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CHAPTER —1 '
INTRODUCTION TO ECOLOGY

What is environmental science? 'S
“Ervironmental science is the academic field that takes physical, biological and chemical
sciences fo study the environment and discover solutions to environmental problems.”
Environmental science is the study of how living and non-living organisms interact with their
surroundings. Modern-day techrelogy and human actions are siowly ruining and draining the
planet's ecosystem and natural resources. The study of environmental science helps to enlighten

¥ the world about global issues, such as forest denudation and dynamite tishing. Global warm-

ing is another impending issue that can only be addressed through environmental science. Apply-
ing knowledge gained through environmental science is the only way to solve these problems so
that the environment can be preserved. The rapid urbanization of the environment needs to be
studied constantly in order to avoid altering and damaging the environment significantly. Ultimately,
environmental science is necessary to save the environment from destruction and all of its depend-
ents from extinction.

Need for public awareness

“pyblic awareness of the environment means the ability to emotionally understand the sur-
rounding world, including the laws of the natural environment, sensitivity to all the changes occur-
ring in the enyironment, understanding of cause-and-effect relationships between the quality of the
environment and human behaviour, an understanding of how the environment works as a system,
and a sense Of responsibility for the common heritage of the Earth, such as natural resources - with
the aim of preserving them for future generations.” ! »

Our environment is being increasingly deteriorated by our activitles. It is evident that some-

thing needs to be done. It is the prevention of environmental degradation that must become a
part of all our lives. Mass media such as newspapers, radio and television strongly influence public
opinion. However, someone has to bring this about. If each of us feels strongly about the environ-
‘ ment, the press and media will add to our efforts. Politicians in a democracy alw/ays\:respond posi-
tively to a strong publicly-supported movement. We are living on planet parth with a limited supply

of resources. Each of s is responsible for spreading this message to as many people as possible. -

There ate several Government and Non-Government Organizations working towards environmental
protection in our country. They have created a growing interest in environme{x‘y(a! protection and
conservation of nafure and natural resources. ’ t(f

' L' 4

What is ecology? .

‘wBranch of biology tha attempts to understand the relationship betweery liying.grganisms
and their environment, and the associated energy-flows.”
Scope of Ecology

The solution of a particular ecological problem requires several lines of approach. None of
this constitutes an end in itself but each one of these makes important contribution in making the
picture complete. These various lines of approach towards the ecolagical problem can be translated
as:

(a) Biotic: Biotic factors aré the direct outcome of the various types of activities amongst the
animals. A competitian for food and shelter always exists amongst the members of a com-
munity. This competition demands various types of activity amongst the animals.
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(b) Quantitative: Quantitative study includes an assessment of the population density in a
given area and also an estimation of the number of members present in different communi-
ties. Information of this kind is of immense value in solving many problems like food avail-
ability and movement within a particular colony.

(c) Climatic (both physical and chemical): Climatic factors include both physical and chemical
conditions present in a habitat. These factors are ever changing in nature. Physical factors
include mainly temperature, #ight and humidity. Chemical£actors include acidity or salinity
that are especially present in aquatic habitat. Some animals are so sensitive that a minute

climatic change becomes fatal to them. Climatic factors play an important role in the distribu-

tion of animals. 7

(d) Taxonomic: Taxonomy means classification, naming and description of organismis. A mere
naming of a large number of animals of a given area, as was done earlier in ecological sur-
veys, is meaningless without a consideration of the circumstances that enable them to live
there. Thus a complementary observation of the various ecological factors together with
taxonomy is emphasized in ecology.

(e} Genetic and evolutionary: The genetic and evolulionary aspects have taken a rightful
place in ecological problems. in recent years the knowledge of heredity and the mechanism
of the operation of Natural Selection have increased to a considerable extent.

ierarchal Organization of Ecology
Branches of Ecology . Glabal Ecology .

1. Habitat ecology: It deals with eco-
logical siudy of different habitats on
planet earth and their effects on the
organisms living there. According to
the kind of habitat, ecology is subdi-
vided into marine ecology (oceanog-
raphy), estuarine ecology, fresh water
ecology (limnology), and terrestrial
ecology. The terrestrial ecology in
turn is classified into forest ecology,
cropland ecology, grassland ecology,
desert ecology, ‘etc., according to the
kinds of study of its different habitats.

2. Community, ‘écology: it deals with

/ the study of the local distribution of
animals in various habitats, the rec-
ognition and composition of commu- %
nity units, and succession.

3. Population ecology: It deals with the study of the manner of growth, structure and regula-
tion of population of organisms. '

4. Evolutionary ecology: It deals with the problems of niche segregation and speciation.

5. Taxonomic ecology: it is concerned with the ecology of different taxanomic groups of living
organisms and eventually includes following divisions of ecology: microbial ecology, mam-
malian ecology, avian ecology, insect ecology, parasitological, human ecology and so on.

6. Human ecology: !t involves population ecalogy or man and man’s relation to the environ-
ment, especially man’s effects on the biosphere and the implication of these effects for men.

2 A

This document is available free of charge on Q stUdocu

Downloaded by Amit Sharma (amitmudgal69@gmail.com)

e



https://www.studocu.com/in?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=environment-and-ecology

L ::f'-.;:— —

: fg EBEBErammaaamr—— VAJIRAM & RAVI “
& 7. Applied ecology: It deals with the application of ecological concepts to human needs and
thus, it includes following applications of ecology: wiid-life management, range manage-
ment, forestry, conservation, insect control, epidemiology, animal husbandry, aquaculture,
agriculture, horticulture, and land use and poilution ecology.

Ecosystem dynamics: It deals with thes ecologicEl study of the processes of soil formation,

e
[
.

nutrient cycline energy ﬂow,. and productivity.
9. Production ecology: It deals with the gross and

these ecosystems so that maximum yield can be obtained from them.

the ecosystem. In this thermodynamics has a significant contribution.

organisms like insects te particular chemical substances.

based upon their genetic potentialities.

*contribution.

st production of different ecosystems ke
fresh water, sea water, agricuiture, horticulture, etc., and tries to do proper management of

¢

10. Ecological energetic: It deals with energy conservation and its flow in the orgarﬁsms within,

11. Physiological ecology (ecophysiology): The factors of environment have a direct bearing
on the functional aspects of organisms. The ecophysiology deals with the survival of popula-
- tions as a result of functional adjustments of organisms with different ecological conditions.

12. Chemical ecology: It concerns with the adaptations of animals or preferences of particular

13. Ecological genetics (genecology): An ecologist recognized a kind of genetic spasticity in
the case of every organism. In any environment only those organisms that are favoured by
the environment can survive. Thus, genecology deals with the study of variations of species

&
14. Palaeo-ecology: It is the study of environmental conditions, and life of the past ages, to
which palynology, palaeontology, and radioactive dating methods have n}-ade significapt

15. Geographic ecology: It concentrates on the study of geographical distribution of animals
{zoogeography) and plants {phytogeography), and also of palaeoecology and biomes.

16. Space ecology: It is a modern subdivision of ecology which is concerned with the develop-
ment of partially or completely regenerating ecosystems for supporting life of man during

long space flights or during extended exploration of extra-terrestrial environments.

17. Pedology: It is a branch of terrestrial ecology and it deals with the study of soils, in particu- -
lar their acidity, alkalinity, humus contents, mineral contents, soil-types, etc., and their infly-

%, -

ence on thie organisms.

: i
B 18. Hadiation.egplogy: It deais with the study of gross effects of radiatidqer;and radioactive
subsLancéé pver the environment and living organisms. ¥ |
J 19, Ethology: It is the interpretation of animal behaviour under natural condiyogs. Lﬁiit, often,

detailed life history studies of particular species are amassed.
20. Sociology: tt is the study of ecology and ethology of mankind.

BRIEF HISTORY OF ECOLOGY

Notableflgure i {Tijégpé@ Major contribution & citation

[ Anton van Loou: '

« I ] . i ! .
wenhosk 1632 1723 First to develop concept of food chains

2]

Carl Linnaeus , 117';)778_\ I Influential naturalist, inventor of science on the economy of nature
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o Ecology in India

e Ancient literature is so full of references wherein landscapes and serene beauty has been
eulogized in conditions of the wealth it provided and the visual pleasure it offered. It should be
noted that the landscape was visualized not only in conditions of the economic and strategic signifi-
cance but also its aesthetic value that was appreciated.

Early Vedic literature mentions the expansion of human settiement from the north-western
India towards the Ganga-Yamuna Doab. A shift from the semiarid region to more wet regions of
Ganga-Yamuna Doab and the nomad character of the new settlers necessitated movement towards
a greener region. With the advent of ‘iron revolution’ in the densely forested region became a real-
ity. Slowly the agriculture spread, forests shrank, and empires began to take form. Menarchies were
concentrated in the Ganga plain, perhaps due to the .information,.that it was eagier to clear the
wooded low-lying hills than the marshy jungles of the plain. It also suggests that there had been
continuols interaction flanked by the settled agriculture and the adjoining forest regions, information
substantiated through Kautilya. He visualized forests and mountains as providing effective barrier
against the enemies. He also supported management of forests to generate revenue as well. Thus,
forests and mountams were perceived in conditions of their economic and strategic significance.

In the ancient Tamil poetry, love of man and woman is taken as the ideal expression of in-
ner self as well as outer world. The moods of separation and union are describéd through borrowing
atfributes from the wider natural world and placed within the rituals of poetry. There are some types
of lay; each is presided through a deity and named for a flower or tree feature Qj/the region:

i

W

- A - a diversity of jasmine, stands for the forests overseen mreugh Mrajdn the
f [PIME dark-bodied god of herdsmen. i

¥

’!‘_:og:

af.
Kunnci ﬁEruneunr:ed Kunrw) a mountain flower. for the mountains averseen 4
rough Mumkan the red-speared god of war, youth and beauty,

/

Maruta éfronounced Marudam), a tree with red ﬂowersnsmg closeto the water, for
Ll @ rustic regian, overseen through Ventan, the raingod.

Imenuunced N da!)a water flower forthe sandy sea shore overseen
HE}'&]I : mugh ih-E w o

£ - is given no specific ste, for it is said that any mauntain or forest m%y be
@ Darched to a waste land in the heat of summer. it is named for Pafs

| supposedly an ever-green tree unaffected through drought. Information i |n
retation to the {andscape is also available forthe medieval era.

bt
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Medieval era: A secure examination =
of the Persian sources of the medieval era S
reveals that the region of Ganga-Yamuna

Doab then had a dissimilar landscape. | Féhruary World Wetland Day
Throughout Alauddin’s reign, the region

flanked by Delhi and Badaun was densely |BEGRETELRY National Science days
forested unlike the vast expanse af.agricul- _ - | !
ture spanning the region today with only ||ERNkEHeE Wifle m'Es”"""i':m"F .
sparsely wooded regions. Alauddin had |[AlEIE _ World water day '

given orders for clearing the forest to make

A 2 A 1 i e ] Vi
the passage safe for the merchants and |[Ridaxk gesdiisnage day I

travellers. It appears that the vanishing of 22 Apri

22 May

_Earthday

the forests here began in the thirteenth cen- S ilnternatichalb Bog v ity
tury. Munhta Nainsi, the seventeenth cen- d” SHanona! Sy
tury courtier of the Marwar state, while de- 2y

scribing the mountains of Mewar region 05 June
specially mentions the availability of water
on mountains. Likewise, we have informa- (|R® July World Population day
tion on the political boundary of states de- i

Waorld Environment day

. . : 16 September World ozone day
fined beside the courses of rivers. In the |G de :
medieval era the territory flanked by the two

warring states of Mewar and Marwar were |JEERIEsICHIT Green Consumer day
defined just, as to the farming of L 03 October World Habitat day
trees. Th_e anwia_ plantation Modbasilad| -7 October - Wildlife Weak
demarcating the Mewar region whereas

Marwar was recognized with the babool |V et Animal Welfare day
tree, suggesting a broad division of the terri- i i
tory in conditions of the semi-arid and wet 02 December Bhapal Tragedy day

regions. Landscape was visualized not only in conditions of the type of agriculture it could sustain,
but also in conditions of the animal the region could harbour. Historical works of ancient, medieval,

~ and even British era carry enough references to suggest that sure landscapes were defined in con-
ditions of the wild animals established there. The landscape experienced change with the beginning
of the colonial era. '

India's biological diversity was scientifically documented through the British. Demand of
timbre, ipitially for the ship-industry and later on for creation of sleepers for the fdst expanding rail-
ways, forced-an urimanageable demand on wood. Interior landscapes were peneteated to secure
wood. When the impact of this reckless act became imminent, the cutting of diversified Ratural for-
ests was compensaled through the farming of monoculture of commercially viable’ spécies. This
penetration and promotion of commercial diversities changed the whole landscape of the region.
Likewise, propagation of plantation economy in the southern and north-eastern part of the country
led to extinction of natural forest cover replaced again through the monoculture of the commercial
plants. Creation of canal networks in parts of upper India and eastern india led to drastic change in

the landscape of these regions.
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CHAPTER -2
I;N'STI'I;UTIONS IN ENVIRONMENT

Among the large number of msﬂtuttons that deal with environmental protection and conser-
vation, a few well-known organizations include government organizations like the Ministry of Envi-
ronment, Forest and Climate Change, Pollution Controt Boards and Zoological Survey of India, a}md
NGOs like the BNHS, WWF-I and others. i

Ministry of Environment, Forest and Climate Change (MoEFCC) i

The MoEFCC is primarily concerned with the planning, promotion and coordination of the
implementation of India’s environmental and forestry policies and programmes. The primary con-
cern of the Ministry lies in the implementation of policies and programmes relating to the conserva-
tion of the country’s natural resources including lakes and rivers, its biodiversity, forests and wildlife,
ensuring the welfare of its animals and prevention and abatement of pollution. These objectives are
well supported by a set of legislative and regulatory measures, aimed at the preservation, conserva-
tion and protection of the environment. The Ministry also serves as the nodal agency in the country
for the United Nations Environment Programme (UNEP), South Asia Cooperative Environment Pro-
gramme {SACEP), International Centre of Integrated Mountain Development ({CIMOD) and for the
follow-up of the United Nations' Conference on Environment and Development {UNCED). The Min-
istry is entrusted with issues relating to multilateral’bodies such as the Commission on Sustainable
Development (CSD), Global Environment Facility (GEF) and of regional bodies like the Economic
and Social Council for Asia and Pacific (ESCAP) and South Asian Association for Regionat Coop-
eration (SAARC) on matters relating to the environment. As a part of the MoEFCC's planning of en-
vironmental policies, the Environmental information System (ENVIS) was established in 1982 by
the Government of india. The focus of ENVIS is to provide environmental information to dec|S|on
makers, policy plannérs, scientists, engineers and research workers all over the country. ENVIS is a
decentralised system with a network of distributed subject-oriented centres ensuring integration of
national efforts in environment information collection, collation, storage, retrieval and dissemination
to all concerned. A large number of nodes, known as ENVIS centres, have been established in the
network to cover the broad subject areas of environment with a focal point in the MoEFCC. These
centres have been set up on areas such as poliution control, toxic chemicals, central and offshore
ecology, environmentally seund and appropriate technology, biodegradation of waste and environ-
ment management.

Central Pollution Control Board (CPCB) & State Pollution Control Boardé (SPCBs)

: {is a statutory organisation which was constituted in 1974 under the Water {Prevention and
Control of Pollution) Act, 1974 and under the Air (Prevention and Contro! of Po[lﬁtlon) Act, 1981 to
prevent and control pollution fo improve the quality of India’s environment. A l4rge: nember of activi-
ties and programmes have been started such as the development of source-specific pollution con-
trol norms and guidelines based on available scientific understanding, setting up of ambient air and
water quality criteria, monitoring of ambient air and water quality, auto fuel quality and emission
norms for controlling vehicular pollution and planning for environmentally sound industrial develop-
ment. There are 22 State Pollution Control Boards. Pollution Control Committees which are respon-
sible for regulating and implementing environmental protection and pollution control within the state.
These State Pollution Boards are autonomous statutory bodies which are bound to report to the
CPCB for any critical matter.
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Zoological Survey of India (ZS)

The Z8I was established in 1916. Its mandate was to do a systematic survey of the fauna in
India. 1t has over the years collected 'type specimens' on the basis of which our animal life has
been studied. Its origins were collections based at the Indian Museum at Calcutta, which was estab-
lished in 1875. The older coliections of the Asiatic Society of Bengal, which were made between
1814 and 1875, as well as those of the indian Mdseum, made between 1875 and 1916, were then
transferred to the ZSI. Today, it has qver a million specimen. This makes it one of the fargest collec-
tions In Asia. i has done an enormous amount of work on taxonomy and ecology. It currently oper-
ates from 16 regional centres.

Bombay Natural History Society (BNHS), Mumbai

The BNHS began as a small society of six members in 1883. It grew from a group tfff shikaris
and people from all walks of life into an important research organisation that substantially influences
conservation policy in the country. Its influence on wildlife policy building, research, poputar publica-
tions and peoples’ action has been a unique feature of the multifaceted society. Undoubtedly its
major contribution has been in the field of wildiife research. It is India’s oldest conservation re-
search-based NGO and one that has been at the forefront of the battle for preservation of species
and ecosystems. The BNHS publishes a popular magazine called the Horn bill and also an interna-
tionally well-known Journal on Natural History. One of its greatest scientists was Salim Ali, whose
ornithological work on the birds of the Indian subcontinent is world famous. The BNHS has over the
years helped the Government to frame wildlife-relatedflaws and has taken up battles such as the
‘Save the Silent Valley' campaign.”

World Wide Fund for Nature-India (WWF-1), New Delhi (4

First established in Mumbai in 1969, the headquarters were shifted to Delhi with several
branch offices all over India. The early years focused attention on wildlife education and awareness:
It runs several programmes, including the Nature Clubs of India programme for school children and
works as a think-tank and lobby force for environmental and developmental issues.

Botanical Survey of India (BSI)
The BS| was established in 1890 at the Royal Botanic Gardens, Calcutta. However it closed
down for several years after 1939. After reorganisation, with the development and establishment of

a

~ different regional centres, the aims and objectives of the Survey were redefined by the Programme

Implementation and Evaluation Committee in 1976 with a view to encourage taxonomic research
and to accelerate scientific expertise for the preparation of a comprehensive list of the flora of the
country, under the ‘Flora of India’ project, ethnobotanical study, modernisation and maintenance of
herbaria, and museums, and creating interests among botanists and the public iYgeneral. In a re-
cent,reviews1987), the aims and objectives of Botanical Survey remained uncf]éinggd except that
activities like the survey and exploration of plant resources, listing of endangered _Ispecieé;qpublica—
tion of national flora, preparation of national data bank on herbarium and five coliectidn, Blant distri-
bution and nomenclature were prioritized.

Centre for Science and Environment (CSE), New Delhi

The acitivities of this centre include organising campaigns, holding workshops and confer-
ences, and producing environment-related publications. It has published a major document on the
State of India’s Environment, the first of its kind to be produced as a Citizen's Report on the Envi-
ronment. The CSE also publishes a popular magazine, Down to Earth, which is a science and en-
vironment fortnightly. it is involved in the publication of material in the form of books, posters and
video films and also conducts workshops and seminars on biodiversity-refated issues.

8 h
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CPR Environmental Education Centre (CPR-EEC), Chennai

This was set up in 1988. It conducits a variety of programs to spread environmental - aware-
ness and create an interest in conservation among the general public. It focuses attention on
NGOs, teachers, women, youth and children, to generally promote conservation of nature and natu-
ral resources. Its programmes inciude components on wildlife and biodiversity issues. GPR-EEC
also produces a large number of publications.

Centre for Environment Education (CEE), Aimedabad  * ¢

This was infliated in 1989. It has a wide range of programmes on environment and produces
a variety of educational material, for various target groups.

Madras Crocodile Bank Trust (MCBT)

MCBT, the first crocodile conservation breeding centre in Asia was founded in 1976 to ¢on-
serve Indian crocodiles and establish a programme for the conservation and propagation of other
species of endangered reptiles. Over the years, over 1500 crocodiles and several hundred eggs
have been supplied to various State Forest Depariments for restocking programmes in the wild and
for setting up breeding facilities in other states of India and neighbouring countries. MCBT started
the first sea turtle survey and conservation programme in India, including a sea turtle hatchery. The
Crocodile Bank is the site of the Irula Snake Catchers’ Cooperative Society, which is an Adivasi
self-help project and supplies all of India’s snake and scorpion venom needed for the production of
anti-venom and for medical use. /

State Department of Environment

Itis present in every state of India. it is responsible for improving theroverall environmental
quality Within that state. The Department actively engages in environmental assessment, monitor-
ing, protection and awareness amongst people in the state. .

Salim Ali Centee for Ornithology and Natural History (SACON), Conmbatore

This institution was Salim Ali's dream, which became a reality only after his demise. Initially
conceived as being a wing of the BNHS, it later evolved into an independent organisation based at
Coimbatore in 1990. It has instituted a variety of field programmes that have added to the country’s
information on our threatened biodiversity. :

Wildlife Institute of India (WII), Dehradun g

This institytion was established in 1982, as a major training establishment for Forest Offi-
cials and for research in Wildlife Management Its most significant publication has been Planning a
Wildlife Protected Area Network for India (Rodgers and Panwar, 1988). The organisation has over
the years adqed an enormous amount of information on India's biological wealth. It has trained a
large number of Forest Department officials and staff as Wildiife Managers. It MSc Program has
trained excellent wildlife scientists. it also has an Environment. Impact Assessmedt (ETA) cell. It
trains personnel in ecodevelopment, wildlife biology habitat management and nature mterpretatton

Py
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CHAPTER -3
BIOSPHERE

What's Biosphere?

“The pajt of the earth's crust, waters, ERIEES
and atmosphe}‘

rg that supports life.” ~ : /\

How does it support life? Biomes
> It provides the support system for life / m

on earth. Ecasystem

> It provides us humans and other or-
‘/ Ci:r“'h"nurilt- \_- +

ey

ganisms with a wide range of essential

goods.
At the global level, the surface of the 5 F‘Gpuldtm
earth supporting the life forms is called bio- /
sphere
- 1r|r.11w
How is Biosphere formed? \ Al
It is formed through the interaction of
Atmosphere, Lithosphere and Hydrosphere.
it , . e — The area of contact and interaction between

B

Bipsphere

these three components #re the basic re-
quirement for the Biosphere to exist.
Atmosphere, Lithosphere and Hy-
.drosphere are the three main subdivisions
of Biosphere. Living organisms are mostly
confined
to the
area
prevalent
in
sunlight
and oxy-
gen; this includes atmosphere, the surface of land, the few me-
tres of ‘soil and the upper layer water of aceans, lakes and rivers.
In simple words, biosphere can be viewed as the part of the
earth consisting of oceans and the surface of the continents, to-- 1 >
gether with the ‘adjacent atmosphere. The three components of
Biosphere can further be elaborated as follows:
Atmosphere

Although atmosphere is approximately 1000 KMs in width, but the layer which we are con-
cerned for the study of ecosystem is only 10-15 KMs thick, i.e. Troposphere.

Atmosphere
5 F

Some of the gases in the air Some are compounds, including:
are elements: < Carbon dioxide, CO;
 Nitrogen, N; 78% < Water vapour, H;0

“+ Ozxygen, O, 21%

<+ Argon, Ar 0.9% 16 i
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% Plants and animals undergo Photosynthesis and res- Layers of the Atmosphere
piration with the help of gases of the Troposphere.
The sunlight prevalent through Atmosphere, acts as

catalysing energy for living things of the earth.

The green plants incorporate a variety of jnorganic

(that do not contain carbon-hydrogen bonds) ele-

ments and compounds. )

< Carbon dioxide: During the process of converting
solar energy into chemical energy, atmospheric car-
bon dioxide enters the living world as the basic con-
stituent of all organic compounds. Carbon dioxide
along with water is used by all plants in their photo- [
synthetic process to produce organic substances [
such as glucose, a vital molecule in living things, and [{TEHAS - el
Oxygen. Similarly in respiration, the food (glucose) is broken to give Carb xide to the envi-
ronment. Carbon dioxide of the atmosphere is replenished not only through the process of respi-
ration or biological oxidation but also through combustion of fuels and volcanic eruptions. The
other important constituent in this cycle is water.

< Oxygen: The Oxygen is another very important, constituent of atmosphere, necessary for the
-survival of ecosystem. Oxygen enters the living world through respiration which is a famifiar
process in both plants and animals including through it, glucose molecules are converted into
energy needed for various activities. In fact, the level of Oxygen depicts the'health of any eco*
systern on this planet. -

% Nitrogen is also an essential component of living systems. it is required by organisms for the
synthesis of proteins, nucleic acids, and other nitrogenous compounds. In nature, atmaspheric
nitrogen is fixed by specialized organisms. There are industrial processes to convert atmos-
pheric nitrogen into fertilizers.

Lithosph?;e

Geologically, Lithosphere refers to the combination of earth’s Crust and outer Mantle. It pro-
vides the platform and habitat to the biotic elements of the ecosystem. v

-,
0"

»
e

: Lithosphere = Earth’s Crust + Outer Mantle
Lithosphere has two main functions with- . . . ; - i
reference to the biosphere: Contin T
It .pro@ides salt or platforms for terres-
trial, transitionary and aquatic plants
and
2. It is the source of nutrients and miner-

10 km

als vital for the growth and survival of 160 fom
ecosystem.
Hydrosphere 200 km

Hydrosphere refers to the water bodies
like lakes, ponds, rivers, oceans efc. on the e
earth surface. Water is considered to be the most important constituent of biotic elements. In.fact,

& Almost all of the organisms have more than half of their constituent as water
* Water is inevitably required for the metabolism of fiving things.

s

11 *
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% Plants also require it for the distribution of nutrients throughout its body.
The surface of planet earth is occupied by more than 71% water. On a large scale, water is
cycled through, evaporation-cloud forration-precipitation-run off, whereas, water when consumed

by biotic elements is partially used for metabolic activitles and is partially excreted as waste in the
environment in various forms. f

BIOMES
What are biomes?

Biomes are the major subdivisions of the biosphere
How are biomes differentiated?

Cardinal feature of each biome is that they are recognizable by the charactetistic structure
of its dominant vegetation. The earth’s biomes are spread over millions of square miles and span
entire confinents. Each has unique climates; the average weather conditions in a given region de-
termine the boundaries of a biome and the abundance of plants and animals found in each one.

“Although a biome can be considered a very large ecosystem, it differs from ecosystem
such as a pond or a patch of woodland in its complexity and internal variations. For example, the
coniferous taiga biome contains lakes, bog, and other ecosystems within itself, in addition to the
overall evergreen forest ecosystemn. The evergreen forest itself varies considerably from one locality
to the next within the biome.™

Biomes pertaining to the fand are called Terrestrial Biomes and that refated to ocean and,
water is called Aquatic Biomes. There is not much marked difference between an ecosystem

and a bicme except their spatial expansion. Hence terrestrial and aquatic biomes can also be
called as terrestrial and aquatic ecosystems. : .

*
=

i

. y

BIOGEOGRAPHIC REALMS

Biosphere has also been divided in different Bio-geographical Realms at sub-global levels.
Bio-geographic realms are large spatial regions within which ecosystems share a broadly similar
bialogical evolutionary history. Assessing biodiversity at the level of bio-geographic realms is impor-
tant because the reaims display substantial variation in the extent of change, they face different
drivers of change, and there may be differences in the options for mitigating or-managing the driv-
ers. Terrestrial bio-geographic realms reflect freshwater biodiversity paiterns, reasonably well, but
marine bio-geagraphic realms are poorly known and largely undefined. 4 y

/ Realm dilisions are based on three basic patterns: J ;
1. Nearly all {axon are endemic or restricted to particular areas. ¥ e

1 oy -

(Taxoni is a group of one or more populations of an organism or organisms seen by taxono-
mists to form a unit.)

2. Gertain kinds of organisms tend to occur together providing a basis for dividing the earth into
regions. |

3. Similar kinds of morphology in plants and animals occur in widely separate regions {i.e., un-
related animals and plants evolve to look alike). These animals share different evolutionary
histories but have evolved similar adaptations (convergence or convergent evolution). Ad-
aptation the process of change by which an organism or species becomesbetter

- suited to its environment.

The English naturaist Alfred Russell Wallace (1823-1213), contributed greatly to biogeogra-
phy with his book “The Geographic Distribution of Animals" in 1876.
12 R
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-comprise of a diverse range of

Originally, six regions were identified: Palearctic (Europe and Asia), Nearctic (North Amer-
ica), Neotropical (Mexico, Central and South America), Ethiopian {Africa), Oriental (Southeast Asia,
Indonesia) and Australian (Austra- - — - : _ _

/

lia and New Guinea). Gurrently,
eight are recognised since the
addition of Oceania (Polynesia,
Fiji and Micronesia) and Antarc-
tica. '

BIO-GEOGRARHIC REGIONS

At a further decentralised
level, the distribution has been
named as Bio-geographic regions. j(OCEANIA
However, except its localised
classifications, it does not have | ANTARCTICA
any distinct feature which sepa- - - — -
rates it from the Bio-geographic Realms. It is generally done at national or state level.

Bio-geographers have classified India into following ten bio-geographic zones with each
zone having characteristic climate, soil and biodiversity.

Trans-Himalayas:

The Trans-Himalayas is
an extension to the Tibetan pla-
teau. This region comprises of
the high-altitude cold desert in
Ladakh, {Jammu and Kashmir)
and Lahaul Spiti (Himachal
Pradesh). It accounts for 5.7%
of the country's landmass.
Himalaya%:

The Himalayas are the
northern boundaries of India.
The entire mountain chain is
running from Kashmir in the
North-west ‘to, ‘Assam in the
horth-e&st. #he Himalayas

NEO1

5, Weatern Ghets

4, Deccon Paninsula
| & Coasts

?, North Ecat

10, lands

biotic provinces and biomes. The Himalayas cover 7.2% of the couniry's landifass. *
Desert:

The extremely dry area west of the Aravalli hilt range comprises both the salty desert of Gu-
jarat and the sandy desert of Rajasthan. Deserts occupy around 6.9% of the country's land mass.
The kinds of deserts found in india are:

1. The desert of western Rajasthan

2. The desert of Gujarat

3. The high-altitude cold desert of Jammu & Kashmir and Himachal Pradesh.
The Indian deserts have more diversified fauna. :

13 :
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Semi-arid:

This zone fies between the desert and the Deccan plateau. It includes the Aravalli hill range.
It covers approximately 15.6% of the couniry's landmass.
Western Ghats:

The Western Ghats are a mountain range that runs along the western cost of India. They
are a range extending north-south from southern tip of Gujarat in the north to Kanyakumari in the
south. The mountains cover an area of about 160,000 sq. km: This Ghat section covers an e
tremely diverse range of biotic provinces and blOITIeS It covers about 5.8% of the country's Iand»;
mass.

Deccan Peninsula:

It is a large triangular plateau south of the Narmada valley. Three sides of the plateau are.
covered by mountains slopes towards east. Satpura Mountains cover the north while Western;
Ghats cover the west side and Eastern Ghats cover the eastern side of the plateau. It is the one of
largest zones covering the southern and south-central plateau with mostly deciduous trees. it cov-
ers 4.3% of the country's land mass.

Gangetic plain:

This plain covers the area between the south Himalayas to the tropic of cancer. These
plains were formed by the Ganges river system and are refatively homogeneous. This region ex-
perience 600 mm rainfall annually. Sunderbans fores}s are located in this region and it covers 11%
of the country's land mass. .

Coasts:

India has a large coastline distributed both to the east and west with distinct differences be-
tween the two. The Lakshadweep islands are included in this but the area of these lslands is negli-
gible. . i’
North-east India:

These are pains and non-Himalayan ranges of north eastern India and-have a wide variety
of vegetation, It éovers around 5.2% of the country's land mass.

islands:

The Andaman and Nicobar Islands in the Bay of Bengal has almost 390 big and small is-
lands. Among these, only five islands are inhabited. Only tribes are found in tHe island of Nlcobar
These islands have a highly diverse set of biomes and occupy 0.03% of the couniry's biomass.

At even more level, each area have several structurally and functionall Jdentlflable ecosys-
tems, such as different types of forests, grass lands, river catchments, swamp$, seashores, islands
etc. tdt give only g few examples. Here too each of these forms a habitat for qup’ ftic plants and ani-

mdls. sun._ o ;/t,.s&ace
ar Lotigeav
ECOSYS R«Eﬂlahw /Rar:iﬂion * & ;:‘t
= § ' [ Envirenment
TEMS ECUS?STEM /Hﬁat")
An Plants —, o “Planis. - ;
ecosystem is Drspersal, :
. -& Plants
a community
of plants, e
animals and Animals—""" T Mgrauen _
smaller or- Soisel B-Animals,
ganisms that gcaon - " Etoson
&nd
: Sail .ama’:ﬁm Learh Soil
trgari T argenic
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live, feed, reproduce and interact in the same area or environment. The ecosystem is a core con-
cept in Biology and Ecology, serving as the level of biological organization in which organ-
isms interact simultaneously with each other and with their environment. As such, ecosys-
tems are a level above that of the ecological community, but are at a level below, or equal to, bi-
omes and the biosphere. Essentially, biomes are regional ecosystems, and the biosphere is the
largest of all possible ecosystems. ]

Ecosystems include living organismg, the dead organic matter produced by them, the abidtic
environment within which the organisms live and exchange elements (solils, water, atmospherg),
and the inferactions between these components. Ecosystems embody the concept that living organ-
isms continually interact with each other and with the environment to produce complex systems with
emergent properties, such that "the whole is greater than the sum of its parts” and "everything is
connected.” i

The spatial boundaries, component organisms and the matter and energy content and flux
within ecosystems may be defined and measured. However, unlike organisms or energy, eco-
systems are inherently conceptual, in that different observers may legitimately define their
boundaries and components differently. For example, a single patch of trees together with
the soil, organisms and atmosphere interacting with them may define a forest ecosystem,
yet the entirety of all organisms, their environment, and their interactions across an entire
forested region in the Amazon might also be defined as a single forest ecosystem.

“Some have even called the interacting system of organisms that live within the ‘guts of most
animals as an ecosystem, despite their residence within a single organism, which violates the levels
of organization definition of ecosystems. Moreover, interactions between ecosystem components
are as much a part of the definition of ecosystems as their constituent organisms, matter and en-
ergy.” ' :

e

COMMUNITY

Community is when organisms of different species interacting with each other. Community
refers to afl the populations in a specific area or region at a certain time. Its sfructure involves many
types of interactions among species. Some of these involve the acquisition agid use of food, space,
or other environmental resources. Cthers involve nutrient cycling through all members of the com-
munity and mutual ¥egulation of population sizes. In all of these cases, the structured interactions of
populations lead to situations in which individuals are thrown into life or death/;g;t_ruggles.

In generak €cologists believe that a community that has a high dive’fﬁjty is more complex
and stable than'a community that has a low diversity. This theory is founded o the observation that
the food webs of communities of high diversity are mare interconnected. Greater inferconnectivity

" causes these systems to be more resilient to disturbance. If a speties is rerfovBd, those species

that relied on it for food have the option to switch to many cther species that occupy a similar role in
that ecosystem. In a low diversity ecosystem, possible substitutes for food may be non-existent or
limited in abundance. Communities in most instances are named after the dominant plant form
(species). For example -~ A grassland community is dominated by grasses, though it may contain
herbs, shrubs, and trees, along with associated animals of different species

Community Structure

Ecologists use three characteristics to describe a biological community:
(1) Physical appearance: the relative sizes, strafification, and distribution of its populations and
species.

1K
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(2) Species diversity: a combination of numbers of different species (tichness) and abundance if
individuals within each species (species evenness).

(3) Niche structure: the number of ecological niches, their resemblance or difference from each
other, and interaction of species with each oth?_r.

Popué;ﬁmou ' g ¢
Population is a group of individuals of the same species inhabiting the same area. Popula- -"{"
tions can be defined at various spatial scales. Local populations can occupy very small habitat ¥
patches like a puddle. A set of local populations connected by dispersing individuals is cajled A set
of local populations connected by dispersing individuals is called a Meta-population. Populations
can be considered at a scale of regions, islands, continents or seas. Even the entire species can be
viewed as a population.

Populations differ in their stability. Some of them are stable for thousands of years. Other
populations persist only because of continuous immigration from other areas. On small islands,
populations often get extinct, but then these islands can be re-colonized. Finally, there are tempo-
rary populations that consist of organisms at a particular stage in their life cycle. For example, lar-
vae of dragonflies live in the water and form a Hemi-population.

