

not the same all the way through. It is divided into two layers: the upper mantle, or asthenosphere 

(asthenes is Greek for “weak”), and the lower mantle. These layers are not the same. They contain rock 
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of different density and makeup. The asthenosphere is solid, but found at much greater depths than the 

lithosphere. Compared to the crust, this layer is hot, near the melting point of rock. Think of it as something 

like oatmeal: When it is hot, it is fairly liquid, but if you leave it to cool on the table for a few hours, it turns 

to stone and is nearly impossible to get out of the bowl. Heat and pressure create malleability within the 

lithosphere. This acts like a series of ball bearings under the chunks of the lithosphere. Mantle layers 

move and glide on this moldable, creeping under layer. This allows a lot of activity to take place. 

The heated materials of the asthenosphere become less dense and rise, while cooler material 

sinks. This works very much like it did when the planet originally formed. Dense matter sank to form a 

core, while lighter materials shifted upward. The lower part of the mantle, or mesosphere, measures 

roughly 660 km from the Earth’s molten outer core to the bottom of the asthenosphere. Different amounts 

of heating in the upper and lower parts of the mantle cause extremely slow currents to form and allow 

solid rock to creep along one atom at a time in a flow direction. The continental and oceanic crusts are 

pulled down and moved around depending on the direction of these deep currents. 

2.4.5. Core 

The distance from the Earth’s surface to its core is nearly 6,500 km. The Earth’s outer peel, the 

crust, is 5 to 55 km thick and insulates the surface from its hot interior. The temperature gradient (rise in 

temperature with regard to depth) of the earth’s crust is 17 to 30°C per kilometer of depth. The mantle 

has temperatures between 650 and 1250°C.At the earth’s core (liquid outer and solid inner) temperatures 

are between 4000 and 7000°C. Because heat moves from hotter areas to colder areas, the earth’s heat 

moves from its fiery center toward the surface. This outward heat flow creates a convective mantle 

movement that drives plate tectonics. At spots where the plates slide apart, magma rises up into the rift, 

forming new crust. Where continental plates collide, one plate is forced under the other, a process called 

subduction. As a subducted plate is forced downward into areas of extreme heat, it is forced by increasing 

pressure, temperature, and water content to melt, becoming magma (lava). Hot magma columns rise and 

force their way up through the crust, transferring huge amounts of heat. This very center of the earth 

(core) is made up mostly of iron with a smattering of nickel and other elements. The core, which is under 

extreme pressure, makes up around 30% of the Earth’s total mass. It is divided into an inner and outer 

core. Look back to Fig. 2. Earthquake wave measurements have suggested that the outer core is fluid 

and made of iron, while the inner core is solid iron and nickel. The solid center, under extremely high 

pressure, is unable to flow at all. 
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2.5. HYDROSPHERE (WATER) 

The oceans, rivers, streams, lakes, ponds, pools, polar ice caps, water vapour, etc., form the 

hydrosphere. About three-fourth of the earth’s surface (75%) is covered with hydrosphere, the main 

component of which is water. Water is one of the most unusual natural compounds found on earth. The 

water remains in solid (snow), liquid (water) and gaseous (water vapour) forms. Life on earth began in the 

seas (the oceans probably formed through condensation of volcanic gases erupted from volcanoes), and 

water in some form or the other is absolutely essential for the maintenance of all life. Regardless of how the 

water got on the Earth (volcanoes or snowballs or both), it is clear that we have been recycling the water for 

a longtime. The Earth’s hydrosphere is largely a closed system. This means that we neither lose nor gain 

water. This isn’t exactly true. We lose and gain some water through the Earth’s interaction with space, but 

not too much, that is, if you don’t accept the snowball hypothesis (one scientific group had observed dull 

flashes of light in the upper atmosphere which gave off the spectrum of water. They interpreted these 

flashes as records of “snowball” impacts on the upper atmosphere and hypothesized that space is full of 

small, loosely packed snowball comets and that they regularly impact the upper atmosphere of the 

Earth. They lack any real substance and consequently, could never make it through the atmosphere. But 

they feel that snow balls might have contributed a lot of water to the Earth over geological time). 

There are 5 major reservoirs that comprise the Earth’s hydrosphere. They are 

1) The oceans, 

2) The polar ice caps, 

3) Groundwater, 

4) Rivers and lakes and 

5) The atmosphere. 

The water is circulated between reservoirs through the hydrological cycle. This involves the 

processes of evaporation, condensation, precipitation, infiltration, evapotranspiration and runoff. Water 

is one of the main agents in pedogenesis (soil formation) and is the medium for several different 

ecosystems. It permeates the atmosphere and the outer layers of lithosphere and has uneven distribution 

on earth, so that, some of the great ocean depths are approximately six or seven miles (9750 meters). 

Further water in its two forms, salt water and freshwater, forms two chief aquatic environments—namely 

marine environment and fresh water environment of earth. The oceans holding marine environment 

are two and one half times more extensive than land and provide over 300 times the living space, since 

they are habitable throughout their entire depth by certain groups of organisms. Water is obviously 

heavier than air which imparts greater buoyancy to the aquatic medium enabling organisms to float at 

variable levels. 
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The most unique features of water concern its physical properties. The hydrosphere is never still. It 

encompasses the evaporation of oceans into the atmosphere, the raining of this water back onto land, the 

run-off into streams and rivers, and finally the flow back into the oceans. The hydrosphere also 

contains the water in underground aquifers, lakes, and streams. The cryosphere is a subset of the 

hydrosphere. It includes all of the Earth’s frozen water found in colder latitudes and higher elevations in 

the form of snow and ice. At the poles, continental ice sheets and glaciers cover vast wilderness areas of 

barren rock that have hardly any plant life. Antarctica is a continent two times the size of Australia and 

contains the world’s largest ic 
 

2.6. ATMOSPHERE 
  

 
The multilayered gaseous envelope surrounding the planet earth is called atmosphere. The 

atmosphere remains in contact with all the major types of environment of earth, interacting with them and 

greatly affecting their ability to support life. It filters sunlight reaching the earth, affect climate, and is a 

reservoir of several elements essential for life. 

Various Zones of Atmosphere 

The atmosphere is divided into five distinct layers or zones: troposphere, stratosphere, 

mesosphere, ionosphere and exosphere. The tropopause separates the stratosphere from the 

troposphere and stratopause separates mesosphere from stratosphere. 

1. Troposphere. It is the lowest region of atmosphere which subjects to differential heating, temperature 

inversions and convection currents and which extends from the surface of the earth up to a height of 8 to 

10 km at polar latitudes (poles), 10 to 12 km at moderate latitudes and 16 to 20 km at the equator. For 

the organisms, troposphere forms a most important zone of atmosphere. Many important climatic events 

such as cloud formation, lightening, thundering, thunder storm formation, etc., all take place in tropo- 

sphere. In this zone the percentage concentration of different gases in air does not vary with an increase 

in height. But the water vapour content in air depends upon the weather (e.g., part of the troposphere 

over an ocean carries more moisture than that over a land surface) and it decreases sharply with an 

increase in height as does the air temperature. 
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Fig-3. Vertical change in average global atmospheric temperature. Variations in the way tem- 

perature changes with height indicates the atmosphere is composed of a number of different 

layers (labeled above). These variations are due to changes in the chemical and physical char- 

acteristics of the atmosphere with altitude. 

1. Air temperature 

Air temperature in this zone gradually decreases with height at the rate of about 6.5°C per km 

(more specifically 5°C per km (more specifically 5°C per km in the lower troposphere and 7°C per km in 

the upper troposphere). In fact, towards the upper layers of troposphere, the temperature may decrease up to 

– 60°C. Upper region of the troposphere has a narrow boundary called the tropopause which has a 

constant temperature. Further, the non-uniform heating of the ground surface by sun’s radiations produces 

ascending and descending air currents, which cause turbulence and mixing of air masses vertically. 

Moreover, the average air pressure at the earth’s surface is 1,014 millibars (viz., 1 millibar= 1/1000 bar; 1 

bar = 1.019 kg per cm2 close to 1 atmosphere, 1.332 millibars=1mm of mercury (Hg). At an altitude of 5 

km, the air pressure is half that at the surface; at 11 km it is 225 millibars and at 17 km it is only 90 

millibars. 

2. Stratosphere 

Next to troposphere is the second zone, called stratosphere, which is about 30 km in height. 

This zone is free from clouds and aeroplanes usually fly in its lower zone. The temperature of stratosphere 

increases up to 90°C and such an increase in temperature is due to ozone formation under the absorbs 

solar radiation, ultraviolet radiation from the sun and also a lot of the solar infra-red, thus, becoming 
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warmer than adjacent layers above or below. There is a serious threat to this ozone layer now due to the 

harmful effects of gaseous pollutants. A big hole (i.e., thinning of the O3 layer) has occurred in it, above 

the Antarctic region. Upper layers of stratosphere form stratopause. 

3. Mesosphere. 

Stratosphere is followed by next zone called mesosphere which is 40 km in height. In 

mesosphere, temperature shows again a decrease up to –80°C. Upper layers of this zone form the 

mesopause. 

4. Ionosphere. 

The remaining part of atmosphere above the mesosphere, up to the height of about 300 km 

above earth’s surface, is called ionosphere. Ionosphere contains several layers of ionized air. Thus, 

most of the gaseous components which become ionized under the influence of radiant energy, remain as 

ions. Ionosphere reflects short radio waves, making telecommunication possible over long distances. 

5. Exosphere. The exosphere is the outer fringe of earth’s atmosphere and outer space begins after it. 

The air density is very low in this zone; hydrogen being dominant element of it. 

Air 
 

The gaseous mixture of troposphere, is utilized by most organisms in respiration to liberate 

energy from food during oxidation and is called air. In atmosphere, about 95 per cent of the total air is 

present up to the height of about 20 km above earth’s surface and the remaining 5 per cent in the rest, of 

about 280 km height. In the gaseous mantle, there is found a mixture of gases in different proportions. Of 

these various gases nitrogen and oxygen are the major components of air. Miscellaneous component 

includes traces of hydrogen, ozone, radon, helium, neon, krypton, xenon, sulphur dioxide, hydrogen 

sulphide, ammonia, methane, etc.. Besides these gases, air may carry suspensions of liquids such as 

water in clouds and solids such as dust from the ground (soil), smoke from fires or salt from ocean spray. 

Air also contains microorganisms (viruses, bacteria, etc.), pollen grains and fungal spores, all forming 

biological constituents of the atmosphere. In general, the composition of these gases in air and in other 

media on earth, such as water or soil, is in equilibrium with the atmosphere. In special ecological habitats 

such as the anaerobic regions of deep lakes or sand-mud flats, however, the composition of gases of air 

is altered dramatically. Slight differences occur in the atmosphere at different latitudes and, at places 

where gases are entering or leaving the atmosphere, such as volcanoes, fires, smelters, cities, metropolitan 

areas, and vegetation. 
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2.6.1. Physiologic-ecologic inter-relationships of gases and animals. 

The atmospheric composition is not always the most important factor to organism; rather, it is the 

partial pressure of a gas, especially oxygen and CO2, which influences the existence of life, as illustrated by 

altitudinal studies on organisms. The partial pressure of a gas is the product of the total barometric pressure 

times the concentration of gas in dry air. The solubility characteristics of oxygen and carbon dioxide in 

water are different, for carbon dioxide is about 200 times more soluble than oxygen. Both temperature 

and salinity have evident effects on the solubility of these two gases; with either increased temperature or 

increased salinity, there is a decrease in their solubility in water In the process of photosynthesis, 

green plants use CO2 and release O2 during the day time; oxygen is used in respiration by all the organisms 

all the time. Photosynthesis, thus, regulates the oxygen and carbon dioxide balance in nature. Nitrogen 

which is abundantly present in the atmosphere is not used directly by plants or animals except by some 

bacteria and blue green algae. If gases are to be functionally important to an organism, there must be a 

mechanism whereby gases can enter and leave the body. Apparently the passage of oxygen across a 

membrane is accomplished by diffusion. The rate of diffusion can be calculated by Fick’s Law, which 

is based on concentration coefficient, amount of surface thickness of the membrane, and time, and is 

expressed as the diffusion coefficient. The diffusion coefficient value is not the same for different animal 

tissues. For example, some representative values of diffusion coefficient of O2 are : muscle, 0.000014; 

connective tissue, 0.000011; water, 0.000034; air, 11.0; chitin, 0.000013. Not only is the diffusion rate 

different in various tissues, but the behaviour of each gas also differs. Carbon dioxide, for example, 

diffuses through water and animal tissues 25 times faster than oxygen. 

2.6.2. Air as a medium for living organism 

Air is not an easy and suitable medium to support life (biota) and actually no organism ever 

originated in air, though, certain aquatic and terrestrial organisms have become secondarily adapted for aerial 

existence. Air has so much less buoyancy than water that organisms emerging from water or land are 

immediately subjected to a stronger pull of gravity which holds them to the earth. They are also exposed 

to evaporation of water from their bodies, which threatens loss of water from the protoplasm and death by 

desiccation. Changes in temperature are much more drastic in air and there is great danger of chilling 

or overheating. Further, periods of light exposure are much longer and much more intense in air than in 

water or upland. The problem of mineral supply becomes acute in the air. Biota of the air. Only a few 

microorganisms, plants and animals have invaded the air. The most common examples of aerially adapted 

animals are insects, flying fish (Exocoetus volitans), flying frog, flying lizard (Draco volans), flying 

phalangers (Petaurus), bats (Eptesicus), and birds. 
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2.7. HYDROLOGICAL CYCLE 

Each chemical element used by organisms has a distinctive biogeochemical cycle (The word 

“Bio” refers to living organisms and “geo” to the soil, rocks, water and air of the earth) whose properties 

depend on the physical and chemical nature of the element and how organisms use it. All chemical 

elements cycle quickly through organisms because no individual, even of the longest-lived species, lives 

very long in geological terms. Biogeochemical cycles refer to the cyclic movements of chemical 

elements of the biosphere between the organism and the environment. Two types of 

biogeochemical cycles are generally seen viz., the gaseous and the sedimentary. In gaseous cycles the 

main reservoir of nutrients is the atmosphere and the ocean. Soil, sedimentary rocks and other rocks of 

the earth’s crust are the main reservoir in sedimentary cycles. Both involve biotic and abiotic agents, both 

are driven by the flow of energy and both are tied to the water cycle. The cycling of water through the 

oceans, atmosphere, fresh waters, land and living organisms is known as the water cycle or 

hydrological cycle. 

Water covers over 70% of the Earth’s surface, but it’s hard to picture that much water. The 

oceans hold 97% of the Earth’s water, the land masses hold 3%, and the atmosphere holds less than 

0.001%. The water on the land masses is stored as fresh water in glaciers and icecaps, groundwater, 

lakes, rivers, and soil. The annual precipitation for the Earth has been estimated at more than 30 times the 

atmosphere’s total ability to hold water. This points to the fact that water is quickly recycled between the 

Earth’s surface and the atmosphere. Water forms a very significant factor of environment and without 

the cycling of water, biogeochemical cycles could not exist, ecosystems could not function, and life could 

not be maintained. Water is important for an ecosystem for several reasons— it is the medium by which 

nutrients are introduced into autotrophic plants; it is an important part of living tissue, either as liquid 

water or as part of essential organic molecules; it serves as a means of thermal regulation for both plants 

and animals; it is the medium by which sediments — a prime source of mineral nutrients— are removed 

from or added to local ecosystem; it covers the great majority of the earth’s surface, and is the dominant 

feature of all aquatic ecosystems. The hydrologic cycle is driven by solar energy and gravity. More than 

80 per cent of the total insolation that is not lost immediately as electromagnetic radiation goes to evaporate 

water. The atmospheric water vapour produced by this means can then condense around particles of 

dust in the atmosphere, often called nucleation particles. The atmosphere possesses a limited capacity 

for holding water vapour, thus, the droplets formed by this means are heavy enough to fall as precipitation, 

under the influence of gravity. Eventually, the hydrologic cycle can be defined as an alteration of evaporation 

and precipitation, with the energy used to evaporate the water being dissipated as heat in the atmosphere 

as the water condenses. Distribution of water in earth’s surface. Water is not evenly distributed 
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throughout the earth. Almost 95 per cent of the total water on earth is chemically bound into rocks and does 

not cycle. Of the remainder, about 97.3 percent is in the ocean, about 2.1 per cent exists as ice in the polar 

caps and permanent glaciers, and the rest is fresh water, present in the form of atmospheric water vapour, 

ground water, soil water, or inland surface water . The rate of cycling of water. The rate of cycling between 

surface and atmosphere is very rapid. The amount of water vapour in the atmosphere is sufficient, on the 

average, to cover the entire earth to a depth of 2.25 cm. But the average annual rainfall for the earth is 

about 81.1 cm and in some places it ranges up to 1200 cm. This means that the average turnover time for 

atmospheric water is about 11.4 days, or that the equivalent of all the water vapour in the entire 

atmosphere falls as precipitation and is re-evaporated more than 32 times per year. Further, the distribution 

of evaporation and rainfall is quite uneven. If we compare the annual evaporation and precipitation over land 

and sea, we find that relatively more water precipitates on land than evaporates from land. This is fortunate from 

the point of view of terrestrial organisms. Even so, the amount of rainfall on the open ocean is proportionately 

greater than that on land, taking into account the relative percentages of the earth’s surface covered by land 

and sea. 

