


Fundamentals of

Ecology -+ Environment

Fourth edition

Pranav Kumar

Former faculty,

Department of Biotechnology,
Jamia Millia Islamia,

New Delhi, India

Usha Mina

Professor,

School of Environmental Sciences,
Jawaharlal Nehru University (JINU),
New Delhi, India

@ Pearson Pathfinder Academy



Pranav Kumar

Former faculty,

Department of Biotechnology,
Jamia Millia Islamia (JMI),
New Delhi, India

Usha Mina

Professor,

School of Environmental Sciences,
Jawaharlal Nehru University (INU),
New Delhi, India

Fundamentals of Ecology a~+ Environment

Although the author and publisher have made every effort to ensure that the information in this book was correct at the time of
editing and printing, the author and publisher do not assume and hereby disclaim any liability to any party for any loss or dam-
age arising out of the use of this book caused by errors or omissions, whether such errors or omissions result from negligence,
accident or any other cause. Further, names, pictures, images, characters, businesses, places, events and incidents are either the
products of the author’s imagination or used in a fictitious manner. Any resemblance to actual persons, living or dead or actual
events is purely coincidental and do not intend to hurt sentiments of any individual, community, sect or religion.

In case of binding mistake, misprints or missing pages etc., the publisher’s entire liability and your exclusive remedy is
replacement of this book within reasonable time of purchase by similar edition/reprint of the book.

Copyright © 2024 Pearson India Education Services Pvt. Ltd and Authors

All rights reserved. This book is sold subject to the condition that it shall not, by way of trade or otherwise, be lent, resold, hired
out, or otherwise circulated without the publisher’s prior written consent in any form of binding or cover other than that in which
it is published and without a similar condition including this condition being imposed on the subsequent purchaser and without
limiting the rights under copyright reserved above, no part of this publication may be reproduced, stored in or introduced into

a retrieval system, or transmitted in any form or by any means (electronic, mechanical, photocopying, recording or otherwise),
without the prior written permission of both the copyright owner and the publisher of this book.

ISBN 978-81-198-9604-2
First Impression

Published by Pearson India Education Services Pvt. Ltd, CIN: U72200TN2005PTC057128.

Head Office: 1st Floor, Berger Tower, Plot No. C-001A/2, Sector 16B, Noida - 201 301, Uttar Pradesh, India.
Registered Office: Featherlite, ‘The Address’ 5th Floor, Survey No 203/10B, 200 Ft MMRD Road,

Zamin Pallavaram, Chennai — 600 044.

Website: in.pearson.com

Email: companysecretary.india@pearson.com

Printer



ess

Chapter 1
The Environment

1.1 Physical environment 3
Soil 3
Weathering and soil formation 3
Soil composition 4
Soil profile 5
Soil erosion 6
Air and Atmosphere 8
Light 11
Temperature 13
Temperature and vegetation 16
1.2 Adaptation to the physical environment 17
Plant’s adaptation to water stress 18
Animal’s adaptation to thermal stress 18
Relationship between body size and environmental temperature 19
1.3 Metabolic rate and size of animals 21
1.4 Shelford’s law of tolerance 22
1.5 Species concept 23

Ecotype and Ecads 24

Chapter 2
Ecosystem Ecology

2.1 Ecosystem components 29
2.2 Productivity 30
Patterns in primary productivity 32
Relationship between productivity and biomass 34
Measuring primary productivity 34
Oxygen emission method 34
Radioactive tracer method 35

Harvest analysis method 35



vi

2.3

2.3.1
2.3.2
2.3.3
2.4

2.5
2.6
2.7

2.7.1

2.7.2

2.8

Energy flow 36

Universal energy flow model 38

Concept of the trophic level 39

Food chains 40

Ecological efficiencies 42

Ecological pyramid 44

Nutrient cycling 46

General model of nutrient cycling 47
Carbon cycle 48

Nitrogen cycle 49

Phosphorus cycle 51

Sulfur cycle 52

Decomposition 53

Ecosystem services 54

Control of trophic structure: top-down versus bottom-up control
Types of ecosystems 56