/
INDIVIDUAL

Any organism is referred to as individual when it has the capability of sustaining independ-
ently. An individual is any living thing or organism, which can act and functicn independently in
course of it§ life. Individuals do not breed with individuals from other groups. Animals, unlike plantg,
tend to be very definite with this term because some p‘l‘_ants can cross-breed with other fertile plants.

A
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TERRESTRIAL BIOMES

What is a Terrestrial Biome?

Terrestrial biomes are major-
regions in the Earth that share the
same climate despite being in differ-
ent geographical locations.

The world has been divided
into Terrestrial Biome Types as
shown in the figure on the right side.

Characteristics of terrestrial biomes:

» Most of the classified biomes
are identified by the dominant
plants found in their communi-
lies.

* The diversity of animal life
and subdominant plant forms
characteristic of each biome
is generally controlled by
‘abiotic environmental condi-
stions and the productivity of
the dominant vegetation.

 "~Adaptation and niche specialization are nicely demonstrated in the biome concept.

FORESTS
ﬁﬁbout for-
est biomes: )
Europe 25%
» Forest  Bi 1,005 tillians Hectares 450
omes repre-

sent the larg-
est and most
ecologically

complex sys-

tems. dcemh--'b% . g
) 191 Million Hectares
» They contain Aliica 1T%
a wide as- 674 Miltion Heclares
sortment of
kees, plants, W heta (7%,
:na:g:mals, 705 Milion Heclares Asla 15%
‘e[.J l’ es, a[n- §93 Mifion Hectaras
phibians, in-
vertebrates,

(od Rusela) (G5

CHAPTER - 4

Forests of the World: 4 Billion Hectares 2010

South Amacica 21%

insects and micro- organisms whlch vary depending on the zone's cllmates
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* Forests occupy approximately one-third of Earth's land area, account for aver two-thirds of the
leaf area of land plants, and contain about 70% of carbon present fiving things. They are the
major carbon smk and provide enormous amount of food and resources to the mankmd

temperate_eﬁergreen

- & shrubland

- - tropical dec!duous tam; g a“ a
@ mountain: zone farest . - m sa\mldeaart
=3 témpeisate declducus = tropical monsgoon forest & desert

5 fﬂﬂlﬂl : @ tropical rain forest

GEOGRAPHICAL ' DISTRIBUTION

OF FORESTS — ) Leaves may have dnp_‘

Emanges - 1lips o s.hed heaw s
7 LT gl = '{ i

‘Forests have further been divided
into following four types:

1. Equatorial Rain Forest— " B S E‘:‘m&d
Where? s SEl

Fourid in and around equator
regions, characterised by ample heat
and heavy rainfall throughout the
year. The major areas containing
such forests are - Congo Basin,
Cameroon highlands, Rainforests of
the Amazon and Orinoco, Central
America, Malaysia, Borneo and In-
donesia.

a) The trees are very.tall and of

a great variety of species.

b} The vegetation is so dense that little light reaches the forest floor.
¢) Most of the plants are evergreen, not deciduous.
18
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d) The branches of the trees are hung with vines and epiphytes.

*

Characteristic features of Equatorial Rain Forest = r—ﬁ
‘ i The iush- }

The most outstanding feature is its great uniformity of temperature through- }
out the year to be around 28°C with very little variation. There is no winter. |
Cloudiness and heavy precipitation help t6 moderate the daily temperature,

so that even at the equator, cimate is not unbearable. . ) I

ness of the |
tropical |
rain forest |
suggests a*'-

The diurnal as well as annual range of temperature is very small. | high et
Well distributed annual rainfall of 150-250.cm having no distinct dry season, [} productiv- 1
buthaving April and October as the maximum rainfall month. ity,» but this [
Growing and flourishing season of trees in the forests are all round the year is illusory |

without any climatic extremities and hence no fixed pattern of seeding, flow- || ¢ 10 high
ering, fruiting and decaying of trees.

I rainf
Biodiversity is at its best in equatorial rain forests having ample varieties of I {:gﬁgs
flora and fauna. This is the reason for difficulty in commercial exploitation of | soil miner- |
tm;nbe;. als below |
Climbing plants, Epiphytes and parasites. i the reach |
A distinct layered arrangement with thick canopy at the top as all the trees || of plant
and plants struggle for sunlight. ‘ roots and

The smaller trees beneath form the next layer dnd the ground is rooted with | the warmth

ferns and herbaceous plants which can tolerate shades. ‘ and mois-
The hot, wet climate which stimutates rapid plant growth also encourages the || 4,0 cause |
growth of insects and pets thereby inflicting many diseases and crop dam- | rapid de-
age. i cay so little |
Soils of the equatorial rain forest are fairly fertile due to thick layer of humus. | humus  is |
But ohce the humus is used and the natural vegetative cover is removed, the | added to |
torrential downplours soon washout most of the soil nutrients (leaching), mak- | the soil I
ing it useless for the agricultural purposes. \. Y

2. Tropical Deciduous Forest- :

Characteristic featpres of Tropical Deciduous Forests

T

Such types of forests are found in the areas having distinct dry season and heavy concentration
of rainfall within few months. o '

The areas héve typical seasonality ranging from cool winters, hot and dry §l§m_5ner to rainy sea-
son. oL

ki - Tyt gl RS
Trees are normally deciduous, because of the marked dry period, during which they shed their |
leaves to withstand the drought. '

The forests are more open and less {uxuriant than the equatorial forests and there are far fewer |
species.

Tropical deciduous forests yield valuable timber and are prized for their durable hardwood. For |
example — Teak, Sal, Acacia efc.

Bamboo thickets are other typical characteristics of such forests.

Areas of lesser rainfall exhibit Savannah and scrubland like features with scattered trees and '
tall grass. .

Majority of the forests have been cleared for agriculture to suppard excessive populations. |

[
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Where?
These are found in the areas characterised by distinct dry and heavy wet seasons.

a) The trees of Tropical Deciduous forests lose all of their leaves in summer season to prevent
loss of water. These forests have a more open and dwatfish (not tall) composition.

b) In the dry season trees shed their leades and the Tropical Deciduous Forest are
forest gives the appearance of vast grassland- with highly commercial and have |¢
naked frees, dispersed all over the region. been exploited heavily. Tropicat |

¢) These forests are a mixture of trees and grasses. Deciduous Forest is mainly [\’

d) Summer heat is very intense in such forests which | found in Indian subcontingnt and
burns the dry grass and kills seeds of weeds. is also called Monsoon forests.
Major species of trees: Teak, Sal, Bamboo, San-

dalwood efc,
3. Temperate Forest-
Where?

~ These are found in areas with a milder, shorter winter season. This biome occupies the

Characteristic features of Temperate Forests

e The climate in the Temperate Forest varies, anfl the plant and animal life there must adapt.
For example, when the weather gets cold most animals put on an extra layer of fat to keep |

warm. s
¢ The average temperature in this biome is 150C in the daytime and in the night time it can get |
| below freezing. g .

| * Inevery month of the year the Temperate Forest sees some rainfall. The rainfall ranges from |
40 cm to 150 cm per year. Once in a while there are severe storms in this biome, and in
some parts. of the Temperate Forest it snows in winter months. In the Temperate Forest |
there are generally warm summers, and short, cold and silent winters. J

¢ Trees.:and plants in temperate forests have special adaptations to survive in this biome. De-
ciduous trees are trees with leaves rather than pine needles, and they déminate temperate
forests. As the seasons change each year, so do the leaves. Each year deciduous trees lose,
their leaves, and grow them back. In the summer their broad green leaves capture sunlight
and help the trees make food through photosynthesis. As temperatures »ﬁool in the fall, the
chlorophyll {green pigment in leaves) breaks down, causing the beautiful'red, yellow and or-

. ange.leaf cblours of fall. In the cold winter, deciduous trees and plants go into dormancy,
kind of like sleep. It is too cold for them to protect their leaves from the damagé of freezing in |
the winter, so they simply loose them and seal up the places where the ledvas attach to the
branch. The warmer spring days signal to the trees that they can grow new leaves again, and {
restart the cycle. .

'« The Temperate Forest is full of various plants and trees. There are Pine Fir, Hemlock,

| Spruce, and Sequoias just to name a few.

« Some plants are used to make medicines for people. Many plants flourish in this environment

because of the rich soil that the Temperate Forest has.

¢ The Temperate Forest has many different species of animals. There are bobcats, snow
leopards, white tailed deer, raccoons, mice, and many types of birds just to name a few.
Animals in the Temperate Forest depend upon one another in a complex food chain. The soil
in the Temperate Forest is very rocky, sandy, and is known to be mostly poor quality.

7 B
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eastern half of the United States and a large portion of Europe. It is characterized by hardwood
trees (e.g., beech, maple, oak, hickory) which are deciduous; that is, shed their leaves in the au-
tumn. Canopy is moderately dense and allows light to penetrate, resulting in well-developed and
richly diversified understory vegetation and stratification of animals. The number of different species
is far more limited than in the tropical and equatorial regions. Large stands dominated by a single
species are common. Deer, racgoons, and salamanders are characteristic inhabitants. During the
growing season, this biome can pe quite productive in both natural and agriculfurat ecosystems.{ﬁ
4. Boreal forests (Taiga) — o L _ _,'
Where? S

Occurring between 507
and 60° north latitudes, these

can be found in the broad belt of ve i reteutiu m ' alant
E'-?*a;',a aTd Nt;’:h A',“e”";]a: to photosynthesize as soon as temperatures permit
M1:~t=i |r§s '; Sib "iF W::h ! :‘ in spring, rather than having to waste time in the
ge:na’;a PRGNy FRasia, &0 short growing season merely growing leaves.
i ar « Dark colour — the dark green of spruce and fir
Seasons are divided into < .
needles helps the foliage absorb maximum heat from

short, moist, and moderately b caar : .
warm summers and long, cold, ?:s;“;i;a/nd begin photosynthesis as earlyl 3

and dry winters. Boreal Forests
are dominated by conifers, es- .
pecially spruces and firs. It is populated by an even more limited | Boreal Forests are dotted
variety' of plants and animals than is the temperate deciduous for- with lakes, bogs and
est. Before the iong, snowy winter sets in, many of the mammals marshes.’ }

hibernate, and many of the birds migrate south. Although the long
days of summer permit plants to grow luxuriantly, net productivity is low.

Characteristics features of Boreal Forests:
£

| o TFle Boreal Forest is named after Boreas, the Greek god of the North wind.
| e The Boreal forest corresponds with regions of subarctic and cold continental climate.
e There,are long, severe winters (up to six months with mean temperatures below freezihg) |’
and short summers (50 to 100 frost-free days), as is a wide range of temperatures between
the lows of winter and highs of summer. ' |
{ o There i§ little rainfall in the boreal biome. Precipitation comes in the fdfm of fog and snow,
| with a little rain during the summer months. 4 |
| » "Mean annual precipitation is 40 cm to 50cm but low evaporation rates makg"this a humid
climate. i
'« Broadleaf deciduous trees and shrubs are members of early successional stages of both |
primary and secondary succession. Most common are alder birch, and aspen. |
« This type of forest supports very poor in biodiversity supporting only handful species of flora |
and fauna.
e The frees of the boreal forest tend to have shallow roots, due fo the thin soils. ‘
'« Logging has played its role on the boreal forest, with large swaths of Siberia's taiga har-
. vested for lumber. :
| « The soils of the boreal forest are often acidic, due to falling pine needles, and low on nutri-
ents since the cold temperatures do not allow much fofiage te rot and turn into dirt.

7
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Plant Hardiness Zone

A hardiness zone is a geographically defined area in which a specific category of plant life is
capable of growing, as defined by climatic conditions, including its ability to withstand the minimum
temperatures of the zone (see the scale on the right or the table below). For example, a plant that is
described as "hardy to zone 10" means that the plant can withstand a minimum temperature of —1

°C (30 °F). A more resilient plant that is "hardy to zone 9" can tolerate a minimum temperature ofs~7
°C (19 °F), -
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India has a diverse range of
forests as canh be seen from the map

in the previous page: from the rain- -

forest of Kerala in the south to the
alpine pastures of Ladakh in the
north, from the deserts of Rajasthan

in the west to the evergreen foresis -

in the north-east. Climate, soil type,
topography, and elevation are the

UPSC Prelims: ]

If you travel through the Himalayas, you are Likely to see

which of the following plants naturally growing there?

1. Oak 2. Rhododendron 3. Sandalwood

Select the correct answer using the codes given below:

(@}1and2only  : (b)3only (c) 1 and 3 only

(d)1,2and 3 - /
~ Solution (a}

main factors that determine the type of forest. Forests are classified according to their nature and
composition, the type of climate in which they thrive, and its relationship with the surrouiding en\n-

ronment.

Indian iurests can be dwuded into broad types, wnth a number of sub types. :

1. Moist Tropical —

# Wet evergreen forests - These are found in the south along the Western Ghats and the Nicobar
and Andaman Islands and all along the north-eastern region. It is characterized by tall, straight
evergreen trees that have a buttressed trunk or root on three sides like a tripod that helps to
keep a tree upright during a storm. These trees often rise to a great height before they open out
like a cauliflower. Such forests found in regions with rainfall over 250cm per annum. The more .
common trees that are found here are the Jackiruit, Betel nut palm, Jamun, Mango, and Hol-
lock. The trees in this forest form a tier pattern: shrubs cover the layer closer to the ground, fol-
lowed by the short structured trees and then the tall variety. Beautifut fern of various colours and

different varieties of orchids grow on the frunks of the trees.

24 A
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# Semi-evergreen forests — These are found along the Western Ghats adjoining wet ever green
forests i.e., in Assam and fower attitudes of Eastern Himalayas, Orissa, Malabar Coast and An-
daman's. Rainfall varies from 200-250 cm. Such forests have a mixture of the wet evergreen
trees and the moist deciduous trees. The foregt is dense and is filled with a large variety of trees
of both types.

# Littoral and swamp forests — Such type of forests are found along the Andaman and Nicobar
Islands and the delta area of the Ganga and the Brahmaputra. It consists mainly of Whistling
pines, Mangrove, Palms, and Bulletwood. They have roots that consist of soft tissue so that the,
ptant can breathe in the water. The littoral forests occur all along the sea coasts and along the:
sandy bars of deltas of the larger rivers, whereas, ihe tidal swamp forests are furtiler divided
into 5 types: (i} Mangrove scrub, (ii) Mangrove forests, (iii) Salt water mixed forests, (iv) Brack-~
ish water mixed forests and (v) Paim Swamp, The Sunderbans (W.B.) and the Bhitarkanika:
(Orissa) mangrove forests come under this category.

¢ Moist deciduous forests — These forests are found throughout India in the regions of typical rain-
fall range of 150-200 cm annually except in the western and the north-western regions. The
trees have broad trunks, are tall and have branching trunks and roots to hold them firmly to the
ground. Some of the taller trees shed their leaves in the dry season. There is a layer of shorter
trees and evergreen shrubs in the undergrowth. These forests are dominated by Sal and Teak,
along with Marigo, Bamboo, and Rosewood. f

2. Dry tropical forests -

A. Dry detiduous forests — These forests are found throughout the northern part of the country ex-

cept in te North-East. It is also found in Madhya Pradesh, Guijarat, Andhra Pradesh, Karnataka,

and Tamil Nadu. All the forests of Norih India i.e., Bihar, U.P., Punjab, Haryana of non-teak,and

teak bedting types come under this. The canopy of the trees does not normally exceed 25 metres.

The common trees are the Sal, @ variety of Acacia, and Bamboo.

B. Thorn Forests - This type is found in areas with black soil: North, West, Central, and South India
having 2575 cm of rainfall every year. The trees do not grow beyond 10 metres. Spurge, capef,
and cactus are typical of this region.

C. Dry evergreens — These are found along the Andhra Pradesh and Karnata;(a coast. It has mainly
hard-leaved evergleen trees with fragrant flowers, along with a few deciduous trees. These are
dense forests of curvaceous leaved evergreen forests.

3. Montane -Sulb Tropical forests — .
A. Dry evergreen forests - These normally have a prolonged hot and dry seaé’dn and a cold winter.

1t generally has evergreen trees with shining leaves that have a varnished look:/Sone of the more

common ones are the pomegranate, clive, and oleander. These forests are,foung:in the Shivalik

“Hills and foothills of the Himalayas up to a height of 1000 melres.

B. Pine forests — These are found in the steep dry slopes of the Shivalik Hills, Western and Central
Himalayas, Khasi, Naga, and Manipur Hills. The trees predominantly found in these areas are the
Chir, Oak, Rhododendron, and pine. In the lower regions Sal, sandal, Amla, and Laburnum are
found.

4. Montane temperate forests —

A. Wet Montane temperate forests - These occur in the North and the South. in the North, it s
found in the region to the east of Nepal into Arunachal Pradesh, at a helght of 1800-3000 metres,
receiving a minimum rainfall of 200 cm. In the South, it is found in parts of the Niligiri Hills, the

higher reaches of Kerala. The forests in the northern region are denser than in the South. This is
because over time the original trees have been replaced Dy fast—growing varieties such as the
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Eucalyptus. Rhadodendrons and a variety of ground flora can be found here. In the North, there are
three layers of forests: the higher layer has mainly coniferous, the middle layer has deciduous trees
such as the oak and the lowest layer is covered by Rhododendron and Champa.

B. Moist Montane temperate forests - This type spreads from the Western Himalayas to the Eastem
Himalayas. The trees found in the western sectfon are broad-leaved oak, brown oak, Walnut, Rho-
dodendron, etc. In the Eastern Himalayas, the rainfali is much heavier and therefore the vegetation
is also more lush and dense. There are a large variety of broad-leaved trees, ferns, and bambod.

Coniferous trees are also found here, some of the varieties being different from the ones found in
the South.

C. Himalayan Dry Temperate Forests — This type of forest is found mainly in Lahaul, Kifinaur, Sik-
kim, and other parts of the Himalayas. There are predominantly coniferous trees that are not too
tall, along with broad-leaved trees such as the oak, maple, and ash. At higher elevation, Fir, Juni+
per, Deodar, and chilgoza can be found.

5. Sub-alpine farests -

These extend from Kashmir to Arunachal Pradesh between 2900 to 3500 metres. In the
Western Himalayas, the vegetation consists mainly of Juniper, Rhododendron, Willow, and Black
Currant. In the eastern parts, Red fir, Black Juniper, Birch, and Larch are the common trees. Due to
heavy rainfall and high humidity the timberline in this part is higher than that in the West. Rhodo-
dendron of many species covers the hills in these parfs
6. Alpine forests —

A. Moist alpines - These are found all alonig the Himalayas and on the higher hifls near the Myan-
mar border. It has a low scrub, dense evergreen forest, consisting mainly of rhododendron and
birch. Mosses and ferns cover the ground in patches. This region receives heavy snowfall. .
B. Dry alpines — These are found from about 3000 metres to about 4900 metres. Dwarf plants pre-
dominate, mainly the black juniper, the drooping juniper, honeysuckle, and willow.

IMPORTANCE OF FORESTS
The importance of forests can be enlisted as follows:

« Forests are commonly referred to as lungs of the earth. It is primarily because of the presence
of variety of plamts which due to their high density produce massive amount of Oxygen which
enables other organisms to breathe. Farest of one acre provides over 6 tans of Oxygen every
year. L g

%, Forests proville home to diverse animal and plant species, which not only [fiFoyl;,de bio-diversity
on earth, but each species has the important role in the ecosystem. v 2 :

% About 25%.0f all the medicines that are produced originate from rainforest plarits. For example
Curare (toxic plant) comes from a fropical vine, and is used as an anaesthetic and to relax mus-
cles during surgery. Similarly Quinine is derived from the ‘Cinchona Tree’ which is used to treat
Malaria.

+ Forest provide timber, which is used for building house, furniture etc.

Forests are the most important components of earth’s ecosystem as it prevents soil erosion,

maintains water cycle, check global warming etc. Without all these roles performed by forests,

the earth would be uninhabitable. . ;

% Wildlife tourism generates lots of capital, which in turn increases the revenue of the government.

Forests still.harbour various species of living organisms which are still being discovered. Each
animal insects and.plants contain its individual genetic mateial that has Eeen evolving for thou-
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sands of years. Protecting the forests not only preserves a process of life that started bilfions of
years ago but it also gives us missing clues to various riddled aspects of life jtself.

GRASSLANDS

Grassland biomes are unaltered arehs of land
where grass is the dofninant plant life, as opposed to
other terrestrial biomes where frees occupy most of
the land surface. Grassland are found around the
globe and have served as grazing areas for a large
number of animals, and have béen exploited as farm-
ing grounds or plantations by humans. They occupy -

: about one quarter of the Earth's land area. Grasslands are considered the transitional biome aind
g are usually found between deserts and forests. The box on the right shows the major regional ex-
: pressions of grasslands recognized around the globe.

[—equators

I

=<tropic of Caprrorm

They have been divided into following two parts:

I Savannah ~ | Temperate Grassland O
I—Cﬁéa:fmaf-?artﬁgé? | Characteristics Featuras: |
# _The savannah stays pretty warm afl year. It{# Due to their location in interiors of con-

_______ e savan ’]

> I
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cools down some during the dry season, but |

stays warm and humid during the rainy seasomn.

Savannas have two distinct seasons in regards
to precipitation. There is a rainy season in the

summer with around 40 cm to 80cm of rainfafl |

and a dry season in the winter when less than
10 cm of rain may fall.

The majority of the savannah is covered in dif-

ferent types of grasses including lemon grass,
Rhodes grass, star grass;and Bermuda grass.

There are also lots of trees scattered about the

savannah. Some of these trees include the

acacia tree, the baobab tree, and the jackal-

berry tree.

The plants need to be able to survive the dry
season and drought in the savannah. Some |
store water and energy in their roots, bulbs, or |

trunks. Others have roots that go deep into the
ground to reach the low water table

Fires are an important part of the savannah. |

During the dry season fires clear out old dead
grass and make way for new growth. Most of

the plants will survive because they have ex- |

tensive root systems that allow them to grow
back quickly after a fire. The trees have thick

bark which helps them to sutvive. The animals |
generally can run to escape the fire. Some

animals burrow deep into the ground to survive.

Insects generally die by the millions in a fire, |
but this provides a feast to many birds and |

animals.

There are many \herbivores in the savannah |

biome which also bring many carnivores. Her-
biveres have’ developed traits which help them

escape predators such as being fast, being |

large, or being tall.

Although there are various types of soil in the
savannah biome, it is not suitable for farming.

tinents, the annual range of tempera- |

ture is huge ranging from -20°C to

20°C respectively in the winter and |

summer

Rainfall is generally less in temperate
grasstands than in tropical savannas,

falling usually in temperate grasslands-

in the late spring and early summer.
There is an average of 50 — 80cm of
rainfall a year.

4
Unlike savannas that can havé trees |
and shrubs scattered throughout, tem- |

perate grasslands have trees and
shrubs absent.

Grasses of this area have adapted to |

cold temperatures, drought, and occa-
sional fires.

These grasses have deep, massive |
root systems that take hold in the soil. |

This allows the grasses to"remain
firmly rooted in the ground to reduce
erosion and to conserve Water.

The dominant vertebrates in grass-

lands are herbivorous or plant-eating |

grazers called ungulates. Ungulates

are mammals with hoofs, like horses |
and deer. Their long legs help them |

run fast to escape grassland predators.
The temperate grass}and does not
have much animal diversity, especially
compared to the Savannah. Some

animals that inhabit temperate grass-|

lands in North Amencq tare bison, ante-
lope, birds,
coyotes, and insects.

Temperate grassland 5 1[ has fertile
upper layers, created oﬁn flres and
the decay of deep grass roots, which |

makeg it ideal for farming and grazing.

gophers, t prairie  dogs, |
,fr"

DESERTS

_ NVAJIRAM & RAV] I

"

Deserts cover about one fifth of our planet, and are caused by extremely low rainfall over
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an area. Theses biomes are nonetheless home for many plants and animals which have through
the course of their evolution adapted to this dry environment. Most deserts have a considerable
amount of specialized vegetation, as well as specialized vertebrate and invertebrate animals. Soils
often have abundant nutrients because they need only water to become very productive and have
little-or no organic matter. Disturbances are common in the form of occasional fires or gold weather,
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" and sudden, infrequent, but intense rains that cause flooding. There are relafively few large mam-
mals in deserts because mast are not capable of storing sufficient water and withstanding the heat.
Deserts often provide little shelter from the sun for large animals. The dominant animals of warm
deserts are non-mammalian vertebrates, such as reptiles. Desert biomes can be classified ac-

cording to several characteristics. There are foug major types of deserts:

1. Hot and Arid Desert — These generally occur at low latitudes, and

can be found in Sahara, South western North-America, South-America, |

Austraiia,’and middle east. Seasons in the arid desert are generally dry

and hot, with few occurrences of rain during the winter. The heat peaks

to extremes during_the daytime because there are no clouds to shield
the earth from the sun's rays. When it rains, it is not uncommon for the
rain to evaporate before hitting the ground. The soll is usually either
sand or coarse, dnd rocky.

Vegetation consists mainly of shrubs and small trees of
which the leaves have evolved to retain water.

Most desert life forms have followed this train of evolution, with
animal species being mostly active at night (nocturnal).
2. Cold Desert - Perhaps the strangest of all desert biomes is the cold
desert, as our perception of the desert is usually associated with the

Where?

Although most deseits, .
| sych as the Sahara of |
North Africa and the
 deserts of the sotith- |
 western U.S., Mexico, 1
| #d Australia, occur at
' low latitudes, another
kind gf desert, cold de-
| setts, oo&ur in the ba-
sin dnd range area of
Utah and Nevada and |
in parts of western|
Asia.

heat of the sun. But even if there is a moderately high amount of snow and rainfall during'the win-
tertime, the soil is too heavy and alkallne. Alluvial fans pult some of the salt through the porous soil,

so plant life can survive, but then again, as with its arid counterparts,

the cold desertt offers less

than ideat conditions for sustaining delicate plants and animals. Most of the animals in the cold de-
sert are burrowers, even. the carnivares and reptiles which even though cold-blooded, have made

their homes in the cold desert.

Characteristic Features of Cold Desett
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These deserts are characterized by cold winters with snowfall and high overall rainfall throughout
the winter and occasionally over the summer. '

They have short, moist, and moderately warm summers with fairly long, cold winters. Mean win-
ter temperature is between -2 to 4° C and the mean summer temperature is between 21-26°C. |
The winters receive quite a bit of snow. The mean annual precipitation ranges from 15-26 cm. |
Annual precipitation has reached a maximum of 46 ¢ and a minimum of 9 cm.

The plants are widely scattered. ln areas of shad SCFIG’ about 10 percent of the ground is cov-

g

ered, but in some areas of sage bush, it approaches{85 percent. Plant heights vary between 15 |
om and 122 cm. The main plants are deciduous, mosf having spiny leaves. 0
Widely distributed animals are jack rabbits, kangaroo rats, kangaroo mice, pocket mice, grass- |
hopper mice, and antelope ground squirrels. All except the jack rabbits are burrowers.”The bur- |
rowing habit also applies to carnivores like the badger, kit fox, and coyote. Several lizards do |
some burrowing and moving of soil. Deer are found only in the winter. [
The soil is heavy, silty, and sally. It contains alluvial fans where soil is relatively porous and |

drainage is good so that most of the salt has been leached out.

TUNDRA

Tundra, the ‘ice desert",
“frozen prairie", the cold plains of
the Far North get their name from
the Finnish word "tunturia®, which
means treeless land. The tundra |
biome is the coldest of all terres-
trial eco-systems, and also the
most chaotic. Still, the tundra is |
host to a surprising number of plants and animals, and represents a fascinating testament to na-

ture's adaptabil-
ity, and
beauty.

Although

cruel

fure, ; but they

have been di-, |

vided in two

parts:” 1. Arctic, .

and 2. Alping,
1. Arctic Tundra

- The arctic tun-

dra occupies | « Animals are adapted to handle long, cold winters and to breed and raise young '
earth's Northem | quickly in the summer. Animals such as mammals and birds also have additional
hemisphere, insulation from fat. Many animals hibernate during the winter because food is not

cling the North

down to the
ergreen forests
of the borea| bi-
omes. The soil of

| Characteristics of tundra include:

(1) Extremely cold climate

| {2) Low biotic diversity

(3) Simple vegetation structure

(4) Limitation of drainage ]

 (5) Short season of growth and reproduction”

{6) Energy and nutrients in the form of dead organic material
(7) Large papulation oscillations ' p

.Pole all the way |

1 * The arctic is known for its cold-desert like conditions.

| * All of the plants are adapted to sweeping winds and distut?ﬁances of the soil. |
1.*® Plants are short and group together to resist the cold temperafyites and are pro- |

. * The average winter temperature is -34° C , but the average symmer temperature }
~of uniform na- | 5 > P ) < gm P

Characteristic Fea;tures of Arctic Tu?n'd‘ré:
* The growing season ranges from 50 to 60 days.

is 3-12° C, which enables this biome to sustain life.
* Rainfall may vary in different regions of the arctic. Annual precipitation, including

+

melting snow, is 15 to 25 cm.

tected by the snow during the winter. They can carry out phgiosynthqsis at low
temperatures and low light intensities. The growing seasons arn shorﬁ{z&nd most
plants reproduce by budding and division rather than sexually by flowefing.

abundant. Another alternative is to migrate south in the winter, like birds do.
Reptiles and amphibians are few or absent because of the extremely cold tem- |
peratures. Because of constant immigration and emigration, the population con- |
tinually oscillates. ‘

* Soil is formed slowly. A layer of permanently frozen subsoil called permafrost
exists, consisting mostly of gravel and finer material. When water saturates the
upper surface, bogs and ponds may form, providing moisture for plants. There f
are no deep root systems in the vegetation of the Arctic Tundra; however, there
are still 2 wide variety of plants that are able-to resist the ch climate,
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the Arctic Tundra Is poor in nutrients, which accounis for the low amount of vegetation. There Is an
under-layer of soil called permafrost which remains completely frozen at all times, allowing little
room for deep rooting plants and {frees. The plants that do survive the frozen landscapes are ex-
tremely resilient, and their roots are close to the surface of the hard soil, as to intake what little wa-
ter falls upon the ground; most of the arctic jundra’s plant life consists of shrubbery, lichen, moss,
and flowers. Birds of the tundra migrate south during the winter months, causing constant change in
the animal population. : . i
2. Alpine Tundra - The Alpine Tundra biome exists on rocky mountaintops and is very similar to
the Arctic Tundra except for a conspicuous lack of trees. Because trees cannot grow at this High
altitude, most of the Alpine Tundra's plant life consists of shrubbery and small leafy plants such as
alpine bluegrass which is consumed by a variety of grazing animals such as blghom sheep and
mountain goats.

Characteristic Features of Alpine tundra:

. Thﬂy are usually, at an’ aﬂltuda of about 10,000 leet or mﬂre. The ﬁlpme bnm
snow line of a mnuntam

°in lhe summer avaragﬂ tamperatures range from 100 io 1ﬁnG In the- u.-.vint&r ihejemperatums arahe~
low freeang The winter season can last from October to May ‘!he summar saasun ma',r Iasﬁrurn
June to September. The mmperalures in the Alpine biome can also. {:hanga fmm warm o freszlng in
one day. / .

o At high aftitudes there iS‘ very fitlle GDE which plants need to carry on phutusynmm

* Because of the cold and wind, mast plants are small perennial groundcover: p_lants ‘which graw and
reproduce slowly. They protect themselves from the cold and wind by hugging the gmund Taller
planis or trees would soon get blown over and freeze.

* When plants die they don't decompose very quickly because of the cold. This makes for puur soil
conditions.

« Most Alpine ﬁIants can grow in sandy and rocky soil. Plants ha‘ue also adaptéd tu 1he. dry cnndftmns'
of the Alpine biome.

« Alpine‘animals have to deal with two types of problems: the cold and too mum hlgh LI"u' w;walengihs
This is because there are fewer atmospheres fo filier UV rays from the sug There are only warm
bloaded animals in the Alpine biome, although there are insects. :

» Alpine animals adapt to the cold by hibernating, migrating to lower, warmer. areas, or msulating their
badies with layers of fat. Animals will also tend to have shorter legs, tajls, andigars, in order to reduce
heat loss. Alpine animals also have larger lungs, maore bimr:l cells and hae i ¢ f@bln because of the

. increase of pressure and lack of oxygen at higher altitudes. This is also i _fur;penple whu have
lived on mountains for a long time, like the Indians of the Andes Muuntams in Sotith Amenca and the

]usl 'Eﬂ'h‘.}w_ the

Sherpas of the Himalayas in Asia. _ e iy
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CHAPTER -5
- AQUATIC BIOMES

Introduction f

:
1
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Waler covers about 75% of our planet. Without wa- [
ter, most life forms would be unable to sustain themselves
and the Earth would be a barren, desert-like place. Al-
though water temperatures can vary widely, aquatic areas
tend to be cooler.

What are Aquatic biomes?

Aquatic biomes (ecosystem) are a group of interact-
ing organisms dependent on one another and their water
environment for nutrients {e.g., nitrogen and phosphorus)
and shelter. Familiar examples are ponds, lakes and rivers,
but aquatic ecosystems also include areas such as flood-
plains and wetlands, which are flooded with water for alf or
only parts of the year. Seemingly inhospitable aquatic eco-
systems can sustain life. Thermal springs, for mstance,
suppert algae and some insect species at water tempera-
tures near the boiling point; tiny worms live year-round on
the ice fields; and some highly polluted waters can support
large populations of bacteria. Even a drop of water is-an
aquatic .ecosystem, since it contains or can support living
organisms. In fact, ecologists often study drops of water -
taken from lakes and rivers -- in the lab to understand how

these larger aquatic ecosystems work.

NGTE: Main concepts of terrestrial primary succession can be applied to aquatic ecosystems ex-
ept for'oceans. Over time, most aquatic ecosystems are replaced by terpestrial ecosystems as
aquatic ecosystems receive continuous input of soil particles and organic nfatters. As sedlment in-

Aquatic Bi- | | presh water: Very small proportion of carth's arﬂ that is only 0.8 per- |
omes are,. dfeee- | cont of the earth's surface is covered by them. Prid¥ry production in a |
dimensional fenvi-

reases, water depth decreases and types of organisms inhabiting the ecosystem also change. *

ronments that can
be divided into dis-
tinct zones based
on characteristics

such as
1. Depth Il. Transitional Communities: They act as ecotone between terrestrial .
2. Tidal ftow and aquatic ecosystems, as they lay between the regions of water and |
landmass hence their inhabitants have to adapt accordingly. They have
S TOWpETANNe | o e beon divided as Estiarles and Wellands, !
4. Proximity to . ‘
landmasses. lll. Marine Ecosystem: About 71% of the earth’s surface is covered by |
On these | farine ecosystem. Marine ecosystem involves: Shorelines, Coral Reefs |
paramelers, ihey | and Open Ocean. | |

water can be defined as the water that contains a relgtively gfnall amount
of dissolved chemical compounds. It includes: Standing Water- {akes and |
ponds and Moving Water - Rivers & streams. Freshwater is defined as

fresh-water ecosystem is controlled by light and hutrient-availability. Fresh

having a low salt concentration - usually less than 1%.
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can be divided into following three parts, which can further be divided in to various sub parts.

FRESH WATER ECOSYSTEMS

They are closely linked to soils and biotic components of terrestrial biomes through which
they pass. Their gharacteristics are influenced by patterns and speed of water flow and climate of
area in which it is jocated. Plants and animals in freshwater regions are adjusted to the low salt con-
tent and would ndt be able to survive in areas of high salt concentration (i.e. acean). The fresh wa-
ter ecosystem is limited by solar radiation and temperature. Their nutrient fimitations are common fo
that of marine ecosystems, but phosphorus is usually limiting nutrient (rather than nitrogen as in
oceans), hence there has been a shift in late 1970's to phosphate-free detergents.

Freshwater regions have been divided in two categories - standing (lentic) bodies of water,

which includes akes, ponds etc. and moving (lotic) bodies of water, i.e. rivers, streams etc.
1. Ponds and Lakes - These regions range in size from just a few square meters to thousands of
square kllometres. Ponds and lakes may have limited species diversity since they are often isolated
from one another and from other water sources like rivers and oceans. Lakes are large, natural
bodies of standing fresh water, formed when precipitation, runoff, groundwater seepage fills de-
pressions in earth's surface. These depressions can be formed by glaciation (Great Lakes, NA),
crustal displacement {Lake Nyasa, East Africa} and volcanic activity (Crater Lake, Oregon). The
size of lake may vary from as small as a pond to ag big as small seas. Large lakes may have many
of same characteristics as oceans.

| Lakes are often classified according to their production of 6rganic matter. Afternatively, Lakes |

have b%en classified in following three categories on the basis of their nutrient content or produc- |
tivity.  © ' .