Nature of hydrologic cycles 

The hydrologic cycle over the oceans is extremely simple—the water is evaporated from the 

surface of the ocean and water vapours form the clouds which when cool down precipitate the water as rain 

fall. But several routes are open to precipitation that falls on land— direct evaporation, transpiration, entry of 

water into ground water system and runoff. Consequently, the routes of hydrologic cycles on land can be 

divided into following three main categories–the rapidly cycling portion, or evapotranspiration, which includes 

the evaporation and transpiration, the less rapidly cycling water, or surface runoff, and very slowly cycling 

ground water that seeps into the soil can end up in any one of these three categories. 

1. Evapotranspiration. Evapotranspiration includes evaporation and transpiration. Evaporation refers to 

water that is evaporated directly from any surface other than a plant, such as a lake, soil surface, or animal 

skin. In most cases, the main effects of direct evaporation are to moderate the temperature of local area 

and to allow the hydrologic cycle to continue. In some ecosystems, evaporation also leads to a concentration 

of salts in the water of soil which may be a critical environmental factor. Transpiration is water that 

evaporates from the surface of leaves of plants. Transpiration acts to move the biogeochemical cycles for all 

mineral nutrients that enter the food chain via the roots of plants. 

2. Surface runoff. If transpiration is related to the mechanism of nutrient uptake, the gross movement of 

soluble and solid particles in the ecosystem is accomplished largely by runoff. Nutrients that have 

accumulated in sediments or soils can be eroded by streams and removed altogether from a local 

ecosystem, or soluble nutrients may be carried by soil seepage into surface waters, where they are 

removed from the area. Streams may carry sediment particles which can be chemically altered through 
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additional weathering so that the nutrient elements they contain may be utilized by organisms. Finally 

moving water acts as an agent of erosion which removes soil and allows weathering of the underlying 

rock to make their nutrients available to plants. 

Fig-4. Global water cycle 
 

3. Ground water. Ground water is water that saturates either sediment or rock below the water table. 

In general, it is not trapped by plants for transpiration and it is too deep to be directly evaporated from 

the soil surface. It is an exceedingly important reservoir for water which moves from one place to another 

under the influence of gravity. The area where the net water movement is from the surface into the ground 

water systems is termed a catchment area; areas where ground water reaches the surface and runs off 

are termed springs. A rock body through which ground water flows is called an aquifer. A well drilled 

into an aquifer that has sufficient hydrostatic pressure to force water up into it is called an artesian well. 

The hydrologic cycle on land, thus, includes evapotranspiration of water from earth’s surface and leaf 

surface ? formation of clouds ? precipitation ? surface runoff + accumulation of water as ground water ? 

return of water to sea via streams or direct evaporation and cloud formation, and so on. 
 

2.8. SUSTAINABLE DEVELOPMENT 
  

 
Sustainable development is defined as meeting the needs of the present without 

compromising the ability of future generations to meet their own needs. This definition was 

given by the Norwegian Prime Minister, G.H. Brundtland, who was also the Director of World 

Health Organization (WHO). At the 2005 World Summit it was noted that this requires the 

reconciliation of environmental, social and economic demands - the “three pillars” of sustainability. 

This view has been expressed as an illustration using three overlapping ellipses indicating that the three 

pillars of sustainability are not mutually exclusive and can be mutually reinforcing.
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Fig-5. Schematic representation of three pillars of life 

Today sustainable development has become a buzz word and hundreds of programmes have 

been initiated in the name of sustainable development. If you want to test whether or not a proposal will 

achieve the goals of sustainability just try to find out the following. Does it protect our biodiversity? Does it 

prevent soil erosion? Does it slow down population growth? Does it increase forest cover? Does it cut off 

the emissions of CFC, SOx, NOx and CO2? Does it reduce waste generation and does it bring 

benefits to all? These are only a few parameters for achieving sustainable growth. Until now development 

has been human-oriented, that too mainly, for a few rich nations. They have touched the greatest heights 

of scientific and technological development, but at what cost? The air we breathe, the water we drink 

and the food we eat have all been badly polluted. Our natural resources are just dwindling due to over 

exploitation. If growth continues in the same way, very soon we will be facing a dooms day as suggested 

by Meadows et al (1972) in their world famous academic report. 

Although the fears about such unsustainable growth and development started in 1970.s, yet a 

clear discussion on sustainable development emerged on an international level in 1992, in the UN 

Conference on Environment and Development (UNCED), popularly known as The Earth Summit, held 

at Rio de Janeiro, Brazil. The Rio Declaration aims at a new and equitable global partnership through the 

creation of new levels of cooperation among states. Out of its five significant agreements Agenda-21 

proposes a global programme of action on sustainable development in social, economic and political 

context for the 21st Century. 
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These are the key aspects for sustainable development: 

(a) Inter-generational equity: This emphasizes that we should minimize any adverse impacts on resources 

and environment for future generations i.e. we should hand over a safe, healthy and resourceful environment 

to our future generations. This can be possible only if we stop over-exploitation of resources, reduce 

waste discharge and emissions and maintain ecological balance. 

(b) Intra-generational equity: This emphasizes that the development processes should seek to minimize 

the wealth gaps within and between nations. The Human Development Report of United Nations (2001) 

emphasizes that the benefits of technology should seek to achieve the goals of intra-generational equity. 

The technology should address to the problems of the developing countries, producing drought tolerant 

varieties for uncertain climates, vaccines for infectious diseases, clean fuels for domestic and industrial 

use. This type of technological development will support the economic growth of the poor countries and 

help in narrowing the wealth gap and lead to sustainability. 

Measures for Sustainable Development: 

Some of the important measures for sustainable development are as follows: Using appropriate 

technology is one which is locally adaptable, eco-friendly, resource-efficient and culturally suitable. It 

mostly involves local resources and local labour. Indigenous technologies are more useful, cost-effective 

and sustainable. Nature is often taken as a model, using the natural conditions of that region as its 

components. This concept is known as design with nature. The Technology should use less of resources 

and should produce minimum waste. Reduce, Reuse, Recycle approach: The 3-R approach advocating 

minimization of resource use, using them again and again instead of passing it on to the waste stream and 

recycling the materials goes a long way in achieving the goals of sustainability. It reduces pressure on our 

resources as well as reduces waste generation and pollution. 

Prompting environmental education and awareness: 

Making environmental education the centre of all learning process will greatly help in changing 

the thinking and attitude of people towards our earth and the environment. Introducing the subject right 

from the school stage will inculcate a feeling of belongingness to earth in the small children. Earth thinking 

will gradually get incorporated in our thinking and action which will greatly help in transforming our life 

styles to sustainable ones. 
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Resource utilization as per carrying capacity: 

Any system can sustain a limited number of organisms on a long-term basis which is known as its 

carrying capacity. In case of human beings, the carrying capacity concept becomes all the more complex. It is 

because unlike other animals, human beings, not only need food to live, but need so many other things to 

maintain the quality of life. Sustainability of a system depends largely upon the carrying capacity of the 

system. If the carrying capacity of a system is crossed (say, by over exploitation of a resource), 

environmental degradation starts and continues till it reaches a point of no return. Carrying capacity has two 

basic components: Supporting capacity i.e. the capacity to regenerate Assimilative capacity i.e. the capacity 

to tolerate different stresses. In order to attain sustainability it is very important to utilize the resources 

based upon the above two properties of the system. Consumption should not exceed regeneration and 

changes should not be allowed to occur beyond the tolerance capacity of the system. 

2.8.1. The Indian Context 

India has still to go a long way in implementing the concept of sustainable development. We have to lay 

emphasis on framing a well-planned strategy for our developmental activity while increasing our economic 

growth. We have tremendous natural diversity as well as a huge population which makes planning for 

sustainable growth all the moreimportant and complex. The National Council of Environmental Planning and 

Coordination (NCPC) set up in 1972 was the focal agency in this regard. The Ministry of Environment & 

Forests, set up in 1985 has formulated guidelines for various developmental activities keeping in view the 

sustainability principles. 

Urban problems related to energy 

Cities are the main centers of economic growth, trade, education, innovations and employment. Until 

recently, a big majority of human population lived in rural areas and their economic activities centered around 

agriculture, cattle rearing, fishing, hunting or some cottage industry. It was some 200 years ago, with the 

dawn of Industrial era, the cities showed a rapid development. Now about 50 percent of the world 

population lives in urban areas and there is increasing movement of rural folk to cities in search of 

employment. The urban growth is so fast that it is becoming difficult to accommodate all the industrial, 

commercial and residential facilities within a limited municipal boundary. As a result, there is spreading of the 

cities into the sub-urban or rural areas too, a phenomenon known as urban sprawl. In developing 

countries too urban growth is very fast and in most of the cases it is uncontrollable and unplanned 

growth. In contrast to the rural set-up the urban set-up is densely populated, consumes a lot of energy and 

materials and generates a lot of waste. The energy requirements of urban population are much higher than that 

of rural ones. This is because urban people have a higher standard of life and their life style demands more 

energy inputs in every sphere of life. The energy demanding activities include: 
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(i) Residential and commercial lighting. 

(ii) Transportation means including automobiles and public transport for moving from residence to 

workplace. 

(iii) Modern life-style using a large number of electrical gadgets in 

(iv) Industrial plants using a big proportion of energy. 

(v) A large amount of waste generation which has to be disposed off properly using energy based 

techniques. 

(vi) Control and prevention of air and water pollution which need energy dependent technologies. Due 

to high population density and high energy demanding activities, the urban problems related to 

energy are much more magnified as compared to the rural population. 

2.9. SUMMARY 
  

 
 Biosphere is the biological component of earth systems, which also include the lithosphere, 

hydrosphere, atmosphere and other “spheres” 

 The crust and the cold, rigid, top of the upper mantle are collectively known as the lithosphere. It 

can be studied with reference to Crust, Continental crust, Oceanic crust, Mantle and Core. 

 Hydrosphere refers to oceans, rivers, streams, lakes, ponds, pools, polar ice caps, water vapour, 

etc., 

 The multilayered gaseous envelope surrounding the planet earth is called atmosphere. The 

atmosphere remains in contact with all the major types of environment of earth, interacting with 

them and greatly affecting their ability to support life. Troposphere, Stratosphere, Mesosphere, 

Ionosphere and Exosphere are the major strata of the atmosphere. 

 The cycling of water through the oceans, atmosphere, fresh waters, land and living organisms is 

known as the water cycle or hydrological cycle. 

 Sustainable development is defined as meeting the needs of the present without compromising 

the ability of future generations to meet their own needs. 
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2.10. KEY WORDS 

Biosphere  Lithosphere  Asthenosphere   Continental crust 

Biogeochemical Cycle 
 

2.11. QUESTIONS FOR SELF STUDY 
  

 
1. What is biosphere? Add a note on its nature 

2. What is lithosphere? Discuss the components in detail 

3. Give a detailed account of atmosphere 

4. What are biogeochemical cycles? Write a note on hydrologic cycle 

5. Is there any need for sustainable development? Discuss 
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3.0. OBJECTIVES 

After reading this Unit, you will be able to  

• discuss the nature of ecosystem and its characteristics 

• classify the types of ecosystems 

• discuss the significance of diversity and dominance indices 

• explain the ecosystem models and its uses 

• discuss the nature and structure of lake ecosystem 

• explain eutrophication 
 

3.1. INTRODUCTION 
  

 
An ecosystem is a group of biotic communities of species interacting with one another and with 

their non-living environment exchanging energy and matter. Now ecology is often defined as the study of 

ecosystems. An ecosystem is an integrated unit consisting of interacting plants, animals and microorganisms 

whose survival depends upon the maintenance and regulation of their biotic and abiotic structures and 

functions. The ecosystem is thus, a unit or a system which is composed of a number of subunits that are 

all directly or indirectly linked with each other. They may be freely exchanging energy and matter from 

outside an open ecosystem or may be isolated from outside a closed ecosystem. 
 

3.2. CONCEPT OF ECOSYSTEM 
  

 
Before studying various ecosystems, let us try to understand the nature of ecosystem (a brief 

introduction to ecosystem, its components and structure is given here. A detailed account of the same is 

given in unit 1 of block 2). Various kinds of life supporting systems like the forests, grasslands, oceans, 

lakes, rivers, mountains, deserts and estuaries show wide variations in their structural composition and 

functions. However, they all are alike in the fact that they consist of living entities interacting with 

their surroundings, exchanging matter and energy. How do these different units like a hot desert, a 

dense evergreen forest, the Antarctic Sea or a shallow pond differ in the type of their flora and fauna, 

how do they derive their energy and nutrients to live together, how do they influence each other and 

regulate their stability are the questions that are answered by Ecology. 

The term Ecology was coined by Earnst Haeckel in 1869. It is derived from the Greek words 

Oikos- home + logos- study. So, ecology deals with the study of organisms in their natural home interacting 
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with their surroundings. The surroundings or environment consists of other living organisms (biotic) and 

physical (abiotic) components. Modern ecologists believe that an adequate definition of ecology must 

specify some unit of study and one such basic unit described by Tansley (1935) was ecosystem. Hence, the 

ecosystem is defined as a group of biotic communities of species interacting with one another and with 

their non-living environment exchanging energy and matter. 
 

3.3. ECOSYSTEM CHARACTERISTICS 
  

As a result of the influence abiotic factors exert on organisms, different ecosystems develop 

differently. The major factors that determine the growth and type of ecosystem include temperature, 

rainfall, soil type and location (the latitude and altitude). These factors, their interactions with each other and 

with the local biotic community, have resulted in a variety of ecosystems. 

Major types of ecosystems in the world 

(A) TERRESTRIAL ECOSYSTEMS (B) AQUATIC ECOSYSTEMS 

Tropical rainforest Swamp and marsh 

Tropical seasonal forest Lake and stream 

Temperate evergreen forest (taiga) Open ocean 

Temperate deciduous forest Upwelling zones 

Boreal forest Continental shelf 

Woodland and shrubland Algal beds and reefs 

Savannah Estuaries and brackish waters Temperate grassland 

Tundra 

Desert/semi-desert shrub 

Extreme desert, rock, sand and ice Cultivated land 

Total terrestrial 

Ecosystems show large variations in their size, structure, composition etc. However, all the 

ecosystems are characterized by certain basic structural and functional features which are common (a 

detailed account of ecosystem characteristics and its components are given in unit I block 2). 
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3.4. STRUCTURAL FEATURES 

Composition and organization of biological communities and abiotic components constitute the 

structure of an ecosystem. 

II. Abiotic Structure 

Abiotic Structure refers to the physical and chemical components of an ecosystem constitute its 

abiotic structure. It includes climatic factors, edaphic (soil) factors, geographical factors, energy, nutrients 

and toxic substances. 

(a) Physical factors: The sunlight and shade, intensity of solar flux, duration of sun hours, average 

temperature, maximum-minimum temperature, annual rainfall, wind, latitude and altitude, soil type, water 

availability, water currents etc. are some of the important physical features which have a strong 

influence on the ecosystem. We can clearly see the striking differences in solar flux, temperature and 

precipitation (rainfall, snow etc.) pattern in a desert ecosystem, in a tropical rainforest and in tundra 

ecosystem. 