Aquatic ecosystem 56

Variation in light and temperature in aquatic ecosystem 57
Primary productivity in aquatic ecosystems 57
Marine ecosystems 58

Hot hydrothermal vents 59

Coral reefs ecosystem 60

Estuary 61

Freshwater ecosystem 62

Lake 62

Thermal stratification 63

Seasonal changes in water temperature 63
Nutrient inputs and cycling 65

River 65

Wetlands 66

Terrestrial ecosystem 67

Forest ecosystem 67

Deforestation 68

Afforestation 69

Social forestry 69

Grassland ecosystem 69

Desert ecosystem 70

Types of deserts 70

Desertification 71

Biomes 71

54



Biome distribution 72

Biome types 72

Tundra biome 72

Desert biome 73

Tropical grassland (or Savanna biome) 73
Temperate grasslands 74

Tropical rainforests 74

Temperate deciduous forest biome 75
Taiga biome 76

Chaparral biome 76

Chapter 3

Population Ecology

3.1

3.2

3.3
3.4
3.5
3.6

3.7

Population characteristics 79
Population density 80

Natality 80

Mortality 81

Dispersion 82

Age structure and Age pyramids 83
Dispersal 84

Population growth 84

Exponential growth 85

Logistic growth 86

Life table: Age-specific mortality and survival
Population regulation 91

Concept of metapopulation 93

Life history 94

Life history trade-offs 94

r- and K-selection 95

Grime’s triangle of life history strategies 97

Home range and Territory 98

Chapter 4

Community Ecology

4.1

4.1.1
4.1.2

Community structure 102
Species composition 102

Species diversity 103

89

vii



4.1.3 Diversity index 106
4.1.4 Species-area curve 110
4.1.5 Disturbance and species diversity 111
4.2 Community interactions 112
4.3 Community: Functional classification 113
4.4 Diversity-Stability-Complexity relationships 114
Diversity and stability 114
Complexity and stability 115
4.5 Plant communities 117
4.6 Community gradient and boundaries 119
4.7 Equilibrium theory of island biogeography 120
4.8 Ecological interdependence and interactions 122
4.9 Lotka-Volterra model 131
4.10 Ecological niche 139
Ecological compression 143
4.11 Effect of competition 143
Competitive exclusion principle 143
Competitive exclusion and coexistence 145
Resource partitioning 145
Character displacement 147
4.12  Ecological succession 149
Pattern of succession 150
Species diversity and succession 152

Types of ecological succession 152

Chapter 5
Biodiversity

5.1 Levels of biodiversity 161
5.2 Gradients and Magnitude of biodiversity 162
Gradients of biodiversity 162
Magnitude of biodiversity 163
Biodiversity of India 164
5.3 Uses of biodiversity 164
5.4 Threats to biodiversity 166
5.5 Extinction of species 168
5.6 IUCN Red List categories and criteria 170
5.7 Conservation of biodiversity 174

Biodiversity Hotspots 175

viii



5.8

5.9

5.10

Flagship and Umbrella species 175

Protected Areas of India 177

National parks 178

Wildlife sanctuary 178

Conservation reserves and Community reserves 178

Marine protected areas 178

Biosphere reserves 178

Sacred groves 181

Biodiversity conservation: International and National efforts 181
International conservation strategies 181

Convention on Biological diversity 181

CITES 181

World Heritage Convention (WHC) 182

Convention on the Conservation of Migratory Species of Wild Animals 182
International Treaty on Plant Genetic Resources for Food and Agriculture 182
Convention on Wetlands (Ramsar Convention) 182