* Oligbtrophic — A newly formed lake generally has a small supply of plant nutrients and is
called an Oligotrophic take, i.e. poorly nourished. This type of lake is deep, cold having steep
banks and small surface area relative to its depth. This lake is nutrient-poor and hence phyto-
planktons are sparse. Such a lakes are not very productive and hence do not contain much life.
Waters of Oligotrophic Lake are often very clear and have low sediments i decomposable or- |
ganic matter. Such lakes are generaliy found in undisturbed regions free from any human inter; |
ference, for exaqple Lake Baikal in Siberia. '

* Eutrophic — Over time, sedlments, organic material and inorganic nutrights wash into most |
oligotrophic ‘lakes giving impetus to the growth of flora and fauna. These'when decompose |
', form #ottom Sediments in benthos. A lake with a large or excessive supply of nufrignts (mostly
nitrates and phosphates) needed by producers is called a Eutrophic (we{ r}our;'ghed) lake.
These lakes typically are shallow and have murky brown or green water with poor visibility. Ex-
cessive organic matter content in Benthos leads to high decomposition rates and potentially
low oxygen. Because of human activity, there can be large input of nutrients into the lakes re-
- sulting into eutrophication (called cultural eutrophication). |

Mesotrophic — Many lakes fall somewhere between two exiremes of nutrients enrichment and
therefore are called Mesotraphic lakes. They have moderate nutrient content and moderate |.
amount of phytoplankton, reasonably productive. Such types of lakes can be considered as a |

transition phase from Oligotrophic to Eutrophic.
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Productivity of Lakes

Lakes’ productivity is determined by several factors, i.e. temperature, depth, nutrient content
and dissolved oxygen content. Areas’ having lesser temperature have very low productivity. Simi-
larly, areas containing plethora of nutrients (generally in littora! zones) have high productivity. Depth
is a parameter measuring sunlight and warmth of the lake regions, which in turn influences the pro-
ductivity. Dissolved oxygen content is extremely vital for the process of respiration and photosyn-,
thesis. Oxygen enters water from air, released as result of photosynthesis and also as mixing from
wave action, Dissolved oxygen content determines typas of organisms that can inhabit a lake) !
Moreover, decomposition of organic matter by bacteria and fungi also requires oxygen {as they per-
form respiration) thereby-diminishing the amount of dissolved Oxygen. ,

Biochemical oxygen demand (BOD) is the amount of oxygen used by decomposers to break
down a specific amount of organic matter. Greater amount of organic matter {or influx of nutrients)
increases BOD and decreases amount of Oxygen available in water.

"Lakes and ponds are divided into three different “zones” which are usually determined by depth and
distance from the shoreline. They have been divided in 4 zones:

+ Littoral zone - The topmost zone near the shore of a lake or pond is the Littoral zone. This zone
is the warmest since it is shallow, well lit and can absorb more of the Sun's heat. It sustains a
fairly diverse community, which can include several species of algae, rooted and floating aquatic
plants, grazing snails, clams, insects, crustaceans/ fishes, and amphibians. .

+ Limnetic zone - The near-surface open water surrounded by the littoral zone is the limnetic
zone. This zone is well-lit open surface water and farther from the shore, extending to depth
penetrated by light. This zone is occupied by phytoplankton, zooplankton, higher animals and
produces food and oxygen that supports most of lake’s consumers. 1 ,

* Profundal zone - The deepest zone of the lake is the Profundal zone. This zone is much colder
and denser than the other two. Little fight penetrates all the way through the limnetic zone into

‘ the Profundal zone. It consists of deep, aphotic regions, lacking in oxygen and which are too
dark for photosynthesis. This zone is inhabited by fish adapted to coot dark waters.

* Benthic zone — This zone is actually bottom of lake, inhabited by organisms that can tolerate
cool temperatures and low oxygen levels. Mostly decomposers, detritus fefeders and fish that
swim from one zone to othet inhabit this zone. It is nourished mainly by dead matter that fallse

_ from the littoral and limnetic zone and by sediments‘washing into lakes.
Threats to Lake Ecology T

Eutrophication’ "
WhHat is it?

‘Eutrophication' refers to natural or arti- %
ficial addition of nutrients to bodies of water
and to the effects of the added nutrient. When *
the effects are undesirable, eutrophication
may be considered a form of pollution. Alter-
natively, the enrichment of bodies of fresh wa-
ter by inorganic plant nutrients (e.g. nitrate,
phosphate) is called Eutrophication.*

it may occur naturally but can also be
the result of human aciivity {cultural eutrophi-
cation from fertilizer runoff and sewage dis-
charge) and is particularly evident in slow-
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moving rivers and shallow lakes. Increased sediment deposition can eventually raise the tevel of the
lake or river bed, allowing land plants to colonize the edges, and eventually converting the atea to
dry land. Eutrophication occurs naturally over centuries as lakes age and are filled in with sedi-
ments However, human activities have accelerated the rate and extent of eutrophication through
both point-source discharges and non-point loadings of limiting nutrients, such ag nitrogen and

phosphorus, into aquatic ecosystems. ! :

Eutrophication was first recognized as a pollution | | 1€ main causes of eutrbphicafion gre:
problem in European and North American lakes * Natural run-off of nutients from thg soif
and reservoirs in the mid-20th century. Runoff from and the weathering of rocks v
agriculture and development, pollution from sepiic » Run-off of inorganic fertifizer (containin |
systems and sewers, and other human-related ac- nitrates and phosphates) g1
tivities which increased the flux of both inorganic o Run-off of manure fron e
nutrients and organic substances into lakes were ing nitrates, phosphg?ens] ;ﬁg“s (corltain- |
established as causes erhancing eutrophication. ammonia)

* Run-cff from erosion (following mining
construction work or poor jand use) ¥

o Discharge of detergents
phosphates)

Effects of Eutrophication:
Algal Blooms —
"An algal bloom or marine bloom or water

bloom is a rapid increase in the population of algae » Discharge of parially freateq or un- {

in an aquatic system.” treated sewage (containing nitrates ang
phosphates) .

(containing |

ALGAL BLOOMS MAY OCCUR IN FRESHWA.
TER AS WELL AS MA-RINE,ENVIRONMENTS. |

Typically only one or a few phytoplank-
ton species are involved and some blooms
may be recognized by discoloration of the wa-

ter resulting from the high density of pigmented cells. Although there is no officiafly recognized
threshold level, algae can be considered to be blooming at concentrations of hundreds to thou-
sands of cells per millilitre, depending on the causative species. Algal bloom concentrations may
reach millions of cells per millilitre. Colours observed are green, yellowish-brown, or req. Bright
green blooms may also occur. These are a result of biue-green algae, which are aptyally bacteria
(cyanobacteria). : 5

Some algal blooms are the result of an excess of nutrients (particularly phosphorus angd 0i-
trogen) into waters and higher concentrations of these nutrients in water cause increased growth of
algae and green plants. As more algae and plants grow, others die. Thisead organic matter pe.
comes food for bacteria that decompose it. With more food available, the bacteria increase in num-

" ber and use up the dissolved oxygen in the water. When the dissolved Gxgrgeq content decreases

many fish and aquatic insects cannot survive. This results in a dead area. Algal_bla‘@ma may also ba
of concern as some species of algae produce neurotoxins.

At the high cell concentrations reached during some blooms, these oxins may taye Severe
biological impacts on wildlife. Algal blooms composed of Phytoplankton kiiown to Naturally prodyce
bio-toxins are often called Harmful Algal | o o HABS are foxic. Only forty or so s
Blooms, or HABs. are believed to produce such pgteny toxin
Harmful Algal Blooms (HABs) - While sin- | Some specles are merely unpalatape r Bths'
gle species blooms can turn the water sur- | marine life because of gelatingys envelopes er
face red, brown, yellow, green or whité, they | pther characteristics and they exaq i {or
are often generically" referred to as "red | gfecis by essentially "staving” (he Tood.ch rmiul
tides" and are often associated with harmful L ain.

, = e ———
o toxic effects. When the blooming microalgae have properties that are deemed harmfyl tg humans
as [ >
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or other life, the blooms are called Harmful Algal Blooms, or HABS. In recent years, there has been
growing alarm over what appears to be an “"epidemic” of HABs worldwide. in many regions, HABs
are occurring more frequently occurring over larger areas and lasting longer. HABs are also being
recorded in areas where previously they were not known. in other cases, algal species previously
benign, or even unknown, have suddenly emerged to become problematic.

# HABs can kill marine life and cause losses to aq;aculture operations.

# A number of species release powerful toxins that can make their way through the food web to
affect seabirds, marine mammals and humans, dometimes fatally.

# Some toxic species can cause a variety of human ailments, contracted either through inhaling
airborne toxins, skin contact or, more commonly, eating coritaminated shellfish. ra

# These toxins may cause amnesia, stomach cramps, nausea, memory loss, paralysis and even
death. Other species can cause physical damage, as the blooms of species which contain
barbs that [odge among gill tissues of fish, causing death.

# Such blooms can cause ' =
a greal deal of financial
damage by killing
farmed fish, which are
grown in crowded aqua-
culture pens.

# Some blooms of algae
are not inherently harm-
ful but may resuft in se-
VEre environmenial im- i v
pacts. For instance, low oxygen conditions may result from the decay of excessive amounts of

Other effects of Eutrophication -

» Fishes and various aquatic organisms die on large scale.

» The water can have a bad taste, colour and odour which have
a negative impact on the environment and surroundings.

¢ It also reduces the biodiversity caused by loss of species.

« Some phytoplankton species produce toxins that cause se-
vere symptoms such as diarrhoea, memory [oss, paralysis
and in severe cases death.

oxygen content of a

body of water, The.

algae may keep out
the light and when
they eventually die,
they'are decomposed
by bacterla which
consume oxygen in
this process so that
the water may be-
come temporarily an-

algal = growth _
caused by nulri- | CAUSES
Eﬂ_t P ollutlon.. . Although there are some scientists who believe the increase in reports |
Hypoxia - Hypoxia is | of HABs is a function of increased awareness and monitoring, others |
.feduced  dissolved |- have provided compelling evidence that, for some regfons, human ac-

tivities play an important role. The primary human contribution to HABs
is thought to be nutrient pollution -- from, amongst other things, agricul-
ture, sewage oultfalls and mining -- creating a more favgurable, nulrient-

rich environment in coastal waters in which certain groups of phyto- |

plankton can thrive. Climate change may also be making 'some coastal
environments more hospltable to harmfult phytoplanktan species. Many
species of phytoplankton are also transported around the, world;in ships' |

ballast water and discharged in areas where they did not previously oc- |

cur. Others are distributed accidentally through the transfer of shellfish
for aquaculture.

.oxic (hypoxia) which may be toxic to aquatic life.

2. Streams and Rivers - These are bodies of flowing water moving in one direction. Streams and
rivers can be found everywhere—they get their starts at headwaters, which may be springs, snow-
melt or even lakes, and then travel all the way to their mouths, usually another water channe! or the
ocean. The characteristics of a river or siream change during the journey from the source to the
mouth. The temperature is cooler at the source than it is at the mouth. The water is also clearer,
has higher oxygen levels, and freshwater fish and heterotrophs can be found there. Towards the

A
36

This document is available free of charge on g stUdocu

T Downloaded by Amit Sharma (amitmudgal69@gmaitcomy— =

s

" *»«»;\?--cwméz*-y§\~'aw:--ﬂ'aw'va?%w-! :



https://www.studocu.com/in?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=environment-and-ecology

R s

SpE R . e

| ese——— VAJIRAM & RAV] S—

middle part of the streamfriver, the width increases, as does species diversity—numerous aquatic
green planis and algae can be found. Towards the mouth of the river/stream, the water becomes
murky from all the sediments that it has picked up upstream, decreasing the amount of light that
can penetrate through the water. Since there is less light, there is less diversity of flora, and be-
cause of the lower oxygen levels, fish that require less oxygen, such as caffish and carp, can be
found. The nutrient content of river/stream is largely determined by the terrain & vegetation of the
area thraugh which it flows. The tnput of nutrients is through adjacent and overhanging vegetathh

weathering of rock, soil erosion and human activities. i

' Streams and Rivers can be separated into following three zones -

B ¥

A. Source zone — It contains headwaters (headwater streams) and often begins ag springs or
snowmelt. The water in this zone is cold, clear and carries little sediment or relatively few nutr-
ents. Channels are usually narrow, current is swift and substrate is rocky.

* | B. Transition Zone — This zone contains wider and lower elevation streams. The streams here |
join to form tributaries. The water of this zone is relatively warmer, less clear and carries more |

sediment or more nutrients. Channels are usually wider, current is slower and substrate begins
to accumulate silt.

tuaries. The water of this zone is relatively warmer, murky and carries substantially more sedi-
ments or more nutrients. Channels are wider, river mouths are also wider, current is relatively
slow and substrate becomes silty from deposition of sediments.

 ic. Floodplain zone — Rivers get fragmented to form distributaries, which empty into oceans at es- |

TRANSITIONAL COMMUNITIES :
This type of Biome or ecosystem lay somewhere between freshwater antl marine ecosys-

tems. The flora and fauna of such ecosystems are adapted to brackish and acidic water. More

about these can be studied by dividing them in following two categories -

1. Wetlands

Ramsar Convention on Wetlands define wetlands as: "areas of marsh, fen, peatiand or
water, whether natural or artificial, permanent or temporary, with waler that is static or flowing,
fresh, brackish or salt, including areas of marine water the depth of which at low tide does not ex-
ceed srxmetres" .

Plant specnes adapted to the very moist and humid conditions are_called Hydrophytes.
These include pond lilies, cattails, sedges, tamarack, and black spruce. Maréh flora also includes
such species ag cypress and gum. Wetlands have the highest species diversity of all ecosystems.
Many species of amphibians, reptiles, birds (such as ducks and waders), and furbgarers can be
found in the wetlands. Wetlands are not considered freshwater ecosystems,as the‘re are some,
such as salt marshes, that have high salt concentrations—these support different species of ani-
mals, such as shrimp, shellfish, and various grasses.

Types of Wetlands:

Wetlands are highly variable and dynamic: they are water bodies but also include land. They
are freshwater, brackish or saline, inland or coastal, seasonal or permanent, natural or man-made.
‘Wetlands include mangroves, (peat) swamps and marshes, rivers, lakes, floodplains and flooded
forests, rice-fields, and even coral reefs. Wetlands are one of the world's most important environ-
mental assets, containing a disproportionately high number of plant and animal species compared
to other areas of the world.

Wetlands have generally been divided under follow wing headings:
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| 11. Aesthetic and educational value, support for tourism — the natural beauty of many wetlands_;[-

buffering climate change impacts:
| « Wetlands act as significant carbon sinks — the destruction of wetlands will release carbon dioxide. |
a greenhouse gas. :

» Wetlands will play a further role as the frontline defenders of coastal and inland areas as countries
deal with the full effects of climate change: inc;easing frequency of storms, changing rainfall pat-
terns, rising sea-levels and sea surface temperatures.

10. Natural transport infrastructute : !

 makes them ideal locations for recreation, education and tourism. i
12. Food for animals — cattle and duck graze on some types of wetlands; wetland vegetation may

|be used as an addition to forage, etc. #

Protection of Wellands

These amazingly productive and diverse wetiands that stand between upland and open wa-
ter are vanishing at such a quick rate in some parts of the country that within our lifetime they may
just be a memory. It has become inevitable | i o g e
and imperative to protect this ecosystem, Ramsar Sites of India (decreasing Area wise) |
otherwise it may cost dearly to human beings. | 1. Vembanad-kol wetland (Kerala)

Following can be some of the measures to 2. Chilika Lake {Odisha}

protect our weflands — 3. Kolleru Lake (Andhra Pradesh)
% Not to engage in land use changes or hy- | 4. Bifitarkanika Mangroves (Odisha)}
drologic modifications. 5. Ashtamudi Wetland (Kerala) ‘
% Encourage and support local laws to pro- | 6. Point Calimere Wildlife And.Bird Sanctuary
tect and regulate wetlands. - (Tamilnadu)
% Seek non-wetland sites for development | 7. Loktak Lake (Manipur) - ) »

and protect wetlands during construction | 8. Upper Ganga River (Uttar Pradesh)

+ Increase awareness and education about | 9: Sambhar Lake (Rajasthan) -
the vitality of wetlands. | 10. Wular Lake (Jammu and Kashmir)

| 11. Pong Dam Lake {Himachal Pradesh)

% Avoid mining and construction activities in 12. East Calcutta Wetlands (West Bengal)

the vicinity of wetlands

A ot ) - 13. Nalsarovar (Gujarat) A

“ Proper implementation of EIA | 14. Tsomoriri (Jammu and Kashmir) y
< Prohibit the direct and untreated dis- | 15, Harike Lake (Punjab) ‘

charge from industries. | 16. Deepor Beel (Assam)

< Afforestation " 17. Bhoj Wetland {(Madhya Pra'c:(;e:§h)

% Removal of enéroachments 18. Keoladeo Na-tionall'Park(F{ajé?(t’gan) '

1) National Wetland Conservation Pro- ;g fgokeral\DN et.ll'atl;d (e anci fshmg‘f)
gramme (NWCP) — - 20. Ropar (Punjab) e

_ .| 21. Sasthamkotta Lake (Kerala)
__ Government of India operationalized | 5" &y rinsar-Mansar Lakes (Jammu and Kash-
National Wetland Conservation Programme | mir)
{NWCP) in closed coltaboration with con- 23. Rudrasagar Lake (Tripura)

cerned State Government during the year | 24. Kanji (Punjab)

1‘9.8 it 'qu'er t'.h.e programme 115 we@lgnds f' 25. Chandertal Wetland (Himachal Pradesh)
have been identified till now by the Minisiry 26. Renuka Wetland (Himachal Pradesh)
which requires urgent conservation and man- Shasic ot s
agement initiatives. The scheme was initiated with the following objectives:-

« To lay down policy guidefines for conservation and management of wetlands in the country;
« To undenqke'intensive conservation measures in priority wetlands;
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» To monitor implementation of the programme
» To prepare an inventory of Indian wetlands.
2) Ramsar Convention on Wetlands

The Convention on Wetlands, signed in Ramsar, Iran, in 1971, is an intergovernmental
treaty which provides the framework for natibnal action and international cooperation for the con-
servation ang wise use of wetlands and their resources. Ramgar Convention is the only global epvi-
ronment treafy dealing with a particutar ecosystem. The Ramsar Convention on Wetlands was de-
veloped as a means to call international attention to the rate at which wetland habitats were digap-
pearing, in part due to alack of understanding of their Important functions, values, goods and ser-
vices. Governments that join the Convention are expressing their willingness to make a commit-
ment to helping to reverse that history of wetland loss and degradation. Under the “three pillars” of
the Gonvention, the Contracting Parties commit to:

1. Work towards the wise use of all their wetlands;

2. Designate suitable wetlands for the fist of Wetlands of International Importance (the “Ramsar
List") and ensure their effective management;

3. Cooperate internationally on trans-boundary wetlands, shared wetland systems and shared
species.

Malor obligations of countries which are party to tt)e Convention are:

- Designate wetlands for inclusion in the List of Wetlands of International Irmportance.

Promote, as far as possible, the wise use of wetlands in their territory.

Proniote international cooperation especially with regard to trans-boundary wetlands, shared

water systems, and shared species. ) X

Create wetland reserves.
. Estuaries

An estuary is a partially enclosed body of water formed where freshwater from the land
meets and mixes with saltwater from the ocean. This mixing of waters with such different salt con-
centrations creates a very interesiing and unique ecosystem. In fresh wat?)r the concentration of
salts, or salinity, is nearly zero. The salinity of water in the ocean averages about 35 parts per thou-
sand. The mixture of seawater and fresh water in estuaries is called brackish water and its salihity
can range from 0.8 to 35 ppt. The salinity of estuarine water varies from estuary to estuary, and can
change from one day to the next depending on the tides, weather, or other fgators.

Estuaries'support a wide variety of flora and fauna. Micro flora like ajgae, and Macro flora,
such as“seaweeds, marsh grasses, and Mangrove trees (only in the tropics), qan be found here.
Mangroves are various large and extensive types of trees up to medium h!eig[:_:?tﬁand shrubs
that grow in saline coastal sediment habitats in the tropics and subtropics — mainly between
latitudes 25° N and 25° S. Estuaries support a diverse fauna, including a variety of worms, oysters,
crabs, and waterfowl. Estuaries vary in size and can also be termed bays, lagoons, harbours, inlets,
sounds, wetlands and swamps. Estuaries are unique enviranments to which plants and animals
have specially adapted. They are a type of transition from land to sea and fresh water to salt water.
Estuaries are protected from ocean forces by reefs, barrier islands, headlands and deltas. Estuaries

&

N

‘transport and trap nufrients and sediment through the combined action of freshwater flow, wind,

waves and tidal action.
Characteristic features”

| <+ Estuaries and the lands surrounding them are places of transition from land to sea and fresh-

water {o salt water.

Y

R

"%= ~T—m ___ Downloaded by Amit Sharma (amitmudgal69@gmail.com)




EEEsssse——— VA JIRAM & RAV] s

| + Esluarine environments are among the most productive on earth, creating more organic matter |
each year than comparably-sized areas of forest, grassland, or agricultural land.
{ ¢ The tidal, sheltered waters of estuaries also support unique communities of plants and animals
especially adapted for life at the margin of the sea.
+ Estuaries provide a calm refuge from the opeh sea for millions of plants and animals.
< The diversity of habitats enclosed in estuaries supporis enormous abundance and diversity of it
species e.g. fish, shellfish, lobsters, marine worms, reeds, sea-grasses, mangroves, algae, and ,‘,
phytoplankton. : i§
+* The marging_gf the estuary contain the food webs important producers e.g. algae, gelgrass,
tushes and mangroves providing a huge amount of organic matter. Marshes and mangroves
produce up to ten tones of plant detritus per hectare per year — considered organic factories. |
| * Micro-organisms decompose complex organic compounds into useable forms ~ ammonia, ni- |
| trates and phosphates. This becomes the basic food for primary consumers like crabs, shell-
fish, snails, and marine worms. These burrowing invertebrates — especially sediment feeders |
continually turn over the deposited material.
< Visiting animals from land, sea and fresh water use the estuary for feeding, breeding, spawn- |
ing and as nurseries for their young. Food is abundant and easy to access because of the
shallow water attracting many types of birds includipg gulls, ducks and wading birds. |
Importance of Estuaries: ' L. o R S
# Estuaries provide us with a suite of resources, Habitats associated with. estuaries in-
benefits; and setvices. | clude salt marshes, mangrove forests, f
# Estuaries provide places for recreational activi- | mud flats, tidal streams, rogky intertidal .,
ties, scientific study, and aesthefic enjoyment. | shores, reefs, and barrier beaches.
# Thousands of species
of birds, mammals,
fish, and other wildlife
depend on estuarine
habitats as places to
live, feed, and repro- 1
duce. And many ma-
rine otrganisms, includ-
ing most commercially-
important species of
fish, depend on estuar-
ies’ at some point dur-
ing their development.
# Because they are bio-
logically  productive,
estuaries provide ideal
areas for migratory
- birds to rest and re-fuel
during their fong jour-
neys. , : : .
# They maintain water quality through natural filtration as microbes break down organic matter

and sediments bind pollutants. Weilands that fringe many estuaries also have other valuable
functions. Water draining from the land carries sediments, nutrients, and'zﬂmﬁr pollutants. Much
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of the sediments and pollutants are filtered out as the water flows through these fringing
marshes. This creates cleaner and clearer water, which benefits both people and marine life,
Wetland soils and plants like mangroves, sea grasses and reeds also act as a natural buffer be-
tween the land and ocean, absorbing floodwaters from land and storm surges from the ocean.
Salt marsh grasses and other estuarine plants also help prevent erosion and stabilize shore-
lines.

Estuarine Habitats

‘.
A B
A wmﬁ“ '

P ¢

¢

ing

A rich array of habitats surrounds estuaries. The type of habitat is usually determined by lg(he
local geology and climate. '

Salt Marshes

Salt marshes are a mosaic of snaking channels called tidal creeks
high tides and drain during low tides. Salt marshes are covered

halophytes, like salt hay,

| Adaptations to life in the estuary

| * Mangrove trees and bilue crabs are some of the estuarine species

that have adapted to unique environmental conditions. In almost alf
estuaries the salinity of the water changes constantly over the tidal
cycle. To survive in these conditions, plants ad animals living in es-
fuaries must be able to respond quickly to drastic changes in salin-
ity.

Plants and animals that can tolerate only slight changes in salinity
are’ called Stenohaline. These organisms usually live in either
freshwater or saltwater environments. Most stenohaline organisms
cannot tolerate the rapid changes in safinity that occurs during each
tidal cycle im an estuary.

Plants and animals that can tolerate a wide range of salinities are
called Euryhaline. These are the plants and animals most often
found in the brackish waters of estuaries. There are far fewer eury-

4

that fill with seawater dl}r-
with salt-tolerant plants, or
black rush, and smooth cordgrass. Salt marshes are salty because they

are flooded by sea-
water every day. They
are marshy because
their ground is com-
posed of peat. Be-
cause salt marshes
are waterlogged and
contain lots of de-
composing plant ma-
terial, oxygen levels in
the peat are ex-
tremely low—a condi-
tion called hypoxia.
Hypoxia promotes the
growth of bacteria
which produce the
rotten-egg smell that

haline than stenohaline organisms because it requires a lot of en- T ributed o
ergy ta adaptyo constantly changing salinities. Organisms that can marshes and  mud
do this are rare and special. Some organisms have evolved special Mats. .

physical stryctures to cope with changing safinity. The smooth
cordgrass found in salt marshes, for example, has special filters on
fts roots to remove salts from the water it absorbs. This plant also

expels excess salt through its leaves. '

Unlike plants, which typically live their whole lives rooted to one
spot, many animals that live in estuaries must change their behav-
four according to the surrounding waters' safinily in order to survive,
Oysters and blue crabs are good examples of animals that do this.

Disturbances to Es-
tuarles

¢ ; Estuaries are
fragile  ecosystems
that are very suscep-
lible to disturbances.
Natural disturbances
are caused by the

forces of -_riature, while 'anthropdgenic disturbances are caused by people. Natural disturbances in-

clude winds, tidal currents, waves, and ice. Anthropogenic disturbances include pollution, coastal
development, and the introduction ot non-native species to an area.

Natural Disturbances

Anthropogenic Disturbances ’

N

+ The most prominent natural disturbance Is
.___the continual pounding of ocean waves.
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Waves can also dislodge plants and ani- |
mals, or bury them with sediments, while
objects carried by the water can crush
them. Large storms are especially destruc-
tive to estuaries. Iy

A common disturbance to estuaries in npn
tropical regions is winter ice. ce can fregze
on an estuary's shoreline, or float freely in
the water. When slabs of free-floating ice
make contact with the shore, they have a
scouring effect, dislodging and killing the |
plants and shoreline animals that lie in thelr
path. When sheets of ice form on the shore,
especially in salt marshes, they can trap
plants and grass stalks inside them.

Another natural disturbance in salt marshes |
is the burial of vegetation by rafts of dead |
floating plant material, called wrack. Wracks
can be quite large—up to hundreds of
square meters, and up to 30 cm thick. The

spring high tides often move these wracks |

into the high marsh, where they become |

ing. damming or dredging. These activities |
result in the immediate destruction and toss
of estuarine habitats.

Estuarine areas are seriously degraded by
poliution. People have historically viewed

estuaries and waterways as places io dis- |.

card the dnwanted by-products of civiliza-

tion. Pollution is probably the most impor-

tant threat to water quality in estuaries.

Poor water quality affects-most gstuarine

organisms, including commercially impor- |

tant fish and shellfish.

The pollutants that have the greatest impact |
on the health of estuaries include toxic sub- |
stances like chemicals and heavy metals, |
nutrient pollution {or eutrophication), and |

pathogens such as bacteria or viruses.

Another, less widely discussed human- |
fcaused disturbance is the introduction of |

non-native or invasive species info estua-
rine environments.

+
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MANGROVES
Mangrove for-
ests or Mangals grow
at tropical and sub-
tropical latitudes near
the equator where the
sea surface tempera-
tures never fall below
16°C. Mangroves lie
in about two-thirds of
the coastlines in tropi-
cabareas of the world.
There are
about 80 species of
mangrove trees, ail of
which grow in hypoxic
{oxygen poor) soils
where  slow-moving

| = X

A unique mix of marine and terrestrial species lives in Mangrove eco-

systems. The still, sheltered waters among the mangrove roots provide |

protective breeding, feeding, and nursery areas for snapper, tarpon,
oysters, crabs, shrimp and other species important to commercial and
recreational fisheries. Herons, brown pelicans, and spoonbills all make

their nests in the upper branches of mangrove treef. Mangrove trees |
have become specialized to survive in the extreme conditions of estuar- :
ies. Two key adaptations they have are the ability to survive in water- |

logged and anoxic {no oxygen) soil, and the ability t_o tolerate brackish
waters. All mangrove species have laterally spreadm roots with at-
tached vertical anchor roots. These roots are very shallow. Because the

soit in shallow areas of mangrave forests is typically floodéd during high |

tides, many species of mangrove trees have aerial roblg, caﬂéd pneu-

matophores that take up oxygen from the air for the roots. Some spe- |
cies also have prop roots or stilt roots extending from the trunk or other

roots that help them withstand the destructive action of tides, waves,
and storm surges.

g el

PR

waters allow fine sediments to accumulate). Many mangrove forests can be recognized by their
dense tangle of prop roots that make the trees appear to be standmg on stilts above the water. This -
tangle of roots helps to slow the movement of tidal waters, causing even more sediments to settle

out of the water and build up the muddy boitom. Mangrove forests stabilize the coastiine, reducing |
erosion from storm surges, currents, waves and tides.
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Just like the high and low areas of salt marshes where specific types of grass.esi ére found,

Where a species of mangrove tree exists de
and the availability of nutrients. Generaily,

Mangroves have distinct zones characterized by the species of mangrove tree that grows there.
pends on its talerance for tidal flooding, soil salinity,
there are three dominant species of mangrove trees. The

Many mangrove trees also have a unigue method of reproduction. In--
stead of forming seeds that fall to the soil below and begin growing, man-
grove seeds begin growing while still attached 1o the parent plant. These
seedlings, called Propaguies, even grow Foots. After a period of growth,
these seediings drop to the water below and float upright until they reach
water that is shallow enough for their roofs to take hold in the mud.

red mangrove (Rhizophora
Mangle) colonizes the sea-
ward side of the Mangrove,
so it receives the greatdst
amount of tidal flooding.
Further inland and at a

slightly highep* elevation,

black mangroves (Avicennia Germinanas) grow. The zone in which black mangrove trees are found

is only shallowly flooded during hi
wood trees (Conocarpus Erectus)
parts of the Mangrove. The zone where white mangrove and

fl

ooded by tidal waters.

Threats to Mangrove ecosystem

Large demographic pressure is exerting tre- .

mendous stress on the coastal environment. The main
culprit in the destruction of mangroves is man. fo
achieve harmful supremacy over nature, human have

' Which one of the fol- |
| sequence of ecosys- |

| decreasing  productiv-
| ity? (UPSC 2013)

- grasslands, mangroves

- (b) Mangrates, oceans,
| grasslands, lakes |
- {¢) Mangroves, grass-

| (d) Oceans, man-
| groves, lakes, grass-
lands !‘

lowing is the correct |

fems in the order of

(@) Oceans, lakes,

lands, lakes, oceans »,

 from 'e_nte,fing the mangr

| them. Land

destroyed this magnificent |
ecosystem almost irrepara-,

bly. Land reclamations and
industrial effluents are the

major causes of mangroves |
Systematic |
| dumping of all kinds of
in the |

degradation,

waste and debris
mangrove areas destroys

and industrial effluents are

groves degradation.
waste/debris creates a bar-

rier preventing the sea water |
oves and eventually kills the

mangroves. In many instances, this is done intention- |« Potential source for recreation and |

ally to reclaim {and for construction activity. There is an

urgent need to stop this systematic degradation of .

mangroves. To summarise, major threats are:
Land reclamations for construction activity, aqua-
culture, agriculture, tourism

#

#

#
#

Industrial and domestic pollution, Port development |

Dumping of all kinds of waste and debris
Deforestation for fuel wood, Over harvesting of marine resources

45

, & Nnon-mangrove species, face

reclamations |

| Importance of Mangroves
* Stabilize the coastline, reducing ero-

. waves, and tides.

asters and as protector of shorelines.
variety of marine animals.

birds and even mammals fike tigers.

|* Good source of timber, fuel and fodder.
shoreline communitiés like fisherfolk.
diminishing.

pollutants inthe air. ¢ , 4
tourism.

also makes these forests attractive to

and shelter from predators.

« Buffer Zone between the land and sea. |
sion from storm surges, currents, |

* Play an invaluable role as nature's |
shield against cyclonas, ecological dis- |

* Breeding and nursery grounds for a |

* Harbour a variety of life forms like in- |
| vertebrates, fish, amphibians, reptiles, |

* Main source of incgme generation for |

the major causes of man. |* Save the marine diversity, which is fast

s | Purify the water by “{absorbing impuri- |

ties and harmful heayy metals and help

us to breathe a clean aifby absorbing |
Sy - b

¢ The intricate root system of mangroves |

- fish and other organisms seeking food |

gh tides. White mangrove (Laguncutaria Racemosa) and button-
infand and dominate the highest
buttonwoaod trees grow is almost never
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MANGROVES IN INDIA

Mangrove in India is
world famous for its rich variety
of flora and fauna and also for
its huge area. The Sundarbans
comprise the principal portion of
Mangrove in India. The. Sundar-
ban mangroves occupy a huge
area followed by the Andaman-
Nicobar Islands and Guif of
Kachchh in Gujarat. Compared
to the Sunderbans, the rest of
the mangrove ecosystems are
comparatively smaller. The
Mangrove in India is home to a
large number of over 1600 plant
and 3700 animal species. Man-
grove in India is found in tropical
and sub-tropical tidal areas, and
in the areas that have a high
degree of salinify.

Mangrove in findia in-
cludes numerous species that
helps maintaining the balance of
ecosystem ‘in India. There are
several places where Mangrove
In India is found including the
Godavari-Krishna and Sundar-
bans. Mangrove occurs on is-
lands in the Indian Ocean, Ara- é
bian Sea, Bay of Bengal, in India and the Sundarbans is considered as the targest mangrove forest.
in the world. Sunderbans is located in the Ganges delta in the state of West Bengal, India. Apart
from that, major' mangals can also be found in the Andaman and Nicobar Islands and the Gulf of
Kutch in Gujarat. Some of the other significant mangals found in India, incluffe the Bhitarkanika
Mangroves and Godavari-Krishna mangroves. The second largest mangrove forgs't in the world, the
Pichavaram Mangrove Forest is situated near Chidambaram in South India and it is-lome to a large
variety of birds, The birds include the local resident, migratory resident and the pqrej.miqgétory birds
and the forest is separated from the Bay of Bengal by a lovely beach. It is also ofe of those rare
mangrove forests, which has actually increased by 90% between the years of 1986 and 2002.

Sunderban Mangrove Delta Complex

Sundarbans, a cluster of 102 miracle islands, form the fargest mangrove deita complex on
the globe in the estuarine phase of the Ganges and Brahmaputra Rivers, constitute a unique Bio-
sphere Reserve in the coastal Bay of Bengal and host landmark ancient heritage of mythological
and historical events bestowed with wide bio-diversity of mangrove flora and fauna, magnificent
scenic beauty and natural resources of immense scientific, anthropological and archaeological in-
terests. This region is one of the world’s most remotely challenged geographical regions with a
poputation density of more than 1100 person per sq. km. "Sunderban® literally means "beautifut jun-
gle or forest” in Bengali language. The name Sundarbans may also have been derived from the
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Sundati trees that are omnipresent in Sundarbans. Other possible explanations can be a derivation

from “Samudra Ban" (Sea Forest) or “Chandra-bandhe*

generally accepted view is altributed to Sundari trees.

Bhitarkanika Mangroves
Bhitarkanika Mangroves

located in the state of QOdisha.
Bhitarkanika is created by the
two river deltas of Brahmani and
Baitarani River and one-of the
important Ramsar Wetland in In-

dia. It is also home of salt-water |
crocediles and nesting beach |

olive ridley sea turtle.
Godavari-Krishna Mangroves
The Godavari-Krishna

mangroves lies in the delta of the |
Godavari and Krishna rivers in |

the state of Andhra Pradesh.