(b) Chemical factors: Availability of major essential nutrients like carbon, nitrogen, phosphorus, 

potassium, hydrogen, oxygen and sulphur, level of toxic substances, salts causing salinity and 

various organic substances present in the soil or water largely influence the functioning of the ecosystem. 

All the biotic components of an ecosystem are influenced by the abiotic components and vice versa, and 

they are linked together through energy flow and matter cycling as shown diagrammatically (fig-1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig1. Nutrient cycling and energy flow mediated through food chain. The flow of energy is 

unidirectional while the nutrients move in a cyclic manner from the abiotic to biotic (food chain) 

to abiotic and so on. 
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I. Biotic Structure 

The plants, animals and microorganisms present in an ecosystem form the biotic component. 

These organisms have different nutritional behaviour and status in the ecosystems and are accordingly 

known as Producers or Consumers, based on how they get their food. 

(a) Producers: 

They are mainly the green plants, which can synthesize their food themselves by making use of 

carbon-di-oxide (present in the air and water) in the presence of sunlight by involving chlorophyll, the green 

pigment present in the leaves, through the process of photosynthesis. They are also known as photo 

autotrophs (photo=light; auto=self troph=food,). There are some microorganisms which can also produce 

organic matter to some extent through oxidation of certain chemicals in the absence of sunlight. They are 

known as chemosynthetic organisms or chemo-autotrophs. For instance in the ocean depths, where there is 

no sunlight, chemoautotrophic ‘sulphur bacteria’ make use of the heat generated by the decay of radioactive 

elements present in the earth’s core and released in oceans depths. They use this heat to convert 

dissolved hydrogen sulphide (H2S) and carbon dioxide (CO2) into organic compounds. 

(b) Consumers: 

All organisms which get their organic food by feeding upon other organisms are called consumers, 

which are of the following types: 

(i) Herbivores (plant eaters): 

They feed directly on producers and hence also known as primary consumers. e.g. Rabbit, 

insect, man. 

(ii) Carnivores (meat eaters): 

They feed on other consumers. If they feed on herbivores they are called secondary consumers (e.g. 

frog which feeds on insects) and if they feed on other carnivores (snake, big fish etc.) they are known as 

tertiary carnivores/consumers. 

(iii) Omnivores: 

They feed on both plants and animals. E.g. humans, rat, fox, many birds. 

(iv) Detritivores (Detritus feeders or Saprotrophs): 

They feed on the parts of dead organisms, wastes of living organisms, their cast-offs and partially 

decomposed matter e.g. beetles, termites, ants, crabs, earthworms etc. 
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(c) Decomposers: 

These organisms derive their nutrition by breaking down the complex organic molecules to simpler 

organic compounds and ultimately into inorganic nutrients. Various bacteria and fungi are decomposers. 

In all the ecosystems, the above mentioned biotic structure prevails. However, in some, it is the 

primary producers which predominate (e.g. in forests, agroecosystems) while in others the decomposers 

predominate (e.g. deep ocean). 
 

3.5. FUNCTIONALATTRIBUTES 
  

 
Every ecosystem performs under natural conditions in a systematic way. It receives energy from 

the sun and passes it on through various biotic components and in fact, all life depends upon this flow of 

energy. Besides energy, various nutrients and water are also required for life processes which are exchanged 

by the biotic components within themselves and with their abiotic components within or outside the 

ecosystem. The biotic components also regulate themselves in a very systematic manner and show 

mechanisms to encounter some degree of environmental stress. The major functional attributes of 

ecosystems are as follows: 

(i) Food chain, food webs and trophic structure 

(ii) Energy flow 

(iii) Cycling of nutrients 

(iv) Primary and Secondary production 

(v) Ecosystem development and regulation 

3.5.1. Trophic structure 

The structure and functions of ecosystems are very closely related and influence each other so 

intimately that they need to be studied together. The flow of energy is mediated through a series of 

feeding relationships in a definite sequence or pattern which is known as food chain. Nutrients too move 

along the food chain. The producers and consumers are arranged in the ecosystem in a definite manner 

and their interaction along with population size is expressed together as trophic structure. Each food level is 

known as trophic level and the amount of living matter at each trophic level at a given time is known as 

standing crop or standing biomass. Before we study about energy flow or nutrient cycling, we must 

learn about the food-chains that provide the path through which the flow of energy and matter take place 

in ecosystem. 
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Food chains 

The sequence of eating and being eaten in an ecosystem is known as food chain. All organisms, 

living or dead are potential food for some other organism and thus, there is essentially no waste in the 

functioning of a natural ecosystem. A caterpillar eats a plant leaf, a sparrow eats the caterpillar, a cat or a 

hawk eats the sparrow and when they all die, they are all consumed by microorganisms like bacteria or 

fungi (decomposers) which break down the organic matter and convert it into simple inorganic substances 

that can again be used by the plants-the primary producers. 

Some common examples of simple food chains are: 

Grass grasshopper Frog  Snake  Hawk (Grassland ecosystem) 

Phytoplanktons water fleas  small fish Tuna (Pond ecosystem) 

Lichens reindeer Man (Arctic tundra) 

Each organism in the ecosystem is assigned a feeding level or trophic level depending on its 

nutritional status. Thus, in the grassland food chain, grasshopper occupies the Ist trophic level, frog the IInd 

and snake and hawk occupy the IIIrd and the IVth trophic levels, respectively. The decomposers 

consume the dead matter of all these trophic levels. In nature, we come across two major types of food 

chains: 

Food web 

Food web is a network of food chains where different types of organisms are connected at 

different trophic levels, so that there are a number of options of eating and being eaten at each trophic 

level. 

3.5.2. Energy flow in an ecosystem 

Flow of energy in an ecosystem takes place through the food chain and it is this energy flow which 

keeps the ecosystem going. The most important feature of this energy flow is that it is unidirectional or one- 

way flow. Unlike the nutrients (like carbon, nitrogen, phosphorus etc.) which move in a cyclic manner 

and are reused by the producers after flowing through the food chain, energy is not reused in the food 

chain. Also, the flow of energy follows the two laws of Thermodynamics: Ist law of Thermodynamics states 

that energy can neither be created nor be destroyed but it can be transformed from one form to 

another. The solar energy captured by the green plants (producers) gets converted into biochemical 

energy of plants and later into that of consumers. Second law of Thermodynamics states that 

energy dissipates as it is used or in other words, its gets converted from a more concentrated to dispersed 

form. As energy flows through the food chain, there occurs dissipation of energy at every trophic level. 

The loss of energy takes place through respiration, loss of energy in locomotion, running, hunting and 

other activities. At every level there is about 90% loss of energy and the energy transferred from one 
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trophic level to the other is only about 10%. Energy flow models: The flow of energy through various 

trophic levels in an ecosystem can be explained with the help of various energy flow models. 

(a) Universal energy flow model: Energy flow through an ecosystem was explained by E.P. Odum as the 

universal energy flow model. As the flow of energy takes place, there is a gradual loss of energy at every 

level, thereby resulting in less energy available at next trophic level as indicated by narrower pipes 

(energy flow) and smaller boxes (stored energy in biomass). The loss of energy is mainly the energy not 

utilized (NU). This is the energy lost in locomotion, 

3.5.3. Nutrient cycling 

Besides energy flow, the other important functional attribute of an ecosystem is nutrient cycling. 

Nutrients like carbon, nitrogen, sulphur, oxygen, hydrogen, phosphorus etc. move in circular paths through 

biotic and abiotic components and are therefore known as biogeochemical cycles. Water also moves in a 

cycle, known as hydrological cycle. The nutrients too move through the food chain and ultimately reach 

the detritus compartment (containing dead organic matter) where various micro-organisms carry out 

decomposition. Various organically bound nutrients of dead plants and animals are converted into inorganic 

substances by microbial decomposition that are readily used up by plants (primary producers) and the 

cycle starts afresh. 

3.5.4. Primary production 

Primary productivity of an ecosystem is defined as the rate at which radiant energy is converted 

into organic substances by photosynthesis or chemo-synthesis by the primary producers 

3.5.5. Secondary Production 

The food synthesized by green plants through photosynthesis is the primary production which is 

eaten by herbivores. The plant energy is used up for producing organic matter of the herbivores which, 

in turn, is used up by the carnivores. The amount of organic matter stored by the herbivores or carnivores 

(in excess of respiratory loss) is known as secondary production. The energy stored at consumer level 

for use by the next trophic level is thus defined as secondary production. 

3.5.6. Ecosystem regulation 

All ecosystems regulate themselves and maintain themselves under a set of environmental 

conditions. Any environmental stress tries to disturb the normal ecosystem functions. However, the 

ecosystem, by itself, tries to resist the change and maintain itself in equilibrium with the environment due 

to a property known as homeostasis. Homeostasis is the inherent property of all living systems to resist 

change. However, the system can show this tolerance or resistance only within a maximum and a minimum 
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range, which is its range of tolerance known as homeostatic plateau. Within this range, if any stress tries 

to cause a deviation, then the system has its own mechanisms to counteract these deviations which are 

known as negative feedback mechanisms. So negative feedback mechanisms are deviation counteracting 

mechanisms which try to bring the system back to its ideal conditions. But, if the stress is too high and 

beyond the range of homeostatic plateau, then another type of mechanisms known as positive feedback 

mechanisms start operating. These are the deviation accelerating mechanisms. So the positive feedback 

mechanisms add to the stress conditions and tend to take the system away from the optimal conditions. 

Human beings should try to keep the ecosystems within the homeostatic plateau. They should not contribute 

to positive feedbacks otherwise the ecosystems will collapse. 
 

3.6. DIVERSITY AND DOMINANCE INDICES 
  

 
To get a better description of the community we need to get a measure of species richness and 

evenness of their distribution. As you know we usually use an index to represent several different measures 

E.g. stock markets, air pollution, etc. Over 60 indices are being used in ecology. Common indices used 

to measure proportional abundance are Dominance indices (e.g. Simpson index) and Information indices 

(e.g. Shannon Weiner index). 

There are various indices or measures of alpha diversity (A measure of the variety of species 

within a local area or habitat and beta diversity refers to the measure of the variety of species across a 

landscape gradient comprised of several habitats) that are used by ecologists, each of which have different 

kinds of information content. The most commonly employed diversity index is called Species Richness. It 

is a simple count of the number of species in an area. This index gives equal weighting to all species, 

whether they occur frequently and thereby dominate an area or they are rare. Because it does not 

account for commonness or rarity, Species Richness can be conflated by the contribution of rare species 

to the measure of species diversity. In many cases, we want to understand the richness of species relative 

to their relative abundance. Ecologists have proposed other diversity indices that combine Species Richness 

with various weightings for relative abundance. 

The first kind of indices, called heterogeneity or diversity indices (Krebs 1989), quantify either 

the likelihood that two individuals sampled randomly from an area are not the same species (Simpson’s 

index), or the likelihood that one cannot predict to which species the next individual collected in an area 

belongs (Shannon-Weiner index). In both cases, larger values of the indices imply more heterogeneity, 

and hence diversity, than do smaller values of the indices. These two indices differ in their sensitivity to 

the weighting given to rare species. The Shannon-Weiner index is most sensitive to changes in the number 

of rare species sampled in an area whereas Simpson’s index is most sensitive to changes in abundant 
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i=

species. Finally, ecologists have long known that natural communities have a few dominant species and 

many rare species and so wished to quantify such unequal representation. 

Evenness indices accomplish this by scaling the heterogeneity indices to a theoretical maximal 

value of diversity when all species are equally represented in the sample. In this case, large index values 

imply that the species are equally represented or equally abundant in a sample; small index values imply 

that there are a few species that are highly abundant and many that are rare. Ultimately, the choice of 

index to describe diversity depends largely on whether one is interested in emphasizing common species 

or rare species in an area. 

3.6.1. Shannon index 

The Shannon index, sometimes referred to as the Shannon-Wiener Index or the Shannon-Weaver 

Index, is one of several diversity indices used to measure diversity in categorical data. The advantage of 

this index is that it takes into account the number of species and the evenness of the species. The index is 

increased either by having additional unique species, or by having a greater species evenness 

H' = -  pilnpi 

p proportion of the ith species ln=natural logarithm 

Typically the value of the index ranges from 1.5 (low species richness and evenness) to 3.5 (high 

species evenness and richness), though values beyond these limits may be encountered. Because the 

Shannon Index gives a measure of both species numbers and the evenness of their abundance, the 

resulting figure does not give an absolute description of a site’s biodiversity. It is particularly useful when 

comparing similar ecosystems or habitats, as it can highlight one example being richer or more even than 

another. There is always the need to inspect the data or use another index to unpack the true reasons for 

the difference. Diversity indices provide important information about rarity and commonness of species 

in a community. The ability to quantify diversity in this way is an important tool for biologists trying to 

understand community structure. 
 

3.7 DOMINANTS 
  

 
In each community there occurs diverse species.All these species are not equally important but 

there are only a few over topping species which by their bulk and growth modify the habitat and control 

the growth ofother species of thecommunity, thus, forming akind of characteristic nucleus in the community. 

These species are called the dominants. Generally in most of the communities, only a single species is 

particularly conspicuous and dominant and in such case the community is called by the name of dominant 
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species, e.g., spruce forest community. In other cases, there may be more than one dominants in a 

community, e.g., oak-hickory forest community. According to Clements and Shelford (1939), dominance is 

most commonly expressed in the reactions of an organism on its habitat. Community dominants sustain the 

full impact of the climate or the environment but modify this effect for other organisms within the 

community by tempering light, moisture, space, and other conditions. Only those other organisms that find 

these modified physical conditions tolerable can exist within the community. Furthermore, dominants are 

ordinarily the most prominent species in the community, make up its greatest mass of living material 

(biomass), and serve as the major source of food, substrate, and shelter for the animals that are present. In a 

forest community, trees are dominant. They decrease light intensity, increase the relative humidity, intercept 

precipitation, monopolize most of the moisture and nutrients in the soil, decrease wind velocity and furnish 

shelter and food for animals. Grasses play a similar, though less conspicuous, role in prairie communities; 

sedges, rushed and cattails in marsh communities: sagebrush in the arid habitat of the Great Basin; mussels 

and barnacles on rocky seashore; and so forth. 

Dominance 

It is used as a synthetic as well as analytical character (Daubenmire, 1959). The number of 

organisms sometimes may not give correct idea of the species. If one bases his conclusion on number, a 

single or few trees in grassland, or few grasses in a forest should be of little value. But if he considers the 

species on the basis of area occupied or weight (biomass), the situation may be different. Thus, in 

dominance, cover is included as an important character. The single tree in grassland may occupy fairly a large 

area and may have much mass. Relative dominance (cover; RDO) is calculated in the following way : 

 

Relative dominance (cover, RDO) = 
 
 
3.7.1. Simpson’s index 

Dominance (cover) of the species X 100 Total dominance 

(cover) of all the species 

 

Scientists have developed various methods to assess dominance, of these the most commonly used 

index is Simpson’s index. Simpson devised a measure of dominance which could be applied to a large 

population, and which could be estimated without bias from a sample. 

He asked, “If I draw two individuals at random from this community, what is the probability that they 

will belong to the same species?” This is biologically meaningful, and helps to explain (for example) why wind 

pollination works in low-diversity forests but not in high-diversity forests (where the probability that pollen 

released by one individual will land on the flower of an individual of the same species is very low). 
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If the community is very big, removing one individual will not make any difference to the probability 

of drawing the same species a second time. The probability of drawing species i the first time is pi and the 

probability of drawing species i twice is p 2. Add up the values for all species and you get Simpson’s 

index of dominance for a large community (strictly, an infinite community): 

DSimpson = Σ pi
2
 

 

For a small sample, the probability of drawing species i the second time is not the same as the 

first time, as there are now fewer individuals of species i in the sample. The probability for the first draw 

is still pi = ni/N, but for the second draw it is (ni-1) / (N-1). So for a finite sample we have: 
 

DSimpson = Σ ni(ni-1) / N(N-1) 

Calculating DSimpson this way for a random sample drawn from a community gives you an unbiased 

estimate of Simpson’s index for the community. (Other indices calculated from sample data systematically 

underestimate the value for the community.) 
 