International Plant Protection Convention (IPPC) 183

National conservation strategies 184

Biological Diversity Act 184

Wildlife (Protection) Act 184

Project Tiger and Project Elephant 185

National Wildlife Action Plan 185

Forest Conservation Act 186

Biogeographic classification of India 186

Chapter 6

Pollution

6.1

6.1.1
6.1.2
6.1.3
6.1.4

Air pollution 191
Composition of air 191
Sources of air pollution 192
Types of air pollutants 192
Criteria air pollutants 193
Carbon monoxide 193
Ozone 194

Oxides of nitrogen 195
Particulate matter 196
Oxides of sulfur 196

Lead 197

ix



6.1.5

6.1.6

6.1.7
6.1.8
6.1.9
6.1.10
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.2.7
6.2.8
6.2.9
6.2.10
6.3
6.4

6.5

6.6

6.7

Effects of air pollution 197

Effect on human health 197

Effect on plants 197

Loss of biodiversity 197

Acid rain 198

Eutrophication 198

Ozone depletion 198

Greenhouse effect and Global warming 198
Climate change 199

Air quality standards 199

Ambient Air Quality Standards in India 199
WHO air quality guidelines 201

Air Quality Index 201

National Air Quality Monitoring Programme 202
Indoor air pollution 202

Acid rain 203

Control of air pollution 204

Noise pollution 208

Water pollution 209

Causes of water pollution 210

Types of water pollutants 211

Indicators of water pollution 211
Groundwater pollution 212

Water quality indicators 213

Water quality standards 216

Effects of water pollution 218

Control of water pollution 219

Wastewater treatment 220
Bioaccumulation, bioconcentration and biomagnification
Soil pollution 224

Solid waste management 225
Hazardous waste treatment 226

Solid waste management 227
Bioremediation 230

Bioremediation strategies 230
Advantages of bioremediation 231
Phytoremediation 231

Bioindicator 232

Well-studied 234

Environmental Impact Assessment 234

224



Chapter 7

Climate Change

7.1

7.2

7.3
7.4
7.5
7.6

7.7

7.8

7.9

Climate change 241

Climate change and Global warming 243
Climate change: Evidence 243
Greenhouse effect 244
Greenhouse gases 245
Global-warming potential of greenhouse gases 246
Increase in greenhouse gas concentrations 247
Global warming 249

Climate change: Impacts 250
Responding to climate change 252
Earth Summit 253

Rio Conventions 253

Kyoto protocol 254

Doha Amendment 255

Copenhagen Accord 256

Paris Agreement 256

Stratospheric ozone 257
Stratospheric ozone formation 257
Stratospheric ozone depletion 258
Ozone depletion potential 259
Antarctic ozone hole 261

Arctic ozone hole 262

Montreal Protocol 263

Progess after Montreal Protocol 264
Environmental Laws in India 265
Forest and Biodiversity 266
Environment and Pollution 266
Environmental footprints 268
Carbon footprint 268

Nitrogen footprint 269

Water footprint 270

Ecological footprint 270

Index 274

Xi



Chapter 1

The Environment

Organisms and their environments are dynamic and interdependent. The term ‘environment’
etymologically means surroundings. It includes everything (biotic as well as abiotic) that
surrounds an organism. Any factor, abiotic or biotic, that influences living organisms is called
environmental factor (or ecological factor or ecofactor). Abiotic factors include factors such
as temperature, sunlight levels, pH, salinity and soil composition. In contrast, biotic factors

encompass producers, consumers and decomposers.

1.1 Physical environment

Soil
Soil constitutes the uppermost weathered layer of the Earth’s crust. It is a mixture of weath-
ered mineral rock particles, organic matter (i.e. both living and dead), water and air. Soil is a

biologically active matrix and home of diverse organisms. The scientific discipline dedicated

to the study of soil is known as pedology.