Mangroves ecoregion is under -
protection far Calimere Wildlife |

and Pulicat Lake Bird Sanctuary.
Pichavaram Mangroves
Pichavaram mangrove is

one ofthe largest mangrove in |

India, situated at Pichavaram

near Chidambaram in the state of |

Tamil Nadu. Pichavaram ranks

among ohe of the most exquisite |
scenic spots in Tamil Nadu and |

home of many species of aquatic
birds. ' i
Baratang Island Mangroves

: Baratang
groves is a swamp, located at

{name of a primitive tribe). However, the

is lnd:{’s second largest forest, |

Island Man- |

Great Andaman and Nicabar Islands.

MANGROVES FOR THE FUTURE (MFF)

Mangroves for the Future (MFF) is a unique multi- country, multi sectoral, partner- led initia-
tive which builds on the long history of coastal management interventions and lessons learned dur-
ing the course of post- tsunami reconstruction and rehabilitation. The initiative is founded on a vi-

sion for a more healthy, prosperous and secures future for all |
the ecosystems are conserved and managed sustainably and seeks to promote invest-

where all

' Rank | States/U | Mangrove | Mangrove areas
1Ts | grove-
| ‘coger 1
E & {(Sd. km) ¥
1. West  [2097 | Sunderbans g
~ Bengal | - . B _
2.  Gujarat | 1103 | Guif of Kutdhh, Gulf of
_ | | Khambhat Ry
3. |A and N{604 | North Andamans, Nicobar
Islands [
4. | Andhra | 352 Coringa, East Godavari,
| Pradesh 7 | Krishna _
5. | Odisha | 213 | Bhitarkanika,  Mahanadi, |
| ‘ | Subarnarekha, Devi- |
/ Kauda, Dhamra, Mangrove
| Genetic Resources Centre,
7 | 4 | Chilka J 7 |
| 6. | Ma- 186  Achra- Ratnagiri, Devgarh- |
| harashtra | Vijaydurg, Veldur, Kan- |
|  dalika-Revdanda, Mumbra-
‘ Diva, Vikhroli, Shreevard- |
| han, -Vaitarna, Vasai- |
- M‘onori,_Malvan |
7. | Tamil 39 Pichavaram, Muthupet,
) Nadu _ Hamn'!_ad, Pu_licat, Kaznuvgli |
8.  Goa {22 | Goa . . )
9. |Kerala |6 Vembanad, Kannur |
'10.  [Kama- |3  Coonpur, Dakshin Kan-
' taka ' nada/ ‘Hannavar, Karwar, |
Mangalore Forest Division
_ . P _

ndian Ocean Coastal communities,

ment and action in.ecosystem conservation for sustainable coastal development. Co-chaired by
IUCN and UNDP, MFF provides a platform for collaboration among the many different agencies,
sectors and countries which are addressing-challenges to coastal ecosystem and livelihood issues.
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MFF is covering, initially, six Tsunami affected countries namely India, Indonesia, Maldives, Sey-
chelles, Sri Lanka and Thailand. Recently it has expanded to include Bangladesh, Cambodia,
Myanmar, Pakistan and Viet Nam. India’has agreed to participate in the MFF Initiative.

Mangroves for the Future have two objectives:

1. The MFF grants facility offers smail, medium 4nd large grants to .support initiatives that provide
practical, hands-on demonstrations of effective coastal management in action. ] 4

2. MFF addresses priorities for long-term sustainable coastal ecosystem management which in-
clude, among others: climate change adaptation and mitigation, disaster risk reduction, promo- |
tion of ecosystem health, development of sustainable [ivelihoods, and active engagement of the '
private sector in developing sustainable business practices.

The emphasis is on generating knowledge, em-
powering local communities and advocating for policy
solutions that will support best practice in integrated
coastal management. The initiative seeks fo effect de-
monstrable changes and results across four key areas *® .
of influence: regional cooperation, national programme | #¢ Wetlands. Each country manages its
support, private sector engagement and community ac- | °%® MFF programme through a National
tion using a strategy of generating knowledge, empow- | Coerdinating Body which includes repre-
ering institutions and people to use that knowledge andy | Senfation from government, NGOs and the

tive, but MFF is inclusive of all types of
coastal ecosystem, such as coral reefs, es-
tuaries, lagoons, sandy beaches, seagrasses

thereby promoting good governance in coastal areas. | Private sector. ]
WETLANDS INTERNATIONAL (W) | With reference to a conservation organization called

Abouf Wetlands International | Wetlands International’, which of the following
| statements is/are cormect?
Earlier known as the International . ) ] N .
Wildfowl! Inquiry, Wi began as part of the Brit- | o Mhisan mter-goverr!mental f)rga-mz-atlom g
ish Section of the International Committee of by the countries which are signatories to Ramsar.

—=

X : . " Convention, !
Bird Preservation, with a focus on protecting el .
water birds. In 1954, its name became Inter- | & ft w?;ks ﬁlt ;_he ﬁdg levelm dmr_s{og s ’fmbl'

~ national Waterfowl & Wetlands Research Bu- | 12 Xnowle f_ge’ba“ “se]!_t e pfactical experience
reau (IWRB) and its scope expanded to in- to atlvocate for better policies. '

clude the protection df wetland areas. We Select the comect answer using the code given be-
were based at the Museum of Natural History | loW:

in Londan, followed by the Tour du Valat in the | (@) 1 only

Camargue (France until 1968, and then the | (b} 2 only P

Wildfowl Trust in Slimbridge (UK) until 1995. | (c) Both I and2 PRy |
Organisations with similar objectives emerged | (d) Neither 1 nor2 ” Sofiition (b) |
in Asia and the Americas: the Asian Wetland ol '
Bureau (AWB) was initiated as INTERWADER in 1983, and Wetlands for the Americas (WA)
formed in 1989. These three organisations started to work closely together in 1991. This working
relationship evolved into a single global organization which adopted the name Wetlands Interna-
tional and established its headquarters in the Netherlands in 1996.

.Objectives
To sustain and restore wetlands, their resources and biodiversity by
» Knowledge, Policy and Praclice ¢ Connecting the local to the global
* Empowering local communities »  Working for the fong-term
* Strategic partnerships " IR
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MARINE ECOSYSTEMS

They are divided between coral reefs and
oceans. Oceans represent the lafgest and most di-
verse of the ecosystems. These cover almost 75% of
the earth’s surface and have enormous igpact on
planet's climate. Marine ecosystems have salt con-
centration of approximately 3%. The evaporation of
seawater provides most rainfall across the planet.
Ocean temperatures affect wind patterns, distribution
of energy to land via ocean currents. These supply
substantial portion of world's oxygen through photo-
synthesis by marine algae and photosynthetic bacte- 7
ria. Marine ecosystems also consume huge amounts of atmospheric carbon dioxide through photo-
synthesis by marine algae and photosynthetic M :

bacteria. Marine organisms are not distributed
evenly throughout the oceans. Variations in char-
acteristics of the marine environment create dif-
ferent habitats and influence what types of organ-
isms will inhabit them. The availability of light, wa-
ter depth, proximity to land, and topegraphic com7
plexity all affect marine habitats.

Primary productivity in marine ecosystems
is limited by light and nutrients. However, light is
the first variable to control primary production in
oceans. Since, solar radiation can only pene-
trate fo a certain depth; more than 50% of so-

1. The area of inky darkness, which occu- |
pies the great bulk of the ocean, is called |

the Aphotic zone.

2. The illuminated region above it is called

the Photic zone, within which are distin- |

guished the euphotic and Disphotic zone.

3. The Euphotic zone is the layer closer to.

the surface that receives enough light for
photosynthesis to occur.

L3

4. Beneath lies the Disphotic zone, which is |

illuminated but so poorly that rates of respi-

lar radiation is absorbed in first meter of wa-
ter. Even in "clear" water, only 5-10% of radia- g
tion reaches depth of 20 m. Since light is primary variable limiting primary production, we would
expect production to increase along a gradient from the poles to the equator, but that is not the
case and there is no such gradient. There are parts of the ocean in tropics’and subtropics thaf ex-
hibit low primary production. These are due to poor availability of nutrients. Nutrients more than fight

limit primary productivity in different geographic regions of the ocean. ) ‘
The light plays a very vital part in the existence of marine ecosysiéms. The availability of

ration exceed those of photosynthesis.

S VAJIRAM & RAV _\&

light affects which organisms can inhabit a certain area of a marine ecosystem. The greater the ,

depth of the water, the less fight can penetrate until below a certain depth theréis np light whatso-
ever. ' ) ; £ e

The actual depth of these zones depends on local conditions of cloud cover, water furbidity,
and ocean surface. In general, the euphotic zone can extend to depths of 80 to 100 metres and the
Disphotic zone to depihs of 80 to 700 metres. Marine organisms are particularly abundant in the
Photic zone, especially the euphotic portion; however, many organisms inhabit the aphotic zone
and migrate vertically to the photic zone every night. Other organisms, such as the tripod fish and

- some species of sea cucumbers and brittle stars, remain in darkness alt their fives.

Marine environments can be characterized broadly as
1. Waler, or pelagic environment
2. Bottom, or benthic environment.
Within the pelagic environment the waters are divided into the:
49 .
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> Neritic province, which includes the water above the continental shelf.
»  Oceanic province, which includes all the open waters beyond the continental shelf.
The high nutrient levels of the neritic province—resulting from dissolved materials in riverine
runoff—distinguish this province from the oceanic. The upper portion of both the neritic and oceanic

waters—the Epipelagic zone is whare photosynfheSIS oceurs; it is roughly equivalent to the photic ]
zone. Below this zone lie the mesdpelagic, ranging between 200 and 1,000 metres, the bathypey)

rilin:
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lagic, from 1,000 to 4,000 metres, and the Abyssopelagic, which encompasses the c’jeeﬁest parts of
the oceans from 4,000 metres to the recesses of the deep-sea trenches.

- The benthic environment also is divided into different zones:
» The Supralittoral is above the high-tide mark and is usually not under water..

» The intertidal or littoral zone ranges from the high-tide mark (the maximum elevation of the
tide) ta the shallow, offshore waters.

» The Sublittoral is the environment beyond the Iow-tlde mark and is often used fo refer fo
substrata of the continental shelf, which reaches depths of between 150 and 300 meres.
Sediments of the continental shelf that influence marine organisms generally originate from

the land, particularly in the form of riverine runoff, and include clay, silt, and sand. Beyond the con-
tinental shelf is the Bathyat zone, which occurs at depths of 150 to 4,000 metres and includes the
K0 -

This document is available free of charge on g stUdocu

Downloaded by Amit Sharma (amimudgaleo@gmail.com)



https://www.studocu.com/in?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=environment-and-ecology

== == = VAJIRAM & RAV] ===

descending continental slope and rise. The Abyssal (between 4,000 and 6,000 metres) represents
a substantial portion of the oceans. The deepest region of the oceans (greater than 6,000 metres) is
the Hadal Zone of the deep-sea trenthes. Sediments of the deep sea primarily originate from a rain

of dead marine organisms and their wastes.
Marine biota

{
Marine biota can be classified broadly into those organisms [iving in either the pelagic envj-
ronment {plankton and nekton) or the benthic environment (benthos) Some organisms, howeve,
are benthic in one stage of life and pelagic in another. Producers that synthesize organic moleculds
exist in both environments. Single-celled or multi-celled plankton with photosynthetic pigments ate
the praducers of the photic zone in the pelagic environment. Typical benthic producers.are Microal-
gae (e.g., diatoms), Macroalgae (e.g., the kelp Macrocystispyrifera), or sea grass (e.g., Zostera).

L]

Plankton

Benthos

These are the numerous, primarily micro-
scopic inhabitants of the pelagic environment.

They are critical components of food chains in |

all matine environments in the article on
community ecology) because they provide
nutrition for the nekton (e.g., crustaceans,

| fish, and squid) and benthos (e.g., sea squirts
| and sponges). They also exert a global effect
{ on the biosphere because the balance of
| components of the Earth’s atmosphere de-
pends to a great extent on the photosynthetic
 activities of some plankton. The plankton in-

clude a wide variety of organisms such as |

 algae, bacteria, protozoans, the larvae of
| some animals, and crustaceans. Plankton |

can be brbadly divided into Phytoplankton,

which are plants or plant fike protists (protists |
are eukaryotic, predominantly single-celled

bacteria. Phytoplanktons carry out photosyn-
thesis and are the producers of the marine
community; zooplanktons are the heterotro- |
phic consumers.

| organisms}; zeoplahkton, which are animals |
| or animal-like profists; and microbes such as |

Nekton
Nektons are the active
swimmers of the

oceans and are often

the best-known organ- |

isms of marine waters.
Nekfons are the top|
predators in most ma- |

rine food chains of the |

community  ecology.
The vast majority of |
nektons are verte-
brates (e.g., fishes,
reptiles, and mam-
mals), molluscs, and
crustaceans. Nektons

| are found at all depths

and iatitudes of marine
waters. Whales, pen-
guins, seals, and ice-

fish abound in polar
waters. Nektons form |
the basis of important |

| world.:

fisheries around the |

abundant in

nental shelf and in

| deeper waters, with a

 great diversity found in
or on sediments. In

‘seagrass provide a rich
 habitat for polychaete
worms, " crustacedns

and within intertidal
sediments most animal

strofigly by the state of
the tide. On many sedis
ments in the photic
zongy however, the only
photos.ynthenc

benthlc dlatdms
b“

L ¢

These organisms are
surface
sediments of the conti- |

shallow waters, beds of |

activities are influenced |

(e.g., amphipods), and |
fishes. On the surface of {

organ- {
isms? are microscopic |

Organisms of the deep-sea vents

Deep-sea hydrothermal vents are a non-photosynthetic source of organic carbon available
to organisms. A diversity of deep-sea organisms including mussels, large bivalve clams, and vesti-
mentiferan worms are supported by bacteria that oxidize sulphur {(sulphide) and derive chemical
energy from the reaction. These organisms are referred to as chemoautotrophic, or chemosyn-
thetic, as opposed to photosynthetic, organisms. Many of the species in the vent fauna have devel-
oped symbiotic relationships with chemoautotrophic bacterla, and as a consequence the

megafauna are principally responsible for the primary production in the vent assemb‘!agg.
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Coral reefs are the most diverse of | Coral Reefs in India are found in - Andaman
all marine ecosystems. They teem with life, | & Nicobar Islands, Lakshadweep Istands, Gulf
with perhaps one quarter of all ocean spe- of Kutch (Guj'arat) and Glﬂlf Of Mannar (Tamll
cies depending on reefs for food and shel- |/ Nadu). Most of these are Fringing Reefs,
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Corals are related to sea anemones, and they all share the same simple structure, the
polyp. The polyp is like a tin can open at just one end: the open end has a mdd,th surrounded by a
ring of tentacles. The tentacles have stinging cells, called nematocysts that alloy the coral polyp to
capture small organisms that swim too close. Inside the body of the polyp are.digestive and repro-
ductive tissues. Corals differ from sea anemones in their production of a minerak skelaion. Shallow
water corals that live in warm water often have another source of food, the Zooxanthellfae. These
single-celled algae photosynthesize and pass some of the food they make from the sun’s energy to
their hosts, and in exchange the coral animal gives nutrients to the algae. It is this relationship
(symbiotic relationship) that allows shallow water corals to grow fast enough to build the enormeus
structures we call reefs. The Zooxanthellae also provide much of the colour that corals have.

Corals themselves are tiny animals which belong to the group Cnidaria. Other Cnidarians
include hydras, jellyfish, and sea anemones. Corals are sessile animals, meaning they are not mo-
bile but stay fixed in one place. They feed by reaching.out with tentacles to catch prey such as
small fish and planktonic animals. Corals live in colonies consisting of many individuals, each of
which is called polyp. They secrete a hard calcium carbonate skeleton, which serves as a uniform
base or substrate for the colony. The skeleton also provides protection, as the polyps can contract

]
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into the structure if predators approach. It is these hard skeletat structure that build up coral reefs
over time. The calcium carbonate Is secreted at the base of the polyps, so the living coral colony
occurs at the surface of the skeletal structure, completely covering it. Calcium carbonate is continu-
ously deposited by the living colony, adding to the size of the structure. Growth of these structures
, varies greatly, depending on the species of cgral and environmental conditions-- ranging from 0.3 to
f 10 cm per year. Different species of coral build structures of various sizes and shapes ("brain cor-
jals,” “fan corals,” etc.), creating amazing diversity and compléxity in the coral reef ecosystem. Vari-
ous coral species tend to be segregated into charactetistic zones on a reef, separated out by com-
petition with other species and by environmental conditions. L

Because the Zooxanthellae?epend on light for photosynthesis, reef building corals are
found in shallow, clear water where light can penetrate down to the coral polyps. Reef building caral
communities also require tropical or sub-tropical temperatures, and exist globally in a band 30 de-

I, o
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grees north to 30 degrees south of the equator. Reefs are generally classified in three types:
1. Fringing reefs, the most common type, project seaward directly from the shores of islands

or continents.

2. Barrier reefs are platforms separated from the adjacent land by a bay or lagoon. The long-
est barrier reefs oceur off the coasts of Australia and Belize.

3. Atolls rest on the tops of submerged volcanoes. They are usually circular or oval with a cen-
tral lagoon. Parts of the atoll may emerge ds islands. Over 300 atolls are found in the south

Pacific. .
Coral reefs provide habitats

for a large variety of organisms. |
These drganisms rely on corals as a

source of food and shelter. Besides

the cofals themselves and their sym- |
biotic algae, other creatures that call |

coral reefs home include various
sponges; molluscs such as sea slugs,

nudibranchs, oysters, and clams; |
crustaceans like crabs and shrimp; |

many kinds of sga worms; echino-
derms like star fish and sea urchins;

other cnidarians such as jellyfish and |
seaanemones, various types of fungi;

$ea turlfés; and many species of fish.
Threats to Coral Reefs
The greatest threats to reefs

are rising water temperatures and .

ocean acidification linked to rising
carbon dioxide levels. High water
temperatures cause corals to lose the

-microscopic algae that produce the |
food corals need—a condition known |
as coral bleaching. Severe or pro- |
longed bleaching can kill coral colo- |
nies or leave them vulnerable o other

threats. Mearwhile, ocean acidifica-

-

P

Importance of Coral Reefs:

Protect shorelines from big waves by absotb-

ing wave energy N
Provide a safe place for fish to spawn (release
eggs into the water)

Provide habitats for a large variety of organisms |

and hence contain staggering biodiversity. |
Provide food (fish and shellfish) for many peo- |
ple living along coastlines »
Source of medication—some anti-cancer
drugs and painkillers come;,-from reefs help in

the carbon cycle. ! |

Are a good sign of ocean water’ quality: healthy |
reefs means heailthy water.

Coral reefs are beautiful and iﬂtninsé?:'%lly full of |
wonder, thereby being an extraordinary tour- |

ism and recreational place. ]
Coral associated bacteria, such as the photo- |
synthetic cyanobacteria, are one of the few |
marine organisms that are able to fix atmos- |
pheric Nitrogen into more absorptive form.

Coral reefs play an important role in the supply
of sediments or sands to beaches :

The skeletal composition of some coral species
can provide historical accounts of local and re-
gional environmental conditions. —
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tion means more acidic seawater, which makes it more difficult for corals to build their calcium car-
bonate skeletons. And if acidification gets severe enough, it could even break apart the existing
skeletons that already provide the strudiure for reefs.

Unfortunately, warming and more acid seas are not the only threats to coral reefs. Pollution,
overfishing, destructive fishing practices using dynamite or cyanide, collecting five corals for the
aquarium market and mining coral for building materials are some of the many ways that people
damage reefs all around the world every day. invasive species ¢an also threaten coral reefs. Coral
reefs also are affected by leaking fuels, anti-fouling paints and coatings, and other chemicals thatl ;
enter the water Petroleum spills do not alvifays appear fo affect corals direclly because the oil usu¢ ‘
ally-stays near the surface of the water, and much of it evaporates into the atmosphere within days. &
However, if an oil spill occurs while corais are spawning, the eggs and sperm can be damaged as
they float near the surface befare they fertilize and settle. So, in addition to compromising water
quality, oil pollution can disrupt the reproductive success of corals, fmaking them vulnerable to other
types of disturbances. Even activities that take place far from reefs can have an impact. Runoff from

lawns, sewage,
cities, and farms Clean water: Corals are sensitive to pollution and sediments. Sediment can

feeds algae that create cloudy water and be depo_sited on cprals. blocking out the sun and
e e I harming the polyps. V\!astewater discharged into the ocean near the reef can
s, contain too many nutrients that cause seaweeds to overgrow the reef.

= . | Saltwater: Corals need saltwatey to survive and require a certain balance in
nee .hastens §0|I the ratio of salt to water. This is why corals don't live in-areas where rivers
erosion,  Which | geain fresh water into the acean (estuaries”)

clouds water— —

smothering corals.
Coral Bledching

“Coral bleachingis the loss of
endosymbiofic algae from the coral,
either through expulsion or loss of algal 5
pigmentation.”

“Coral bleaching" occurs when
coral polyps lose their symbiotic algae, |
the zooxanthellas.. Without their
zooxanthellae, the fiving tissues are .
nearly transparent, and you can see
right through to the stony skeleton,

What Do Coral Reefs Need to Survive?

> Suslight: Corals need to grow in shallow water’
where sunlight can reach them. Corals rarely de-
velop in water deeper than 165 feet (S0 meters).
Clear water: Corals need clear water that lets
sumlight through; they don’t thrive well when the
water is opaque. Sediment and plankton can cloud
water, which decreases the amount of sunlight that |
reaches the Zooxanthellae.

Warm water temperature: Reef-building corals re-
quire warm water conditions to! survive. Corals
which is white, Hence the name coral generally live in water temperaturgs of 20-32° C

bleaching. Many different kinds of - b i
stressors can cause coral bleaching — water that is too cold or too hot, too much brdoo ‘Httle light, or
the dilution of seawater by lots of fresh water can all cause coral bleaching. The biggest cause of
bleaching today has been rising temperatures caused by global warming. Temperatures more than
a degree C above the normal seasonal maximum can cause bleaching. Bleached corals do not die
right away, but if temperatures are very hot or are too warm for a long time, corals either die from
starvation or disease.

Protecting Coral Reefs

Coral reefs are some of the most biologically rich and economically valuable ecosystems on
Earth. They provide food, jobs, income, and protection to billions of people worldwide. However,
coral reefs and the magnificent creatures that call them home are in danger of disappearing if ac- i.
tions are not taken to protect them. They are threatened by an increasing range of impacts Includ-

|
L1
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ing pollution, invasive species, diseases, bleaching, and global climate change. The rapid decline
and loss of these valuable, ancient, and complex ecosystems have significant social, economic,
and environmental consequences in the United States and around the world.

There is much that we can do locally to protect coral reefs, by making sure there is a healthy
fish community and that the water surround- ¢, : ) '

ing the reefs is clean. Well-protected reefs |

today typically have much heéaithier coral

populations, and are more resilient (better |

able to recover from natural disasters such

as typhoons and hurricanes).Fish play im- |

portant roles on coral reefs, particularly the
fish that eat seaweeds and keep them from
smothering corals, which grow more slowly
than the seaweeds. Fish also eat the preda-
tors of corals, such as crown of thorns star-

fish. Marine Protected areas (MPAs) are

an imporiant too! for keeping reefs healthy.
Large MPAs protect the Great Barrier Reef,

Australia created the largest marine reserve

network in the world. Smaller ones, man-
aged by local communities, have been very
successful in developing countries.

Clean water is also important. Ero- |

sion on land causes rivers to dump mud on
reefs, smothering and killing corals. Sea-
water with too many nutrients speeds up the

for predators of corals when they are devel-

The Internatienal Coral Reef Initiative (ICRI) i

lnternatior}? Coral Reef {nitiative iICRI) |
an informal partnership between Nations and

organizations which strives to preserve coral |
reefs and related ecosystems around the world, |
The Initiative is an informal group whose deci- |

sions are not binding on its members, its actiong

| have been pivotalin continuing to highlight glob-

ally the importance of coral reefs and related
ecosystems to environmental sustainability, food

security and social and cultural wellbeing. The |

work of ICRI is regularly acknowledged in United
Nations documents, highlighting the initiative's |
important cooperation, collaboration and advo-
cacy role within the international arena.

| ICRI's objectives are to:
1. Encourage the adoption of best practice in {
sustainable management of coral reefs and 1

assoctated ecosystems
2. Build capacity
3

. Raise awareness at all levels on the plighf of |

coral reefs around the world.

growth of seaweeds and increases the food | [CRI adopted a ‘Call to Action"-and a ‘Framework |

for Action’ as Its foundational documents. Both

' documents set the four cornerstones of ICR!:

oping asarvae in the plankton. Clean water | |yieqrated Management;  Science: Capacity
depends an careful use of the land, avoiding Building and Review. { '
too many fertilizers and erosion caused by - - —
deforestation and gertain construction practices. In the long run, however, the future of coral reefs
will depend on reducing catbon dioxide in the atmosphere, which is increasing rapidly due to burn-
ing of fossil fuels. Carbon dioxide is both warming the ocean, resulting in coral bleaching, and
changing the chemistry of the ocean, causing ocean acidification. Both making it harder for corals to
build their skeletons. v

Conservation and Management of Mangroves and Coral ReefsinIndia ' / #

> Indian Government seeks to protect, sustain and augment mangroves and coral reef in the
country by both regulatory and promotional measures. Under the regulatory measures, the
Coastal Regulation Zone (CRZ) Notification (2011) and the Island Protection Zone (IPZ) Notiti-
cation 2011 regulates the development activities along the Sea coast and tidal influenced water
bodies. The mangroves and coral reefs areas are categorized as ecological sensitive areas
(CRZ-I) where no new constructions are permitted except projects relating to Department of
Atomic Energy; pipelines, conveying systems including transmission lines; instaltation of
weather radar for monitoring of cyclones movement and prediction by Indian Meteorological
Department and construction of trans harbour sea link and without affecting the tidal flow of wa-
ter. To enforce and implement the CRZ and IPZ Notifications, the Ministry of Environment and
Forests has constiluted the National and State/UT level Coastal Zore r!\{lanagemem Authorities

R&
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» Zoological Survey of India has been undertaking studies on the serious threat to coral colonies ' I

only of Palk Bay continuously for more than a decade. Study initfated in 2010-11, monitoring as-

sessments for which were carried out in 2013 confirm that there is reduction in the live coral
cover and increase in rubbles, Ber T b e e
Bl St P AL g -

macro-algae and calcareous al-
gae which indicate cantinuing
degradation of these re%js.- 2

» The Ministry of Enviroiment &
Forests also provides financiaf
assistance to Coastal
States/Union Territories, who so
request, under its Centrally
Sponsored Scheme for conser-
vation and management of
mangroves and coral reef. In
addition Coral reef is included in
Schedule I of the Wild Life Pro-
tection Act, 1972 which affords
it the highest degree of protec-
tion. Further Protected Areas, |-aiegor
viz.4 National Parks, 96 Sanc- [HASR&s

i ) .‘-"q Y ‘, ]
tuaries and 3 Marine Biosphere ':E,'ﬁff;'@ﬂﬁ.‘.‘.‘%

Resérve have been created all | SRl Y-
over the country under the pro- :
visiohs of the Wild Life (Protec-
tioriy Act, 1972 to conserve ma-
rine life including coral reef. The
Wildlife Crime Control Bureau
has also been set up to
strengthen the enforcement of
law for control of poaching and
illegal trade in wildlife and its
‘products.

About CRZ

CRZ drea now includes
the water area up to 12 nautical
miles in the sea and the entire wa-
ter area of a tidal water body such
as creek, river, estuary, etc. And

nits
& Wl 5

the notification does not impose any restrictions of fishing activities. CRZ is for:

> Protection of livelihoods of traditional fisher communities
> Preservation of coastal ecology

> Promotion of economic activity that have necessarily to be located in coastal regions.

.o in other’

The CRZ notification 2011 enshrines that concept of a Coastal Zone Management Plan

(CZMP). 1t will be prepared with the fullest involvement and participation of local communities.

What is the definition of the No development Zone? The “no development zone" definition has
been changed. 1t is reduced from 200 metres from the higt-tide line to 100 meters only. This has
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been done to meet increased demands of housing of fishing and other traditional coastal communi-
ties. Importance of CRZ Notification India has a fong coastline of 7516 km, ranging from Gujarat to
West Bengal, and two istand archipelédgos {(Andaman Island and Lakshadweep). Our coastat eco-
systems provide protection from natural disasters such as floods and tsunamis to the 250 million
people who live in our coastal areas. Coastal waters provide a source of primary livelihood to 7 mil-
lion households. Our marine ecosystems are a treasure trove of biodiversity, which we are only be- )
ginning to discover and catalogue. Thus, our coastline is both a’precious natural resource and an;,
important economic asset, and we need a robust progressive framework fo regulate our coast. '\’.

What is allowed and what is not allowed in Coastal Zones? Mining of limestone and other simi- '
lar minerals is prohibited in Coastal Regulation Zone (CRZ) area. The Coastal Regulation Zone
(CRZ) Notification, 1991 and the recently issued CRZ Notification, 2011, prohibits the mining of
sand, rocks and other substrata materiat including limestone except rare minerals like, monazite,
rutile etc., and exploitation of oil and natural gas. All activities which are permissible under these
Notifications are required to obtain clearance under these Notifications. Mining of the sand, rocks
and other substrata material is expected to cause damage to the Coastal environment including the
Sea water intrusion.

Norms for Activities
CRZ-{

No new construction shall be permitied in CRZZ | except (a) Projects relating to Department
of Atomic Energy and {b) Pipelines, conveying systems including transmission lines and (c) facilities
that are essential for activities permissible under CRZ-I. Between the LTL and the MTL, activities as
specified under paragraph 2 (xii) may be permitted. In addition, between LTL and HTL in areas
which are not ecologically sensitive and important, the following may be permitted: {a) Exploration
and extraction of Qil and Natural Gas, (b) aclivities as specified under proviso of sub-paragraph (i)
of paragraph 2, and (c) Construction of dispensaries, schools, public rain shelters, community toi-
lets, bridges, roads, jetties, water supply, drainage, sewerage which are required for traditional in-
habitants of the Sunderbans Bio-sphere reserve area, West Bengal, on a case to case basis, by the
West Bengal ?tate Coastal Zone Management Authority.

_ CRZ-I ,

Buildings shall be permitted only on the landward side of the existing road (or roads ap-
proved in the Coastal:Zone Management Plan of the area) or on the landward side of existing
authorised structures, Buildings permitted on the landward side of the existing and proposed
roads/existing authorised structures shall be subject to the existing local Town and Gountry Plan-
ning flegulations in¢luding the existing norms of Floor Space Index/Floor Area Ratio: 2
I. Provided that no permission for construction of buildings shall be given on landward sidle of any

new roads (except roads approved in the Coastal Zone Management Plan) whictare con-
structed on the seaward side of an existing road.
ii. Reconstruction of the authorised buildings to be permitted subject to the existing FSI/FAR norms
and without change in the existing use.
iii. The design and construction of buildings shall be consistent with the surrounding landscape and
local architecturat style.
CRZ-ilt
i. The area upto 200 metres from the High Tide Line is to be earmarked as: No Development
Zone. No construction shall be permitted within this zone except for repairs of existing author-
ised structures not exceeding existing FSI, existing plinth area and existing density, and for
permissible activifies under theotification including facilities essential far SL:ch activities. An au-
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thority designated by the State Government/Union Territory Administration may permit construc-
tion of facilities for water supply, drainage and sewerage for requirements of local inhabi-
tants. However, the following usés may be permissible in this zone: agriculture, horticuiture,
gardens, pastures, parks, play fields, forestry and salt manufacture from sea water.

ii. Development of vacant plots between 200 and 500 metres of High Tide Line in designated ar-
eas of CRZ-lIl with prior approval of Ministry of Environment and Forests (MEF) permitt? for

construction of hotels/beach resarts for temporary occupation of touristsfvisitors subject § the
conditions as stipulated in the guidelines at Annexure-|l. |

iit. Construction/reconstruction of dwetling units between 200 and 500 metres of the High Tide Lh\_e
permitted so long it is within the amibit of traditional rights and customary uses suclyas existing
fishing villages and gaothans. Building permission for such construction/reconstruction will be
subject to the conditions that the total number of dwelling units shall not be more than twice thi
number of existing units; total covered area on all floors shall not exceed 33 percent of the piot
size; the overall height of construction shall not exceed 9 metres and construction shall not be
more than 2 floors ground floor plus one floor. Construction is alfowed for permissible activities
under the notification including facilities essential for such activities. An authority designated by
State Government/Union Territory Administration may permit construction of public rain shelters,
community toilets, water supply, drainage, sewerage, roads and bridges. The said authority may
also permit construction of schools and dispensaries, for local inhabitants of the area, for those
panchayats the major part of which falls within CRZ if no other area is available for construction

of such facilities.

iv. Reconstruction/alterations of an existing authorised building permitted subject to (i) to (i)
above". b

CRZ-IV - ’ 1

Andaman & Nicobar Islands:
i. No new construction of buildings shall be permitted within 200 metres of the HTL;
ii. The buildings between 200 and 500 metres from the High Tide Line shall not have more than 2
floors {ground floor and first floor),the total covered area on all floors shall not be more than 50
o per cent of the plot size and the total height of construction shall not exceed 9 'metres;
iii. The design and construction of buildings shall be consistent with the surrodnding landscape anrd
local architectursl style. .
iv. (a) Corals from the beaches and coastal waters shall not be used for cpstruction and other
purposes..{b)-sand may be used from the beaches and coastal waters, gply for construction

» purpeee uptd the 30" day of September 2002 and thereafter it shall not be 6seg for construction
and other purposes. i by

g HiM
" v. Dredging and underwater blasting in and around coral formations shall not be permitted; and
vi. However, in some of the islands, coastal stretches may also be classified into categories CRZ-|
or 1l or Il with the prior approval of Ministry of Environment and Forests and in such designated
stretches, the appropriate regulations given for respective Categories shall apply.

Lakshadweep and small Islands:

1. For permitting construction of buildings, the distance from the High Tide Line shall be decided
depending on the size of the islands. This shatl be laid down for each island, in consultation with
the experts and with approval of the Ministry of Environment & Forests, keeping in view the land
use requirements for specific purposes vis-a-vis local conditions including hydrological aspects
erosion and ecological sensitivity;
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ii. The buildings within 500 metres from the HTL shalk not have more than 2 floors (ground floor and
1 floor), the total covered area on all floors shall not be more than 50 per cent of the plot size
and the total height of construction shail not exceed 9 metres:

fii. The design and construction of buildings shall be consistent with the surrounding tandscape and
tocal architectural style; {

ij Corals and sand from the beaches and coastal waters shall not be used for construction and d

i other purposes;
- Dredging and underwater blasting in and around coral formations shall not be permitted; and xl i

vi. However, in some of the islands, ceastal stretches may also be classified into categories CRZ-|
or Il or Hil, with the prior approval of Ministry of Environment & Forests and in such désignated _
stretches, the appropriate regulations given for respective Categories shall apply.
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CHAPTER -6
ECOSYSTEM

1. WHAT IS AN ECOSYSTEM? {

"Ecosystem is a system, or a group of interconnected
elements, formed by the interaction of a community of organ-
isms with their environment.”

The word Ecosystem was coined by an English

—etologist Sir Arthur George Tansley in 1935. ‘Eco’ in Ecosys-
tem has been derived from Oikos, meaning ‘house’ or habita-

Overview
_ 1. Definition.

1.1 Structure of an Ecosystem '

2. Functions of an ecosystem
3. Ecological niche and habitat
4, Ecological successior

tion in Greek. Ecosystem is referred fo the systems involving the habitation of local flora and fauna:
[t is a subset of Biosphere, wherein various species, their populations and communities interact with
each other along with non-living things like land, sunlight, wind, humidity to name a few, called as
abiotic elements, whereas, the living things are called as biotic elements. These biotic and abiotic
elements continuously preduce and exchange materials. The interaction between them involves

input, transfer and storage of energy and nutrients. However,
as a result of these complex processes, the components of
ecosystem tend to attain a state of equilibrium therepy becom-
ing self-sustaining and controlled by limiting factors. The study
of ecosystems mainly consists of the study of certain proc-
esses that link the living, or biotic, components to the non-
living, or abiotic, components. Energy transformations and
biogeochémical cycling are the main processes that comprise
the field of ecosystem ecology. As we learned earlier, ecology
generally is defined as the interactions of organisms with one
another and with the environment in which they occur. We can
study ecology at the level of the individual, the population, the
communityf and the ecosystem. Studies of individuals are con-
cermned mostly about physiology, reproduction, development or
behaviour, and studies of populations usually focus on the habi-
tat and resource neads of individual species, their group behav-
iours, population growth, and what limits their abundance or
causes extinction, Studies of communities examine how popu-
Iatloné of, manyi species interact with one another, such as
predators and their prey, or competitors that share common
needs or resources. In ecosystem ecology we put alf of this to-
gether and, insofar as we can, we try to understand how the
system operates as a whole. This means that, rather than wor-
rying mainly about particular species, we try to focus on major
functional aspects of the system. These functional aspects in-
clude such things as the amount of energy that is produced by

» Each ecosystem has spe-
¢ific and recognisable
landscapes, such as de-
sert, forest, wetlands and
so on. The ecosystem has

community of plants and
evalved out of evolution.

of ecosystems - a pond, a
forest, gn estuary, grass-
land. *

» The boundaries are not

seem obyibus, as with the
shoreline ofia small pond.
Usually the poupidaries of
an ecosystem are’ chosen

the particutar study:

localised favourable con- |
ditions that support a |

animals having  been |

» There are many examples |

fixed in any objective way, |
althoughf sometimes they |

for practical reasons hav- | :
ing to do with the goals of |

photosynthesis, how energy or materials flow along the many steps in a food chain, or what controls
the rate of decomposition of materials or the rate at which nutrients are recycled in the system.