3.8. ECOSYSTEM MODEL 
  

 
The term model is defined as a formal statement that describes a situation and that can be used 

to predict the future course of events. Environmental scientists often use models to describe the interactions 

within and among environmental systems. Many of these models are computer simulations or mathematical 

representations that correspond to the overall effect of competing factors to describe an environmental 

system in numerical terms. Models help us understand how the present situation developed from the past 

or how to predict the future course of events. Models also generate additional questions about environmental 

issues. In a nut shell ecosystem models provides a deeper understanding of the real system. 

Ecosystem models are formed by combining known ecological relations (e.g. the relation of 

sunlight and water availability to photosynthetic rate, or the relation between predator and prey populations) 

with data gathered from field observations. These model systems are then studied in order to make 

predictions about the dynamics of the real system. Often, the study of inaccuracies in the model (when 

compared to experimental observations) will lead to the generation of hypotheses about possible ecological 

relations that are not yet known or well understood. Models enable researchers to simulate large-scale 

experiments that would be too costly or unethical to perform on a real ecosystem. They also enable the 

simulation of ecological processes over very long periods of time (i.e. simulating a process that takes 

centuries in reality, can be done in a matter of minutes in a computer model). 
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Ecosystem models have applications in a wide variety of disciplines, such as natural resource 

management, ecotoxicology and environmental health, agriculture, and wildlife conservation. Ecopath is a 

free ecosystem modelling software suite, initially developed by NOAA, and widely used in fisheries 

management as a tool for modelling and visualising the complex relationships that exist in real world 

marine ecosystems. 

Types of models 
 

There are two major types of ecological models, which are generally applied to different types of 

problems: (1) analytic models and (2) simulation/computational models. Analytic models are often more 

complex mathematically, and work best when dealing with relatively simple (often linear) systems, 

specifically those that can be accurately described by a set of mathematical equations whose behavior is well 

known. Simulation models on the other hand, utilize numerical techniques to solve problems for which 

analytic solutions are impractical or impossible. Simulation models tend to be more widely used, and are 

generally considered more ecologically realistic, while analytic models are valued for their 

mathematical elegance and explanatory power. 

Model design 

The process of model design begins with a specification of the problem to be solved, and the 

objectives for the model. Ecological systems are composed of an enormous number of biotic and 

abiotic factors that interact with each other in ways that are often unpredictable, or so complex as to be 

impossible to incorporate into a computable model. Because of this complexity, ecosystem models 

typicallysimplifythe systems theyare studying to a limited number of components that are well understood, and 

deemed relevant to the problem that the model is intended to solve. The process of simplification typically 

reduces an ecosystem to a small number of state variables and mathematical functions that describe the 

nature of the relationships between them. The number of ecosystem components that are incorporated into 

the model is limited by aggregating similar processes and entities into functional groups that are treated as a 

unit. 

After establishing the components to be modeled and the relationships between them, another 

important factor in ecosystem model structure is the representation of space used. Historically, models have 

often ignored the confounding issue of space. However, for many ecological problems spatial dynamics 

are an important part of the problem, with different spatial environments leading to very different outcomes. 

Spatially explicit models (also called “spatially distributed” or “landscape” models) attempt to incorporate a 

heterogeneous spatial environment into the model. A spatial model is one that has one or more state 

variables that are a function of space, or can be related to other spatial variables. 
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Validation 
 

After construction, models are validated to ensure that the results are acceptably accurate or 

realistic. One method of validation is to testing the model with multiple sets of data that are independent 

of the actual system being studied. This is important since certain inputs can cause a faulty model to 

output correct results. Another method of validation is to compare the model’s output with data collected 

from field observations. Researchers frequently specify beforehand how much of a disparity they are 

willing to accept between parameters output by a model and those computed from field data. 

Example: The Lotka–Volterra equations 

One of the earliest, and most well-known, ecological models is the predator-prey model of 

Alfred J. Lotka (1925)[29] and Vito Volterra (1926). This model takes the form of a pair of ordinary 

differential equations, one representing a prey species, the other its predator. 
 

 
 

 
 

where, 
 

 
Volterra originally devised the model to explain fluctuations in fish and shark populations observed 

in the Adriatic Sea after the First World War (when fishing was curtailed). However, the equations have 

subsequently been applied more generally.[31] Although simple, they illustrate some of the salient features 

of ecological models: modelled biological populations experience growth, interact with other populations 

(as either predators, prey or competitors) and suffer mortality. 

 β is the predation rate of Y upon X; 
 γ is the assimilation efficiency of Y; 
 δ is the mortality rate of the predator 

species 

 X is the number/concentration of 
the prey species; 

 Y is the number/concentration of 
the predator species; 

 α is the prey  species'  growth 
rate; 
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3.9. AQUATIC ECOSYSTEMS 

Liquid water covers about three quarters of the earth’s surface either as oceans or as freshwater. 

Virtually all these waters contain life in one form or other; hence, aquatic ecosystems would be important for 

their sheer volume, if for nothing else. But aquatic ecosystems are historically the source of life on earth. 

Even now, tiny single-celled marine plants are the main source of the earths’ oxygen supply, because 

most photosynthetic oxygen is derived from these plants. In addition, aquatic ecosystems are simpler in 

many ways than terrestrial ecosystems. The reason for this is that the omnipresent environmental factor which 

sets the tone for all aquatic systems, regardless of their biotic complexity, is water. It is the medium within 

which all aspects of the ecosystem coexist, both living and non-living; it is the source of all nutrients for aquatic 

life, including the gaseous nutrients such as oxygen and carbon dioxide; it is the medium by which organic 

and inorganic wastes and sediments are distributed throughout the ecosystem. The amount of light energy 

reaching the community is determined by the way in which light is absorbed by water; the heat properties of 

water determine much of the circulation patterns within the ecosystem and have a major control over the 

structure of the aquatic community that exists in any one place. 

Subdivisions of aquatic ecosystems 

Global aquatic system fall into two broad classes definable by salinity, or amount of material 

dissolved in water—the freshwater ecosystems and salt-water ecosystems. The latter may include 

inland brackish water, as well as marine and estuarine habitats. In fact, estuary represents a transitional zone 

between a river and the sea and it contains dissolved solid content intermediate between those of fresh and 

marine waters. Freshwater ecosystems, the study of which is known as limnology, are conveniently 

divided into two groups—lentic, standing or still water habitats and lotic or running water habitats. Both 

can be considered on an environmental gradient. The lotic follows a gradient from springs to mountain 

brooks to streams to rivers. The lentic involves a gradient from lakes to ponds to bogs, swamps and 

marshes. Aquatic ecosystems dealing with water bodies and the biotic communities present in them are 

either freshwater or marine. Freshwater ecosystems are further of standing type (lentic) like ponds and 

lakes or free-flowing type (lotic), like rivers. Let us consider some important aquatic ecosystems. 

(a) Pond ecosystem: It is a small freshwater aquatic ecosystem where water is stagnant. Ponds may be 

seasonal in nature i.e. receiving enough water during rainy season. Ponds are usually shallow water 

bodies which play a very important role in the villages where most of the activities center around ponds. They 

contain several types of algae, aquatic plants, insects, fishes and birds. The ponds are, however, very often 

exposed to tremendous anthropogenic (human-generated) pressures. They are used for washing clothes, 

bathing, swimming, cattle bathing and drinking etc. and therefore get polluted. 
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3.10. LAKE ECOSYSTEM 

 
(b). Lake ecosystems: Lakes are inland depressions containing standing water. They may vary in size 

from small ponds of less than a hectare to large seas covering thousands of square kilometers. They may 

range in depth from a few centimeters to over 1666 meters. They have a shallow water zone called 

Littoral zone, an open-water zone where effective penetration of solar light takes place, called Limnetic 

zone and a deep bottom area where light penetration is negligible, known as profundal zone. 

The aquatic habitats of lake and pond remain vertically stratified in relation to light intensity, wave 

length absorption, hydrostatic pressure, temperature, etc. In a lake, for example there are three well 

recognized horizontal strata namely; 

(i) Shallow water near the shore forms the littoral zone. It contains upper warm and oxygen rich 

circulating water layer which is called epilimnion. The littoral zone includes rooted vegetation. 

(ii) Sublittoral zone extends from rooted vegetation to the non-circulating cold water with poor oxygen 

zone, i.e., hypolimnion. 

(iii) Limnetic zone is the open water zone away from the shore. It is the zone upto the depth of effective 

light penetration where rate of photosynthesis is equal to the rate of respiration. 

(iv) Profundal zone is the deep-water area beneath limnetic zone and beyond the depth of effective light 

penetration. 

Fig-2 Lake ecosystem 
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(v) Abyssal zone is found only in deep lakes, since it begins at about 2,000 meters from the surface. 

Ponds have little vertical stratification. In them littoral zone is larger than the limnetic zone and profundal zone. 

In a small pond the limnetic and profundal zone are not found. Lakes, thus, differ from ponds in having 

relatively larger limnetic zone and profundal zone than littoral zone. Further, lentic water of a lake or pond is 

also classified on the basis of the depth of light penetration enabling photosynthesis into trophogenic 

zone (includes littoral plus sublittoral zones), and a tropholytic zone (upper part of profundal zone). The former 

is often distinguished by abundant plant growth and dependent fauna, while the latter denotes a general 

absence of vegetation and harbours mostly saprobes. In between the two zones is the compensation level 

which forms a boundary between two zones. It exhibits perfect equilibrium between respiration and 

photosynthesis. 

3.10.1. Physico-chemical properties of lakes 

Lakes have the tendency to become thermally stratified during summer and winter to 

undergo definite seasonal periodicity in depth distribution of heat and oxygen. Light too penetrates only to a 

certain depth, depending upon turbidity. These gradations of oxygen, light and temperature profoundly 

influence the life in the lake, its distribution and adaptation. Kinds of lakes. Different classifications of lakes 

on the basis of physical factors, productivity, etc., exist. Based on temperature Hutchinson (1957) classified 

lakes into dimictic, monomictic and polymictic lakes. The dimictic lakes exhibit two overturns every year, 

while monomictic lakes may be cold monomictic and warm monomictic, the former being characterized by 

a circulation only during summer, while the latter has a complete circulation in winter as well. Polymictic 

lakes present circulations throughout the year. Based on the humic acid contents the lakes of world have 

been classified into clear water lakes and brown water lakes, brown water contains high humus 

content. Clear water lakes may be divided into two types—the oligotrophic type, whose water is poor in 

nutritive plant material and shows nearly equal distribution of oxygen during summer and winter months 

and whose mud bottom contains little organic material; and the eutrophic type, which is rich in nutrients.At 

greater depth below the thermocline in summer, eutrophic lakes show a considerable reduction in oxygen 

content and their mud bottom is composed of typical muck. Eutrophic lakes are polluted lakes and support the 

growth of the microorganisms. With regards to above features, an intermediate type of lake is called 

mesotrophic lake (see Dash, 1993). 

Special types of lakes. There also occur the following five types of lakes: 

1. Dystrophic lakes. These lakes contain high concentration of humic acid in water. The margins of 

these lakes have a low pH and develop into peat bogs. 
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2. Deep ancient lakes. Lake Baikal in Russia is the most famous of ancient lakes. It is the deepest lake 

in the world. This lake is often nicknamed as “Australia of Freshwater”, since it contains various 

unique animals. It contains about 384 species of arthropods, 98 per cent of which are endemic (i.e., 

found no where else). Likewise, 81 per cent of its 36 species of fish are also endemic. 

3. Desert salt lakes. These lakes exist in sedimentary drainages in arid climates where evaporation 

exceeds precipitation, e.g., Great Salt Lake of Utah, USA. Biotic community of these lakes comprises 

only those species which can tolerate high salinity, e.g., Artemia (Brine shrimp). 

4. Desert alkali lakes. These lakes occur in igneous drainages in arid climates, e.g., Pyramid lake, 

Navada, USA. High pH and concentration of carbonates are the characteristic features of these lakes. 

5. Volcanic lakes. Acid or alkaline lakes associated with volcanic regions are called volcanic lakes, 

e.g., Japanese and Philippine lakes. In these lakes exist the extreme chemical conditions. 

3.10.2. Biotic Communities of Lakes 

Different organisms of the lentic environment can be ecologically classified based on whether 

they are dependent on the substratum or free from it. Organisms depending on the substratum are called 

pedonic forms and those that are free from it are the limnetic forms. Further, the aquatic organisms 

may also be classified into following groups depending upon their sizes and habits : 

1. Neuston. These are unattached organisms that live at the air-water interface. They may include 

floating plants such as duckweed, as well as many types of animals. Animals that spend their lives on top 

of the air-water interface, such as water striders, are termed epineuston, while others, including insects 

such as diving beetles and back swimmers, which spend most of their time on the underside of the air- 

water interface and obtain much of their food from within water, are termed hyponeuston. 

2. Plankton. These are forms which are found in all aquatic ecosystems except for fast-moving rivers. 

They are small plants and animals whose powers of self-locomotion are so limited that they cannot 

overcome currents. Thus, their distribution is controlled largely by the currents in their ecosystems. Most 

planktons (phytoplanktons and zooplanktons) can move a bit, however, either, to control their vertical 

distribution or to seize prey. Certain animal planktons or zooplanktons are exceedingly active and move 

relatively great distances considering their small size, but they are so small that their range is still controlled 

largely by currents and such planktons are also known as nektoplankton. 

3. Nekton. Nektonic animals are swimmers and are found in all aquatic systems except for fastest- 

moving rivers. In order to overcome currents, these animals are relatively large and powerful; they range 

in size from the swimming insects of quiet water, which may be only about 2 mm long, to the largest 

animal that has ever lived on earth, the blue whale. 4. Benthos. The benthos include the organisms living 
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at the bottom of the water mass. They occur virtually in all aquatic ecosystems. The benthos organisms 

living above the sediment-water interface are termed benthic epifauna and those living in the sediment 

itself are termed infauna. Neustons of lentic aquatic environment. The water surface of lake or 

pond contains certain free-floating hydrophytes such as Wolffia, Lemna, Spirodella, Azolla, Salvinia, 

Pistia and Eichhornia. These plants remain in contact with water and air, but not soil. 

3.10.3. Producers 

Producers of the pond ecosystem are categorized into microproducers and macroproducers. 

Blue green algae like Microcystis, Oscillatoria and green algae like Cosmarium, Staurastrum etc are 

the microproducers along with diatoms. The macroproducers include rooted and floating aquatic plants, 

or macrophytes. 

Free floating producer (hydrophytes Figure-3): 

Include Wolffia, Lemna, Spirodella, Azolla, Silvinia, Pistia, and Eichhornia. 

Rooted Emergent vegetation: 

Ranunculus, Monochoria, Cyperus and Rumex interspread with these plants are the cattails 

(Typha), bulrushes (Scripus), arrow heads (Sagittaria) and pickerel weeds. 

Rooted plants with floating leaves: 

Water lilies- Nymphaea, Nelumbo, Aponogeton, Trapa and Marsilea. 

Rooted submerged: 

Elodea, Vallisneria, Myriophyllum, Isoetes, Hydrilla, Chara, Potamogeton etc. 

In shallow, clear lakes, macrophytes may represent most of the green plant material present and 

may account for most of the photosynthesis. There may be few macrophytes in a lake when the bottom is 

too rocky or too sandy for the plants to anchor themselves, wave action too severe, or the water too 

deep. Also, sunlight may not reach the bottom even in shallow areas if the concentration of algae or silt is 

high. Algae constitute the other main group of primary producers. They come in countless forms and live 

in nearly all kinds of environments. Most are microscopic, growing as single cells, small colonies, or 

filaments of cells. If their populations are dense, the water will become noticeably green or brown and 

will have low transparency. Blue-green “algae” are technically referred to as cyanobacteria since, except 

for their chlorophyll-based photosynthesis, they are bacteria. All plants, including all algae, typically 

satisfy their nitrogen requirement by absorbing nitrate (NO -) and/or ammonium (NH +) from the water. 
3 4 
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Unlike the green algae and diatoms, the blue-green algae are less suitable food for primary consumers. 

This is partly because some blue-greens can form large colonies of cells embedded in a gelatinous matrix 

which may pose handling problems for grazers. They also may produce chemicals that inhibit grazers or 

makes them “taste bad” to the grazers. 