Weathering and soil formation

The process of soil formation includes the formation of unconsolidated materials by the weathering
process and the soil profile development. Weathering refers to the physical disintegration and
chemical decomposition of the rocks and minerals contained in them. Physical disintegration
breaks down rock into smaller fragments and eventually into sand and silt particles that are
commonly made up of individual minerals. Simultaneously, the minerals decompose chemically,
releasing soluble materials and synthesizing new minerals. New minerals form either by minor
chemical alterations or by a complete chemical breakdown of the original mineral and resynthesis
of new minerals. Based on the location of soil mineral particles formation and deposition, the
soils are classified as residual soil and transported soil. If the soil mineral particles have been
formed in place from the bedrock below, it is called residual soil. If the soil mineral particles
have been carried from some other location by wind, water, gravity or ice then it is termed as
transported soil. The transported soil can be classified into colluvium (transported by gravity),
alluvium (transported by the movement of water), glacial soil (transported by the movement

of glaciers) and eolian soil (transported by wind).



Figure 2.1 An aquatic
ecosystem. A physically
defined space comprising
all the organisms which
are interacting with one
another and with their
physical environment.

Chapter 2

Ecosystem Ecology

An ecosystem, also known as an ecological system, represents a structural and functional
unit of nature that encompasses all organisms within a physically defined space. These or-
ganisms interact with each other and their physical environment. Essentially, any system that
encompasses interacting biotic (living) and abiotic (nonliving) components can be classified
as an ecosystem.

The concept of an ecosystem was first formally proposed by the English botanist Arthur Tansley
in 1935. The term biogeocoenosis (proposed in the 1940s by the Soviet ecologist V. N. Sukachev)
frequently used in Russian literature is roughly equivalent to the ecosystem. Its literal mean-
ing is ‘life and Earth functioning together.” A key advance in the adoption of the ecosystem
concept occurred after the appearance of a popular textbook by Eugene Odum. Odum'’s text-
book was organized around the ecosystem concept. After Odum’s textbook, a famous article
in Science by Francis Evans (1956) mentioned the ecosystem as ‘the basic unit in ecology.’
In the broadest sense, an ecosystem is the interacting system made up of all the living and

non-living objects in a physically defined space.

Pond

An aquatic ecosystem

According to this simple definition, the size, location and timescale at which ecosystems are
defined can therefore precisely match the question that the scientist is trying to answer. An
ecosystem could be of any size depending on the communities to be studied and its boundaries
can be either real or arbitrary. An ecosystem may be as small as a single tree or as large as

the entire Earth and can be studied for time periods as long as millions of years.

An ecosystem can be visualized as a functional unit of nature. It has all components: biological
and physical, necessary for survival. Accordingly, it is the basic unit around which theories and

experiments of ecology are organized.
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Demography is the study
of the vital statistics of
populations and how they
change over time.

Chapter 3

Population Ecology

Each species in an ecosystem exists as a population. A population is a group of individuals of
the same species that live together in a region. In essence, a population, also referred to as a
biological population consists of a group of interbreeding or potentially interbreeding individ-
uals found in the same space or area at the same time. The study of populations (especially
population abundance) and how they change over time is called population ecology. It studies
the spatial and temporal patterns of the abundance and distribution of organisms and mech-
anisms that produce those patterns. The study of population ecology includes understanding,

explanation and prediction of population growth, regulation and dynamics or demography.

Multicellular organisms are of two kinds, unitary organisms and modular organisms. Most
animal populations are made up of unitary organisms. In unitary organisms, the form is
highly determinate consisting usually of a strictly defined number of parts (such as legs or
wings) established only during embryogenesis. Their pattern of development and final form
are predictable. For example, all dogs have four legs, all squid have two eyes, etc. In modular
organisms, on the other hand, neither timing nor form is predictable. These organisms grow
by the repeated iteration of modules, usually to yield a branching pattern. Examples of modular
organisms include plants and many sessile benthic invertebrates. In modular organisms,
a single genetic individual (or genet) can consist of many modules (or ramets) capable of
existence as individuals. In plants, a genet is an individual that has arisen from a seed. A ramet
is a new plant which has arisen through vegetative propagation and is now a completely
independent plant with its own roots and shoots. For example, a population of grasses may

consist of several genets, each of which has several ramets.