1.1 STRUCTURE OF AN ECOSYSTEM

Components that make up are the structural aspects of an ecosystem and it includes Inor-
ganic aspects [lke Oxygen, Nitrogen, Water; Organic Compounds like Protein, Carbohydrates, Lip-
ids; Physical factors fike temperature, pressure, humidity; Braditcers; Micro-'(l)onsumers and so on.
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Abiotic Components
The way in
which plants and ani-
mals grow and carry out
their different activities
is a result of several
abiotic factors. These
factors are light, tem-
perature, water, atmos-
pheric .gases, wind as
well as soil (edaphic)
and physiographic {na-
ture of land surface)

Ecn#ys_tem
i

{ ; |
Abiotie Components Biatic Cotiponents
! |

1 { =7 1
Edaphic Tdmm Cansuters Decomposers

I
Chmatic
. Or. or or
 Auttotrophs  Heterotrophs Saplrotrophs

] T
ol
ph
Minerols

o
Rain

Light
Wind

] ralure Topograph
factors. U e
- Temperature ‘ ' :
e The distributi Primary  Secondary Tertiary  Qualernary
. © Is!" uthn. Consumers Consitiners  Constuners  Congumers
of plants and animals is
greatly influenced by g er or ol
Herbivores  Primary Large Ownivores

extremes in tempera-
ture for instance the
warm seasorn. The oc-
currence or  non-

occurrence of frost is a particularly important determinant of plant di

/ Carnivores  Carnivores

Schematic Representation of the Structure of an Ecosystem, |

stribution since many plants

cannot prevent their tissues from freezing or survive the freezing and thawing processes. The fol-
lowing are examples of temperature effects with ecosystems: .

3

« The opening of the flowers of various plants during the day and night is often due to tempera-

ture difference between the day and night;

The seed of some planis (biennials) normally germinate in the spring or summer; this phenome-
non is well observed in carrots and is called vernalisation.

Some fruit trees such as the peach require a cold period each year so that itjca‘n blossom in the
spring; .
Deciduous trees Io%e their leaves in winter and enter into a state of dormancy, where the buds
are covered for protection against the cold; 4y ;
The seeds of many plants, e.g. Peach and plum, must be exposed to a cold}period before they
germinate; this chilling- ensures that seeds don't germinate during autumd, byt after winter,

i

when the seedlings have better chances to survive; . e

In animals, a distinction is made between ectothermic (“cold-blooded" or Poikifothermlc) animals
and endothermic (“warm-blooded" or Homothermic) animals although the difference is not clear
cut;

in desert conditions are a greater temperature variation between day and night and organisms

- have distinct periods of activity, for e.g. Many cacii flower at night and are pollinated by noctur-

nal insects;

Seasonal changes have also a great influence on animal life in an ecosysteny: torpor _in winter is
common in rebtiles and some mammals in South Africa, but a winter sleep oocurs in bears of
the northern hefmisphere; some animais collect fat or other resources during favourable periods
(often summer and autumn) and become dormant {this is called Hibernation), there are also
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animals that are dormant during warm and dry conditions and this is known as Aestivation; ex-

amples of such animals are snails and the African fung-fish;

+ Seasonal movements occur in some animals; this phenomenon is called seasonal migration,

examples of such animals are migratory locusts, bulterflies and various marine animals fike

whales, penguins and marine turtfes.
Light

Light energy (sunlight) is -the pri-
mary source of energy in nparly all ecosys-
tems. It is the energy that is used by green
plants {which contain chiorophyll) during
the process of photosynthesis; a process
during which plants manufacture organic

substances by combining inorganic sub- |

stances. Visible light is of the greatest im-
portance to plants because it is necessary
for photosynthesis. Factors such as quality
of light, intensity of light and the length of

the light period (day length) play an impor- |
| santhemum sp.), the poinsettia (Euphorbia pul- |
cherrimg) and the thorn-apple (Datura stramo- |

tant part in an ecosystem.
Quality of light (wavelength or col-

our) - Plants absorb blue and red light dur- |

ing photosynthesis. In terrestrial ecosys-
tems the quality of light does not change

much. In aquatic ecosystems, the quality of
light can be a limiting factor. Both blue and

red light are absorbed and as a result do
not penetrate deeply into the water. To
compensate for this, some algae have ad-

other colourd as well.

‘ Light intensity ("strength” of light) -
The intensity of the light that reaches the

earth varies according to the latitude and | €
| ment; stems demonstrate positii/é phototrepism |
| i.e. they came towards the light whéti they grow.
sunlight during the period between the 21st |

season of the year. The southern hemi-
sphere receives less than 12 hours of

March and the 23rd of September, but Te-
ceives more than 12 hours of sunlight dur-
ing the following six months.

Light requirements of plants differ |
and as a result distinct layers, or stratifica- |
| on the intensity of light stimulation, and not the

tion, can be observed in an ecosystem.

» Plants which grow well in bright
sunlight are called Heliophytes.

> Plants which grow well in shady condi-
tions are known as Sciophytes.

R . ea Y A 4 m b

| Ddy length (length of the light period) - Certain |
plants flower only during certain times of the year. |

One of the reasons for this is that these plants are

- able to "measure” the tength of the night (dark pe- |
| riods). However, it was thought that it is the day |

length’ (light periods) to which plants reactéd and |

this phenomenon was termed Photoperiodism.
| Photoperiodism can be defined as the relative

physiology and behaviour of an organism.

Short-day Plants - These plants flower only if f

they experience nights which are longer than a
certain critical length. The chrysanthemum (Chry-

nium) are examples of short day plants.
Long-day plants - These plants flower if they ex-
perience nights which are shorter than a certain
critical length. Spinach, wheat, barley, clover and
radish are examples of long plants.

lengths of daylight and darkness that affect the

- Day-neutral plants - The flowering of day-neutral ]

plants is not influenced by night length. The to- |

| mato (Lycopersicon esculeutum) and the maize
ditional pigments which are able to absorb |

plant (Zea mays) are examples of day-neutral

1 plants. ‘
| Phototropism - It is the directional growth of

plants in response to light where the direction of
the stimulus determines the direction of move-

Phototaxis — It is the movement of the whole or-
ganism in response to a unilateral fjghtySource,
where the stimulus determines the direction of
movement.

Photokinesis — It is the variation in intensity of
locomotory activity of animals which is dependent

direction, is called photokinesis.
Photonasty - It is the movement of parts of a

plant in response to a light source, but the direc- |

. tion of the stimulus does not determine the direc-

| tion of the movement of the plant.

s
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Water .
) ) Bused upon the water requirements plants
: Habitats qf an.upaais and Ipiants vary | o olas sified as: |
widely from aquatic environments {0 the dry de- A
serts. Water is essential for life and all the biotic | [ydrophytes: These are planis A
components of the ecosystem are directly ge- | i water e.g. water-lilies and rushes. {
pendent on water for survival. s Mesophytes: These are plants with f
Land animals are prone to desiccation average water requirements e.g. roses,
and these animals show various types of adapta- sweet peas. .'1 |
tions to this. Some of the adaptations seen in |e Xerophytes: These are planis which grow’
terrestrial animals are: in dry environments where they gften A
« Body covering which limits loss of water. experience a shortage of water e.g. cacti
« Some animals have sweat glands which and other succulents. )

are used as cooling devices.
« Ths tissues of some animals like camel are tolerant to water loss.
« Some insects are said to absorb water from the water vapour directly from the atmosphere.
Atmospheric Gases
Atmospheric gases like oxygen, nitrogen and carbon dioxide are imperative for the survival
of flora and fauna of this planet. In addition to ke?ping the planet warm by greenhouse gas effect,
they are vital as seen by following: .
% All organisms require oxygen for respiration. _ NI
& Carbon dioxide is used by green piants to make food by the process of photosynthesis.

O

% Nitfogen is necessary for all plants and atmospheric nitrogen is fixed by nitrogen fixing bgcteria
_ through the action of lightening.
Soll (edaphic factors)

These factors include soil texture, soil air, soil temperature, soil water, soil solution and pH,
together with soil organisms and decaying matter.

% Soil'Texture - The size of soil particles varies from microscopic particles called clay to larger
particles called sand. Loam sail is a mixture of sand and clay particles. $andy soils are suitable
for growing plants because they are well aerated, excess water drains away quickly, they warm
up quickly during the day and is easy to cultivate. Sandy soils is unsuitable because they do not
retain much water and soon dry out and contain few soil nutrients required for plant growth. Clay
soils arg stitable for plant growth because they hold large quantities of water and are rich in
mineral nutrients. They are unsuitable in that they are badly aerated,” soon becomes water-
logged and is difficult to cultivate; it also cold during winter. Loam soils possessidesirable prop-
erfies of both sand and clay - it has a high water retaining capacity, good 4eratien; and good nu-
trient content and is easily cultivated.

& Soil air - Soil air is found in those spaces between the soil particles that are not filled with soil
water. The amount of air in a soil depends on how firmly the soil is compacted. in well-aerated
soil at least 20% of its volume is made up of air.

< Soil temperature - Soil temperature is an important ecological factor. It has been found that the
temperature of soit below a depth ‘of about 30cm is almost constant during the day but seasonal
temperature differences do occur. At low temperature there is little decay by decay-causing mi-
cro-organisms. ) .

< Soil water - Soil water can be classified into three types, namely hygroscopic, capillary and
gravitational water~Hygroscopic water occurs as a thin film of water around each soll particle.
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Capillary water is that water held in the small spaces between the soil particles and gravitational
water is the water which drains downwards through the soil.

Soil solution - Soil solution is the decaying remains of plants and animals, together with animal

\/
e

excretory products and faeces, form humus. .
This increases the fertility of the soi. fl $0P09rai;]hy ( Ph}tflfloglra%hic facto Ls )

% PH - Acidity or alkalinity of soil {the pH of the | °PoJraPhY 15 e ‘andscape shapes
soil) influences the biological activity in soil and | Which is determined by the aspecty of

ot o — - slopes and elevations. Topography glves
the availability of certain minerals. Thus the pH avariety to the ecosystems. For example,

of soil has a greater influence on the growth and the grassland topography is varied Jike
development of plants. Some plants e.g. Azal- | s “prairies, cliffs, low lying areas elc.,
eas, Ericas, ferns and many Protea species | which gives variability to life forms.
grow best in acid soils ( soils with a pH below 7), | The aspect of the direction of the land
while Lucerne and many xerophytes grow better | facing also varies as the land facing
in alkaline soils (soils with a pH above 7). towards the south or the sun are hotter
Climate and drier than areas in the north, which
are away from the sun.
Slope of on areas is also important as
water may run downhill and may soak in

Climate of a region includes the average
rainfall, temperature and the patterns of winds that
occur. Climate is one of the most important abiotic ground which makes it available for
factors of an ecqsystem. plants. The areas in the southem part with
# Temperature of an area and the precipitation | slopes will be much hotter and drier than

factor determines whether the region is grass- | the northern areas with slopes.*
land or a forest.

# The rai'nfalf an area receives influenees the productivity of the area and the types of pfants.
# For example: The climate in a grassland ecosystem is dry and hot during the spring and sum-
mer and is cool and cold during the winter. (;-Th T d Tk d 1
W . ..+ Organic — These are compounds made
# Prempttgtuon in winter is snow ratl:ler than rain | up of Carbon and Hydrogen, such as
fall. During summers, more water is evaporated

i Proteins, Carbohydrates, Lipids, d .
from the grasslands making the region deficient | HLomet;:SSubstE:ar:geg e[g FhmuBlS: and
of moisture. : i

. Inorganic - Compounds, suci as Carbon, ;
Materials i Carbon Dioxide, water, Sulphur, nitrates, .
There ought to be some material present in | Phosphates and ions of various metals |
the ecosystem to contribute wherever necessary. | Gome under this category. | |
Biotic Components * i

Biotic means living and biotic factors are the other, living parts of the ecosyste;nqwithijwmch
an organism must interact. The biotic factors with which an organism interacts depend orf whether it
is a producer, a consumer, or a decomposer. Their classification can be shown as folfows -
Producers

Producers are also known as Autotrophs, or self-feeders. Producers manufacture the or-
ganic compounds that they use as sources of energy and nutrients. Most producers are green
plants or algae that make organic compounds through photosynthesis. This process begins when
sunlight.is absorbed by chlorophyll and other pigments in the plant. The plants use energy from

sunlight to combine carbon dioxide from the atmosphere with water from the soil to make carbohy--

drates, starches, and cellulose. This process converts.the energy of sunlight into energy stored in
chemical bonds with oxygen as a by-product. This stored energy is the direct or indirect source of
energy for all organisms in the ecosystem.

A
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A few producers, including specialized bacteria, can extract inorganic compounds from the
environment and convert them to organic nutrients in the absence of sunlight. This process is called
chemosynthesis. In some places on the floor of the deep ocean where sunfight can never reach,
hydrothermal vents pour out boiling hot water suffused with hydrogen sulphide gas. Specialized
bacteria use the heat to convert this mixture ifito the nutrients they need.

Consumers

Only producers can make their own
composers. The producers are the source

}

h
food. They also provide food for the consumers and/de-
of the energy that drives the entire ecosystem. Organ-

/ Primary consumers - All the herbivorous animals like
rodents, cow, el-ephants, deer, goats etc, which directly

\ isms that get their energy by
feeding on otffer organisms

| consume the plants are called pri-mary consumers, Among | are called Heterotroph. The

primary con-sumers. Herbivorous ani
animals, because all other animal's

the aquatic animals, certain kinds of Fish, Crusta-ceans, | living components of ‘the
Molluscs etc. which survive on phytoplankion are also | ecosystem which depend on

mals are key industry

life is dependent on producers for their nutrition

are called consumers. All the

A _these primary consumers.

animals and certain plants

are included in this category.

animals as well as plants. Sparrow,

h . P .
Secondary consumers - Carnivorous and omnivorous There are different types of
animals belong to this category. These anirpais predate on consumers.
herbivorous animals. Omnivorous animals eat herbivorous

Crow, Fox, Wolyes, | Detritus

Cat, Dogs, Snakes etc. beiong to this category. Bome consumers

4

“4 feed on living plants and

organisms. Lions, Tigers, Vultures
;-4 tertiary consumers.

Tertiary consumers - They are striclly carnivorous animals
that prey upon carnivores, herbivores, and omnivorods | dead plant and animal mat-

\' animals. Others, called De-
trivores, get their energy from

etc. are regarded at

ter, called Detritus. They are
4 also called Saprotrophs. The

50T

—= Detrivores are further divided

into detritus feeders and decomposers.

/

+

| Daiius fepdera. o Y i il Recomposeis i bl ) ol e
| Detritus feeders acduire the nutients they {-T ;«_ re also elled transformers ey trans
' AT . s A S = e R ] S e
 need from.:partially decompased: organic ﬁ CcompoUnds.
{ matter-foundlin shed animal fissues, plant |:pounas hiytic
litter, dead bodies of plants and animals, | categ Act
{ and animal waste products.:Some exam- {and animals and d
ples of detritus feeders inclide various | stage = ese i -furn canibetused &
species of beetles, various-species of [theiriexistence -and photosyntiietic activity, 2
| ants, eathworms, and fermites | compoSers oecupy @ pi place” ‘ﬁ:—'s 1
-. ‘as they indireotly support fhie producers. 1 5

Scavenger

Scavenging is a feeding behaviour
plant matter. Scavengers are the animals
ecosystem as they contribute to the deco
responsible for completing the progess. Sc

in which an animal feeds on either dead animal or dead
with scavenging habits. Scavengers' role is vital for the
mposition, while decomposers and detritus feeders are
avengers do not spend energy to kill their prey, but they

sense the smell of food on which they can feed. Vultures, Burying beetle, Raccoons, Jackals, and:

A
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animal scavengers. Termites and
earthworms are good examples for
plant scavengers.

While the scavengers act on

the dead animals and plants, they

break them in to small pieces of or-
ganic materials. Thus, scavengers
start the decomposing process. In
addition, big helpers for the decom-
position process are the scavengers,
while detritus feeders are the small
helpers.

Parasites

Plants and animals that infect
other living components of the eco-
system and survive on them are re-

garded as parasites. Various types of fungi, bacteria and a few flowering plants are parasitic. Sev-
eral pratozoans, insects and nematodes are also parasitjc.

Phagotrophs and Osmotrophs
The heterotraphs

A ]
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Jthyth ou animais .

are hagotrop r consumers. There are some creatures called ‘Osmotrophs” which se-
crete digestive enzymes on their food that helps to break it down to tiny parts which they absorb.
The distinction between ‘phagotrophs’ and ‘osmotrophs’ is that the former eat their food directly,
latter convert their food into simple components (solution) and then absorb.

Humans are one of the few organisms that can control how the other biotic factors affect
them. Humans are omnivores, consuming both producers and other consumers. Humans can also
adjust the length of the food chain as needed. For example, humans who must deal with shortages
of food resources usually alter their eating habits to be closer to the energy source. This is some-
times called eating tower on the food chain. Sirfce approximately 90 percent of the energy available
at each level of the food chain is lost to the next higher level, shortening the food chain saves en-
ergy and uses food more efficiently. y :

Humans are also biotic factors in ecosystems. Other organisms are affected by human ac-

tions, often in adverse ways. We compete with some organisms for resources, prey on other organ-
isms, and alter the environment of still athers.

2. FUNCTIONS OF AN ECOSYSTEM
./ Ecosystems are complex dynamic system. They perform certain functions. These are:-

1. Energy flow through food chain .{
2. Nutrient cycling (biogeochemical cycles) .
3. Ecologibal succession or ecosystem development B '
4. Homeostasis (or cybernetic) or feedback control mechanisms
ENERGY FLOW g

Ecosystems maintain themselves by cycling energy and nutrients dbtained from external
solirces. At the first trophic level, primary producers (plants, algae, and eome pacteria) use solar
energy to produce organic plant material through photosynthesis. Herbivores—animals that feed
solely on plants—make up the second trophic level. Predators that eat herbivores comprise the
third trophic level; if larger predators are present, they represent still higher trophic levels. Organ-
isms that feed at several trophic levels (for example, hawk that eats snake) are classified at the
highest of the trophic levels at which they feed. Decomposers, which include bacteria, fungi,
moulds, worms, and insects, break down wastes and dead organisms and return nutrients to the
soil. On an average, about 10 percent of net energy production at one trophic level is passed on to
the néxt tevel.

How? -
1). Processes that reduce the energy transferred between trophic levels include respiration, growth
and reproduction, defecation, and non-predatory death (organisms ﬂthz‘xt die but are not eaten by
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consumers). The nutritional quality of materlal that is consumed also influences how efficiently en-
ergy is transferred, because consumers can convert high-quality food sources into new living tissue
more efficiently than low-quality food sources.

2). The low rate of energy transfer between trophic levels makes decomposers generally more im-
portant than producers in terms of energy flow. Deéomposers process large amounts of organic
materials and return nugrients to the ecosystem in inorganic forms, which are then taken up again
by primary producers. L%nergy is not recycled during decomposition, but rather is released, mostly
as heat

An ecosystem's Gross Primary Productivity (GPP) is the total amount of organic matter hat
it produces through photosynthesis. Net Primary Productivity (NPP) describes the amount of energy
that remains available for plant growth after subtracting the fraction that plants use for respiration.
Productivity in land ecosystems generally rises with temperature up to about 30°C, after which it
declines, and is positively correlated with moisture. On fand primary productivity thus is highest in
warm, wet zones in the tropics where tropical forest biomes are located. In contrast, desert scrub
ecosystems have the lowest productivity because their climates are extremely hot and dry.

In the oceans, light and nutrients are important controlling factors for productivity.
penetrates — re, oL P e = o

only into the
uppermost
level of the
oceans, so
photosynthe- _
sis occurs in JEEs
“surface  and
near-surface .
waters. Ma-
rine  primary
productivity is
high near
caastlines and
othér areas
where upwell-
"ing brings nu-
trients to the
surface, , pro-
' moting plank-

R

As

light

-

= . S
C e s Net Primary Productivity (grams Carhon per m2 per year
unoff  from — ™
land is also a ‘ p
source of nu- ] 200 400 600 800

trients in es- ] 3 N = Eri T S
tuaries and along the continental shelves. Among aquatic ecosystems, algal beds and coral reefs
have the highest net primary production, white the lowest rates occur in the open due to a lack of
nutrients in the illuminated surface layers

Growth rates may also be a facior. Phytoplanktons are extremely small but grow very rap-
idly, so they support large Ppopulations of trerbivores even though there may be fewer algae than
herbivores at any given moment. In contrast, land plants may take years to reach malurity, sa an
average carbon atom spends a longer-tesidesce time at the primary producer level pn fand than it
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does in a marine “ecosystem. In addition, locomotion costs are generally higher for terrestrial organ-
isms compared to those in aquatic environments.

The simplest way to describe the flux of energy through ecosystems is as a food chain in
which energy passes from one trophic * .« o ek e i e e ks f AR
level to the next, without factoring in G NI TReN : __._77‘.5,"‘-";7;;5‘-?&:{'{'
more complex relationships. between ¥ iien - 37 e -
individual species. Some very simple
ecosystems may consist of a food B e alll It | _
chain with only a few trophic leveis SR e e
Trophic Level TR

Trophic levels are the feeding =
position in a food chain such as pri- '
mary producers, herbivore, primary
carnivore, etc. Green plants form the
first trophic level, the producers. Her-
bivores form the second trophic level,
while carnivores form the third and
even the fourth trophic levels. The tro-
phic level interaction involves following
three concepts —

1. Food Chain
2. Food Web
3. Ecological Pyramids

How many trophic levels ca_an ecosystem support?. -~~~ e
_The answer depends on severz aotars, including tiie amount of energy entering the ecosys-
tem; energy !t::sg;_izmwﬂar_ﬁtmi??ﬂ%& rm, strictire, and physiolog) isms &
each level. At higher trophic fevels, predators generally are physically larger and are able'to Gtil-
ize a(ractiﬂn of the energy that was produced at the level beneaththern,?ﬂha}rhave to forage
over increasingly large areas to meet their c oriciRsedsiiT T SR :
Because of these energy Josses, most terrestial ‘ecosystems have no iy
levels, and marine ecosystems generally. have no more than seven. T
terrestrial and marine ecosystems Is likely. duie fo differences in the fund
‘of land and marine primary.oraanisms. In marine ecosystems,
fios out most of the photosynthesis fhat occurs, whileplants do most

vels, and the form, structure, and physiology of organisms al

0re than five traphic
5 diference betwaon

Phytoptankton are small organisms with extre

 produciion is consumed and “sed for'e

et R T 0 T e TR et ,".

lants produge, :stic roots; trunks, and

£ st 0L = 2. NSOVOIES 1ar 1ood, soiproportionatelyil 5 ol the energy fixed

through pﬁmary-'pmtiucﬁm‘__ré!rauel's’-yp.—'!h’e:fuud._c':h_air_’xa:_..; e T ey i L, T

Food chain

A food chain is the sequence of who eats whom in a biological community (an ecosystem) to
obtain nutrition. Alternatively, it is a sequence of organisms that feed on one another. The idea to
apply the food chains to ecology and to analyse its consequences was first proposed by Charles
Elton. A food chain starts with the primary energy source, usually the sun. The next link in the chain
is an organism that makes its own food from the primary energy source. For example photosyn-
thetic plants that make their own food from sunlight by photosynthesis and chemosynthetic bacteria
that make their food energy from chemicals in hydrothermat vents. Thede are called autotrophs or
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primaty producers. Next come organisms that eat the autotrophs; these organisms are called

herbivores or primary consumers. For ex-
ample a grasshopper that eats grass. The
next link in the chain is animals that eat
herbivores, called secondary consumers.
For example a frog or rat that eat grass-
hoppers. In turn, these animals are eaten
by larger predators, called tertiary con-
sumers. For example a snake that eats
rats. The tertiary consumers are eaten by
quaternary consumers. For example a
hawk that eats: snakes. Each food chain
ends with a top predator and animal with
no natural enemies (like an alligator,
hawk, or polar bear). The arrows in a food
chain show the flow of energy, from the
sun or hydrothermal vent to a top preda-
tor. As the energy flows from organism to
organism, energy is lost at each step.
Some organisms' position in the
food chain can vary as their diet differs.
For examplé, when a bear eats berries,
the bear isfunctioning as a primary con-
sumer. When a bear eats a plant-eating
rodent, the-bear is functioning as a secon-
dary consumer. When the bear eats
salmon, the bear is functioning as a terti-
ary consumey, (this is because salmon is a
secondary o'onsumer since salmon eat

| A terrastrial food chain

Phytoplankton

A marine food chain |

Similarly, humans
have similar place
in Food Chain.
Food web

Trophic
levels .in an eco-
system are not lin-
ear rather they are
interconnected and
make a food web.
All of the intercon-
nected and over-
lapping food

" herring that eat zooplankton that eat phytoplankton that make their own ene"gy from sun!ight)

The Chain begihs with detrivores

‘| > Energy comes from the remains
) of dead organic matters

| > {tconsists of sub-soil organisms
» Food chain is smaller in size

> Dead Bodies> Bacteria> Mol-
luscs> Fish

(decomposers) 4 fisst trophic >
level Py et 1P

chains in an eco-

system make up a food web. A food web consists of alf the food chains in a single ecosystern Each
living thing in an ecosystem is part of multiple food chains. Food web is an important ecological
concept. Basically, food web represents feeding relationships within a community. It also implies the
transfer of food energy from its source in plants through herbivores to carnjyores. Narmally, foud
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webs consist of a number of food chains meshed together. Food web offers an important tool for '
investigating the ecological intetactions that define energy flows and predator-prey relationship.
Most feed webs
are  complex

and involve
many species
with both strong

and weak inter-
actions among_,
them.

Food
web is used to
describe direct
or indirect spe-
cies interac-
tions, to study
bottom-up  or
top-down con-
trol of commu-
nity  structure
and to reveal
different  pat-
terns of energy
transfer in ter-
resirial and
aquatic ecosystems.

ECOLOGICAL PYRAMIDS

fThe concept of ecological pyramid was developed by Charles Elton; these pyramids are
also known as Eltonian pyramids. Ecological pyramids are diagrams that illustrate how ecologically
important factors, such as enetgy, biomass, and popu|at|on size, vary between trophic [evels in an
ecosystem. Traditionally, these diagrams place the primary producers (photosynthetic organisms
such as plants) at the bottom and the highest trophic levels at the top of the diagram. The size of
the portion of the diagram associated with each trophic level illustrates iffe amount of energy, bio-
mass, or nqmber of individuals found in each trophic level. The ecologicalpyramids may be of fol-
lowing three kinds — % |
¢ Pyramid of energy, showing the rate of energy flow and/or productivity jat siiccessive trophic
leveis
¢ Pyramid of numbers, showing the number of individual organisms at each level and
* Pyramid of biomass, showing the total dry weight and other suitable measure of the total
amount of living matter
Pyramid of Energy
The energy pyramid shows how the amount of energy entering each level varies across tro-
phic levels. An energy pyramid's shape shows how the amount of useful energy that enters each

level — chemical energy in the form of food — decreases as it is used by the organisms in that
level.

-Cél& respiration "burns” food to release its energy, and in doing sewproduces ATP, which
carries some of the energy as well as heat, which carries the rest. ATP is then used to fuel count-
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less life processes. The consequence is that even though a lot of energy may be taken in at any
level, the energy that ends up being stored there, which Is the food avallable to the next fevel is far
less. Sclentists have calculated that an average of 90% of the energy entering each step of the food
chain is “lost” this way (although the total
amount in the system remains unchanged).

The consumers at the top of & food
pyramid, as a group, thus have much less en-
ergy available to support them than those
closer to the bottom. That's why their numbers
are relatively few in most communities. Even-
tually, the amount of useful energy left can't
support another level. That's why energy flow is
depicted in the shape of a pyramid. The energy
that enters a community is ultimately lost to the
living world as heat. To sum up -

e The energy pyramid always upright and
erect.

» [t shows the rate of energy flows at different
trophic levels.

* It shows that energy is maximum at pro- /

ducer level and minimum at the carnivores'

tevel. L,

«

.« At every successive trophic level there is a loss of energy in the form of heat, respiratibn etc.
Pyramid of Numbers -

Pyramids of numbers show the relationship between producers, herbivores and carnivores
at successive trophic levels in terms of their number.

In grassiand the
producers, which are
mainly grasses are al-
ways maximum .in
number. This number
then shows a decrease .
towards, apex,.as the
primary consumers
(herbivores) like rab-
bits, mice etc. are
lesser in number than
the grasses; the sec-
ondary gonsumers,
snakes and lizards are
lesser in number than
the rabbits and mice.
Finally, the top (terti-
ary) consumer's hawks
or other birds are least
in number. Thus, the
pyramid becomes

Updght Pyrewids el-Nwmbers {A}in o Gross Land {8) ff o Ppnd

hr iz
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upright.

Similarly, in a pond eco- |=
system the pyramid is upright.” |
Here the producers which are
mainly the Phytoplankton as al-
gae, bacteria etc. are maximum in
number. The herbivores, which’
are smaller fish rotifers etc. are
lesser in number than producers
and the secondary consumers
(carnivores), such as small fish
eating each other, water beetles etc. are lesser in number than the herbivores. Finally, the top (ter-
tiary) consumers, the bigger fish are least in number.

However in a parasitic food chain the pyramids are always inverted. This is due to the fact
that a single plant may support the growth of many herbivares and each herbivore in turn may pro-
vide nutrition to several parasites which support many hyper parasites. Thus, from the producer to-
wards consumers, there is a reverse position, i.e. the number of organisms gradually shows an in-

crease making the pyra- _ _ .
mid inverted in shape. l%\ S Camivore
Actually the pyra- Hyperporosites : SDLL

mids of numbers do not e %
give a true picture of the \‘t ﬁ ® 7
Parasites ,%-

RAVI]

food chain as they are not - e
very functional. They do

not indicate the relative

effects of the 'geometric’, Herblvores
‘food-chain’ and ‘size’ fac-

tors of the organisms.

When plotted the relation-

ships among the number Producers
of producers, primary con-

sumers (herbivares), sec-

ondary consurmers, tertiary - 5
consumers and so on in Inverted ipindte-ghappod
any ecosystem, it forms a Myramid of Numbert /('

pyramidal structure called the pyramid of number. The shape of this pyra(ﬁ‘id varies from ecosystem
to ecosystem. : : "

Pyramid of Biomass

The biomass pyramid shaws how the biomass of living organisms (total dry weight) varies
across trophic levels. This dry weight (biomass) represents the amount of organic matter. They are
comparatively more fundamental instead of geometric factor showing the quantitative relationships.
The shape of the biomass pyramid in any ecosystem depends on a number of factors. If the amount
of biomass in a trophic level depends on the amount of energy entering that trophic level, then, all
else being equal, the biomass pyramid should have the same shape as the energy pyramid. How-
ever, when biomass of primary producers is rapidly removed by herbivores the biomass of primary
consumeérs (herbivores) in an ecosystem at any time may be greater than the biomass of primary
producers (e.g. plants). Thus, the resulting biomass pyramid becomes inverted. The shape of the
biomass pyramid is also influenced by the growth form of the dominant plants in the ecosystem. For
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example, woody plants store biomass that has been accumulated for a number of years so there
might be much more biomass in the primary producer trophic level in ecosystems dominated by
long-lived woody planis {e.g., forests) than in ecosys-
tems dominated by herbaceous plants {e.g., grass-
lands). In grassland and forest, there is generally a
gradual decrease in biomass of organisms at succes?
sive levels from th% producers to the top carnivores,

making the pyramig upright. However, in a pond as
the producers are small organisms, their biomass is
least, and this value gradually shows an increase to-
wards the apex of the pyramid, thus making the
pyramid inverted in shape.

The Trophic Transfer of Toxins

Trophic transfer is the major mechanism for contami-
nant accumulation in organisms higher up in the food
web. Toxins ingested by single-celled organisms are
subse-quently eaten by larger and {arger organisms,
compounding the amount of toxin at each level in

Upright Pyramid of Biomass in a Forest Ecosystem

comparison to the amount of tainted food eaten. This

can further be elaborated as follows: cmue é . f é 2gm/m]

1. Bioaccumulation — Bioaccumulation is the accumu-
lation of contaminants by species in concentrations
that are orders of magnitude higher than in the sur-
rounding environment. Alternatively, Bioaccumula-
tion is the gradual build up over time of a chemical
in a living organism. This accurs either because
the chemical is taken up faster than it can be used,
or because the chemical cannot be broken down
for use by the organism (that is, the chemical can-

“not be metabolized). This can occur through a

number of different routes, such as breathing, eat- ) ,
ing (ingesting), drinking (usually water), or through- Inverted Pyramid of Biomass in a Pond
skin contact. Bloaccumulation need not be a concern if the accumulated compourid is not harm-
ful. Compounds thatare harmful to health, such as Polychlorinated Biphenyl (PGBs), Dioxins,
DDT; mercury etc. ﬁowever can accumulate in living tissues. For example, Minamata disease is
-a neurological syndrome caused by severe mercury poisoning on consumption of flSheS 01 wa-
ter polluted by Mercury.

2. Bioconcentration ~ Bioconcentration is the direct uptake of a substance by a living organism
from the medium (e.g., water) via skin, gills, or lungs and the stibsequent concentration of that
substance within the organism'’s tissues to a level that exceeds ambient environmental concen-
trations. 1t should be noted here that, Bio-concentration does not include the direct eating of
contaminated substances.

3. Biomagnification — Biomagnification refers to the tendency of pollutants to concentrate as they
move from one irophic fevel to the next. Biomagnification is also called Bioamplification. It is in-
crease in concentration of-a pollutant from one link in a food chain to another. In order for Bio-
magnification to oceur, the pollutant must be fong-lived, mabile, soluble in fats, biclogically ac-
tive. ¥ a pollutant is short-lived, it will be broken down before it can become dangerous. If it is
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not mobile, it will stay in one place and is unlikely to be taken up by organisms. If the pollutant is
soluble in water it will be excreted by the organism. Pollutants that dissolve in fats, however,
may be retained for a long time. 1t is traditional to measure the amount of pollutants in fatty tis-
sues of organisms such as fish. In mammals, we often test the milk produced by females, since
the milk has a ot of fat in it and because the very young are often more susceptible to damage
from toxins (poisons). If a pollutant is not active biclogically, it may Biomagnify, but we really
don't worry about it much, sinee it probably won't cause any-problems. ;{?