3.10.4. Consumers 

Zooplanktons (like Daphnia, rotifers), small animals that swim about in open water, are primary 

consumers. They graze on algae, bacteria, and detritus (partially decayed organic material). Some species 

can be seen with the naked eye, although they are more easily observed with a hand lens or low-power 

microscopes. 

Secondary consumers include planktivorous fish or predaceous invertebrates that feed on 

zooplankton. While photosynthesis limits plant growth to the sunlit portions of lakes, consumers can live 

and grow in all lake zones, although the lack of oxygen (anoxia) may limit their abundance in bottom 

waters and sediments. Benthic organisms are major consumers and are also important recyclers of 

nutrients otherwise trapped in the sediments. Benthic organisms include invertebrates and bottom-feeding 

fish. Their feeding strategies vary widely. Some, such as clams, filter small bits of organic material from 

water as it flows by. Others eat detritus that has sunk to the bottom. Not all organisms are easily 

classified as planktonic or benthic. For example, Chaoborus, Dipteran insect larvae, remain near the 

sediments in daytime and migrate to upper waters at night. These transparent predators (“phantom 

midges”) migrate upward to feed on zooplankton, and are, themselves, a favorite food for fish. The best 

known group of aquatic consumers is fish. Many small fish primarily eat zooplankton. Tertiary consumers 

that prey on the smaller fish include larger fish and other carnivorous animals (herons, turtles etc). 

3.10.5. Decomposers 

Decomposers, which include bacteria, fungi, and other microorganisms, are the other major 

group in the food web. They feed on the remains of all aquatic organisms and in so doing break down or 

decay organic matter, returning it to an inorganic state. Some of the decayed material is subsequently 

recycled as nutrients, such as phosphorus (in the form of phosphate, PO -3) and nitrogen (in the form of 

ammonium, NH +) which are readily available for new plant growth. Carbon is released largely as carbon 

dioxide that acts to lower the pH of bottom waters. In anoxic zones some carbon can be released as 

methane gas (CH4). The decomposers can be found in all biological zones of a lake, although they are 

the dominant forms in the lower hypolimnion where there is an abundance of dead organic matter. 

Origin of lakes 

Lakes arise in many ways. For example, North American lakes were formed by glacial erosions 
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and deposition and a combination of the two. Glacial abrasions of slopes in high mountain valleys engraved 

basins, which filled with water from rain and melting snow to produce tarns i.e., small mountain lakes. 

Retreating valley glaciers left behind crescent-shaped ridges of rock debris, which dammed up water 

behind them. Lakes are also formed by the deposition of silt, driftwood, and other debris in the beds of 

slow-flowing streams. Craters of extinct volcanos may fill with water and landslides can block off streams and 

valleys to form new lakes and ponds. Further man intentionally creates artificial lakes by damming rivers 

and streams for power, irrigation, and water storage, or by constructing small ponds and marshes for water, 

fishing and wild life. Man made lakes are often called impoundments. They may be a ‘close’ type or ‘open’ 

type depending on the discharge of water into it. Sandynulla is a closed impoundment, while Pykara is an 

open impoundment (Sreenivasan, 1957). Impoundments differ from natural lakes in thermal and oxygen 

variations and are often characterized by a low percentage of bottom dwellers or benthos. Ponds occur in 

most regions of adequate rainfall. Temporary ponds, which are often shallow and quick drying contain a 

characteristic lentic environment. Permanent ponds contain water throughout the year, while flood-plain 

ponds are formed when a stream shifts its position, leaving the formed bed isolated as a body of standing 

water. 
 

3.11. EUTROPHICATION 
  

 
According to Hutchinson (1969), the eutrophication is a natural process which literally means “well 

nourished or enriched.” Eutrophication is the enrichment of an aquatic ecosystem with chemical nutrients, 

typically compounds containing nitrogen, phosphorus, or both. Although traditionally eutrophication 

is defined as enrichment of aquatic systems such as lakes, bays, or other semi-enclosed waters (even slow-

moving rivers), there is gathering evidence that terrestrial ecosystems are subject to similarly adverse 

impacts (APIS, 2005). It is a natural state in many lakes and ponds which have a rich supply of nutrients, 

and it also occurs as part of the aging process in lakes, as nutrients accumulate through natural 

succession. Eutrophication is the natural aging of a lake by biological enrichment of its water. In a young 

lake the water is cold and clear, supporting little life. With time, streams draining into the lake introduce 

nutrients such as nitrogen and phosphorus, which encourage the growth of aquatic organisms. As the 

lake’s fertility increases, plant and animal life burgeons, and organic remains begin to be deposited on the 

lake bottom. Over the centuries, as silt and organic debris pile up, the lake grows shallower and warmer, 

with warm-water organisms supplanting those that thrive in a cold environment. Marsh plants take root in the 

shallows and begin to fill in the original lake basin. Eventually, the lake gives way to large masses of floating 

plants (bog), finally converting into land. Depending on climate, size of the lake and other factors, the natural 

aging of a lake may span thousands of years. However, pollutants from man’s activities like effluents from the 

industries and homes can radically accelerate the aging process. 
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This phenomenon has been called Cultural or Accelerated Eutrophication. During the past century, 

lakes in many parts of the earth have been severely eutrophied by sewage and agricultural and industrial 

wastes. The prime contaminants are nitrates and phosphates, which act as plant nutrients. They over 

stimulate the growth of algae, causing unsightly scum and unpleasant odors, and robbing the water of 

dissolved oxygen vital to other aquatic life. At the same time, other pollutants flowing into a lake may 

poison whole populations of fish, whose decomposing remains further deplete the water’s dissolved 

oxygen content. In such fashion, a lake can literally choke to death. Heated (thermal) wastewaters 

flowing out of electricity-generating units, e.g., thermal power plants, constitute another important category 

of pollutants. Thermal wastewater eliminates or reduces the number of organisms sensitive to high 

temperature, and may enhance the growth of plants and fish in extremely cold areas but, only after 

causing damage to the indigenous flora and fauna. 

Algae or macrophytes grow so thickly in some eutrophic lakes that light penetrates only a short 

distance and nutrients below that depth are not assimilated. As discussed earlier, phosphorus is typically 

the limiting nutrient in freshwater lakes, meaning that the plants deplete all available phosphorus before 

depleting other nutrients. In a hypereutrophic lake, algae may become so abundant that they suffer from 

self-shading. In those cases, photosynthesis is limited by light rather than by nutrients. When a great 

abundance of phosphorus is available in a lake, nitrogen may become limiting. In such lakes, certain 

species of blue-green algae that can fix atmospheric nitrogen have a clear competitive advantage and 

frequently become dominant. They dominate the algal community until another nutrient, or usually light, 

becomes limiting. 

In order to gauge how to best prevent eutrophication from occurring, specific sources that 

contribute to nutrient loading must be identified. There are two common sources of nutrients and organic 

matter: point and nonpoint sources. 

3.11.1. Point sources 

Point sources are directly attributable to one influence. In point sources the nutrient waste travels 

directly from source to water. Point sources are relatively easy to regulate. It includes Wastewater 

effluent (municipal and industrial), Runoff and leachate from waste disposal systems, Runoff and infiltration 

from animal feedlots, Runoff from mines, oil fields, unsewered industrial sites, Overflows of combined 

storm and sanitary sewers, Runoff from construction sites less than 20,000 m² (220,000 ft²), Untreated 

sewage 

3.10.2. Nonpoint sources 

Nonpoint source pollution (also known as ‘diffuse’ or ‘runoff’ pollution) is that which comes 

from ill-defined and diffuse sources. Nonpoint sources are difficult to regulate and usually vary spatially 
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and temporally (with season, precipitation, and other irregular events). Non point sources include Runoff 

from agriculture/irrigation, Runoff from pasture and range, Urban runoff from unsewered areas, Septic 

tank leachate, Runoff from construction sites >20,000 m², Runoff from abandoned mines, Atmospheric 

deposition over a water surface etc. Ploughing in Agriculture and development are activities that contribute 

most to nutrient loading. 

3.10.3. Nutrient loading 

Load refers to the mass or amount of a material that is exported at the mouth of a lake, or the 

sum of inputs distributed over some land area, such as a watershed. Typically it is expressed per day, 

week, or year, and so is a rate. In a river, we can measure the concentration of N, P, sediments, etc. in 

mg/L, then multiply that concentration by river flow (in, say, m3/s multiplied by seconds per day) to 

obtain the load (perhaps in g or kg/day). Summed over a year, this would be the annual load discharged 

by the river to the lake (some would call this the annual discharge of sediments). If we wish to compare 

the load of two watersheds of different areas, we might standardize by dividing by area. This is referred 

to as the yield (e.g., kg/km2/yr). Thus instantaneous concentrations are converted to loads and yields 

based on total water volume exported and the area drained, and this requires a sampling program tied to 

variation in river flow. 

3.11.4. Nutrient enrichment 

Nutrient enrichment refers to high nutrient contents in the aquatic ecosystems and leads to higher 

biological productivity and can lead to undesirable effects including algal blooms and depletion of oxygen 

in bottom waters. This process of eutrophication usually occurs naturally and gradually, but is greatly 

increased by various human activities. Phosphorus (P) and nitrogen (N) resulting from agricultural and 

urban activities are now recognized to be the major causes of human-driven eutrophication. This is the 

most common impairment of surface waters in the United States, affecting lakes, rivers and estuaries. In 

general, freshwater ecosystems respond most strongly to P enrichment, and coastal systems to N 

enrichment. 

Eutrophication becomes excessive, however, when abnormally high amounts of nutrients 

from farmland, animal feedlots, urban areas, chemically fertilized suburban yards, mining sites, 

and treated and untreated municipal sewage outlets enter streams and lakes, causing excessive 

growth or ‘bloom’ of microorganisms and aquatic vegetation. Some nitrogen also reaches lakes by 

deposition from the atmosphere. Most secondary sewage treatment plants, though, precipitate solids 

and inactivate most bacteria in domestic sewage, yet they do not remove the basic nutrients such as 

ammonia, nitrogen, nitrates, nitrites and phosphates. These nutrients stimulate algal growth and lead 

to plankton blooms. Some plankton blooms, particularly those of blue green algae produce obnoxious 

odours and tastes in waters. Others, such as the dinoflagellate blooms or “the red tide” of southern 
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coastal regions, produce toxic metabolic products which can result in major fish kills. 

Plankton blooms of green algae do not always produce undesirable odours or toxic products, 

but still create problems of oxygen supply in the water. While these blooms exist under abundant sunlight, 

they contribute oxygen to the water through photosynthesis, but under conditions of prolonged cloudiness, 

they begin to decay and consume more oxygen and with heavy load, the oxygen contents of the water 

may diminish below the point where most fish cannot survive. As the conditions in the water become 

anaerobic due to increased oxygen depletion by bacterial decomposition or planktonic blooms, the 

breakdown products become reduced rather than oxidized molecules, many of which (e.g., hydrogen 

sulphide) produce -offensive odours and tastes. Excessive nutrient levels in aquatic systems can also 

cause two other kinds of ecological problems. Primarily, they may lead to extensive growth of aquatic 

weeds such as, water hyacinth (Eichhornia crassipes) the world’s most problematic aquatic weed, 

also, called ‘Terror of Bengal’. They grow abundantly in eutrophic water bodies, and lead to an imbalance 

in the ecosystem dynamics of the water body. water chestnut, etc. Excessive growth of these weeds can 

impair fishing, bathing, fish spawning, shell fish production, and even navigation. Secondarily, nitrates can 

be converted in the human digestive tract by certain bacteria to nitrites, and the same transition may 

occur in opened cans of food even if they are subsequently refrigerated. Nitrites react with haemoglobin, 

forming methemoglobin which will not take up oxygen. Laboured breathing and occasional suffocation 

result most severely in human infants. Nitrites may also react with creatinine (present in the vertebrate 

muscles to form nitrosarcosine which can be carcinogenic. 

Eutrophication was recognized as a pollution problem in European and North American lakes 

and reservoirs in the mid-20th century. Since then, it has become more widespread. Surveys showed 

that 54% of lakes in Asia are eutrophic; in Europe, 53%; in North America, 48%; in South America, 

41%; and in Africa, 28%. Although eutrophication is commonly caused by human activities, it can also 

be a natural process particularly in lakes. Eutrophy occurs in many lakes in temperate grasslands, for 

instance. Paleolimnologists now recognise that climate change, geology, and other external influences are 

critical in regulating the natural productivity of lakes. Some lakes also demonstrate the reverse process 

(meiotrophication), becoming less nutrient rich with time. 

Humankind has increased the rate of phosphorus cycling on Earth by four times, mainly due to 

agricultural fertilizer production and application. Between 1950 and 1995, an estimated 600,000,000 

tonnes of phosphorus were applied to Earth’s surface, primarily on croplands. Policy changes to control 

point sources of phosphorus have resulted in rapid control of eutrophication. 
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Water quality impacts associated with eutrophication 

· Noxious algae (scums, blue-greens, taste and odor, visual) 

· Excessive macrophyte growth (loss of open water) 

· Loss of clarity (secchi depth goes down) 

· Possible loss of macrophytes (via light limitation by algae and periphyton) 

· Low dissolved oxygen (loss of habitat for fish and fish food) 

· Excessive organic matter production (smothering eggs and bugs) 

· Blue-green algae inedible by some zooplankton (reduced food chain efficiency) 

· “Toxic” gases (ammonia, H2S) in bottom water (more loss of fish habitat) 

· Possible toxins from some species of blue-green algae 

· Chemical treatment by lakeshore homeowners or managers may result (copper, diquat, 2,4-

D, etc.) 

· Drinking water degradation from treatment disinfection byproduct 

· Carcinogens, such as chloroform (from increased organic matter reacting with disinfectants 

like chlorine) 

3.11.5. Control 

There are a number of methods which attempt to limit the amounts of nutrients in bodies of water 

once the point of eutrophy has been reached. Some of these include dredging and removing bottom 

sediments with an inert liner, harvesting the algae, fish, aquatic weeds, etc., and diluting the standing 

water with a water of lower nutrient concentration. Although these methods may have their proper 

application, if eutrophication is to be decelerated, nutrient removal must start before wastes are permitted 

to enter the receiving waters. Regarding the specific nutrients necessary to be removed, most 

researchers have placed the blame of eutrophication in waters to the inorganic forms of phosphorus 

and nitrogen. A smaller number of researchers are claiming that the algae–bacteria symbiosis relationship 

might be responsible for the rapid growth of blooms and that the amount of algae present in natural 

waters is in direct balance with the amount of carbon dioxide and/or bicarbonate ions in the waters. They 

further argue that an external supply of the above elements is necessary for the growth of algae populations. 

Since neither theory has been proved conclusively to date, the control methods given will be for the 

removal of nitrogen and phosphorus since it is these nutrients which most researchers lay to the blame of 

eutrophication and which have been therefore subsequently studied in detail. 
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1. The waste water should be treated before its discharge into lake or river. This would limit its 

nutrient input. 

2. Bacterial growth should be stimulated so that they reduce the amount of nutrients solubilised in 

water. This would help disruption of algal food-web (you can recall algal blooms). 

3. Dissolved nutrients should be removed from water by physical or chemical methods. For example, 

phosphorous can be removed by precipitation; nitrogen by biological nitrification and denitrification 

or by air stripping of NH3 from an alkalized waste water, or by ion exchange, eletrodialysis or 

reverse osmosis. 

Many pathogenic microbes like viruses, bacteria and protozoans may begin to grow on products 

coming from tanneries, slaughter houses, sewage disposal plants etc in water bodies under anaerobic 

conditions. They may result into spread of fatal water borne diseases, some of which may assume an 

epidemic state. These are viral hepatitis, polio (viral), cholera, typhoid, dysentery, diarrhoea (bacterial), 

amoebiasis (protozoan). 

The causes that drive eutrophication are multiple and the mechanisms involved are complex. 