3.1 Population characteristics

Scientists study a population by examining how individuals within that population interact with
each other and how the population as a whole interacts with its environment. A population
has several characteristics or attributes which are a function of the whole group and not of
the individual. Different populations can be compared by measuring these attributes. These
attributes are population density, natality, mortality, distributions, etc. The study of the group
characteristics of a population, their changes over time and the prediction of future changes

is known as demography.
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A community is a group
of interacting popula-
tions of different species
present together in space,
whereas assemblage is

a taxonomically related
group of species popula-
tions that occur together
in space.

Chapter 4

Community Ecology

An ecological community is a group of species that coexist in a space and time and interact
with one another directly or indirectly. The term ‘community’ means different things to different
ecologists. Most definitions of ecological communities include the idea of a collection of species
found in a particular place. For instance, Whittaker (1975) defined ecological community as,

‘...an assemblage of populations of plants, animals, bacteria and fungi that live in an environ-
ment and interact with one another, forming together a distinctive living system with its own

composition, structure, environmental relations, development and function.’

Simply, an ecological community is a group of interacting species that inhabit a particular
location at a particular time. Most communities are extraordinarily complex. However, the

main features of ecological communities include the following.

Firstly, a community represents the biotic or a living component of the ecosystem. Organisms
within a community include primary producers, consumers and decomposers. In terrestrial

communities, the community structure is largely defined by the vegetation.

Secondly, considering the functional aspect, communities are made up of organisms with
interlocking food chains and each species depends on many other species in a community
which is taxonomically unrelated.

Thirdly, a community may be of any size. It can range from small pond communities to large
tropical rainforests.

Community ecology is a field that examines the effects of abiotic and biotic features on com-
munity or assemblage structure. Community ecologists study the number of species and their
relative abundance in a particular location and ask why the number of species and their abun-
dance changes over time. They also do study communities in different locations and differences
in the species diversity with location. In a broad sense, the goal of community ecology is to

understand the origin and maintenance of biological diversity within communities.

There are two contrasting concepts of the community — organismal and individualistic concepts.
The organismal concept of communities (put forward by Clements, 1916) views the community
as a unit, an association of species, in which each species is representing an interacting, inte-
grated component of the whole and development of the community through time (a process
termed succession) is viewed as the development of the organism. This type of community

organization is commonly known as a closed community.
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Chapter 5

Biodiversity

Biodiversity, short for biological diversity, refers to the sum total of all the variety and vari-
ability of life in a defined area. In contrast to the more specific term species diversity, the
term biodiversity was coined to emphasize the many complex kinds of variations that exist
within and among organisms at different levels of the organization. It refers to the totality of
genes, species and ecosystems of a region. United Nations Earth Summit defined biological
diversity as:
‘Biological diversity means the variability among living organisms from all sources including,
inter alia (among other things), terrestrial, marine and other aquatic ecosystems and the
ecological complexes of which they are a part; this includes diversity within species, between
species and of ecosystems.’

Convention on Biological Diversity, 1992

5.1 Levels of biodiversity
Biodiversity includes three hierarchical levels: Genetic, species and ecosystem diversity.

Genetic diversity

Genetic diversity refers to the variation in the genetic composition of individuals within or
among species. Genetic diversity enables populations to adapt to their environments and
respond to natural selection. The extent of genetic variation serves as the raw material for
speciation. Genetic diversity can be observed at multiple levels of biological organization,
including kingdoms, phyla, families, as well as among species and within species. The most
significant genetic diversity is typically observed between organisms from different kingdoms
(e.g., plants versus animals), between phyla (e.g., arthropods versus chordates), between

classes (e.g., birds versus reptiles), and so on.