BIOGEOCHEMICAL CYCLES - The importance of biogeochemical cycles'{ of

Biogeochemical cycles are pathways for | Biogeochemical cycles enable the transfor-: |
the transport and transformation of matter within | mation of matter from one form 16 another. [
four categorical areas that make up planet Earth | For example humans utilize water in liquid

. (biosphere, hydrosphere, lithosphere, and the | form. Through the hydrological cycle, water
atmosphere).Biogeochemical cycles are compo- | vapour is condensed to liquid and ice con-
nents of the broader cycle that govern the func- | verted to fiquid water. |
tioning of planet Earth. The Earth is a system | Biogeochemical cycles enable the transfer of |
open to electromagnetic radiation from the sun | molecules from one locality to another.

and outer space, but is a virtually closed system | Biogeochemical cycles facilitate the storage
with regard to matter, This means that the planet | of elements. Elements carried through the |
has minimal flux of matter, other than meteorite | Diogeochemical cycles are stored in their
collisions and minor amounts of intergalactic par- | fatural reservoirs, and are released to or- |
ticle trapping (or loss) by the upper atmosphere. | 9anisms in small consumable amounts.
Therefore, matter that Earth contained from the Bf'ogsgsc;;;”gsl %dgoﬁss}ts;fn Irilsf?(g;/osrt]:anrg |
time of ifs birth is transformed and circulated | 2 s L
geographically. This is in line with the law of con- that property functions in a state of equifib:

o eih Lot e rium, and whenever any imBalances occlr, |
- servation of matter which states that matter can- } w0 o cosustem through the biogeochemical
not be created nor destroyed but can be trans- -

/ - < a cycles restores to the equilibrium state; this |
formed including the transformation between may take a few days or many years.
matter and energy. | Biogeochemical cycles link biotic and abiotic |
The!transfer of matter involves biological, | elements of an ecosystem by flow on nutri-
geological and chemical processes; hence the | ents. '
name biogeochemical cycles derives. Biogeo- | Biogeochemical cycles regutate the flow of,
chemical cycles may also be referred to as cy- | Substances. Since the biogeochemical cy- {
cles of nature because they link together all or- | cles pass through different spheres, the flow |
ganisms and abiofic features on earth. Matter js | Of elements is regulated because each
contiriually. recyeled among living and abiotic | SPhere has a particular medium and the rate |
X elements on earth. Biogeochemical cycles facili- | &t Which elements flow is determined by the |
tate the transfer of matter from one form to an- | ViSCosity and density of th.e‘mpdug;n- |
other and from one {ocation to another on planet earth. Additionally, biogeochemical cycles are
sometimes called nutrient cycles, because they involve the transfer of compounds that provide nu-
tritional support to living organisms.
Elements transported in the biogeochemiical cycles have been categorized as:

1. Micro elements — these are elements required by living organisms in smailer amounts. Exam-
ples of such elements include boron used mainly by green plants, copper used by some en-.
zymes and molybdenum used by nitrogen-fixing bacteria.

2. Macro elements — these are elements required by living organisms in larger amounts. Examples
of such elements include carbon, hydrogen, oxygen, nitrogen, phosphorous, sulphur.
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Types of Biogeochemical Cycles
On the basis of replacement period, they have been classified under two headings ~
1. Perfect Nutrient Cycle: A perfect nutrient cycle is one in which the nutrients are replaced as fast
as they are used up. Most gaseous cycles are generally considered perfect
2. Imperfect Nutrient Cycle: In this type of Gycle, sdme nufrients are lost from the cycle into the soil
and sediments and become unavailable for immediate cycling i.e., there %re more stages in

which short-term or long-term stagnation occurs. Sedimentary Cycles are cgnsidered imperfect
Nutrient Cycle.

On the basis of pathways or reservoir, Biogeochemical Cycles can be divided into followmg
! two categories —~

1. Gaseous cycles: These involve the transportation of matter through the atmosphere.

2. Sedimentary cycles: These cycles involve the transportation of matter through the ground to
water; that is to say from the lithosphere to the hydrosphere.

Gaseous Cycles

1. Carbon Cycles:

Carbon is the major chemical constituent of most organic matter, from fossil fuels to the
complex molecules (DNA and RNA) that control genetic reproduction in organisms. Yet by weight,
carbon is not one of the most abundant elements within jhe Earth's crust. In fact, the lithosphere is
only 0.032% ‘carbon by welght Carbon is stored on our planet inthe rc:-ltnwmg ma;crr smks -

* As organic §i
molecules inliv- |

| ing and dead '
organisms
found in* the
biosphere;

¢ As the gas car-
bon dioxide in

.. the atmosphere;

*'As organic mat- |
ter in soils;

eIn the litho-
sphere as fossil
fuelg and <eedi-
mentary  rock
deposits  such.
as limestone,
dolomite  and
chalk; and

¢ In the oceans
as  dissolved
atmospheric : .
carbon dioxide and as calcium carbonate shells in marine organisms.

Ecosystems gain most of their carbon dioxide from the atmosphere. A number of autotrophic
organisms have specialized mechanisms that aflow for absorption of this gas into their cells. With
the addition of water and energy from solar radiation, these organisms use photosynthesis to
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chemically convert the carbon dioxide to carbon-based sugar molecules. These molecules can then
be chemically modified by these organisms through the metabaolic addition of other elements to pro-
duce mare complex compounds like prateins, cellulose, and amino acids. Some of the organic mat-
ter produced in plants is passed down to heterotrophic animals through consumption.

» Carbon is released from ecosystems as carlion dioxide gas by the process of Respiration. Res-
piration takes place in both plants and animals and involves the breakdown of carbon-based or-
ganic molecules Into carbon diexide gas and some other compound by-products. The detritug
food chain contains a number of organisms whose primary ecological role is the decompositior
of organic matter into its abiotic components. Another portion of the carbon that flows from thg-
atmosphere te-the biota becomes part of the detritus food chain. Partially decomposed organic'
matter becomes part of the soil carbon storage pool. Eventually, the organic materiaf in the soll
is decomposed to Its constituents, water and carbon dioxide, which return to the atmosphere.
Together with respiration, these flows account for most but not all of the carbon removed from*
the atmosphere by photosynthesis.

» Carbon dioxide enters the waters of the ocean by simple diffusion. Once dissolved in seawater,
the carbon dioxide can remain as is or can be converted into carbonate or bicarbonate. When
Carbon Dioxide enters the ocean, carbonic acid is formed. Certain forms of sea life biologically
fix bicarbonate with calcium to produce calcium carbonate. This substance is used to produce
shells and other hard body parts by organisms such as coral, clams, oysters, some protozoa,
and some algae. When these organisms die, theif shells and body parts sink to the ocean floor
where they accumulate as carbonate-rich deposits. After long periods of time, these deposits
are physically and chemically altered into sedimentary rocks. Ocean deposits,are by far the big-
gest sink of carbon on the planet.

» Carbon is stored in the lithosphere in both inorganic and organic forms. Inorganic deposits, of
carbon in the lithosphere include fossil fuels like coal, oil, and natural gas, oll shale, and car-
bonate-based sed[mentary deposits like limestone. Organic forms of carbon in the llthosphere
include litter, organic matter, and Humic substances found in soils. Some carbon dioxide is re-
leased from the interior of the lithosphere by volcances. Carbon dioxide released by volcanoes
enters the lower lithosphere when carbon-rich sediments and sedimentary rocks are subducted
and partially melted beneath tectonic boundary zones. {

2. Hydrological Cycle (Water Cycle)

The hydrolog?c cycle is a conceptual madel that describes the storage and movement of wa-
ter between the biosphere, atmosphere, ||thosphere and the hydrosphere. Waier on our planet can
be stared in any: one of the following major reservoirs: atmosphere, aceans, !ake rivers, soils, gla-
clers, snowfields! and groundwater. Water moves from one reservoir to another by way of proc-
esses like evaporation, condensation, precipitation, deposition, runoff, infiltration, subhmanon tran-
spiration, melting, and groundwater flow. The oceans supply most of the evaporated water found in
the atmosphere. Of this evaporated water, only 91% of it is returned to the ocean basins by way of
precipitation. The remaining 9% is transported to areas over landmasses where ciimatological fac-
tors induce the formation of precipitation. The resulting imbalance between rates of evaporation and
precipitation over land and ocean is corrected by runcff and groundwater flow to the oceans.

Water is more or less constantly moving and changing from one state to another (solid, lig-
uid, or vapour/gas) while interacting with the physical processes present in the atmosphere, litho-
sphere, and biasphere. These changes and movements of water are linked together in the hydro-
logic cycle. Components of the hydrologic cycle include water vapour and clouds in the almos-
phere, but also include liquid surface waters (oceans, lakes and streams) on continents as well as
groundwater. Other important components of the hydrologic cycle include glacial ice held on conti-
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nents, and water contained in biomass. Plants and animals are about 70% water, by volume. Water
evaporates in enormous quantities from the oceans and then falls as precipitation either on land or
ocean. That portion which falls on land evaporates, is transpired by plants, runs off, or infiltrates by
some measure. Between the various stages of the hydrologic cycle, water moves between tempo-
rary storage areas often called reservoirs. These movements are controlled by climatic conditions,

which include rain, snow, wind, and other meteotblogical processes. Eventually, all water ends up
back in the ocean. ' ' ' d

Various pathways exist in the hydrologic cycle. in non-vegetated systems ‘inter'ception. proc- ,
esses usually do not occur, however, within vegetated systems, precipitation can be intercepted {'
and lost to evaporation. In vegetated systems, s precipitation may reach the ground by stream-
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flow,‘but most oﬁteni reaches the soil by a process called through fall. Precipitation that regches the i
soil surface can then infiltrate and recharge soil waters. : -

From there it can percolate through soil to deeper soil
layers or groundwater supplies. The rate of evaporation
from soils or surface waters (including oceans} can be
influenced by several factors including radiation, tempera-
ture, relative humidity, and wind. Warmer air can hold
more water vapour, thereby generating increased evapo

ration rates. Drier air can accept much more water vapour tervapour.tﬂe;J _ ' eon-
than air that is nearly saturated, and windy conditions denses into droplets of water, form-
generally accelerate evaporation. Transpiration from ing clouds. When the fﬁ'ﬁﬁﬁgﬂﬁm

plants takes place via water loss from the stomata, the
gas exchange organs found on the leaves of plants. The

enough mass, they fall to the
around as rain ar snow
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stomata also acts as an important cooling mechanism for plants by means of latent heat absorbed
and transferred from the planis through evaporationfiranspiration processes. This process is also
that which supplies the tensional forcesnecessary to help draw water into roots from the surround-
ing soil. Transpiration is often lumped with evaporation and is then called evapotranspiration. With
enough energy added, water can be converted directly from a solid (ice) to water vapour. This
process is called sublimation. Sublimation is the result of ice going directly from a solid to water va-
pour without passing through a liquid.state. } .

Water that falls as snow or rain evapotates, sublimates, runs off the ground surface (runoff)

or soaks into the ground (infiltration). Whether the water funs off or infiltrates is controlled by a {*

number of mechanisms including precipitation rate, soi water content, slope and-vegetation. With
increased rates of precipitation, runoff rates tend to increase. In extreme cases, rapid cloutibursts of
precipitation can result in flash floods and potential landslides. Prior to rainfall, the relative amount
of soil water content can dictate the amount of water that soil can hold before saturation. Generally,
more water will infilirate into dry soil than into a wet soil, and more water will run off steeper slopes
than off moderate slopes. The presence of vegetation can counteract this process by holding more
water than the hill slopes would by themselves. Hillsides that have undergone timber harvest or
have been burned will often suffer severely from mudslides and flooding. Runoff processes within
the hydrologic cycle include streamflow and groundwater flow, each of which eventually results in
flow to ocean reservoirs. Lakes and streams may occur in low points of the landscape due to
streamflow, or where the groundwater table emerges gbove the surface. Other contributors of the
runoff process include melting of glacial ice, and calving of icebergs into the sea. On a globaf basis,
precipitation exceeds evapotranspiration over continents, and evaporation excepd's precipitation
over ocean reservairs, while excess water moves from continents to oceans as runoff. The ratio of
precipitationrale to evaporation rate can vary dramatically between regions. For example, in tropi-
cal rainforests, precipitation may greatly exceed evapotranspiration. y i
3. Nitrogen Cycle

The
nitrogen cy-
cle repre-;
sents one of
the most
important
nutrient cy-
cles found in
ecosystéms,,
Nitrogen is a
required nu-
frient for all
living organ-
isms to pro-
duce a
number of
complex or-
ganic mole-
cutes  like

the building
blocks  of
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proteins, and nucleic acids, including DNA and RNA. The ultimate store of nitrogen is in the atmos- }
phere, where it exists as nitrogen gas (N,). Other major stores of nitrogen include organic matter in
soil and the oceans. Despite its abundance in the atmosphere, nitrogen is often the most limiting
nutrient for plant growth. This problem occurs because N, gas is not biochemically usable by plants,
Plants can only take up nitrogen in the form gf ammonium fon {NH,*), nitrate ion (NO3). or, less
comrrEm, as amino acids. Animals receive the nitrogen they need for metabolism, growth, and re- ;

produgtion by the consumption of living or dead organic matter containing molecules composed

partially of nitrogen.

Nitrogen in the form of ammonium can be ahsorbed onto the surfaces of clay particles in the
soil. The ammonium ion has a positive molecular charge and is normatly held by negatiyely charged
soll colloids. This process is sometimes called micelle fixation. Ammonium is released from the cok
loids by way of cation exchange. When released, most of the ammonium is often chemically altered
by a specific type of autotrophic into nitrite (NO,). Further modification by another type of bacteria
converts the nitrite to nitrate (NO3-). Both of these processes involve chemical oxidation and are .
known collectively as Nitrification. Unlike ammonium, nitrate is negatively charged and therefore
does not absorb onto negatively charged clay surface. Consequently, nitrate is very mobile in soil
and it is easily by leaching. Some of this leached nitrate flows through the hydrologic system unti it
reaches the oceans where it can be returned to the atmosphere by denitrification. Denitrification is
also common in anaerobic soils and is carried out by heterctrophic bacteria. The process of denitri-
fication involyes the metabolic reduction of ni- [ "o ecosystems, nitrogen is primaily
trate (NOy) into niltogen (N) or nitrous oxide | stored in living and dead organic matter. This 3
(N:O) gas. Both of these gases then diffuse info : organic nitrogen is converiéd into inorganic
the atmosphere, thus removing nitrogen from | forms when it re-enters the biogeochemical
the soil, dccounting for the name, denitrification. Tycle via aeComposiﬁon. * Decomposers

Almost all of the nitrogen found in any | chemically modify the nitrogen found in or-
ecosystem ofiginally comes from the atmos- | ganic matfer to ammonium jon (NH,’). This
phere. Significant amounts enter the soil in rain- | Process is known as mineralization and it is
fall or through the effects of lightning. The ma- | Carried out by a variety of bacteria and fungi.
jority, however, is biochemically fixed in ecosystems by specialized micro-organisms, all of which
are bacteria of various types, Including a variety of Gram-positive and Gram-fegative bacteria, Ac-
tinomycetes, and cyanobacteria. Members of the bean family {legumes) and some other kinds of
plants form mutualistic symbiotic relationships with certain types of nitrogen-fixing bacteria. In ex-
change for some nitrogen, the bacteria receive from the plants carbohydrates and special structures
(nodules) in the roots where they can exist in a protected environment. 'Hunllans now fix approxi-
mately as muchmitrogen industrially as does natural nitrogen fixation, thus draifr(atioally altering the
ntrogen cycle. Some of the major processes involved in this alteration include:.  * 1, ,

» The application of nitrogen fertilizers to crops has caused increased rates &f d%ni!.l;;?.jcation and
leaching of nitrate into groundwater. The additional nitrogen entering the groundwater system
eventually flows into streams, rivers, fakes, and estuaries. In these systems, the added hitrogen
can lead to eutrophication and associated hypoxia.

* Increased deposition of nitrogen from atmospheric sources because of fossil fuel combustion
and forest burning. Both of these processes release a variety of solid forms of nitrogen through
combustion and contribute to acid rain.

» Livestock ranching. Livestock release large amounts of ammonia into the environment from their
wastes. This nitrogen enters the soil system and then the hydrologic system through {eaching,
groundwater fiow, and runoff.

« Sewage waste and septic tank feaching.
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4. Oxygen Cycle
The oxygen
reservoirs: [
the atmos-
phere, the
biosphere,
and the
litho-
sphere.
The main
driving fac-
tor of the
oxygen cy-
cle is pho-
tosynthesis
and  be-
cause of
this, oxy-
gen and
carbon cy-
cles are
usually
inked and'
the two cy?
cles are
collectively™
called oxy-
gen-carbon
cycle.

le describes the movement of oXygen within and between its three main

Oxygen, like carbon and hydrogen isa ba3|c element of Ilfe In addmum in-the form of 03
ozone, it provides protection of life by filtering out the sun's UV rays as they enter the stratosphere.,
in addition to constituting about 20% of the atmosphere, oxygen is ubiquitous. It also occurs in
combination as oxides in the Earth's crust and mantle, and as water in the oceaﬁ.

Sedimentary cycles

-r'
1. Phosphorous bycle ’ o é re =
phosph;t‘;s - \ THE PHOSPHORUS CYCLE 7
is the biogeo- _;a:! by |
chemical phosphorgs £===> WWM“‘:’PWM W‘M ‘M;
WhiChlcaCharacthIz [ﬁmmwm:ndhm soutes) (converted b organi P)
izes the transport ﬁ 2 ll |
and chemical
transformation of | - m; De Excretion  §
phosphorus water coluri : 1
through the litho- Decormposition
spEere, gy?)(o— ‘ (ospanic P comvrted to inomanic P by bacterad ection]
SPNele_and bio- - b e e -
sphere. Uniike EAxsainranbovads v ane s YIRS
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many other biogeochemical cycles, the atmosphere does not play a significant role in the

movement of phosphorus, since phosphorus and
phosphorus-based compounds are typically solids
at the normal ranges of temperature and pressure
found on Earth. Therefore most of the phosphorus
remains within rock, sediments, sand, and the
ocean floor, with a fraction in living biomass. Phos-
phorus moves among trophic levels in an ecosys-
tem by plant growth, herbivorous and carnivorous.

) Phosphorus in the Earth's crust generally

ocours in its maximally oxidized state, such as inor-
ganic phosphate rocks. Phosphates are liberated
from rocks in the weathering process of the natural
environment. The small phosphorus losses in a ter-
restrial system caused by leaching through the ac-
tion"of rain are countered by gains from weathering
rocks. In soil, phosphate is absorbed on clay sur-
faces and organic matter particles and becomes
incorporated.

Plant species dissolve ionized forms of
phosphate and take the mineral into their system.
Herbivores obtain phosphorus by consuming plant
biomass, and carnivores by consuming herbivores.
Herbivores and carnivores excrete phosphorus as a
waste product in urine and faeces. Phosphorus is
then released back into the soil when plants or ani-
mal matter decompose and the cycle repeats.
Phosphorus is an essential nutrient for plants and
animals in the form of ions, including phosphate and
hydrogen phosphate.

2. Sulphur Cycle

| Phosphates are efiective fertitizers._but_|

they also cause pollution problems in |
lakes streams, Because ‘phosphorus is ]
often the nutrient in limited supply, even a |
small increase if] availability can cause a/
significant  eff Over-enrichment of
phosphate can lead to algae blooms, This!!
excess of algae causes increased can- !
sumption by bacteria, which thefi leads to
even higher bacterial concentrations. In |
the process the bacteria use up much of |
the dissalved oxygen in the water during
cellular respiration and thereby cause the
death of fish due to oxygen deprivation,
The primary biological importance of
phosphates is as a compenent of nucieo-
tides, which serve as energy storage
within cells (Adenosine triphosphate
[ATP]) or, when linked together, form the
nucleic acids deoxyribonucleic acid (DNA)
and ribonucleic acid (RMA). Phosphorus,
primarily in the form of hydroxyapatite is a
key structural component of animals. Ap-
proximately 80% of the phosphorus in ver-
tebrate animals is in their bones and |
teeth. This element is also an important
conslituent of phospholipids, which are in
all biological membranes.

f= —
!

Sulphur'is an even rarer component of living molecules than is nitrggen. Every protein
needs disulphide bridges to make long three-dimensional polypeptide chains &Zr?ose complex folds
allow proteins to De engaged in countless biochemical reactions. Some volcanifﬂ’ eruptions are very
large sources of sulphate. -

Biogenic sulphur is produced on land by both sulphur-oxidizing and sulphate-reducing bac-
teria present in water, mud, and hot springs. Emitted gases are dominated by hydrogen sulphide,
dimethy! sulphide (DMS), propyt sulphide, and Methyl Mercaptan. DMS is also generated in rela-
tively iarge amounts by the decomposition of algal methionine in the ocean, and these emissions
have been suggested ta act as homeostatic controllers of the earth's climate. Higher concentrations
of DMS would increase albedo by providing more condensation nudlei for increased cloudiness, the
resulting reduced insolation would lower planktonic photosynthesis, and diminished DMS emissions
would provide fewer condensation nuclei and let in more solar radiation. Later studies showed that
not just the magnitude but alsg the very direction of this feedback are questionable.

Sulphur dioxide {SO;) emitted from fossil fuel combustion and nonferrous- metallurgy is rap-
idly oxidized to sulphates, whose deposition is the leading source of acid deposition, both in dry and
in wet forms. Before their deposition, sulphur compounds remain up to 3 or 4 days in the lowermost

A
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troposphere, which means that they can travel severat hundred to more than 1000 km and bring
acid deposition to distant ecosystems.

Because of the limits on fong-distance transport (atmospheric residence times of DMS and
Hydrogen Sulphide are also short-tived), sulphur does not have a true giobal cycle as does carbon
(via CO,) or nitrogen (via de-nitrification), and the effects of significant aciddeposition are limited to
large regions or to semi continental areas. Deposited sulphates (and nitrates) have the greatest im-
pact on aquatic ecosystems, especially on lakes with fow or no buffering capacity, leading to the
decline and then the demise of sensitive fish, amphibians, and invertebratgs and eventually to pro-
found changes in a lake's biodiversity. Leaching of alkaline elements and mabilization of toxic alu-

" miniurn from forest soils is another widespread problem in acidified areas. */sf(?rborne sulphates also
play a relatively major role in the radiation balance of the earth because they péﬂial]y., counteract the
effect of greenhouse gases by cooling the troposphere. T f e ‘

3. ECOLOGICAL NICHE AND HABITAT

Every organism has a place fo live in nature, 2 functional role in that place, and & complex
set of adaptations for reproducing its kind. On the surface, this observation might seem to be obvi-
ous, even trivial. However, in order to understand our biological world—the biosphere, how it oper-
ates and ultimately how to protect it—we need to understand at a deep level how organisms inter-
act with each other.

Organisms use their environment, relate to each other, and assemble into communities or
ecosystems. The most fundamental and perhaps most difficult of these concepts is that of he eco-
fogical niche. A niche refers to the way in which an organism fits-into an ecalogical community ar
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ecosystem. Through the process of natural selection, a niche is the evolutionary result of a species’
morphological {morphology refers to an organism’s physical structure), physiological, and behay-
ioural adaptations to its surroundings. At the same time, habitat is the actual location in the envi-
ronment where an organism lives and consists of all the physical and biological resources available
to a species. 4

NICHE )

Perhaps the simplest, most general definition of the ecological niche is an organism's "ecjt;—
logical position in the world”. Even though this may seem straightforward, determining what const'p-
tutes an organism'’s position in the greater scheme of things is not a trivial pursuit. ]

An ecological niche is the role and position a species has in its environment - Kow it meets
its needs for food and shelter, how it survives, and how it reproduces. A species' niche includes ali
of its interactions with the biotic and abiotic factors of its environment. It is advantageous for a spe-
cies to occupy a unique niche in an ecosystem, because it reduces the amount of caompetition for
resources that species will encounter.

Individual Ecological Niches

Every living thing on Earth has a role to play in its environment. Many organisms living and
working together fulfil their ecological niches. For example, in a forest where there are leaves scat-
tered on the ground and an old rotting log sitting on the forest floor. There can be earthworms just
under the soil feeding on decaying organic matter! There could also be centipedes eating small
beetles and other organisms as well as a colony of ants that work and feed on dead insects. Even a
couple of millipedes strolling around feeding on decaying leaves can also be found. In this small
section of'the vast forest, all of these organisms are filing an individual ecologicat niche. To some
degree, their niches may overlap, but if looked into all aspects of their lives including where they
live, how they survive, and how they reproduce, it may well be observed that they are each truly in-
dividual niches. Each ecological niche can be thought of as parts of a puzzle that go together to
make the environment successful. '

Overlap between the niches of two species (more precisely, overlap between their resource
use curves} causes the species to compete if resources are limited. One might expect to see spe-
cies constantly dying off as a result, but in many cases compeling species cah coexist without ei-
ther being eliminated. This happens through niche partitioning (also referred to as resource parti-
tioning), in which twa, species divide a limiting resource such as light, food supply, or habitat.

Species with narrow niches tend to be specialists, relying on comparatively few food
sources. As a result, they are highly sensitive to changes in key environmental conditions, such as
walter temperature in aquatic ecosystems. For example, pandas, which only eat bamboo, have a
highly specialized diet. Many endangered species are threatened because they live By forage in
particutar habitats that have been lost or converted to other uses. One well-known/cage, the north-
ern spotted owl lives in cavities of trees in old-growth forests (forests with trees that are more than
200 years oid and have not been cut, pruned, or managed), but these forests have been heavily
logged, reducing the owl's habitat.

In contrast, species with broad niches are generalists that can adapt to wider ranges of envi-

“fonmental conditions within their own lifetimes (i.e., not through evolution over generations, but
rather through changes in their behaviour or physiologic functioning) and survive on diverse types
of prey. For example, wolf can kilt and eat large, medium, or small prey, from deer to house cats, as
well as other foods such as invertebrates and fruit, and can live in a range of habitats, from forests
to open landscapes, farmland, and suburban neighbourhoods.
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One of the very important aspects of Niche is the relationship and interaction between or-
ganisms themselves. Owing to the innumerable biotic elements’ existence in almost every region,
biotic interaction is inevitable. S '

Biotic Interaction

Biotic interactions are the
effects; organisms in a community
have on one another. In the natural
world no organism exists in abso-
lute isolation, and thus every or-
ganism must inferact with the envi-
ronment and other organisms. An
organism's interactions with its en-
vironment are fundamental to the
sufvival of that organism and the
functioning of the ecosystem as a
whole.

Biotic interactions can in-
volve individuals of the same spe-
cies (intraspecific interactions) or
individuals of different species (in-
terspecific interactions). These can
be further classified by either the
mechanism of the interaction or the
strength, duration and direction of
their effects. Species may interact
once in a generation {e.g. pollina-
tion) or live completely within an-
other (e.g. endosymbiosis). Effects
range from consumption of another
individual (predation, herbivory, or
cannibalism), t0 "mutual benefit
(mutualism). Interactions need not
be direct; individuals may affect
each other indirectly through inter-
mediaries such;fas shared re-
'SOUFCES Of COMMON enemies.

The types‘of,/Bioki¢ Interac-
tion can be classified further as
follows —

Competition

The competition is defined
as the process in which the organ-
ism fights for the same resources.
It can be intra specific or inter spe-
cific. The competition between the
organisms of the same species is
referred as an intra-specific com-

- i

_ Downloaded by Amit Sharm itm l iI.-com)

TSR



-

Ess—— VA JIRAM ‘& RAVI Sy

petition. This type of competition is very severe as the organism of the same species has same re-
quirement for food, water, shelter and light etc. The completion between the organisms of the dif-
ferent species is refereed as an infer-specific competition. The intra specific competition keeps a
close check on the size of popultation. It decreases the birth and survival rate. The organism in this
group has similar characteristics and establishes their own territory. The plants of the same species
can grow only when they are shaped properly. The population belongs to the similar trophic level.

| They compete for the same natarat resources. For example, 4n forests the different types of trees

- and vegetalions compete for water, sunlight and other similar resources. The carnivorous animals

compete for the similar prey. The individuals of different species have no such common intergst.
They prove their superiority and infeority to survive. If the resources are few the supfe’rior individu;
als outperform the inferior individuals.

Predation

- The predation is defined as an interaction between the members of different species. In this
one member catches the prey and kills them. They are known as predators. The majority of them
are animals which are mainly carnivorous. The herbivorous animals can also act as a predator.
They remove the plants as well as seeds. There are few plants which also act as predators and are
known as insectivorous plants. Their role is interchangeable that means the predators can act preys
and vice a versa. For example, frog feeds for snakes and the snakes feed for eagle. The predators
have strength, agility, tearing ability to capture and eat the prey. The population of predator is small.
The preys are larger in number and cannot be elifinated. The prey has a high reproductive ability.
If there are no predators the population of the prey will increase at such a rate that it will cross the
carrying capacity of environment. The species go under degeneration. The*predator keeps the
population under check. The prey maintains its optimum activity as the sick individuals are removed
by predators.

Parasitism Y

The parasitism is defined as the process in which two organisms of different species are
present and in which one of the organism acts as a parasite and the other organism acts as a host.
The food is obtained from the host. The parasite spends a part or their full life in the body of host.
There are different types of parasites available on our planet. There are Ecto and Endo parasites.
The Ecto parasites occur on the body surface of host and the Endo parasites’ occur inside the body
of host. They can be intracellular or extracellufar. They can be tissue parasites, gut parasites and
the body fluid parasite. The Ecto parasites suck blood, juice etc. There are also temporary and
permanent parasites. The temporary parasites occur in the host for somejpart of their life. It in-
cludes the female mosquitoes and bed bugs. The permanent parasites occui;.iin the host for whole
pf their-ite. Itlincludes the Ascaris and Lice. They are also known as the fntermittent parasites.
There are Holo parasites and hemi parasites in which the Holo parasites depend'conipletely on the
host for their requirements. it includes Rafflesia and Cuscuta. The Cuscuta réceives the flower in-
ducing harmone from host. It can be a short day plant or long day plant. The host can also be a
short day or long day. The hemi parasites do not depend completely on the host for their require-
ments. They make themselves rest of their food. There are certain parasites which occur in the
plant and are known as the Phyto parasites. They can be stem or root parasites. The stem para-
sites occur in the region of stem of plant. It includes Viscum and aphids. The root parasites occur in
the region of root of plant. It includes the Ralflesia and root nematodes. The pathogenic parasites
are those which harm the host and include the corny bacterium, mycobacterium, vibrio, rusts and
smuts, fungal and the ring worm disease. The non-pathogenic parasites are those which do not
harm the hosi cell. The host cells provide food and nutrition and they are spared. It includes the En-
tamoeba Coli. There is a hyper parasite which resides on the ather parasite. It includes the bacterial
virus and the powdery mildew. The parasite infects the host through ski,{n, direct contact with.the
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person who s infected; enter the human body through insect bite, cyst or egg swallowing. They can
be Ascaris or Tape worm. It also includes the kala azar and Tse Tse fly. There are certain general
features of the parasites. They are anaerobic and have resistant eggs which provide the safety. It
helps in the safe transfer of off springs. They lose some of their organs and divide at a faster rate.
They have adhesive organs. f

Mutualism

Mutualism is the name given to associations between pairs of species that bring mutu’é{[
benefit. The individuals in the poputations of each mutualist species grow and/or survive and/or r¢;
produce at a higher rate when in the presence of individuals of the other species. This type of inter-
action is an extremely widespread phenomena. For example, most rooting plants havesmutualistic
associations with fungal Mycorrhizae. Mycorrhizae increase the capability of plant roots to absorb
nutrients like nitrogen and phosphorus. In return, the roots of the host provide support and a coni
stant supply ofcarbohydrates for consumption. Mutualistic interactions between species can be of
two types: symbiotic or non-symbiotic. In a symbiotic mutualism, individuals interact physically
and their relationship is biologically essential for survival. At least one member of the pair cannot
live without close contact with the other. For example, the fungal-algal symbiosis that occurs in li-
chens. More common in nature is the non-symbiotic mutualism. in this interaction, the mutualists
live independent lives yet cannot survive without each other. The most obvious example of an inter-
action of this type is the refationship between flowering plants and their insect pollinators.

Commensalism ]

The commensalism is defined as the process in which two organisms gf different species,
are present and in which one organism is benefitted while the other one acts as a neutral organism.
It is neithér harmed and nor benefitted. The lions-are followed by the jackals and the fox follows the
seal to obtain food. There are small plants which grow on the larger plants for only space and'are
kiown &5 epiphytes. They do not depend upon the nutrition. The seeds and fruits of the plants are
dispersed by the animals which are present on their fur. The commensal can ‘be harmful or non-
harmful. tn the human intestine E.Coli is present which acts on the undigested food and also keep
an eye on the puirefying bacteria. They also release some vitamins.

Amensalism

The amensalism is defined as the process in which two organisms of{-different species are
present and in.whick one organism do not allow the other erganism to survive. This mode of inhibi-
tion occurs with the use of Allochemics. For example, the growth of staphylogoccus is inhibited by
the use of peniciliin. There are the smoother crops which are barley, sorghurhffand sunflower. They
do not allow thelweed to grow near them. The black nut has roots which form & chemical called the
Juglone. The growth of wheat is inhibited by the convolvulus. The Juglone is toxié to appie and to-
mato. The plant known as Grevillea does not allow its seedlings to grow nearby.by, segreting an Allo
chemical by its roots.
Neutralism
Neutralism is the most common type of inter-specific interaction. Neither population directly affects
the other. What interactions occur are slight and indirect. The simple presence of the two species
should not directly affect the population level of either. An example of neutralism would be the inter-
‘action batween rainbow trout and dandelions living in a mountain valley.
Natural Selection in Ecosystems

As species interact, their relationships with competitors, predators, and prey contribute to
natural selection and thus influence their evolution over many generations. These common goals
diive natural selection for a wide range of traits and behaviours, some of which are:
]
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Mimicry ~ In the ecosystem, organisms have evolved adhering to their survival. They have de-
veloped many different characteristics which may be crucial for their survival in the ecosystem.
Mimicry is a similar phenomenon assisting one of the nature's enchantment. The mimicry is de-
fined as the process of resemblance of organism to the other organism or with the other object
so that they can be concealed or protected as the time demands. Mimic is an organism which
exhibits the mimicry. The model is defined as an object which yesembles a mimic. In this type
the colour, form, pattern and scent of an organism resemble ti? the other organism or the sur
rounding objects. i helps the organism to protect it from predator and also help in the easy

trapping of prey. It also helps to secure pollination in the orchid. The prey develops a mimicry’

which is known as the protective mimicry. The predator develops a mimicry which is known as
the aggressive mimicry. The protective mimicry is of different types. It can be conceahng or

warning. In concealing type the organism resembles the surroundings so that they cannot wbe‘

detected easily. It includes the stick insect, larva of moth and the leaf insect. These different
types of organism resemble the twigs and green leaf. In the warning type the organism resem-
bles the poisonous organisms. It includes the palatable butterfly and non-palatable butterfly. The
aggressive mimicry is of different types. It can be concealing and alluring. In concealing type the
predator resembles the surroundings so that they cannot be detected easily. They hide and
strike suddenly. It includes the praying mantis. In alluring type the predator attracts the prey by
resembling an object which is liked by the prey. It includes the mouth of African lizard which re-
sembles a flower. The spider also resembles an ofchid flower.

Optimal foraging strategies enable predators to obtain a maximum amount of net energy per
unit of time spent foraging. Predators are more likely to survive and reproduce if they restrict
their diéts to prey that provide the most energy per unit of handling time and focus on areas that
are ricli with prey or that are close together. 3 .

Avoidance/escape features help prey elude predators. These attributes may be behavioural pat-
terns, such as animal herding or fish schooling to make individual organisms harder to pick out.
Markings can confuse and disorient predators: for example, the Automeris moth has false eye
spots on its hind wings that misdirect predators.

Featuref that increase handling time help to discourage predators. Spines serve this function for
many plants and animals, and shells make crustaceans and molluscs harder to eat. Behaviors
can also make prey harder to handle: squid and octopus emit clouds of ink that distract and con*
fuse attackers, while hedgehogs and porcupines increase the effectiveness of their protective
splnes by rolling up in a ball to conceal their vuinerable underbellies. %

Sdme plants gnd animals emit noxious chemical substances to make themsﬁh:es less profitable
‘as prey. These protective substances may be bad-tasting, antimicrobial, or toxig. Many species
.that use noxious substances as protection have evolved bright coloration that,sgnaj;swthelr iden-

tity to would-be predators—for example, the black and yellow coloration of bees, wasps, and

yellow jackets. The substances may be generalist defences that protect against a range of
threats, or specialist compounds developed to ward off one major predator. Sometimes special-
ized predators are able overcome these noxious substances.

| Type of Inter- | Effect of Interaction Examples
| action |
| Competition Both species are harmed Oak trees and maple trees competing for light in a

(population growth rates are | forest, wading birds foraging for food in a marsh
reduced)

| Predation One species benefils, one is Preda_fi_og;_\_qulit and rabbit
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(typically by releasing a | ful to other plants): rye and wheat suppress weeds
| toxic substance), but is not | when used as cover CrOps, broccoli residue sup-

Parasitism harmed. - Parasitism: flea and wolf
 Mutualism Both species benefit. Rela- | Humans and house pets, insect pollination of
 tionship may not be essen- | flowers
= tial for either. | 5 . .
 Commensalism. | One species benefits, one is | Cow's excreta as food and shelter for Dung Bee- |
 not affected. | tles - . ¢
| Amensalism | One species harms another | ‘Allelopathy (plants that produce substances harm- ‘f'

T

B N 3

| affected itself. | presses growth of other vegetables in the same
| | plant family

Newtralism | No net benefit or harmto | Spiders and Cacti in desert
| either species

4. ECOLOGICAL SUCCESSION -

What is an ecologi sion? tr o g
., ec-logrcal SUC.CGS.I " | conditions of an environment suddenly and drasti-
Ecological succession is the grad- : ' e

ual process by which ecosystems change | cally change. Arforest fres, wind storms, and ufpan

and develop over time. Nothing remains |
the same and habitats are constantly

changing. There are two main types of

successian, primary and secondary.”

also destroy species and thus alter the dynamics of
| the ecological community triggering a scramble fer
| dominance among the species still present. Succes-

"Ecological succession" is the 0b- | gion is one of the major themes of our Nature Trail. It |

served process of change in the species |
structure of an ecological community over
time. Withirf any community some species
may become less abyndant over some
time interval, or they may even vanish from
the ecosystem +altogether. Similarly, over
some time interval, other species within
the cemmunity-mey become more abun-
dant, or new speéies may even invade into
the community from adjacent ecosystems.
This observed change over time in what is
living in a particular ecosystem is “ecologi-

is possible to observe both the on-going process of
sion events at almost any point-along the trail. The

| various communities illustrate” both. of the types of
motive forces of succession; the impact of an estab-
| lished species to change a site'¢jenvironmental con- -
| ditions, and the impact of larges xternal forces to
suddenty alter the environmentél nature of a site.