Several elements should be considered in order to assess the possible actions aimed at counteracting 

nutrient enrichment of water supplies. The use of computerized models now allows a better understanding 

of the role of each factor, and forecasting the efficiency of various curative and preventive measures. The 

best way to avoid eutrophication is to try to disrupt those mechanisms that are under human control; this 

clearly means to reduce the input of nutrients into the water basins. Such a control unfortunately does not 

have a linear effect on the eutrophication intensity. Integrated management should comprise: 

• Identification of all nutrient sources. Such information can be acquired by studies of the catchment 

area of the water suppl1y. Knowledge of industrial activities, discharge practices and localization, as 

well as agricultural practices (fertilizer contribution/plant use and localization of crops) is necessary 

in order to plan and implement actions aiming at limiting the nutrient enrichment of water. The 

identification of sewage discharge points, agricultural practices, the nature of the soil, the vegetation, 

and the interaction between the soil and the water can be of great help in knowing which areas 

should be targeted. 

• Knowledge of the hydrodynamics of the water body, particularly the way nutrients are transported, 

and of the vulnerability of the aquifer, will allow determination of the ways by which the water is 

enriched with nutrients. Anthropogenic nutrient point sources such as nontreated industrial and domestic 

wastewater discharge can be minimized by systematic use of wastewater treatments. In sensitive 

areas, industries and local authorities should control the level of nutrients in the treated wastewater 
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by the use of specific denitrification or phosphorus removal treatments. Diffuse anthropogenic nutrient 

sources can be controlled by soil conservation techniques and fertilizer restrictions. Knowledge of the 

agronomic balance (ratio of fertilizer contribution to plant use) is very relevant to optimize the 

fertilization practice and to limit the loss of nutrients. Diffuse nutrient losses will be reduced by 

implementation at farm level of good practices such as: 

• Fertilization balance, for nitrogen and phosphorus, e.g. Adequate of nutrients supply to the needs of the 

crop with reasonable expected yields, taking into account soil and atmospheric N supply. 

• Regular soil nutrients analysis, fertilization plans and registers at plot level. 

• Sufficient manure storage capacities, for spreading of manure at appropriate periods. 

• Green cover of soils during winter, use of “catchcrops” in crop rotations. 

• Unfertilized grass buffer strips (or broad hedges) along watercourses and ditches. 

• Promotion of permanent grassland, rather than temporary forage crops. 

• Prevention of erosion of sloping soils. 

• Precise irrigation management (e.g. drip irrigation, fertilization, soil moisture control). 

In coastal areas, improvement in the dispersion of nutrients, either through the multiplication of 

discharge points or through the changing of their localization, can help to avoid localized high levels of 

nutrients. Reuse and recycling, in aquaculture and agriculture, of waters rich in nutrients can be optimized in 

order to avoid discharge into the water body and direct consumption of the nutrients by the local flora and 

fauna.  

Should eutrophic water be the only source available for the production of drinking water, all 

necessary preventive measures should be taken, among which the most important are: 

• To limit to the maximum extent possible the amount of organic matters present in the water before final 

chlorination; 

• To ensure that there is free chlorine available at the distribution point. Chlorination itself can ensure the 

destruction of most of the toxins released by fresh water blue/green algae blooms and is necessary for 

bacteriological safety. 

Although all water receiving bodies do not have the same susceptibility to become eutrophic, all 

possible efforts should be made in order to reduce the discharge of nutrients such as phosphorus and 

nitrogen into the environment. This can be achieved though various policies, two of which are particularly 

important: 



87  

• Reduction in the use of chemicals based on nitrogen and phosphorus (for example fertilizers, or P- 

builders in washing powders); 

• Advanced treatments of wastewaters before their discharge into the environment. 

In the marine environment, it is possible, with a reasonable level of certainty, to forecast the 

occurrence of algal blooms, and in some cases to predict the occurrence of toxic algae associated with 

the process of eutrophication. All measures should be taken by local authorities in order to make such 

monitoring mechanisms available which allow implementation of the necessary protective measures to be 

taken in good time. As a consequence public health will be protected more efficiently than if waiting until 

a crisis occurs. 

3.12 SUMMARY 
  

 
· The word ecosystem, coined by Tansley refers to a group of biotic communities of species interacting 

with one another and with their non-living environment exchanging energy and matter. 

· The structure of an ecosystem can be studied with reference to Abiotic Structure which includes 

Physical factors and Chemical factors. The biotic structure of the same involves Producers, 

Consumers, and Decomposers. 

· Food chain, food webs and trophic structure, Energy flow, cycling of nutrients, Primary and Secondary 

production, development and regulation are the functional attributes of an ecosystem. 

· To get a better description of the community we need to get a measure of species richness and 

evenness of their distribution. Diversity and dominance indices give a picture diversity and dominance 

in an ecosystem. 

· Models are the formal statement that describes a situation and that can be used to predict the future 

course of events. Environmental scientists often use models to describe the interactions within and 

among environmental systems. 

· Aquatic ecosystems can be broadly classified into freshwater ecosystems and salt-water ecosystems. 

· Fresh water ecosystems are further classified into lentic and lotic ecosystems. Lake represents a 

lentic ecosystem and can be divided into littoral zone, Sublittoral zone, Limnetic zone and Profundal 

zone 

· Eutrophication can be defined as the movement of a water body’s trophic status in the direction of 

more plant biomass, by the addition of artificial or natural substances, such as nitrates and phosphates 

by various sources. 
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3.12. KEY WORDS 

Food-chain Food-web 

Primary Production Shannon Index Simpson’s Index Eutrophication 

3.13. QUESTIONS FOR SELF STUDY 
 

 

 
1. Briefly explain the concept of ecosystem 

2. What are the characteristics of ecosystem? Explain any two of them in detail 

3. What are diversity indices? Add a note on Shannon index 

4. Explain the concept of dominance 

5. What are ecosystem models explain with an example 

6. Briefly comment on aquatic ecosystem 

5. Give an account of lake ecosystem 

6. What is eutrophication and what are the causes 

7. Write short notes on 

i. Nutrient loading 

i . Nutrient enrichment i i. Simpson index 

iv. Origin of lakes 

v. Control of eutrophication 
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4.0. OBJECTIVES 

After reading this Unit, you will be able to 

• discuss the role of environmental factors, which determine the rate of certain ecological 
processes 

• explain Liebig’s law of minimum 

• discuss ecological factors and tolerance 

• explain primary productivity its types and measurement 

• discuss human impact on primary productivity 
 

4.1. INTRODUCTION 
  

 
A factor present in an environment that controls a process, particularly the growth, 

abundance or distribution of population of organisms in an ecosystem. 

The concept is based upon the Law of the Minimum, which states that the functioning of 

an Organism is controlled or limited by that essential environmental factor or combination of 

factors present in the least favorable amount that may not be continuously existing but only at 

some critical period of time. The availability of food, water, nutrients, shelter and predation 

pressure are examples of factors limiting the growth of population size. 
 

4.2. LIEBIG-BLACKMAN LAW OF LIMITING FACTORS 
  

 
An organism must have essential materials necessary for growth and reproduction in order to 

thrive in a given situation. These basic requirements vary with the species and with the situation. Under 

steady state conditions any of the essential material available in amounts most closely approaching the 

critical minimum needed tends to bethe limiting one. This fact of the critical minimum becoming detrimental 

to the survival of an organism was recognized by German biochemist Justus Liebig in 1840. He was a 

pioneer in the study of the effect of various factors on the growth of plants. He found that the yield of 

croplands was often limited not by nutrients needed in large quantities, as carbon dioxide, water (as 

they are in abundance in environment) but by some raw material as boron, for example, needed in 

minute quantities but very scarce in soil. His statement that the “growth of a plant is dependent on the 

amount of food stuff which is presented to it in minimum quantity” has come to be known as Liebig’s “law 

of minimum”. This idea was later expanded by other workers to factors other than nutrients, say 

temperature and to include the time element. It is now usually incorporated with a law of limiting factors 

developed bya British physiologist F. F. Blackman (1905), who at the beginning of this centuryinvestigated 
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the factors affecting the rate of photosynthesis. He listed five factors involved in controlling the rate of 

photosynthesis: amount of CO2 available, amount of H2O available, intensity of solar radiation, amount 

of chlorophyll present, and temperature of the chloroplast. Blackman discovered that the rate of 

photosynthesis is governed by the level of the factor that is operating at a limiting intensity. Further work 

on limiting factors and substances has shown that a high level of one factor will modify the limiting effect 

of a second, a process described as factor interaction (Shelford, 1932). The same principle of limiting 

factors applies well to animal functions. 

Since Liebig’s time much work is done in this area. This additional information could show that 

two subsidiary principles must be added to this concept to make it more useful in practice. These are 

1. A constraint-that the Liebig’s law is strictly applicable only under steady state conditions i.e. 

when inflows balance outflows of energy and materials. For example, we must assume that CO2 

was the major limited factor in a lake/pond, and thus productivity was in equilibrium with the rate 

of supply of CO2 coming from the decay of organic matter. We assume that light, nitrogen, 

phosphorous etc were available in excess in this steady state equilibrium. If a storm brought 

more CO2 in to the lake/pond the rate of production would change, and be dependant upon 

other factors as well. While the rate is changing there is no steady state and no minimum constant; 

instead the reaction depends on the concentration of all the constituents present which in this 

transitional period differs from the rate at which the least plentiful is being added. The rate of 

production would change rapidly as various constituents were used up until some constituents 

perhaps CO2 again, became limiting, and the lake/ pond system would once again be operating 

at the rate controlled by the law of minimum. 

2. The second important principle is factor interaction. High concentration or availability of some 

substance or the action of some factor other than the minimum one may modify the rate of 

utilization of the latter. Sometimes organisms are able to substitute at least partly, a chemically 

closely related substance for one that is deficient in environment. For instance, where strontium 

is abundant, mollusks are able to substitute this for calcium to partial extent in their shells. Some 

plants require less zinc when growing in the shade than when growing in full sunlight; therefore, a 

given amount of zinc in the soil would be less limiting to plants in shade than under the same 

conditions in sunlight. 

An example of limiting factors at the ecosystem level is the finding that two mineral nutrients, iron and 

silica, limit primary production over very large areas of the world’s open oceans. Menzel and Ryther 

(1961) were among the first to find iron as a limiting factor in their studies of ocean waters of Bermuda. 

Martin et al. (1991) and Mullineaux (1999) have reviewed the evidence that iron is limiting almost 
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everywhere in the open oceans. Because diatoms require silica for their shells and this micronutrient 

is present in very low concentrations in seawater, silica is limiting wherever diatoms are an important 

part of the phytoplankton (Treguer and Pondaven 2000). 

The following briefly outlined examples further demonstrate the importance of the concept 

of limiting factors and the limitations of the concept 

· Ecosystems developing on unusual geological formations often provide useful sites for the analysis 

of limiting factors, as one or more important chemical elements may be unusually scarce or 

unusually abundant. Such a situation is provided by serpentine soils (derived from magnesium- 

iron-silicate rocks), which are low in major nutrients (calcium, phosphorus and nitrogen) and 

high in magnesium. Chromium and nickel concentrations approach toxic levels for organisms. 

Vegetation growing on such soils has a characteristically stunted appearance which contrasts 

sharply with adjacent vegetation on non-serpentine soils and comprises an unusual flora with 

many endemic species (that is, species restricted to certain specialized habitats). 

For example, bare monkey-flower (Mimulus nudatus) thrives only in serpentine soils. 

Despite the twin limitations of scarce majornutrients and abundant toxic metals, a biotic community 

has evolved over geological time that can tolerate these conditions, but at a reduced level of 

community structure and productivity. 

· Great South Bay on Long Island, New York, dramatically demonstrated how “too much of 

“good thing” can completely change an ecosystem, in this case to the detriment of seafood 

industry. This story, which might be entitled “The Ducks versus the Oysters,” has been well 

documented, and the cause-effect relations have been verified by experiments. The establishment 

of large duck farms along the tributaries leading into the bay resulted in extensive fertilization of 

the waters by duck manure and a consequent great increase in phytoplankton density. The low 

circulating rate in the bay allowed the nutrients to accumulate rather than be flushed out to sea. 

The normal mixed phytoplankton of the area, consisting of diatoms, green flagellates and 

dinoflagellates was almost replaced by very small green flagellates of the genera Nannochloris 

and Stichococcus. The famous blue-point oysters, which had been thriving for years on a diet of 

the normal phytoplankton and supporting a profitable industry, could not digest the newcomers 

and gradually disappeared. Other shell fish were also eliminated and all attempts to reintroduce 

them failed. Culture experiments demonstrated that the green flagellates grow well when nitrogen 

is in the form of urea, uric acid and ammonia, whereas the normal phytoplankton producer 

requires inorganic nitrogen (nitrate). The invading flagellates did not have to wait for organic 

material to be reduced to nitrate. This case provides a good example of how a normally rare 

specialist in the usual fluctuating environment takes over when unusual conditions are stabilized 
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4.3. SHELFORD’S LAW OF TOLERANCE 

Not only may too little of something be limiting factor as proposed by Liebig, but also too 

much, as in case of factors like heat, light, water etc. For example, carbon dioxide is necessary for the 

growth of all green plants, small increase in concentration of carbon dioxide in the atmosphere will, 

under certain circumstances, increase the rate of plant growth, but very considerable increases become 

toxic. Likewise, small additions of arsenic to the human diet actually have a tonic effect, further 

increase in the dosage, however, soon proves fatal. Thus organisms have an ecological minimum and 

maximum with a range in between which represents the limits of tolerance. The concept of limiting 

effect of maximum as well as minimum was incorporated into the law of tolerance by V.E. Shelford 

in 1913. There are worked out limits within which various species of plant and animals can exist. 

There are done stress tests in the laboratory or in field. This has been very useful in understanding the 

distribution of organism in nature. This law postulates that each ecological factor to which an organism 

responds has maximum and minimum limiting effect between which lies a range or gradient that is now 

known as the limits of tolerance. Between the lower and upper limits of tolerance lies a broad middle 

sector of a gradient which is called the zone of compatibility, the zone of tolerance, the biokinetic 

zone or the zone of capacity adaptation. The region at either end of the zone of compatibility is called 

the lethal zone or the zone of resistance or zone of intolerance. The zone of compatibility too includes a 

broad range of optimum (fig-1) and narrow zones of physiological stresses in between the range of 

optimum and lethal zones. Upper and lower limits of tolerance are intensity levels of a factor at which 

only half of the organisms can survive. These limits are sometimes difficult to determine, as for 

example with low temperature, organisms may pass into an inactive, dormant, or hibernating state 

from which they may again become functional when the temperature rises above a threshold. At high 

temperatures, there may be similar inactivation or aestivation before the 

lethal level is attained. 
 
 
 
 
 
 
 
 
 
 
 

Figure-1, representation of Shelford’s law of tolerance 
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Even without dormancy occurring, there are normally zones of physiological stresses before the 

limits of tolerance are reached. The species as a whole is limited in its activities more by conditions that 

produce physiological discomforts or stresses than it is by the limits of tolerance themselves. Death 

comes close to the limits of tolerance, and the existence of the species would be seriously risked if it was 

frequently exposed to these extreme conditions. Therefore, in retreat before conditions of physiological 

stress there is a margin of safety, and the species adjusts its activities so that limits of tolerance are 

avoided. There is a variation in hardiness of individuals within a species, so that some hardy individuals 

find existence possible under conditions that disturb other individuals. The population level of a species 

becomes reduced before the limits of its range are actually reached. Further, species vary in their limits of 

tolerance to the same factor. For example, the Atlantic salmon spends most of its adult life in the sea, but 

goes annually into freshwater streams to breed. Most other marine fishes are killed quickly when placed 

in fresh water, as are freshwater fishes when placed in salt water. Moreover, a plant or animal may have a 

wide range of tolerance for one factor in the environment, but a relatively narrow range of tolerance for 

another condition. Thus, we find that some species of freshwater fishes are eurythermal but they are 

stenohaline. Lastly, though climatic, edaphic and biotic factors affect plants/animals, their populations 

and community growth and dynamics take place in a holistic manner; but, it is difficult to understand the 

mechanism of environmental influences unless we study the different components of environment. 