Species diversity

According to the biological species concept, species are groups of actually or potentially
interbreeding natural populations that are reproductively isolated from other such groups.
Hence, species diversity refers to the variety of species within a region, i.e., species richness.
However, in the broader sense, species diversity includes not only species richness but also

species evenness.
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Chapter 6

Pollution

Pollution is any undesirable change in the physical, chemical, or biological characteristics of
the air, water and land that can harmfully affect the living organisms and the ecosystem as
a whole. Any substance introduced into the environment that adversely affects the physical,
chemical or biological properties of the environment that have a harmful effect on the ecosys-
tem as a whole is termed as pollutant. There are three major types of environmental pollution:

air pollution, water pollution and soil pollution.

6.1 Air pollution

Air pollution may be defined as any atmospheric condition in which substances are present at
concentrations above their normal permissible levels to produce a measurable effect on man,
animals, vegetation or materials. Substances mean any natural or anthropogenic (man-made)
chemical compounds capable of being airborne. They may exist in the atmosphere as gases,

liquid drops or solid particles.

According to Air (prevention and control) act, 1981, an air pollutant is any solid, liquid or
gaseous substance (including noise) present in the atmosphere in such concentration as may
be or tend to be injurious to human being or other living creatures or plants or property or

environment.

6.1.1 Composition of air

Air is a heterogenous mixture of different gases that makes the atmosphere. Atmosphere is
the gaseous mass or envelope surrounding the Earth and retained by the Earth’s gravitational
field. The troposphere is the lowest portion of Earth’s atmosphere. It contains approximately
80% of the atmosphere’s mass. By volume, standard dry air contains 78.08% nitrogen, 20.9%
oxygen, 0.9% argon, 0.040% carbon dioxide, and small amounts of other gases. There are
two common ways by which one can represent the composition of air — percentage of gas
by volume or percentage of the gas by mass. It is important to note that, the composition of
different gases (in dry air) by mass is a fixed one whereas the percentage composition of the
gases by volume or mass in wet air (i.e. air containing moisture) is dependent on humidity

or the moisture in the air.
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Chapter 7

Climate Change

Climate refers to the long-term patterns of weather conditions in a specific location, region,
or across the entire planet. It is typically characterized by analyzing meteorological data over
a period of at least 30 years, and this analysis includes variables such as temperature, hu-
midity, atmospheric pressure, wind patterns, precipitation, and other meteorological factors.
‘Climate in a narrow sense is usually defined as the average weather, or more rigorously, as
the statistical description in terms of the mean and variability of relevant quantities over a
period of time ranging from months to thousands or millions of years. The classical period for
averaging these variables is 30 years, as defined by the World Meteorological Organization. The
relevant quantities are most often surface variables such as temperature, precipitation and wind.

Climate in a wider sense is the state, including a statistical description, of the climate system.’
IPCC, 2001

The terms climate and weather have different meanings. Weather represents the short-term
state of atmospheric conditions (such as temperature, pressure, humidity, precipitation, wind
speed and direction, and more) for a specific place and time. It exhibits both temporal (time-

related) and spatial (location-related) variations.

7.1 Climate change

Climate change is a large-scale, long-term shift in weather patterns and atmospheric condi-
tions on a global scale.

According to IPCC, ‘Climate change refers to a change in the state of the climate that can
be identified (e.g. by using statistical tests) by changes in the mean and/or the variability of
its properties, and that persists for an extended period, typically decades or longer. Climate
change may be due to natural internal processes or external forcings such as modulations of
the solar cycles, volcanic eruptions and persistent anthropogenic changes in the composition
of the atmosphere or in land use.’

The UNFCCC defines climate change as, ‘a change of climate that is attributed directly or in-
directly to human activity that alters the composition of the global atmosphere and that is in

addition to natural climate variability observed over comparable time periods’.

The UNFCCC, thus, makes a distinction between climate change attributable to human activities

altering the atmospheric composition, and climate variability attributable to natural causes.
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