[ Ecological succession may also occur when the |

' activities fike agriculture 2l greatly alter-the condi |
tions of an environment. These massive forces may |

succession and the consequences of past succes- |

rise and the decline of numeroué species within our |

Both of these forces necessarily select fof new spe- |
cies to become ascendant and possitily dominant ¢

cal succession”. within the acoRVEIBM...

Every species has a set of environmentat conditions under which it will grow and reproduce
most optimally. tn a given ecosystem, and under that ecosystem's set of environmental conditions,
those species that can grow the most efficiently and produce the most viable offspring will become
the most abundant organisms. As long as the ecosystem's set of environmental conditions remains
constant, those species optimally adapted to those conditions will flourish. The "engine" of succes-
sion, the cause of ecosystem change, is the impacts of established species have upon their own
environments. A consequence of living is the sometimes subtle and sometimes overt alteration of
one's own environment. The original environment may have been optimal for the first species of
plant or animal, but the newly altered environment is often optinratfor some other species of ptant

on h
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or animal. Under the changed conditions of the environment, the previously dominant species may
fait and another species may become a§cendant.

Ecological Succession proceeds through various stages, starting from Pioneer Community
to Climax stage. Each such stage is called sere or seral community. A seral community {or sere) is
an intermediate stage found in ecological succession in an ecosystem advancing fowards its climax
community. In many cases more than one seral stage evolves until climax conditions are attained.
A prisere is a collection of seres making up the development of an area from non-vegetated sur-ft
faces to a climax community. A seral community is the name given to each group of plants w:thrn{

the succession. Depending on the substratum and climate, a seral community can be one of the'’
following: p,

» Hydrosere - Community in water
» Lithosere - Community on rock
> Psammosere - Community on sand
> Xerosere - Community in dry area
» Halosere - Community in saline body (e.g. a marsh)
Processes
The processes of ecological succession are —

1. Nudation: It is the development of a bare site uninhabited by any organisms. The process is
usually caused by disturbances. These factors can be either topographic (soil erosion, wind ac-
tion etc’) ;Climatic {hails, storm, glactations, fire etc.} ;Or biotic (human activities). The area thus
formed can sustain only autotrophic organisms which can utilize inorganic substrates. The envi-
renmental conditions are set up for the inhabitation of new species. For example, secretion of
acidic substances by lichen species helps in breakdown of rocks into soil.

2. Invasion or migration. The process of invasion or migration helps the arrival $f seeds, spores or
other reproductive propagules for establishment of species. Invasive species are non-native or-+
ganisms which can spread widely in a community. These are usually threatening the normal
ecosystem and causative agents for community disturbance. However, in snccession process,
they help to aitet the soil texture and function.

3. [Ecesis+This id the initial establishment of plant community. This is dependerﬁ on the soil struc-
ture. The stage is also called as 'colonization'. In this stage, the early colonizing spégses prolif-
erate abundantly through germination, growth, and reproduction. This is the siag'e 4 which the
pioneer species survive the dispersal mechanisms. The different pioneer species can have dif-
ferent maturation rates which allow this process to be longer and gradually allowing replace-
ment of some species by others. The process also makes the soil structure suitable for those
species whose seeds were present in the existing ecosystem but were unable to germinate for
lack of suitable community support.

4. Aggregation is the increase in population of the speci-s which has become established in the
area. The shrubs replace the small herbs ifi most successions. This also proves as a source of
food for future inhabitants.

5. Competition: Once the few initial species have become estabiished the intra as well as inter
specilic competition among the species starts. This stage is called competition, The competition
is usually for resources suchras food, water etc. Competition is found in Roth plants as well as
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animal species. The process leads to sharing of resources (resource pariitioning} or competitive
exclusion.

Reaction: The environmental conditions get modified by the action of species occupying the
habitat. These changes subsequently trigger the displacement and replacement of one species
by another, The existing community will be unablé to support itself due to the harsh conditions.

The major underlying mechanism§s autogenic succession in which the plants themselves alter. -

‘the énvironmental conditions. Early colonizers usually facilitate the.way for establishment of ma-
ture species. ' '

Stabilization is the process by which the climax community gets established. A climax commu-
nity is mature, self-sustaining, stable and is the final stage of succe3Slon. The physical, and
chemical conditions are altered and stabilized fo such levels that it supports the entire commu-
nity. The climax communities are best adapted to the regions of succession and the community
structure is likely to continue until another disturbance steps in. This represents a steady state
of ecological equilibrium with specific composition, structure and energy flow.

| | planis, ichens | heds, grasses stiade-iolerant tress

Secondary Succession and a Climax Community .
Primary Succession

Ecological 'succéss'idri -breaks down into three fundamental phases: Primary Succession,

Primary succession occurs when organisms colonize an area devoid of life, usually after a
catastrophic natural event that leaves the land barren. Often the first organisms to take hold are al-
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- the formation of new habitats erEarth. Some examples of these processes include wildfires and

- ahimals. Secondary succession is
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gae, fungi and simple plants such as lichens and mosses. Over time a thin tayer of soil builds up so
that more advanced plants, such as grasses and fems, can take root. Along with the successful
colonization of plants come animals’such as insects, birds and small invertebrates. One example of
primary succession is the pioneer communities that begin to inhabit a newly created lava bed,
where life cannot exist until the rack surface cgols to a moderate temperature.

Pioneer Community —

It is a group of organisms that invade a new area in tfie process of Ecological Succession.
These organisms are typigally plants, animals and fungi. They are the first to move into a new habi-
tat and often make the habitat more hospitable for future inhabitants. A variety of processes lead to

volcanic eruptions. Most newly formed habitats are not immediately able to host a large variety of
organisms. There is often a lack of nutrients o support a variety of life, among other {imiting factors.
The process of a habitat slowly gaining more complex organisms over time is known as biological
succession. The first organisms involved in the succession are the pioneer communities.

~ The Pioneers through their death and decay leave patches of organic matter in which small
animals can five. The organic matter produced by these pioneer species produce organic acids dur-
ing decomposition that dissolve and efch the substratum releasing nutrients to the substratum. Or-
ganic debris accumulates in pockets and crevices, providing soil in which seeds can become
lodged and grow. As the community of organisms, continues fo develop, it becomes more diverse
and competition increases, but at the same time new niche opportunities develops. The pioneer
species disappear as the habitat conditions change and invasion of rew species progresses, lead-
ing to the replacement of the preceding community.

Secondary Succession [ Some other types of Ecological Succession are as fol-

Most ecological change oc- | fows: . T
curs as secondary succession. In | sutétrophic Succession: It is characterised by early and
fact, most biological communities | sontinued dominance of autotrophic organisms like green §
are in a continual state of secont- } yiants. It begins in a predominantly inorganic environment |

poy) ElEe Th!s ter!m de- | and the energy flow is maintained indefinitely. ‘
sofibes the process i YRR Allogenic Succession: In some cages, however, the re- |
established community is replaced { - 09 : ses, ,

o dif ) | ptacement of the existing community is caused largely by any |
by dReen S g i and | another external condition and not by the existing organisms.
- gradual, ahways@ing toward the Such a course is referred to as allogegj¢ succession. |

climax community. It occurs when | Autogenic Succession: After the su'cg:gssion has begun, in |
san ared that has previously had an | Mmost of the cases, it is the community itSelf, which, as a resu}t
ecological community is so. dis- of its reactions with the environment, mo‘ciiifieg"_lits own envi-
turbed or changed that the original | fonment and thus causing its own reptacement by new com- |
community was destroyed and a | Funities. |
new community moves in. This is | Micro Succession: This involves the succession of microor-
more common than primary sue- | ganisms. It begins in a predominantly organic environment |
cession, and is often the result of | and there is a progressive decline in the energy content. The |
natural disasters such as fires, | successlon of protozoa in the hay infusion is called micro-
floods, and winds, as well as hu- | succession. !
man interference such as logging = - T ' :
and clear-cutting. It starts from previously built-up substrata with already exists living matter. This
type of succession starts in a given area where the conditions of life favourable because of the fact
that the area was occupied earlier by well-developed community e.g., succession in an abandoned
crop field. Sueh successions are.comparatively more rapid i ‘
92 " i
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Climax Community
The culminating stage in the succession is the establishment of a stable community in the
area, and this is known as the climax community. Thus, the final stage of ecological succession is
the formation of the climax community. Climax communities are relatively stable and can vary
widely in a given region. Some of the features or the characteristics of the climax community are:

The vegetation of this region is tolerant to the environmental conditions.

The species diversity is large and the food chains of these specieé are complex and with spatial ‘:’
structure. (‘
Itis a balanced ecosystem.

There is also equilibrium between the nutrients taken in from the sail and the return of the nutri-
. ents to the sail by litter fall.

The individual organisms in the climax ecosystem are replaced by other organisms of the same
. kind. Thus maintaining species equilibrium.

The life and growth here | i_ntﬁeatethe climatic types of an area.
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CHAPTER-7 ) |
ENVIRONMENTAL POLLUTION

1. WHAT IS POLLUTION?

Poliution is defined as Presence of matter (gas, liquid,
solid) or energy (heat, noise, radiation} whose nature, iota-
tion, or quantity directly or indirectly alters characteristicq%or
processes of any part of the environment, and causes
has the potential to cause) damage to the condition, health,
safety, or welfare of animals, humans, plants, or property.

Overview
1. Definition

(or 2. Air Poliution
2.15mog ...

The agents which cause environmental pollution are calieg S YVater Pollution

pollutants. Pollutants may be defined as a physical, chemical
or biological substance unintentionally released into the envi-
ronment which is directly or indirectly harmful to humans and

other iiving organisms.

4. Noise Pollution

5. Soil Pollution

6. Radiation Poliution
7. Plastic Pollution

2.2 Indoor Air pollutian

1.1, Classification of _F?,ollutant@g
1.2. Types of Pollution ]

"%

v

1.1. CLASSIFICATION OF POLLUTANTS

Existence in nature

Form they persist in |
| I£

Their degradability

Their |
origin

| ants- The substances

' sent in the environ-

| as pollutants when their

| increases in the envi-
ronment. For example
| CO2 is présent in the
| environment in greater
quantity than normal

a quantitative pollutant.
2. Qualitative .pollutant-

are not normally pre-

man beings and are

E.g. Insecticides, pesti-

Kl Quantitative Pollut- |

which are already pre- |

concentrafion {quantity) |

| sulphur dioxide

The substances! which |

 sent in the environment |
and are added by hu-

} pollutants by nature, |

1. Primary Poliutants-
The substances which
are directly emitted

 from the source and
ment, but are termed |

remain in that form are
termed as primary pol-
lutants. For example
smoke, fumes, ash,
dust, nitric oxide and

2. Secondary pollut- |

) { ants- The substances
| and is hence termedhas |

which are formed by
chemical reaction be-
tween the primary pol-
lutants and constitu-
ents of the environ-
ment (i.e. those which |
are already present in
the environment). For
example smog, ozone, |
sulphur trioxide, nitro-
gen dioxide.

| and they keep on accu
 Sometimes they may ge biglogi-

1. Biodegradable pollutants ~ Such
poliutants are quickly degraded by

| microbes (bacteria and fungi) in na-

ture. For example sewage, kitchen
waste etc.

2. Slowly-degradable pollutants -

| These pollutants remain in the envi-

ronment for many years in an un-
changed condition and take dec-

| ades or longer to degrade; Far ex-

ample DDT (pesticides) and most
plastics.3. Non-biodegradable pol-

| lutants -Such' pollutants are not de-

graded by- microbes in tk& nature
lating.

cally accumulated (magnified) ﬂfw
they pass through food chaing., Ex-

} amples of such pollutants are: DDT,

mercury, lead, arsenic, some pesti-
cides, radioactive substances,
 glass, plastic, aluminium pieces,

etc.

1. Natu-
ral

2. An-
thropq-
genic

| cides .

1.2 TYPES OF POLLUTION

Different Types of pollution are categorized based on the part of the environment which they
affect or result which the particular pollution causes. Each of these types has its own distinctive
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causes and tOng’equences. Categorized siudy of pollution helps to understand the basics in more
detail and produce protocols for the specific types. Accordingly, the main types of pollution are:

Air Pollution (Smog and Indoor Ajr poliution)
Water Pollution

Noise Pollution

Soil Pollution !
Radiation Pollution

Plastic Pollution

e & & @ > &

x

o .
-

2. AIR POLLUTION

Air pollution may be defined as the presence of any solid, liquid or gaseous sub&tance in-
cluding noise and radioactive radiation in the atmosphere in such concentration that may be directly
and indirectly injurious to humans or other living organisms, plants, property or interferes with the
normal environmental processes. Air pollutants are of two types:

1. Particulate matter, and

2. Gaseous pollutants
Particulate Matter (PM) ~
What are particulates?

These are small pieces of solid material dispefsed into the atmosphere. Examples smoke
particles from fires, bits of asbestas, dust particles and ash from intustries)

The effects of particulates range from soot to the carcinogenic effects of asbestos, dust par-
ticles and ash from industrial plants that are dispersed into the atmosphere. Repeated exposure to
particulates can cause them to accumulate in the lungs and interfere with the ability of lungs to ex-
change gases. Their size ranges from 0.001 1o 500 pm in diameter. Particles less than 10um (PM,,)
float and move freely with the air current. Particles which are more than 10pm in diameter settle
down. Particles less than 0.02 pm (PM,5) form persistent aerosols.

Fly Ash

Fly ash is used -by industries

electric power generating plants. During combustion, mineral
impurities in the coal (clay, feldspar, quartz, and shale) fuse in
suspension and float dut of the combustion chamber with the
exhaust gases. As the fused material rises, it cools and solidifies
into spherical glassy-particles called fly ash. Fly ash is collected
from the exhaust gases by electrostatic precipitators or bag fil-
ters. Fly Ash particles are oxide rich and consist of silica, alu-
mina, oxides of iron, calcium and magnesium and toxic heavy
metals like lead, arsenic, cobalt and copper. Fly ash is a type of
particulate matter and therefore is a contributor to pollution in
following ways:

* Groundwater contamination
*  As SPMin lower atmosphere
¢ Respiratory problems

Fly ash is a by-product from burning pulverized coat in and householgs-in contempo-

rary times as

« prime material in blocks,
paving or bricks 1

« it provideg an excellent |
prime materia)to be used in
blended cement, mosaic
tiles, and hollow \blocks {
-among ctherd # " '

+ it has also been used re-
cently for embankment and
mine fills.

» it can be used for reclaim- |

ing the wasta@r’is

°¢e/V(
Ay, o 2y P
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 Reducing efficiency of plants and trees by accumulating over their Ieavesés‘zsfc;’ge 42’4':9*-9 @)

+ Even their exposures are perceived fo be a health hazard
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Lead and other metals particles

Tetraethyl lead (TEL) is used as an anti-knock agent in petrol for smooth and easy running
of vehicles. The lead particles coming out from the exhaust pipes of vehicles are mixed with air. If
inhaled it produces injurious effects on kidney and liver and interferes with development of red
blood cells. It can also cause nervous system démage and digestive problems and, in some cases,
cause cancer. Lead mixed with water and food can create cumulative poisoning. it has long terrlp
effects on children as it lowers intelligence. t

Oxides of Iron, aluminium, manganese, magnesium, zinc and other metals have adverse et‘—'
fect due to deposition of dust on plants during mining operations and metallurgical processes. They
create physiological, biochemical and developmental disorders in plants and also contribute to-
wards reproductive failure in plants.

Gaseous Pollutants

These are type of pollutants which gets mixed with air and alters the constituents of the air.
Power plants, industries, different types of vehicles — both private and commercial use petrol, diesel
as fuel and release gaseous pollutants such as carbon dioxide, oxides of nitrogen and sulphur diox-
ide along with particulate matter in the form of smoke. All of these have harmful eifects on plants
and humans. Other examples of gaseous pollutants include Ozone, Ammonia, Carbon Monoxide
efc. /
Major Gaseous Air Pollutants
Carbon Monoxide (CO):

» Carbon monoxide (CO) is a colourless, odourless gas emitted from incomplete combustion of
carbon based fuels including petrol, diesel and wood. In urban areas, the majority of CO emis-
sions fo ambient air come from mobile sources. CO is also produced from the combustion of
natuiat and synthetic products such as cigarettes.

* GO can cause harmful health effects by reducing oxygen delivery to the body's organs (like the
heart and brain) and tissues. At extremely high levels, CO can cause death.

» Exposure to CO can reduce the oxygen-carrying capacity of the blood. People with several
types of heart disease already have a reduced capacity for pumping oxydenated blood to the
heart, which can cause them to experience myocardial ischemia (reduced oxygen to the heart),
often accompanied by chest pain (angina), when exercising or under increased stress. For
these people, short-term CO exposure further affects their body's alreadyi.eyompromised ability
to respond to the increased oxygen demands of exercise or exertion. it cdn, slow our reflexes

. and make us'confused and sleepy. , i

Carbon Dioxide (CO,): _ B el
Carbon dioxide is the most prominent gas emitted due to the burning of fossl fllels* 1t is the ma-

jor Green House Gases contributing to the globail warming.

Sulphur Dioxide (SO,):

Sulphur dioxide (SO,) is one of a group of highly reactive gasses known as “oxides of sul-
phur.” The largest spurces of SO, emissions are from fossil fuel combustion at power plants (73%})
and other industrial facilities (20%). Smaller sources of SO, emissions include industrial processes
such as-gitracting metal from ore, and-the burning of high sulphur containing fuels by locomotives,
large ships, and hon:road equipment. SO; is linked with a number of adverse effects on the respira-

‘tory system.

"«(-h

4,

v

-»Shor’f__:.’;émi exposures to SO, ranging from 5 minutes to 24 hours, with an array of adverse
respiratory effects including bronchoconstriction and increased asthma symptoms. These effects
A
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are particularly important for asthmatics at elevated ventilation rates (e.g., whi{e exercising or play-
ing.) Emissions that lead to high concentrations of SO, generally also lead to the formation of other
oxides of Sulphur (SOx). Control measures that reduce SOz can generally be expected to reduce
people’s exposures to all gaseous SOx. This may have the important co-benefit of reducing the
formation of fine sulphate particles, which pose significant public health threats. SOx can react with
other compounds in the atmosphere to form small particles. These particles penetrate deeply into
sensitive parts of the lungs and can cause or wofrsen respiratory disease, such as emphysema and
bronchitis, and can aggravale existing heart disease, leading to fnoreased hospital admissions and

E

premature death. i

Nitrous Oxide (NO,): et ' i

« Nitrogen dioxide is a nasty-smelling gas. Some nitrogen dioxide is formed naturally’in the at-
mosphere by lightning and some is produced by plants, soil and water. However, only about 1%
of the total amount of nitrogen dioxide found in our cities' air is formed this way.

¢ Nitrogen dioxide is an important air pollutant because it contributes to the formation of photo-
chemical smog, which can have significant impacts on human health. The major source of nitro-
gen dioxide is the burning of fossil fuels: coal, oil and gas. Most of the nitrogen dioxide in cities
comes from motor vehicle exhaust (about 80%). Other sources of nitrogen dioxide are petrol
and metal refining, electricity generation from coal-fired power stations, other manufacturing in-
dustries and food processing.

« The main effect of breathing in raised levels of f]itrogen dioxide is the increased likelihood of
respiratory problems. Nitrogen dioxide inflames the lining of the lungs, and it can reduce immu-
nity to lung infections. This can cause problems such as wheezing, coughing, colds, flu and
bronchitis. Increased levels of nitrogen dioxide can have significant impacts on people with
asthma because it can cause mare frequent and more intense attacks. Children with asthma
and older people with heart disease are most at risk.

Ozone (O;): .

« Ozone {Oy) is a gas that can form and react under the action of light and that is present in two
layers of the atmosphere. High up in the atmosphere, ozone forms a layer that shields the Earth
from ultraviolet rays. However, at ground level, ozone is considered a.major air pollutant.
Ground-level azone or "bad" ozone" is formed from other pollutants and.can react with other
substances, in hoth cases under the action of light. Ground fevel Ozone is not emitted direcily
into the air’ but i$ created by chemical reactions between oxides of nitrogen (NOx) and volatile
organic compounds (VOC from paints, solvents, printing inks, petroleum p;rr,qducts, vehicles etc.)
in the presence of sunlight. Emissions from industrial facilities and electric u;iijities, motor vehicle

' exhaust, gasoline vapours, and chemical solvents are some of the major ources of NOx and
VOC. Tk,
. - : oy

« Ozone in the air we breathe can harm our health—typically on hot, sunny dafys‘“wh'é'n ozone can
reach unhealthy levels. Even relatively low levels of ozone can cause health effects. Children,
people with lung disease, older adults, and people who are active outdoors, including outdoor
workers, may be particularly sensitive to ozone. Breathing ozone can trigger a variety of health
problems including chest pain, coughing, throat irritation, and congestion. It can worsen bronchi-
tis, emphysema, and asthma. Ground levef ozone also can reduce fung function and inflame the
linings of the lungs. Repeated exposure may permanently scar lung fissue.

Hydrocarbons:

Hydrocarbons are a group of compounds consisting of carbon and Hydrogen atoms. They
either evaporate from fuel supplies or are remnants of fuel that did not burn completely. Hydrocar-
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bons are washed out of the air when It rains and run into surface wate-
the surface and do not as such cause a serious issue uniil they react t. e

Ammonia (NH;):
Ammonia is a nitrogen-containing gom-

pound with the chemical formula NHj;, and it is |

emitted almost exclusively ~ by agricultural

sources, including livestock production and ni- |
trogen fertilizer use. Much atmospheric ammonia |
is re-deposited from-the air to nearby land and

water, a process called nitrogen deposition.

Ammonia binds with other pollutants and

changes from a gas to a solid particle form.
Atmospheric ammonia is increasingly be-
ing recognized as a pollutant of key environ-
mental concern. Ammonia contributes to several
environmental problems, including direct toxic
effects on vegetation, atmospheric nitrogen
deposition, leading to the eutrophication and
acidification of sensitive ecosystem, and to the
formation of secondaty particulate matter in the
atmosphere, with effects on human health, at-
mospr}eric visibility and global radiative balance.
Chlorofluorocarbons (CFC)

f

«..These are gases that are released mainly |

from air-conditioning systems and refrigeration.
When released into the air, CFCs rise to the

siratosphere, where they come in contact with few other gases, which. isad {0 = reqi
ozone layer that protects the earth from the harmful UV rays of the sun Ofdais. -0 0.8

natives have turned out to be Green House Gases.

Effects of Air qullutlon can be summarised in the following ways:
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1. Health Effect # e "
| Name of Pollutant | Sources Health Effects p .
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| tion Acute and chrowic astimz, T ‘t%‘ e ang 8
s physema - Y
Nitrogen Oxides fossil fuel combus- | incidence of respiratory finczs. e .
| | tion structive pulmonary Ziszases, Lroa =30
| | Infant and cardiovastua Seat:
| Ozone VOCs, Automobile | Burning nose and waterng .,;f'?..a L BL R
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the baby of a pregnant woman

Carbon Dioxide

| fossi! fuel combus- |

Impairs reflexes, |udgement and vision, severe.

| carbon tetrachloride and |
vinyt chloride)

il = tion headaches and heart strain

| Ammonia Livestock farmings| Nose & throat irritation and burns, Pulmonary
" {animal waste and |edema, Chronic lung disease, Lung ﬁbr03|s?

| | fertilizer appllcatton ' dermatitis, Cataracts and glaucoma ‘i,

Volatile organic  com- | petrol and resins | Tiredness, vertigo, drowsiness, dizziness, nau-

pounds (propane, benzene, :  sea, confusion, unconsciousness, Anaemia,"

ethanol, methanol, ether, Bone marrow damage, Liver damage, Cancer;

specifically leukaemia, Abnormal changes in-

foetus development, birth defects and Cardio- f
 vascular diseases

| Photochemical Smog

Industries and ve-
| hicular pollution

Respiratory problems and intense irritation to
eyes

bustion of fossil
fuels and wood

Dust particles ~ [ Combustion of fos- | Stuffy noses, sinusiis, sore throats, wet cough,
il fuels, Gonstruc- | dry cough, head colds, burning eyes, wheezing, |
tion | lung disease, chest pain, Aggravated asthma

| | and Chronic bronchitis
| Smoke | Cigarettes, com- | Chronic bronchitis, Asthma, lung cancer and

frritation of eyes, nose and throat

Mercury | Industries - | Nervous disorders, insomnia, memory loss, ex-
. | citability, irritation, tremor and Minamata dis-

‘ | ease )
| Lead Leaded petrol | Damage to brain and central nervous system,

! emissions | kidneys and brains, impaired intelligence and

| | interference with development Qf HBCs

't Cadmium 1 Industries Affects the heart | ¥ il
| Silica Dust .« |Siliconquarrying | SI|ICOSVIS affects the lungs f
 Cotton Dust ' Cotton textile facto- | Byssinosis involves destructign of lung tissues,

rays, beta rays, ra-
don and radium

| _ =\ | ries jchronlc cough bronchltls and mphysema
Asbestos Dust ! | Asbestos  mining, | Asbestosis, which involves evere respiratory
~asbestos  sheet | problems and may lead to cancer Y
|  manufacturing i | _ 7 ""7. -
| Radioactive pollutants Cosmic rays, x- | Destroy living tissues and blood cells, affect cell

| membrane and cell enzyme functions, leukae- |

mia, and permanent genetic changes

Coal dust and particies Coal Mines

Black lung cancer, pulmonary fibrosis wh[ch
| lead to respiratory fallure

2. Effects on Animals

3. Effects on vegetatlon

4. '-E-conomic |

affects freshwater animal life

Losses
1. Acid rain caused due toox- | 1. Physical injury to leaves is the immediate ef- | 1. Direct medi-
{ides of Sulphur and Nitrogen | fect of air pollution on plants Ozone produces a | cat fosses

speckle of brown spots, which appear on thﬁ fiat
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[ areas of leaf between the veins; Nitrogen dioxide
produces irregular brown or white collapsed le- |

sidns on inter-costal tissue and near the leaf
edge; Ammonia: unnatural green appearance

| with tissue drying out.

= ——

2. Affect animals through
| plants on which they feed.

| 2. Cell metabolisin disruption.

| from beinglab-
 sent from w{qu_I r

2. Lost incopme |

| 3. Excessive ultraviolet radia-

| through the ozone layer in the
upper atmosphere which is
| eroded by some air pollutants,
may cause skin cancer in
| wildlife

: | 3. Leaf injury and loss.
| tion ‘coming from the sun: .

13. Decreased

prbductivity

| 4. Many higher order animals

| gorillas) experience air pollu-
| tion effects similar to those
- experienced by humans.

(especially those closely re-|
 lated to humans, ex. mountain |

4. Reduced growth and reproduction.

losses due to
reduced visibil- |

4. Travel fime |

i

[ 4

Wy

- 'r =
| 5. Increase in susceptibility of plants to attacks by
| insect herbivores.

| repair of dam-
age to build-{
 ings |

5. Losses from

-

| 6. Particulate matters often affect plants and |
| trees via blocking of leaf stomata through which

 plants undertake the gas exchange necessary for
photosynthesis and respiration. 7

1

6. Increased
costs of clean-

ing

| 7 .Leaf necrosis and chlorosis, bark peeling

7. Losses due |
‘o damage to

b oy ¥
2.1 BHOTOCHEMICAL SMOG

/8
3
.

 crops & plants

i

. 1,

# Photochemical smog is a mixture of pollutants that are formed when nitrogen gxide® and volatile
organic compounds (VOCs) react to sunlight, creating a brown haze above cities. it'tends to oc-
cur more often in summer, because that is when we have the most sunlight. The two major pri-
mary pollutants, nitrogen oxides and VOCs, combine to change in sunlight in a series of chemi-
cal reactions, explained below, to create what are known as secondary pollutants. The secon-
dary pollutant that causes the most concern is the ozone that forms at ground level. While
ozone is produced naturally in the upper atmosphere, it is a dangerous substance when found
at ground level. Many other hazardous substances are also formed, such as Peroxyacetyl ni-

tratg (PAN).

The significance of the presence of the VOCs in these last two reactions is paramaunt. Ozone is

normally consumed by nitric oxide, as in reaction 3. However, when VOCs are present, nitric ox-
ide and nitrogen dioxide are consumed as in reactions 4 and 5, allowing the build-up of ground

100 h
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| produces irregular brown or white collapsed [e-

areas of leaf between the veins; Nitrogen dioxide |

[ sidns on inter-costal tissue and near the -IeaflI
edge; Ammonia: unnatural green appearance |
with tissue dyying out.

ks

Wi

| through the ozone layer in the ‘
| upper atmosphere which is

' may cause skin cancer in
| wildlife '

eroded by some air pollutants, |

4. Many higher order animals
 (especially those closely re- |
| lated to humans, ex. mountain

| experie_nced by \_humanis.

' gorillas) experience air pollu- |
| tion effects similar to those |

4. Reduced growth and reproduction.

4. Travel time |
losses due to

reduced visibil- {

| ity

[ 2. Affect animals through | 2. Cell metabolisfn disruption. '" 2. Lost income
| plants on which they feed. i from being ‘ab-
e D | sent from wark |
| 3. Excessive ultraviolet radia- | 3. Leaf injury and loss. 3. Decreased |
tion ‘coming from the sun | - productivity |

'}

g

['5. Increase in susceptibility of plants to attacks by

| insect herbivores.

' 5. Losses from |

repair of dam-
4

| age to build-

-

ings

| plants undertake the gas exchange necessary for |

6. Particulate malters often affect plants and
trees via blocking of leaf stomata through which

photosynthesis and respiration.

6.
costs of ctean-

tncreased

ing

| 7 .Leaf necrosis and chlorosis, bark peeling

| 7. Losses due |

fo damage to

2.1 PHOTOCHEMICAL SMOG

4
i
W

crops & plants

# -Photochemical smog is a mixture of pollutants that are formed when nitrogan pxided and volatile
organic compounds (VOCs) react to sunlight, creating a brown haze above cities. It tends to oc-
cur more often in summer, because that is when we have the most sunlight. The two major pri-
mary pollutants, nitrogen oxides and VOCs, combine to change in sunlight in a series of chemi-
cal reactions, explained below, to create what are known as secondary pollutants. The secon-
dary pollutant that causes the most concern is the ozone that forms at ground level. While
ozone is produced nafurally in the upper atmosphere, it is a dangerous substance when found
at ground level. Many other hazardous substances are also formed, such as Peroxyacetyl ni-

frate (PAN).

The significance of the presence of the VOCs in these last two reactions is paramount. Ozone is

normally consumed by nitric oxide, as in reaction 3. However, when VOCs are present, nitric ox-
ide and nitrogen dioxide are consumed as in reactions 4-and 5, allowing the build-up of ground

100 h
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the baby of a pregnant woman

Carbon Dioxide ' ;ffoséil fuel combus- | lmpalrs reflexes, judgement and vision, severe |
‘ tion ' headaches and heart strain
| Ammonia Livestock farmings| Nose & throat irritation and burns, Ruimonary

| animal waste and | edema, Chronic lung disease, Lun ﬂbrosms,,
) 7 fertilizer application | dermatitis, Cdtaracts and glaucoma ¥i
| Volatile  organic  com- | petrol and resins  Tiredness, vertigo, drowsiness, dizziness, naus

| pounds (propane, benzene, | sea, confusion, unconsciousness, Anaemia, {
| ethanol, methanol, ether, Bone marrow damage, Liver damage’ Cancar; 1
 carbon tetrachloride and | specifically leukaemia, Abnormal changes in {
vinyl chloride) ; ' | foetus development, birth defects and Cardio-
7 1 vascular diseases >
Photochemical Smog Industries and ve- | Respiratory problems and intense irritation to.
hicular pollution jeyes by 7 |
Dust particles Combustion of fos- | Stuffy noses, sinusitis, sore throats, wet cough,
sil fuels, Construc- | dry cough, head colds, burning eyes, wheezing,
| tion lung disease, chest pain, Aggravated asthma
| and Chronic bronchitis |
| Smoke ' - |Cigarettes, com- | Chronic bronchitis, Asthma, lung cancer and

| bustion of fossil | irritation of eyes, nose and throat
| fuels and wood

[Mercury "~ |Industries - 'Nervous disorders, insomnia, memory loss, ex-.
| citability, irritation, tremor and Minamata dis- |
_ | | ease !
| Lead - | Leaded petrol Damage to brain and central nervous system
‘ emissions | kidneys and brains, impaired intelligence and
' | | interference with development of RBCs
' Cadmium { Industries | Affects the heart ] J
Silica Dust S  Silicon quarrying | Silicosis affects the Iungs i
| Cotton Dust Cotton textile facto- Byssmosw involves destruclﬂn of lung tlssues
| | des chronic cough, bronchitis and ffmphysema
Asbestos Dust " | Asbestos  mining, | Asbestosis, which involves evgre resplratory
ashestos  sheet | problems and may lead to canger &
| 3  manufacfuring | E "' >
 Radioactive pollutants Cosmic rays, x- | Destroy living tissues and blood cells, affect cell
| | rays, beta rays, ra- | membrane and cell enzyme functions, leukae- |
] | don and radium mia, and permanent genetic changes !
Coal dust and particles | Coal Mines Black lung cancer, pulmonary fibrosis which |
w _ |  lead to respiratory failure |
2, Effects on Animals 3. Effects on vegetatlon - 4, Economlc
' Losses

1. Acid rain caused due to ox- ;i' 1. Physical injury to leaves is the immediate ef- | 1. Direct medi- ‘
ides of Sulphur and Nitrogen | fect of air pollution on plants Ozone produces a | cal losses
affects freshwater animal life | speckle of brawn spots, which appear on the flat
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leve! ozone. Such ground level Ozone, PAN and fine particulates are termed as Photochemical

Smog.

Furrnatmn of Phetuehemlcal Smog ;

2.2 INDOOR AR POLLUTION

/
It refers to the physical, chemical, and biological characteristics of air in the indoor environ-
ment within a home, building, or an institution or commercial facility.

n

Indoor air pollutlon in the rural areas and the urban areas.

In the developing countries, people continue to rely
| on traditional fuels such as firewood, charcoal, and

 of indoor pollutants in households that burn tradi-
 tional fuels are alarming. Burning such fuels pro-
' duces largé amount of smoke and other air poliut-

 high exposure. Women and children are the groups

and are exposed to the smoke. Although many hun-
dreds of separate chemical agents have been iden-
1 tmed in the smoke from biofuels, the four most seri-
ous poilutants are particulates, carban monoxide,
| polycyclic organic matter, and formaldehyde

| cow-dung for cooking and healing. Goncentrations

| ants in the confined space of the home, resulting in |
| products.
most vulnerable asythey spend more time indoors |

in Developed areas, exposure to indoor air{.
pollution has Increased due to a variety of

reasons, including the construction of more

‘tightly sealed buildings; reduced venﬂiatlon i

the use of synlhehc matenels for buitding |

and furnishing and me use of chemical |

products, pesticides, a -household care
Indoor air pollution can begin
within the building or be drawn in from out-
doars. Other than ni

monoxide, and lead, there are a number of

 other pollutants that affegt the air quality in |
| an enclosed space ¥ '

llx

en dioxide, carbon |

s e w-';__k._;.._..._._...._

1. Indoor air pollution is a concern in the developed countries, where energy efficiency improve-

ments sometimes make houses relatively airtight, reducing ventilation and raising poliutant lev-

els.

2. Indoor air problems can be subtle and do not always produce easily recognized impacts on

healih.