But in spite of all physical requirements present within the range of tolerance, organism may still 

fail to survive due to biological interrelations. There are several other factors also. For example, organism 

may have a wide range of tolerance for one factor and a narrow for another. Organisms with wide 

ranges of tolerance for limiting factors are likely to be most widelydistributed. Similar are several subsidiary 

principles to this law of tolerance also. The following terms are used to indicate the relative extent to 

which organisms can tolerate variation in environmental factors. The prefix steno—means that the species, 

population, or individual has a narrow range of tolerance and the prefix eury—indicates that it has a wide 

range. 

Stenothermal-eurythermal -refers to narrow and wide tolerance, respectively of temperature. 

Stenohydric-euryhydric-refers to narrow and wide tolerance, respectively of water. 

Stenohaline-euryhaline- refers to narrow and wide tolerance, respectively of salinity. 

Stenophagic-europhagic- refers to narrow and wide tolerance, respectively of food. 

Stenoecious-euryecious-refers to narrow and wide tolerance, respectively of habitat selection. 
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4.3.1. Factor compensation 

Organisms in nature are not just slaves to the physical environment; they instead adapt themselves and 

may even modify physical environment so as to reduce the limiting effect of temperature, light, water and other 

physical conditions of existence. Such factor compensation is particularlyeffective at community level but also 

occurs within the species. Species with wide geographical ranges almost always develop locally adapted 

populations called ecotypes that have optima and limits of tolerences adjusted to local conditions. Factor 

compensation may also involve genetic races (with or without morphological manifestations) are 

merely physiological acclimation. 

4.3.2. Combined concept of limiting factors 

The presence and success of an organism or a group of organism depends upon a complex of 

conditions any condition which approaches or exceeds the limits of tolerance is said to be a limiting 

condition or a limiting factor. 

By combining the idea of the minimum and the concept of limits of tolerance we arrive at a more 

general and useful concept of limiting factors. Thus, in nature organisms are controlled by 1. Quantity and 

variability of materials for which there is a minimum requirement and physical factors which are critical 

and 2. The limits to tolerance of the organisms themselves to these and other components of the 

environment. 

The chief value of the concept of limiting factors lies in the fact that it gives ecologist an entering 

wedge into the study of complex situations. For an organism, not all possible factors are of equal 

importance in given situation. Some are weaker than others. We may rediscover these weak links and find 

those conditions to be critical or limiting. If an organism has a wide limit of tolerance, in moderate quantity 

in the environment, that factor is not likely to be limiting. Conversely, if an organism is known to have definite 

limits of tolerance for a factor which also is variable in the environment then that factor merits careful 

study, since it might be limiting. For example, oxygen is so abundant, constant and readily available and 

terrestrial environment that is rarely limiting to land organisms, except to parasites or living in soil at high 

altitudes. On the other hand O2 is relatively scarce and often extremely variable in water thus is often an 

important limiting factor to aquatic organisms, especially animals. Therefore, the main attention should be 

given to factors that are operationally significant to the organism at sometime during its life cycle. 
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4.4. MEASUREMENT OF PRIMARY PRODUCTIVITY 

When we consider the function of an ecosystem, we must describe the flow of energy and the 

cycling of nutrients. That is, we are interested in things like how much sunlight is trapped by plants in a 

year, how much plant material is eaten by herbivores, and how many herbivores are eaten by carnivores. 

Thus, the producers, the green plants, fix radiant energy and with the help of minerals (such as C, H, O, 

N, P, Ca, Mg, Zn, Fe, etc.) taken from their edaphic (soil) or aerial environment (the nutrient pool) they 

build up complex organic matter (carbohydrates, fats, proteins, nucleic acids, etc.). Some ecologists 

prefer to refer to the green plants as converters or transducers, since in their view, the most popular 

and prevalent term ‘producer’from energy view point is somewhat misleading. Their view point is that 

green plants produce carbohydrates and not energy and since they convert or transduce radiant energy 

into chemical form, they must be better called converters or transducers. The two ecological processes 

of energy flow and mineral cycling involving interaction between the physico-chemical environment and 

the biotic communities may be considered the ‘heart’ of ecosystem dynamics. In an ecosystem, energy 

flows in non-cyclic manner (unidirectional) from sun to the decomposers via producers and 

macroconsumers (herbivores and carnivores), whereas the minerals keep on moving in a cyclic manner. 

4.4.1. Productivity of Ecosystem 

The productivity of an ecosystem refers to the rate of production, i.e., the amount of organic 

matter accumulated in any unit time. It is of following types: 

1. Primary productivity: It is defined as the rate at which radiant energy is stored by photosynthetic 

and chemosynthetic activity of producers. Primary productivity is of following types: 

(i) Gross primary productivity: It refers to the total rate of photosynthesis including the organic matter 

used up in respiration during the measurement period. GPP depends on the chlorophyll content. The rate 

of primary productivity are estimated in terms of either chlorophyll content as chl/g dry weight/ unit area 

or photosynthetic number, i.e., amount of CO2 fixed/g chl/hour. 

(ii) Net primary productivity (NPP): It is the rate of storage of organic matter in plant tissues in excess 

of the respiratory utilization by plants during the measurement period. Primary production is measured 

by following methods — harvest method, oxygen measurement method (or light or dark method), oxygen 

diurnal curve method, carbon dioxide measurement method (enclosure method), the aerodynamic method, 

the pH method, radioisotope method, chlorophyll estimation method (see Dash, 1993). 

2. Secondary productivity: It is the rate of energy storage at consumer’s levels—herbivores, carnivores 

and decomposers. Consumers tend to utilize already produced food materials in their respiration and 
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also convert the food matter to different tissues by an overall process. So, secondary productivity is not 

divided into ‘gross’ and ‘net’ amounts. Due to this fact some ecologists such as Odum (1971), prefer to 

use the term assimilation rather than production at this level – the consumers level. Secondary 

productivity, in fact, remains mobile (i.e., keeps on moving from one organism to another) and does not 

live in situ like the primary productivity. 

3. Net productivity: It is the rate of storage of organic matter not used by the heterotrophs or consumers, 

i.e., equivalent to net primary production minus consumption by the heterotrophs during the unit period 

as a season or year, etc. 

The primary productivity of a community is the rate at which biomass is produced per unit 

area by plants, the primary producers. It can be expressed either in units of energy (e.g. J m-2 day-1) or 

dry organic matter (e.g. kg ha-1 year-1) or carbon (e.g. g C m-2 year-1). The total fixation of energy by 

photosynthesis is referred to as gross primary productivity (GPP). A proportion of this is respired away 

by the plants (autotrophs) and is lost from the community as respiratory heat (RA – Autotrophic 

Respiration). The difference between GPP and RA is known as net primary productivity (NPP) and 

represents the actual rate of production of new biomass that is available for consumption by heterotrophic 

organisms (bacteria, fungi and animals). The rate of production of biomass by heterotrophs is called 

secondary productivity. 

Another way to view energy flux in ecosystems involves the concept of net ecosystem 

productivity (NEP, using the same units as GPP or NPP). This acknowledges that the carbon fixed in 

GPP can leave the system as inorganic carbon (usually carbon dioxide) via either autotrophic respiration 

(RA) or, after consumption by heterotrophs, via heterotrophic respiration (RH) which consists of respiration 

by bacteria, fungi and animals. Total ecosystem respiration (RE) is the sum of RA and RH. NEP then is 

equal to GPP – RE. When GPP exceeds RE, the ecosystem is fixing carbon faster than it is being 

released and thus acts as a carbon sink. When total ecosystem respiration (RE) exceeds gross primary 

productivity (GPP), carbon is being released faster than it is fixed and the ecosystem is a net carbon 

source. However, it is important to note that an ecosystem can receive organic matter from sources other 

than its own photosynthesis– via the import of dead organic matter that has been produced elsewhere. 

Organic matter produced by photosynthesis within an ecosystem’s boundaries is known as autochthonous, 

whereas that imported from elsewhere is called allochthonous. 

4.4.2. Patterns in primary productivity 

The general term “Production” is the creation of new organic matter. When a crop of wheat 

grows, new organic matter is created by the process of photosynthesis, which converts light energy into 

energy stored in chemical bonds within plant tissue. This energy fuels the metabolic machinery of the 
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plant. New compounds and structures are synthesized, cells divide, and the plant grows in size over time. 

The plant requires sunlight, carbon dioxide, water, and nutrients, and through photosynthesis the plant 

produces reduced carbon compounds and oxygen. 

On the land, almost all primary production is now performed by vascular plants, with a small 

fraction coming from algae and non-vascular plants such as mosses and liverworts. Before the evolution 

of vascular plants, non-vascular plants likely played a more significant role. Primary production on land is 

a function of many factors, but principally local hydrology and temperature (the latter covaries to an 

extent with light, the source of energy for photosynthesis). While plants cover much of the Earth’s surface, 

they are strongly curtailed wherever temperatures are too extreme or where necessary plant resources 

(principally water and light) are limiting, such as deserts or Polar Regions. In a reversal of the pattern on 

land, in the oceans, almost all primary production is performed by algae, with a small fraction contributed 

by vascular plants and other groups. Algae encompass a diverse range of organisms, ranging from single 

floating cells to attached seaweeds. They include photoautotrophs from a variety of groups. Eubacteria 

are important photosynthetizers in both oceanic and terrestrial ecosystems, and while some archaea are 

phototrophic, none are known to utilize oxygen-evolving photosynthesis. A number of eukaryotes are 

significant contributors to primary production in the ocean, including green algae, and red algae, and a 

diverse group of unicellular groups. Vascular plants are also represented in the ocean by groups such as 

the seagrasses. Larger autotrophs, such as the seagrasses and macroalgae (seaweeds) are generally 

confined to the littoral zone and adjacent shallow waters, where they can attach to the underlying substrate 

but still be within the photic zone. There are exceptions, such as Sargassum, but the vast majority of 

free-floating production takes place within microscopic organisms. 

The factors limiting primary production in the ocean are also very different from those on land. 

The availability of water, obviously, is not an issue (though its salinity can be). Similarly, temperature, 

while affecting metabolic rates, ranges less widely in the ocean than on land because the heat capacity of 

seawater buffers temperature changes, and the formation of sea ice insulates it at lower temperatures. 

However, the availability of light, the source of energy for photosynthesis, and mineral nutrients, the 

building blocks for new growth, play crucial roles in regulating primary production in the ocean. 

Whether one measures the rate at which photosynthesis occurs, or the rate at which the individual 

plant increases in mass, one is concerned with primary production (definition: the synthesis and storage 

of organic molecules during the growth and reproduction of photosynthetic organisms). The core idea is 

that new chemical compounds and new plant tissue are produced. Over time, primary production results 

in the addition of new plant biomass to the system. Consumers derive their energy from primary producers, 

either directly (herbivores, some detritivores), or indirectly (predators, other detritivores). 
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Recall that the intensity of solar radiation reaching the earth’s surface depends partly on location: the 

maximum energy intensity is received at the equator, and the intensity decreases as we move toward the 

poles. These differences have profound effects on climate, and lead to the observed geographic patterns 

of biomes. Furthermore, we know that only a small fraction of the sun’s radiation is actually used in the 

photosynthetic reaction in plants at the Earth’s surface. Of the total solar radiation striking the Earth’s 

outer atmosphere, about half of it is reflected back to space by ice, snow, oceans, or deserts, or absorbed 

by gases in the atmosphere - for example, the atmosphere’s ozone gas layer absorbs nearly all ultraviolet 

light, which makes up about 9% of the sun’s radiation. 

The net primary production of the planet is estimated to be about 105 petagrams of carbon per 

year (1 Petagram = 1015 g). Of this, 56.4 Pg C per year is produced in terrestrial ecosystems and 48.3 

Pg C per year in aquatic ecosystems. Thus, although oceans primary productivity depends on, but is not 

solely determined by, solar radiation cover about two-thirds of the world’s surface, they account for less 

than half of its production. On the land, tropical rainforests and savannas account between them for 

about 60% of terrestrial NPP, reflecting the large areas covered by these biomes and their high levels of 

productivity.All biological activity is ultimately dependent on received solar radiation but solar radiation 

alone does not determine primary productivity. Many areas of land receive abundant radiation but lack 

adequate water, and most areas of the oceans are deficient in mineral nutrients. 

4.4.3. Latitudinal trends in productivity 

In the forest biomes of the world a general latitudinal trend of increasing productivity can be seen 

from boreal, through temperate, to tropical conditions. However, there is also considerable variation, 

much of it due to differences in water availability, local topography and associated variations in microclimate. 

The same latitudinal trend (and local variations) exists in the above-ground productivity of grassland 

communities. As far as aquatic communities are concerned, a latitudinal trend is clear in lakes but not in 

the oceans, where productivity may more often be limited by a shortage of nutrients – very high productivity 

occurs in marine communities where there are upwellings of nutrient-rich waters, even at high latitudes 

and low temperatures. The productivity of forests, grasslands and lakes follows a latitudinal pattern. The 

overall trends with latitude suggest that radiation (a resource) and temperature (a condition) may often 

limit the productivity of communities. But other factors frequently constrain productivity within even 

narrower limits. 

4.4.4. Seasonal and annual trends in primary productivity 

The productivity shows considerable temporal variation. It is important to note also that productivity 

varies from year to year in a single location (Knapp & Smith, 2001). Such annual fluctuations no doubt 

reflect year-to-year variation in cloudless days, temperature and rainfall. At a smaller temporal scale, 
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productivity reflects seasonal variations in conditions, particularly in relation to the consequences of 

temperature for the length of the growing season. Moreover, the growing season is more extended but 

the amplitude of seasonal change is smaller in evergreen coniferous forests than in their deciduous 

counterparts (where the growing season is curtailed by the shedding of leaves in the fall). 

4.4.5. Measurement of primary productivity 

The methods for measurement of primary production vary depending on whether gross vs net 

production is the desired measure, and whether terrestrial or aquatic systems are the focus. Gross 

production is almost always harder to measure than net, because of respiration, which is a continuous 

and ongoing process that consumes some of the products of primary production (i.e. sugars) before they 

can be accurately measured. Also, terrestrial ecosystems are generally more difficult because a substantial 

proportion of total productivity is pushed to below-ground organs and tissues, where it is logistically 

difficult to measure. Shallow water aquatic systems can also face this problem. 

Scale also greatly affects measurement techniques. The rate of carbon assimilation in plant tissues, 

organs, whole plants, or plankton samples can be quantified by biochemically-based techniques, but 

these techniques are decidedly inappropriate for large scale terrestrial field situations. There, net primary 

production is almost always the desired variable, and estimation techniques involve various methods of 

estimating dry-weight biomass changes over time. Biomass estimates are often converted to an energy 

measure, such as kilocalories, by an empirically determined conversion factor. 

Terrestrial 

In terrestrial ecosystems, researchers generally measure net primary production. Although its 

definition is straightforward, field measurements used to estimate productivity vary according to investigator 

and biome. Field estimates rarely account for below ground productivity, herbivory, decomposition, 

turnover, litterfall, volatile organic compounds, root exudates, and allocation to symbiotic 

microorganisms. Biomass based NPP estimates result in underestimation of NPP due to incomplete 

accounting of these components. However, many field measurements correlate well to NPP. There are a 

number of comprehensive reviews of the field methods used to estimate NPP. Estimates of ecosystem 

respiration, the total carbon dioxide produced by the ecosystem, can also be made with gas flux 

measurements. 

In aquatic systems, primary production is typically measured using one of four main techniques 

1. variations in oxygen concentration within a sealed bottle (developed by Gaarder and Gran in 

1927 this will be discussed in detail) 
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2. incorporation of inorganic carbon-14 (14C in the form of sodium bicarbonate) into organic matter 

(briefly description is given) 

3. Stable isotopes of Oxygen (16O, 18O and 17O) 

4. fluorescence kinetics 

Primary production is best estimated by measuring gaseous exchange-oxygen production or 

carbon dioxide uptake. This is most easily done in water. In standing water (ponds, lakes, ocean) 

measuring the diurnal changes in oxygen concentration, as in the light- and dark bottle experiment. In 

flowing waters the upstream-downstream method, involving diurnal measurement of oxygen change at 

points upstream and downstream, is often effective. Measuring changes in CO2 with radioactive isotope 
14C is widely used especially in marine environment. 

 
Measuring Primary Production 

There are two general approaches: one can measure either (a) the rate of photosynthesis, 
or 

(b) the rate of increase in plant biomass. 
 
(a) Rate of Photosynthesis: 

 
The equation for photosynthesis 

 
6 CO2+ 6 H2O C6H12O6 + 6 O2 

If we could place our plants in a closed system, and measure the depletion of CO2 (as the plants 

take up CO2 during carbohydrate synthesis) per unit time, or the generation of O2, we would have a 

direct measure of primary production. The method used in studies of aquatic primary production illustrates 

this method well. In the surface waters of lakes and oceans, plants are mainly unicellular algae, and most 

consumers are microscopic crustaceans and protozoans. Both the producers and consumers are very 

small, and they are easily contained in a liter of water. If you put these organisms in a bottle and turn on 

the lights, you get photosynthesis. If you turn off the lights, you turn off the primary production. However, 

darkness has no effect on respiration. Remember that cellular respiration is the reverse process from 

photosynthesis. 
 

C6H12O2 6 CO2 + 6 H2O 

Photosynthesis stores energy and respiration releases it for use in functions such as reproduction 

and basic maintenance. When calculating the amount of energy that a plant stores as biomass, which is 

then available to heterotrophs, we must subtract plant respiration costs from the total primary production. 
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The general procedure is so simple that primary production of the world’s oceans has been 

mapped in considerable detail, and many of the world’s freshwater lakes have also been investigated. A 

series of small glass bottles with stoppers are taken and half of them are wrapped with some material 

such as tinfoil so that no light penetrates. These are called the “light” and “dark” bottles, respectively. 

The bottles are filled with water taken from a particular place and depth; this water contains the tiny 

plants and animals of the aquatic ecosystem. The bottles are closed with stoppers to prevent any exchange 

of gases or organisms with the surrounding water, and then they are suspended for a few hours at the 

same depth from which the water was originally taken. Inside the bottles CO2 is being consumed, and O2 is 

being produced, and we can measure the change over time in either one of these gases. 

For example, the amount of oxygen dissolved in water can be measured easily by chemical 

titration. Before suspending the bottles, the initial O2 concentration is determined and expressed as mg of 

O2 per Liter of water (mg/L). Then, the final value is measured in both the light and dark bottles after a 

timed duration of incubation. 
 

Light bottle: In the light bottle there is photosynthesis, or Gross Primary Production (GPP), and there 

is Respiration (R). The difference between these two processes, as we saw above, is Net Primary 

Production = NPP = (GPP - R) 

Dark bottle: In the dark bottle there is no photosynthesis and only respiration. (In this example we may 

also have some consumer respiration in both bottles, unless we used a net to sieve out tiny heterotrophs.) 

Now consider the following simple example. It illustrates how we account for changes from the 

initial oxygen concentrations in the water that occurred during the incubation. We will assume that our 

incubation period was 1 hour. Measured oxygen concentrations: 

Initial bottle = 8 mg O2 /L; Light bottle = 10 mg O2 /L; Dark bottle = 5 mg O2 /L 

The oxygen increased in the light bottle compared to the initial due to photosynthesis, and the 

oxygen decreased in the dark bottle due to respiration. With this information we can calculate the 

Respiration, NPP, and GPP for our system: 

(Light - Initial) = (10 - 8) = 2 mg/L/hr = (GPP - R) = NPP (Initial - Dark) = (8 - 5) = 3 mg/L/hr = 

Respiration 

(Light - Dark) = (10 - 5) = 5 mg/L/hr = (NPP + R) = GPP 
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2

Thus we have a measure of the net and gross primary production as well as the respiration of our 

system. The oxygen technique is limited in situations where the primary production is very low. In 

these situations, the radioactive form of carbon, C14 (14CO ), can be used to monitor carbon uptake and 

fixation. You can also convert the results between the oxygen and carbon methods by multiplying the 

oxygen values by 0.375 to put them into carbon equivalents (the factor comes from differences in atomic 

mass). 

(b) Rate of Biomass Accumulation: 
 

Suppose we wish to know the primary production of a corn crop. We plant some seeds, and at the 

end of one year we harvest samples of the entire plants including the roots that were contained in one square 

meter of area. We dry these to remove any variation in water content, and then weigh them to get the “dry 

weight”. Thus our measure of primary production would be grams m-2 yr-1 of stems, leaves, roots, 

flowers and fruits, minus the mass of the seeds that may have blown away. Here we have not measured 

GPP, because some of the energy produced by photosynthesis went to meet the metabolic needs of the 

corn plants themselves. Is it NPP? Well, if we excluded all the consumers such as insects of the corn plant, 

we would have a measure of NPP. But we assume that some insects and soil arthropods took a share of the 

plant biomass, and since we did not measure that share, we actually have measured something less than 

NPP. Note that this is exactly the same situation in the bottle method described above if small 

heterotrophs that grazed on algae were included in the bottle, in which case the two methods would 

measure the same thing. In recent years it has also become possible to estimate GPP and R in large plants 

or entire forests using tracers and gas exchange techniques. These measurements now form the basis of our 

investigations into how primary production affects the carbon dioxide content of our atmosphere. 

Measuring gaseous exchanges is much more difficult on land. Measuring the gradient in CO2 

concentration of the air from the ground to the top of vegetation, as was first tried by Transeau (1926) in a 

corn field and by Woodwell and Whittaker (1968) in a forest, is widely used today, especially with crops. 

It is very difficult to measure gross production in large biomass ecosystem such as forest because it is 

impractical to try to put the whole forest in transparent bag or tent (which would have to be cooled, as the air 

in the bag would heat up rapidly) although this has been tried on individual trees or limbs. Accordingly, 

most productivity measurements on land vegetation are estimates of net production obtained by summing 

annual leaf, trunk and root growth. For a class exercise, collecting leaf with large boxes placed on the 

forest floor provides a simple method of measuring species diversity and estimating productivity if one 

takes in to consideration latitudinal variations in 
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1. The ratio of leaves to wood production 

2. The ratio of gross to net production 

Very close estimates of primary production on large landscapes, regions and globally are obtained 

by combining remote sensing of the colour of the landscape by satellite with ground truth measurements. 

Thus, a bright green terrestrial landscape or dark green water indicates very productive ecosystems. On 

land, yellow green indicates moderate levels and brown very low levels of productivity. Clear blue water 

indicates low productivity. Quantitative values are obtained by matching colour with local quantitative 

measurements on the surface. Areal or satellite infra red photography is also often effective. The brighter 

the infra red, the more productive the landscape. 

4.4.6. Production, Standing Crop, and Turnover 

With either of these methods, the primary Production can be expressed as the rate of formation 

of new material, per unit of earth’s surface, per unit of time. The production is reported as calories/m2/ 

year (energy) or grams/m2/year (dry organic matter). 

Standing crop, on the other hand, is a measure of the biomass of the system at a single point in 

time, and is measured as calories or grams per m2. The difference between production and standing crop is 

a crucial one, and can be illustrated by the following question. Should a forester, interested in harvesting the 

greatest yield from a plot, be more interested in the forest’s standing crop or its primary production?. If the 

forester wants a short term investment (i.e., to cut the forest down), then the higher the standing crop 

the better. If instead the forester wants to manage the forest over time, then the rate at which the forest 

produces new biomass is critical. 

The ratio of the standing crop to the production (Standing Crop / Production) is equal to the 

Turnover of the system. By dividing standing crop (units of g/m2) by production (units of g/m2/yr), you 

can see that the turnover is in units of 1/(1/yr) = year in this example. Thus the stock or standing crop of 

any material divided by the rate of production gives you a measure of time. It is really important to 

consider this element of “time” whenever you are thinking about almost any aspect of an organism or an 

ecosystem. Learning about how much of something is happening and how fast it is changing is a critical 

aspect of understanding the system well enough to make decisions; for example, the decision of the 

forester above may be driven by economic concerns or by conservation concerns, but the “best” choice 

for either of those concerns still depends on an understanding of the production, standing crop, and 

turnover of the forest. 

There are several protocols for measuring rates of primary productivity via 14C. The basic idea 

remains the same: before dawn, water samples are collected in a series of bottles- generally two clear 
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and one amber/dark colored bottle through which light is not able to penetrate. The water samples are 

inoculated with 14C, capped, and placed in the environment they were collected from for a day (this time may 

vary). Following the incubation, the samples are collected under low light conditions and filtered through a 

0.2um filter. The filter is placed into a liquid scintillation vial, acidified to purge excess 14C, and kept cold until 

it can be analyzed in a scintillation counter. 

The theory behind using 14C to measure productivity involves using a labeled tracer to quantify 

assimilated carbon. The 14C method estimates the uptake and assimilation of dissolved inorganic carbon 

(DIC) by planktonic algae in the water column. The method is based on the assumption that biological 

uptake of 14C-labelled DIC is proportional to the biological uptake of the more commonly found 12C DIC. 

In order to determine uptake, one must know the concentration of DIC naturally occurring in the sample 

water, the amount of 14C-DIC added, and the amount of 14C retained in particulate matter (14C- POC) at the 

end of the incubation experiment. A5% metabolic discrimination factor may be applied to the data as well, 

since organisms preferentially take up lighter isotopes. Carbon uptake can be measured by the following 

equation: 

· C uptake = (naturally occurring DIC x 14C-POC x 1.05)/(14C-DIC added) 
 
4.4.7. Patterns and Controls of Primary Production in the World’s Ecosystems 

 
The world’s ecosystems vary tremendously in productivity, as illustrated in the following figures. In 

terms of NPP per unit area, the most productive systems are estuaries, swamps and marshes, tropical rain 

forests, and temperate rain forests (see Figure 2). If we wish to know the total amount of NPP in the world, 

we must multiply these values by the area that the various ecosystems occupy. In doing that, we find that 

now the most productive systems are open oceans, tropical rain forests, savannas, and tropical seasonal 

forests. What accounts for these differences in production per unit area? Basically, the answer is that climate 

and nutrients control primary productivity. Areas that are warm and wet generally are more productive (see 

Figures 3a and 3b). Overall, the amount of water available limits land primary production on our world, in part 

due to the large areas of desert found on certain continents. Agricultural crops are especially productive due 

to “artificial” subsidies of water and fertilizers, as well as the control of pests. 
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Fig-2. Estimated annual average net primary productivity in major life zones and ecosystems, 

expressed as kilocalories of energy produced per square meter per year (kcal/m2/yr). 

Even though temperature and especially precipitation are related to production, you will notice a 

large degree of “scatter” around the line of best fit drawn in the graphs above. This scatter or variation is 

due in part to other aspects of particular (local) systems, such as their nutrient availability or their turnover 

rates. For example, grasslands can have a relatively high rate of primary production occurring during a 

brief growing season, yet the standing crop biomass never is very great. This is indicative of a high 

turnover rate. In a forest, on the other hand, the standing crop biomass of above-ground wood and 

below-ground roots is large. Each year’s production of new plant matter is a small fraction of total 

standing crop, and so the turnover of forest biomass is much lower. 

Another good example is seen in the oceans, where most of the primary production is concentrated 

in microscopic algae. Algae have short life cycles, multiply rapidly, do not generate much biomass relative 

to their numbers, and are eaten rapidly by herbivores. At any given point in time, then, the standing crop 

of algae in an ocean is likely low, but the turnover rate can be high. We have now examined the first step 

in the flow of energy through ecosystems: the conversion of energy by primary producers into a form that 

is usable by heterotrophs, as well as by producers themselves. 

Factors limiting primary productivity in terrestrial communities 

Sunlight, carbon dioxide (CO2), water and soil nutrients are the resources required for primary 

production on land, while temperature, a condition, has a strong influence on the rate of photosynthesis. 
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CO2 is normally present at a level of around 0.03% of atmospheric gases. Turbulent mixing and diffusion 

prevent the CO2 concentration from varying much from place to place, except in the immediate 

neighborhood of a leaf, and CO2 probably plays little role in determining differences between the 

productivities of different communities (although global increases in CO2 concentration are expected to 

have profound effects. On the other hand, the quality and quantity of light, the availability of water and 

nutrients, and temperature all vary dramatically from place to place. They are all candidates for the role 

of limiting factor. 
 

 

 
 
Fig-3. Graphs showing the relationship between NPP and precipitation, and between NPP and 

temperature. 

Factors limiting primary productivity in aquatic communities 

The factors that most frequently limit the primary productivity of aquatic environments are the 

availability of light and nutrients. The most commonly limiting nutrients are nitrogen (usually as nitrate) 

and phosphorus (phosphate), but iron can be important in open ocean environments. 



109  

4.4.8. Human impact and appropriation 

Extensive human land use results in various levels of impact on actual NPP (NPPact). In some 

regions, such as the Nile valley, irrigation has resulted in a considerable increase in primary production. 

However, these regions are exceptions to the rule, and in general there is a NPP reduction due to land 

changes (ΔNPPLC) of 9.6% across global land-mass. In addition to this, end consumption by people 

raises the total human appropriation of net primary production (HANPP) to 23.8% of potential 

vegetation (NPP0). It is estimated that, in 2000, 34% of the Earth’s ice-free land area (12% cropland; 

22% pasture) was devoted to human agriculture. This disproportionate amount reduces the energy 

available to other species, having a marked impact on biodiversity, flows of carbon, water and energy, 

and ecosystem services, and scientists have questioned how large this fraction can be before these 

services begin to break down. 

In 2007, K. Heinz Erb at Klagenfurt University in Vienna and his colleagues plugged agricultural 

and forestry statistics that account for 97% of Earth’s ice free land into a computer model. Erb’s model 

indicates that humans appropriate about 25% of Earth’s land-based NPP for food, forage (for livestock), 

and wood. These studies provide us with estimates, not actual values. However, the take-home message is 

simple: Human use of global productivity is competing with other species’ energy needs. Our use of so 

much of the world’s productivity may contribute to the loss of many species, some potentially useful to 

humans, through extinction. Human consumption of global NPP could become—or, more serious, is 

becoming—a serious threat to the planet’s ability to support both its nonhuman and human occupants. If 

we want our planet to operate sustainably, we must share terrestrial photosynthesis products—that is, 

NPP—with other organisms. 
 

4.5 SUMMARY 
  

 
· Justus Liebig studied the effect of various factors on the growth of plant sand found that the yield 

of croplands was often limited not by nutrients needed in large quantities but by some raw 

material as boron, for example, needed in minute quantities but very scarce in soil. His statement 

that the “growth of a plant is dependent on the amount of food stuff which is presented to it in 

minimum quantity” has come to be known as Liebig’s “law of minimum”. 

· Each ecological factor to which an organism responds has maximum and minimum limiting effect 

between which lies a range or gradient that is now known as the limits of tolerance. Between the 

lower and upper limits of tolerance lies a broad middle sector of a gradient which is called the 

zone of compatibility, the zone of tolerance, the biokinetic zone or the zone of capacity adaptation. 

This concept is commonly known as Shelfords law of tolerance. 
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· The productivity of an ecosystem refers to the rate of production, i.e., the amount of organic 

matter accumulated in any unit time. Primaryproductivity can be distinguished into Gross primary 

productivity and Net primary productivity (NPP). 

· In the forest biomes of the world a general latitudinal trend of increasing productivity can be seen from 

boreal, through temperate, to tropical conditions. Productivity varies from year to year in a single 

location. 

· Measurement of primary production vary depending on whether gross vs net production is the 

desired measure, and whether terrestrial or aquatic systems are the focus. Gross production is 

almost always harder to measure than net. 

· There are two general approaches: one can measure either (a) the rate of photosynthesis, or (b) the 

rate of increase in plant biomass. 

· Primary production is best estimated by measuring gaseous exchange-oxygen production or 

carbon dioxide uptake. This is most easily done in water. 
 

4.6. KEY WORDS 
  

 
Limiting         Factors Liebig’s Law of minimum Shelford’s Law of tolerance Primary Productivity 

4.7. QUESTIONS FOR SELF STUDY 
  

 
1. What are limiting factors? State Liebig’s law of limiting factors 

2. Give detailed account of Liebig’s law of limiting factors with an example 

3. Explain Shelfords law of tolerance with few examples 

4. What is meant by primary productivity? How do you measure primary productivity 

5. Write short notes on 

a. Combined concept of limiting factors 

b. Productivity in ecosystem 
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c. Patterns of primary productivity 

d. Latitudinal trends in productivity 

e. Controls of primary production in the world’s ecosystems 
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