The major pollutants contributing to Indoor Air Pollution include:

¢ Pesticides
¢« Tobacco smoke —

It generates a wide range of harmful chemicals and is known to cause can-

cer. It is well known that passive smoking causes a wide range of problems to the passive
smoker (the person who is in the same room with-a-smoker and is not himselffherself a smoker)

101
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ranging from burning eyes, nose, and throat irritation to cancer, bronchitis, severe asthma, and
a decrease in lung function.

* Volatile organic compounds ~ They originate mainly from solvents and chemicals. The main in-
door sources are perfumes, hair sprays, ﬁurni;ure polish, glues, air fresheners, moth repellents,
wood preservatives, and many other products used in the house. The main health effect is the‘)
imitation of the eye, nose and #hroat. In more severe cases there may be headaches, nauseat
and loss of doordination. In the long term, some of the pollutants are suspected to damage to'/;
the liver and other parts of the body. "

* Formaldehyde — It is a gas that comes mainly from carpets, particle boards, and ihsulation
foam. It causes irritation to the eyes and nose and may cause allergies in some people.

* Biological pollutants — These include pollen from plants, mite, hair from pets, fungi, parasites,

and some bacteria. Most of them are allergens and can cause asthma, hay fever, and other al-
lergic diseases.

* Asbestos — It is mainly a concern because it is suspected to cause cancer .

* Radon - Itis a gas that is emitted naturally by the soil. Due to modern houses having poor ven-
tilation, it is confined inside the house causing harm to the dwellers.

* Styrene — It is a colourless, flammable liquid, which has a sweet odour and is highly volatile.
Styrene is widely used to make plastics and rubbe , which are used to manufacture a variety of
products, such as insulation, pipes, automobile parts, printing cartridges, food containers, and
carpet  backing. Styrene is carcinogenic and can even cause "lung tumours

Control Measures for Air Pollution

Air ;fp'llution can be controlied by preventive meastite, effluent control and regulat-ion§.
Some of these have been discussed as follows:

Source Correction Methods -

Industries make a major contribution towards causing air pollution. Formation of pollutants
can be prevented and their emission can be minimised at the source ftself. By carefully investigating
the early stages of design and development in industrial processes e.g., those methods which have

“minimum air pollution potential can be selected to accomplish air-poliution control at source itself.
Examples of Source qurection Methods are:

1. Substitution of raw materials: If the use of a particular raw material results in z;,i; pollution, then it
should be substituted by another purer grade raw material which reduces the’,,f{ormation of pol-
lutants, Thus, |, f

(@) Low sulphur fuel which has less pollution potential can be used as an alter'lr;ati\z‘eqto high
Sulphur fuels, and, : B

(b) Comparatively mare refined liquid petroleum gas (LPG) or liquefied natural gas (LNG) can
be used instead of traditional high contaminant fuels such as coal.

2. Process Modification: The existing process may be changed by using modified techniques to
control emission at source. For example,

(a) If coal is washed before pulverization, then fly-ash emissions are considerably reduced.
(b} If air intake of boiler furnace is adjusted, then excess Fly-ash emissions at power plants can
be reduced. '
3. Modification of existing equipment: Air pollution can be considerably minimised by making suit-
able modifications in the existing equipment:

h
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(a) For example, smoke, carbon-monoxide and fumes can be reduced if open hearth furnaces
are replaced with controlled basic oxygen furnaces or electric furnaces.

{b} In petroleum refineries, loss of hydrocarbon vapours from storage tanks due to evaporation,
temperature changes or displacement during filling etc. can be reduced by designing the
storage tanks with floating roof covers. f

{c) Pressurising ie storage tanks in the above case can also give similar results.

. : . S . {
4. Maintenance of equipment: An appreciable amount of pollution is caused due to poor mainte- |
nance of the equipment which includes the leakage around ducts, pipes, valves and pumps etc. (.

Emission of pollutants due to negligence can be minimised by a routine check-ups of the seals

and gaskets. : #

Pollution Control Equipment: Sometimes pollution control at source is not possible by preventing
the emission of poflutants. Then it becomes necessary to install pollution control equipment to re-
move the gaseous pollutants from the main gas stream. The pollutants are present in high concen-
tration at the source and as their distance from the source increases they become diluted by diffus-
ing with environmental air. Pollution control equipment’s are generally classified into fwo types:

(a) Control devices for particulate contaminants.
{b) Control devices for gaseous contaminants.

Diffusion of Polfutants in Air; Dilution of the contaminants in the atmosphere is another approach
to the control of air poilution. If the pollution source releases only a small quantity of the contami-
nants then poliution is not noticeable as these pollutants easily diffuse into the atmosphere but if the
quantity of air contaminants is beyond the limited capacity of the environment to absorb the con-
taminants then pollution is caused. However, dilution of the contaminants in the atmosphere can be
accomplished through the use of tall stacks which penetrate the upper atmospheric layers and dis»
perse the contaminants so that the ground level pollution is greatly reduced.

Vegetation: Plants contribute towards controlling air-pollution by ufilizing carbon dioxide and re-
leasing oxygen in the process of photasynthesis. This purifies the air (removal of gaseous pollut-
ant—COy) for the respiration of men and animals. Gaseous pollutants like carbon monoxide are
fixed by somé plants, namely, Coleus Blumeri, Ficus variegata and Phascolus Vulgaris. Species of
“Pinus, Quercus, Pyrus, Juniperus and Vitis depollute the air by metabolising nitroéen oxides. Plenty
of frees should be planted especially around those areas which are declared as high-risk areas of
pollution. T ¥
Zoning: This method of eontrolling air pollution can be adopted at the planningstages of the city.
Zoning advocates sétting aside of separate areas for industries so that they are far removed from
the résidential areas. The heavy industries should not be located too close to each gther. New in-
dustries, as far as possible, should be established away from larger cities (this will alst; keep a
check on increasing concentration of urban population in a few larger cities only) and’the*locational
decisions of large industries should be guided by regional planning. The industrial estate of Banga-
lore is divided into three zones namely light, medium and large industries. In Bangalore and Delhi
very large industries are not permitted.
Policy Measure
Air {Prevention and Control of Pollution} Act 1981

The Government of India enacted the Air (Prevention and Control of Pollution) Act 1981 to
arrest the deterioration in the air quality. The act prescribes various functions for the Central Pollu-
tion Control Board {CPCB) at the apex level and State Poliution Control Boards at the state level.
The main functions of the Gentral Pollution Control Board are as follows:
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1. To advise the Central Government on any matter concerning the improvement of the quality
of the air and the prevention, control and abatement of air pollution.

2. To plan and cause to be exeeuted a nalion-wide programme for the prevention, control and
abatement of air pollution.

3. To provide technical assistance and guidance to the State Pollution Control Board.

4. To carry out and sponsor investigations and research related to preventlon control a;nd
abatement of air pollution. '7

5. To collect, compile and publish technicaf and statistical data related to air pollution; and {1 ;
-6. To lay down and annul standards for the quality of air. Central Pollution Contro ﬁoard

The Pohcy Statement for Abatement of Pollution, adopted in 1992 lays emphams on pollution |
prevention in place of the conventional end-of-the-pipe treatment also identified the adoption :of
|-best available and practicable technologies as the key element for pollution prevention. The whole |
j‘ issue of pollution prevention and control is dealt with by a combination of command and contra!
 methods as well as voluntary regulations, fiscal measures, promotion of awareness etc. Pro- |
grammes of the Ministry related to prevention and control of pollution are:

Environmental Statement (as part of Environmental Audit)

Environmental Statistics and Mapping

Development and Promotion of Cleaner Technologies

Adoption of Cleaner Technologies in Smalf Scale Industries

Waste Minimizing

Programme for improvement of Quality of Automotive Fuels (Motor Gasoline and Dlesel)
for reducing Vehicular Pollution

7. *Mission on Control of Vehicular Pollution from On-Road Vehicles v

8. Noise Pollution

9. Environmental Epidemiological Studies

10. Development of Standards

Central Pollution Control Board (CPCB} of India is a statutory orgamzatlon under the Ministry of
Environment and Forests (MoEF). It was established in 1974 under Water (Prevention and Control
of Pollution) Act, 1974. CPCB is also entrusted with the powers and functigns under the Air (Pre-
vention and Control of Pollution) Act, 1981. it serves as a field formation and also provides technical
services to the Miistry of Environment and Forests of the provisions of the Environment (Protec-
tion) Act, 1986. It Co-ordinate the activities of the State Boards by providigg technical assistance
and guidance and resolve disputes among them. It is an apex organlzatlon ?ﬁi‘gountry in the field of
pollutlon contrel, as technical wing of MoEF. (=

National Air Quality Monitoring Programme (NAMP) i Under NAM, P.,“four, air pollut- |

- a—— — - - . l D _
Central Pollution Control Board is executing a na- ! %TIZ e\gzofsll\]h[tjriz:’an ':Zldﬁo(g 221
tion-wide programme of ambient air quality monitoring Suspended Particulate Matter
known as National Air Quality Monitoring Programme | P

. (SPM) and Respirable Sus-
(NAMP). The objectives of the N.A.M.P. are . R B R e
1. To determine status and trends of ambient air quality; | (RSPM/PM 10), have been ideni-

2. To ascertain whether the prescribed ambient air qual | fied for regular monitoring at all -
ity standards are violated, . the locations. The monitoring: of |
3. To ldentify Non-attainment Cities meteorological parameters such .
4. To obtain the knowledge and understanding neces- . as wind speed and direction, rela- ?
sary for developing preventive and corrective meas-  tive humidity and temperature '
was r:ulisc)ﬂ infegrated with the

T =
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ures;

formation of pollutants generated.
National Air Quality Index (AQ1) f
What's AQI? :

currently is or how polluted it is forecast to become®.

parameters to consider eight parameters.

ble features of AQI -
« One Number- One Colour-One Description, easy to understand
« Covetage of entire India after five years
« No monitoring of Benzene ;
« No separate indexes for each area

cause  breathing

5. To understand the natural cleansing process undergoing in the environment through pollution
dilution, dispersion, wind based movement, dry deposition, precipitation and chemical trans-

“Air quality index (AQY) is a number used to communicate fo the public how pjlluted the air

If the AQI increases, an increasingly large percentage of the population is likely to experi-

ence increasingly severe adverse health effects. Launched under Swachh Bharat Abhiyat, It is

+ outlined as ‘One Number- One Colour-One Description’ for the common man to judge the air
quality within his vicinity. While the earlier measuring index was limited to three indicators, the

. current measurement index had been made quite comprehensive by the addition of five additional

There are six AQI categories, namely Good, Satisfactory, Moderately polluted, Poor, Very
Poor, and Severe. The proposed AQl will consider eight poliutants (PMio,
NHs, and Pb) for which short-term (up to 24-hourly averaging period) Natlonal Ambient Air Qual-
ity Standards are prescribed. Associated likely health impacts for different AQI categories and pol-
lutants have been also been suggested, with primary inbuts from the medical expert members of
the group. The AQI values and corresponding ambient concentrations (health breakpoints) as well
as associated likely health impacts for the identified eight pollutants are in the pictuge. Some nota-

'PM2.5: NO21 8021 GO: QS:

discomfort ta people with
lung disease such as
asthma, and discomfort
to people with heart dis-
ease, children and older

May cause breathing |
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System of Air Quathy and Research (SAFAR)

It is a computerized system jointly developed by Indian institute of Tropical Meteorology
(IITM), Pune (under Ministry of Earth Science) and India Meteorological Departrhent (IMD). It can
forecast quality of air 24-72 hours in advance. It provides data on Air Quality lndex — health advi-
sory UV index — skin advisery and Dynamic city pollution maps. .

3. WATER POLLUTION

What is Water poliution?

tive or pathogenic microbial substances so that it becomes unfit for use. Water ,gets polluted in sur--
face water, ground water as well as in open oceans and seas.

/

Water pollution is the contamination of natural water bodies by chemical, physical, radioac-

Water pollutants are classified as following:

Chemical water pollutants — These are generally atoms or molecules, wWhich have been dis-
charged into fratural water bodies, usually by activities of humans. Common examples of such
chemieal water pollutants are mercury emanating from mining activity, ce'i'taiq nitrogen com-
pounds used in agriculture, chiorinated organic molecules arising from "sewag’eg or water
treatment plants or various aclds which are the externalities of various mandfacfiiring activi-
ties.

Physical water pollutants — These are either much larger particles or physical factors such
as temperature change, both of which while not typically toxic, cause a variety of harmful ef-
fects. The most obvious of physical poliutants are (a) Excessive sediment load, mostly arising
from over-Intense land use practices and (b} Rubbish discarded from human manufacturing
activity (e.g. plastic bags, bottles). While these materials are not so harmful to human health

_ @s chemicals or pathogens, they comprise the majority of visual impact of water pollution.

Radioactive substances — These are really merely a special sub-class of chemical pollut-

ants, and by mass represent the smallest of the contributors to water pollution; however, their

potential for harm allows recognition as a separate class. In fact, most discharge of radicactiv-
106 A
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# Urban land use: In our urban areas rainfall run-off as stormwater is one of the major nonpoint
sources of pollution impacting the water quality of our waterways and bays. Stormwater from
street surfaces is often contaminatéd with car oil, dust and the faeces of animals and sofl and
sediment run-off from construction sites and in industrial areas often contains more toxicants
and chemicals. In some outer-urban and urban fringe areas, a reticulated sewerage system is
not available so sewage is discharged to onsite wastewater systems and septic tanks. Seepage
and surface run-off of septic tank efiluents may also be forms of non-point source pollution oﬂ'}IF

streams in these areas. ‘ Indicators of water pollution . ! 'J.
# Agriculture land use: In farming ar- Dissolved Oxygen (DO)
eas non-point sources of pollution | DO test measures the conceniration of oxygen dis-
include pesticides, fertilisers, animal | solved in a water or wastewater sample. It refers to |
manure  and soil washed into | the level of free, non-compound oxygen present in | :
streams in rainfall run-off, Where | water or other liquids. It is an important parameter in
stock are given access to stream | assessing water quality because of its influence on
banks they may foul the water and | the organisms living within a body of water. Water
accelerate erosion. Fertilisers con- | having DO content below 8.0 mg/l. is considered to
tain major plant nutrients such as ni- | be contaminated. Eutrophication decreases DO. |
trogen, phosphorous and potassium. | Biological Oxygen Demand (BOD)
These may leach into water bodies. | Biochemical oxygen demand Is @ measure of the
Pesticides, insecticides and fungi- | Quantity of oxygen used by microorganisms (e.g.,
cides contain wide range of chemi- aerobic bacteng) in Fhe oxidation of organic matter.
cals such as Chlorinated Hydrocar- BOD is the traditional, most widely used test to estab-
bons, Organophosphates, Metallic lish concentraﬂpn of organic mattgr in wastewater
Sefis. GarbongteS' Thiocarbonates | S2MPles. The higher value of BOD indicates low DO
Dy . y content of water. BOD is limited to bio-degradable
etc. which can prove detrimental for | materials only. )
the existence of ecosystem. | Chemical Oxygen Demand (Cop) |
# Forestry land use: Forestry opera- | It is the measure of oxygen equivalent of the require-
tions may contribute to non-point | ment of oxidation of total organic matter (i.e. biode-
source pgllution of streams by in- | gradable and non-biodegradable) present in water.
creasing soil erosion and sediment | COD is the most popular alternativgf test to BOD for
run-off. | establishing the concentration of ofganic matter in |
# Thermal Pollutions Power plants-. wastewater samples. COD can test wastewater that
thermal and nuclear, chemical and | 'S 100 foxic for the BOD test.
other industries -USF; lot of water iTotgl quge"} Deary (TOD) " .
bout 30 % ofi all ab ‘ d | According to its name, this parametefdefines the to- |
(about 30 % oftall abstracted water) | 1. oxygen demand of the water sample, It is based
for cooling purposes and the used | o the same principle as. the COD. This atalytical
hot water fs discharged into rivers, technique was developed to be equivafent*io COD |
streams or oceans. The waste heat | testing, in that oxygen uptake was measured as a
from the boilers and heating proc- | resylt of combustion of other oxidation techniques.
esses increases the temperature of | Total Organic Carbon (TOC) !
the cooling water. Discharge of hot Total Organic Carbon is a term used to describe the
waler may increase the temperature | measurement of organic (carbon based) contami-
of the receiving water by 10 to 15 °C | nants in a water system. Organic contamination can
above the ambient water tempera- | come from a variety ‘of sources, since “organics" are
ture. This is thermal pollution. In- | compounds such as sugar, sucrose, alcohol, petro-
ctease in water temperature de- | leum, PVC cement, plastic based derivatives, etc.
creases dissolved oxygen in water = —————— = 3
which adversely affects aquatic life. Unlike tecestrial ecosystems, the temperature of water bod-
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ity is not from the negligible escape from nuclear power plants, but rather arises from agricul-
tural practices such as tobacco farming, where radioactive contamination of phosphate fertil-
izer is a common method of introduction of radioactive materials into the environment,

v
* Pathogens ~ Common pathogenic microbes introduced Into natural water bodies are patho-
gens from untreated sewage or surface runoff from intensive livestock grazing. One of the

most common disease
agents is Giardia Lamblia,
a parasiic  protozoan
common in faecal material
of many fauna including
humans; this microbe is
particularly insidious, due
to its resistance to conven-
tional sewage treatment.
This and other protozoans

and bacteria are important .

causes of illness and mor-
tality in developing coun-
fries  where population
density, water scarcity and
inadequate sewage treat-
ment combine to occasion
widespread parasitic and
bacterial disease.

From plastic bag‘s to pesticides - most of the waste we pra
duce on land eventually reaches the oceans, either through
deliberate dumping or from run-off through drains and rivers.
This Includes:

#

Qil —Oil spills cause huge damage to the marine environ
ment. It is one of the most dangerous of all water pollut-
ants. Ol Spills from tankers at sea or leaks from under
ground storage tanks on land are very difficult to control as

oil tends to spread very fas, affecting a large area in a very

short time. Oil spills-at sea decrease the oxygen level in

the water and cause harm to the organisms. Ol spills are
also a source of air and groundwater pollution

Fertilizers — Fertilizer runoff from farms and lawns is a
huge problem for cpastal areas. The extra nuirients cause
eutrophication - flourishing of algal blooms that deplete the
water's dissolved oxygen and suffocate other marine life .
Seas of garbage — Solid garbage also makes its way to the
ocean. Plaslic bags, balloons, glass bottles, shoes, and

Pollution Sources —

Pollutants enter the wa-
ter environment from two main
types of sources:

1. Point Sources — A point

packaging material — if not disposed of correctly, almost -
everything we throw away can reach the sea. Plastic gar-
bage, which decomposes very slowly, is often mistaken for
food by marine animals. High concentrations of plastic ma
terial, particularly plastic bags, have been found blocking

source is a single, identi-
fiable source of pollution,
such as a pipe or a drain.
Here pollutarit travels di-
rectly from source to wa-
ter. \These are'"easy to
regulate”and control. In-
dustrial wastes are com-
monly discharged to riv-
ers and the sea in this
way.

. Non-Point Sources: Non-
point sources of pollution

#

the breathing passages and stomachs of many marine
species, including whales, dolphins, seals, ptffins, and tur
tles. Plastic six-pack rings for drink bottles can also choke
marine animals. This garbage -can also come back to
shore, where it pollutes beaches and otheffcoastal habi-
tats. J¢'

Sewage Disposal — In many parts of the world; sewage
flows unireated, or under-treated, into the ocgan. Fgriex-
ample, 80% of urban sewage discharged into the Mediter
ranean Sea is untreated. This sewage can also lead to eu
trophication. In addition, it can cause human disease and
lead to beach closures.

.are often termed ‘diffuse’ pollution and refer to those inputs and impacts which accur over a
wide area and are ot easily attributed to a single source. They vary spatially and temporally
and are difficult to regulate. They are often associated with particular land uses, as opposed
to individual point source discharges.
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ies remains steady and does not change very much. Accordingly, aquatic organisms are

adapted to a uniform steady temperature of envi

ronment and any fluctuation in water tempera-

ture severely affects aquatic plants and animals. Hence discharge of hot water from power
plants adversely affects aquatic organisms. Aquatic plants and animals in the warm tropical wa-

ter live dangerously close to their upper limit of

temperature, particulariy during the warm sum-

mer months. It requires only a slight devidtion from this limit to cause a thermal stress to these

organisms.

£ Grou dwater Pollution: Lot of people around the world depend on ground water for drinking,
domestic, industrial and agricultural uses. Generally groundwater is a clean source

d

However, human activities such as improper sewage disposal, dumping of farm};xrd- manures
and agricultural chemicals, industrial effluents are causing pollution of ground watefr. :

# Marine Poliution: Marine pollution occurs when harmiul, or potentially harmful, effects resplt
from the entry into the ocean of chemicals, particles, industrial, agricultural and residential
waste, noise, or the spread of invasive organisms.

Effects of Water Pollution

The effects of water pollution have a sfrong impact on the delicate balance in the natural
ecosystem. This will ultimately impact the humans and other living organisms. The effects of water
pollution are different and depend on the chemicals dumped in that particular location. The effects
of water pollution could be classified into:

1. On Ecosystem f

72 On  Animal | 3.0n Human Health

'a. Ecosystems can be severely
affected or damaged by water

b. -Contamination of gruundwaJ.; -
| ter: from. pesticides ‘causes:;

. fem.

tural run-off that contain or-

causes inctease in the growth
gen depletion.

and |akes due to water pollu-
tion are a major cause for ex-,
tinction of indigenous organ- |
isms.

e. Deslruction in ecosystem is

coral reefs are affected by the
bleaching- efiect due to

- poliution. |
. pesticides causes | b. Fisfies .and ' the
- damage fo the reproductive’l
system in the wildlife ecosys={

c. When sewage water, agricul-{

ganic materials are dis-] . U : :
charged into fresh waler, |'c. Human' litter fet
of algae in turn causing ‘?‘?‘3,’_'_‘4

d. Low levels of oxygen in rivers

 d. Oil spills i water |

caused due to the rise in|
temperature in water like the |-

a. Water * pollution
kills life that de- |
pends on these |
waterbodies,

aquatic organ-.
isms are poi- |
soned due fo in- |
dustrial  chemi-
cals and agricul-
tural pesticides.

into" water “sys-
tem ‘gets the |

aqualic animals |

caught and can |
get killed due to
suffocation.

causes animals |
to die as they in- |
gest it or come
across it. Oild4
cannot be dis-
salved in waler

sc i-eauses sur-

a.

f

"Humans are aﬂ;ﬁ_!c:te::l by water pol- |

In’ developing ‘nations, there are

‘ter quality froim contaminated wa-
ters. ' '

 diseases and;aiso can' lead to

lution. Diseases like hepatitis .are |
caused by ealing seafood that is
poisoned or contaminated.

frequent outbreaks of cholera and
diseases due to poor drinking wa-

+ i

Swimming and drinking in con-
laminated water can causes skin

ity

cancer, repmchc_t%_r'_éjinjblems. ty-
phoid, fever and stomagh ailments
in humans.  f £
Heavy metals poisoning due to
consumption of contaminated fish,
For example: Mercury poisoning
interferes with the nervous system
development in foetuses and
young children,

Polluted drinking water can cause
cholera or typhoid infections and

of water. §

also diarrhoea. |
Foanny polluted water can haim
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mternal organs Ilke heart and kid- |

warmer tem peratures.

cause flooding due to accu-
mulation of solid waste and

I 1ver S,

mhabrls the water-based eco-

food chain,

than inorganic nutrient input

ents like nitrates and phos-
phates are decomposed. This
promotes algal bloom espe-
cially ' blue-green  algae.
Theseralgae grow fast con-

gen, killing the water animals.
This is known as eutrophica-
tion.

life.
K. Sleep increase in the BOD

Iavets of water.

|. Imbalance
relations in the ecosystem,
changing the food webs and
food chain.

m. Aﬁe-::ts microbial population.

n. Dep::_usmgn of
chemicals in soil [eads to soil
infertility

f. Water pollution may also

g. Ground water and surface |
| waler are contaminated with |’
heavy metals, persistent or- | .
gamd’pﬁllut&nts and nutrients.

h. Water pollution kills: life that |

systern. disruptmg the natural |

i. Due'to water pollution other |

and inflow of waste water; or-
gamu wastes and plant nutri- |

suming all the dissolved oxy- |

{Elmlnglca! Oxygen Demand)

hazardous |

soil -erosion in streams and | -

I. The nop-biodegradable pesti- | ;
cides and chemicals cause |
mass destruction of aquatic |

in hnstﬂamsrte a

; FJsh ""f)rrds
._-'phins and many
" -.other:

“focation in fish

and birds. 7|
. Qil-contaminated

water -.causes

- -watér:, blrds ol
'dle from expo-

dead” ﬁsh Irom

contammated ?ﬂ: &

dol-

are killed by pol-

lutants in  their

habitat.

. Reproduction

rate in reduced
in aguatic organ-
isms.

Incidences  of
diseases in-

Crease.
Bio-

accumulative
and
biodegradable
pesticides

animal bodies.

Bio-
magnification of

hazards chemi--

cals like

ganochlorine
peslicides

DDT, BHC, En
drin.

or-

nog= |

are |
accumulated - in. ]

like |

Canimals -

rreproductlve prnhlems
‘ ',;and humans _

neys.®

g. . Pesticide. contamrnaﬂuq of gmund

. water .can ‘cause: ﬂndc}:;nne ;and.
10 anlmals

g i

‘Antmals “that’ ea‘\?t‘ i, Svnthe

' .’-..Water bome tﬂseases hke l}Ej:la.th

fis,: cholera dysentery and Iyphold

are common and -affect: large'-

populations in the tropical regmns

Resticides like nrganuphnsphates_

and carbonates: affect and dam-
age the nervous system and an:—:
carcinogenic.

. Lead accumulation in the hqdy

can affect the central nervous sys-

tem, putting children.and pregnant_

women at high risk.

. Excess of flunm:]es causes yellow-
ing of teeth and’damage to spinal I

cord and other crippling diseases.”

. Nitrate contamination _::aniprgve-
Testrict
the uxygen to 1I'|f! reach tha braa P

fatal for infants’ s it.can

-causing the 'blue-baby’ syndrome:

It can-also cause digestive  tract

cancers and eutmphmatmn m wa-
ter bodies.

. Arsenic poisoning cause sennug
liver and nervous sysiem damage

vascular d|sease and skm cancar

. Minamata disease due to intake of

Mercury, Blue Baby ' Syndrome
(Methaemo-globinemia) due fo
excess nitrate and Fluorosis due
lo excess fluoride in drinking water
are same.very infamous diseases

1}
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Control measures of water pollution‘

Foliowing are the control measures of water pollution :

1. Stabilisation of ecosystem: It involves fo‘ll‘ow{ing practices:

a) Reduction of waste at source

b) Harvesting and removal of biomass o . ¢

¢) Trapping of the nutrients.

d) Fish management.

2. Using water hyacinth to remove water pollutants: Water hyacinth js extremely efficieht in ab-
sorbing and concentrating dissolved nutrients from water in which it lives.

3. Using chemical methods: Several chemical methods have been devised for the treatment of
industrial effluents before discharging them in water bodies, like

a) lon Exchange: It is a reversible reaction where in an iron from solution is exchanged for
a similar Charged ion attached to an immobile solid particle which is either naturally oc-
curring inorganic Zeolite or synthetically produced organic resins.

b) Reverse Osmosis: It involves the purification of water with the semi permeable mem-
brane. When used as pre-treatment steps fo{ deionization systems, reverse osmosis will
remove feed water bacteria, organics and silica and reduce the dissolved salt content by
greater than 95% only.

c) Precipitation: This process transform dissolved contaminants into an insoluble solid, fa-
cilitating the contaminant’s subsequent removal from the liquid phase by sedimentation
or filtration. *

d) Codgulation: Chemical coagulation enhances the removal of colloidal particies by desta-
bilising and chemically precipitating them and accumulating the precipitated material into
larger floe particles which can either removed by gravity setting or filtration.

4. Cooling methads: For preventing thermal pollution such methods are used like cooling waste
- water effluent, evaporation tower, cooling ponds, dry cooling towers, wet oling towers etc.
5. Recycling, Renovation, Recharge and Reuse (4R concept) of waste water: The waste water ,
consisting: of dbmestic sewage industrial effluents, thermal and radioactive pollutants re-
ceive some sort of treatment before mixing into water bodies. Urban sewage and sludge etc
may be recyeled and reused to generate cheaper fuel, gas and electricity., ,

8. Oil spills in water can be cleaned with the hefp of Bregoli — a by-product of baper industry re-
sembling saw dust, oil zapper, microorganisms. ’ L-q

LI

associated with water pollution.

= L]

4: NOISE POLLUTION
What is Noise Pollution?

Noise Pollution may be defined as a form and level of environmenta! sound that is generally
considered likely to annoy, distract or even harm other people. Noise pollution is undesired sound
that is disruptive or dangerous and can cause harm to fife, nature, and property. It is often said that
noise differs from ather forms of poliution in that, uniike atmospheric pollutants for example, once
abated: noise leaves no residual accumulation in the environment or the human body. Noise does
leave behind its effects, however, and these can deteriorate after continued exposure to harmful

. sounds. Noise level is measured in terms of decibels (dB). W.H.O. (World Health Organization} has

k
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prescribed optimum noise level as 45 dB by day and 35 dB by night. Anything above 80 dB is hag-
ardous.

Sources of Noise Pollution —

]

Industrialization: Most of the industries use big machines which are capable of producing large
amount of noise. :

Poor Urban Planning: Congestﬁd houses, Iarge famllles'shanng smalll space fight over pé’]’k-
ing, frequent fights over basic gmeni- [EFEGH : AEER T i
ties leads to noise pollution which §
may disrupt the environment of soci- [ S

ety. Quiet Canver— 20-30dB | Radio

50-60 d

Social Events: Noise is at its peak in | _ ‘_,_s_atlpn | ;4 Music =2 _f
most of the social events. Whether it | Loud Conver- 1 60dB = Traffic | 60-90 dB
is marriage, parties, pub, disc or |  saton. | | Naise -
place of worship, people normally | LawnMower | 60-80dB | Heavy | 90-100dB
flout rules set by the local administra- | { Truck | |

tion and create nuisance in the area. [~ gr=—rNoice 90-120 dB | Space | 140-179
Transportation: Large number of ve- '  Vehicle | dB
hicles on roads, aeroplanes flying / Launch

over houses, underground trains BeatMusic | 120 dB Jet En-|140dB

produce heavy noise and people get | gine
it difficult to get accustomed to that —

Censtruction Activities: Under con-

Motor Cycle | 105 dB

skruction activities fike mining, construction of bndges dams, buﬂdlngs statlons roads fiy-

overs take place in almost every part of the world.

Household Chores: We people are surrounded by gadgets and use them extensively in our
daily life. Gadgets like TV, mobile, mixer grinder, pressure cooker, vacuum cleaners, washing
maghine and dryer, cooler, air conditioners are minor confributors to the amount of noise that
is produced but it affects the quality of life of your neighbourhood in a ba‘d way.

Effects of Noise Pollution -

Hearing Probtems: Constant exposure to loud levels of noise can easily result in the damage
of our eardrums and loss of hearing. It also reduces our sensitivity t¢/sounds that our ears

. pick up-uneonsciously to regulate our body's rhythm. ,;

Health Issues: Excessive noise pollution in working areas such as offlces -construction

bars and even in our homes can influence psychological health. Studies Show ;hm the os " -
rence of aggressive behaviour, disturbance of sleep, constant stress, fatlgue and hyperte:-

can be linked to excessive noise levels, These in turn can cause more severe and chrogic
health issues later in life.

Sleeping Disorders: Loud noise can certainly hamper your sleeping pattern and may leac:
fitation and uncomfortable situations. Without a good night sleep, it may lead fo problems
lated to fatigue and your performance may go down in office as well as at home. It is thi:rs:
recommended to take a sound sleep to give your body proper rest.

Cardiovascular Issues: Blood pressure levels, cardio-vascular disease and stress

heart problems are on the rise. Studies suggest that high intensity noise causes high
pressure and increases heart beat rate as it disrupts the normal blood flow. Bringing the::.
manageahle level depends on our understanding noise poliution and Hh ow we tackle if.
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« Trouble Communicating: High decibel noise can put trouble and may not allow two people to
communicate freely. Constant sharp noise can give severe headache and disturb emotional

balance.

« Effect on Wildlife: Wildlife faces far more proplems than humans because noise pollution since
they are more dependent on sound. Animals develop a better sense of hearing than us since
their survival depends on it. The ill effects of excessive noise begin at home. Pets react more

aggressively in households where there is constant noise.

Real Time Ambient Noise Monitor-
ing Network

[n pursuance to National Environ-

mental Policy, ambient noise inclusion as an |

environmental quality parameter and its moni-

toring in specified urban areas is regularly |
needed. Central Pollution Contro! Board {
(CPCB) established the National Ambient |
Noise Monitoring Network (NANMN) covering |

35 locations in seven metro cities like Delhi,
Lucknow, Hyderabad, Kolkata,
Chennai and Bangalore spread over seven

States including Delhi, Uttar Pradesh, Andhra |

Pradesh, West Bengal, Maharashtra, Tamil
nadu and Karnataka.

For the first fime General Packet Ra-

dio Service-modem Is used in NANMN, for |

data communication from un-manned field

noise monttoring stations to central receiving |
station. Thergfore, every second, data shall |

_ be monitored and stored in the central receiv-
ing station at Delhi. The data thus generated

will be available on the website of CPCB as |

real time data aid the implementing authari-

ties will utilize this data for identification of the |
source to be coritrplled for policy implementa-

tion’ Adequate Noise data, thus generated,
will be used for effective management plan to
mitigate and control ambient noise levels. The
main objective is to monitor noise for compli-

Mumbai, |

| Prevention and control of noise pollution
i

Road fraffic noise can be reduced B’)’r better I

designing and proper maintenance of vehi-
cles.

Noise abatement measures include creating
noise mounds, noise attenuation walls and
well maintained roads and smooth surfacing
of roads.
Retrofitting of

locomotives, continuously

welded rail track, use of electric locomotives |

or deployment of quieter rolling stock will re-
duce noises emanating from frains.

Air traffic noise can be reduced by appropri-
ate insulation and introduction of noise regu-

jations for take-off and landing of aircrafts at |

the airport. i}
Industrial noises can be reduced by sound

proofing equipment like generators and areas |

producing lot of noise.

Power tools, very loud mugic_and land mov-

ers, public functions using loudspeakers, efc

should not be permitted at night. Use of {

horns, alarms, refrigeration units, etc. is to be
restricted. Use of fire crackers which are
noisy and cause air pollutién should be re-
stricted. <

A green belt of trees is an ejfigfentippise ab-

sorber.

ance with the norms so as to avoid adverse health impact .

5. SOIL POLLUTION
What is soil poliution?

Addition of substances which adversely affect the quality of soil or its fertility is known as Soii

poliution. In a general sense, soit pollution definition is the presence of toxic chemicals (pollutants or
contaminants) in soil in high enough concentrations to be of risk to human health and/or ecosystem.
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Causes of Soil Pollution E
Farming: Chemical utilization has gone up tremendously since technology provided us with
modern pesticides and fertilizers. They are full of chemicals that are not produced in nature and
cannot be broken down by it. As a result, they seep into the ground after they mix with water

—~—HAccidental Oil Spills:

and slowly reduce the fertility of the soil. Other chemicals damage the composition of the soil ,

and make it easier to erode by water and air. Plants absorb many of these pesticides and when
they decompose, they cause soil pollution since they become a part of the land.

o E : t
Mining and quarrying: Mining waste is generally left on site in the form of spoil heaps. These -

spoil heaps may contain a wide variety of toxic, or polsonous substances which thendeach into

the soil due to rainfall, or are blown around by wind. This can have a great |mpact on the Tegen-

eration of vegetation on the
site.

Disposal of  household
waste: As a nation we pro-
duce vast quantities of
household waste every year,
much of which could and
should be recycled or al-
lowed to degrade naturally.
Much of our waste is either
incinerdted - with potential
probleris of air pollution - or
buried in landfill sites, where
leaching of waste builds up
probfems for the future.

Factory waste: Heavy indus-
try often produces quantities
of unwanted chemicals,
which, if allowed to come in
contact with the soil, can
cause extensive pollution. If
cleaning agents such as de-

,tergents are (released irre-

sponsibly, they can cause
potlution both to the soil and
again to the water supplies.
Underground storage tanks
can be a major source of
pallution if they should leak.

Road traffic: Vehicles are a
major cause of pollution to
the soil closé to roads, es-
pecially where vehicles are
running on the old leaded
petrol.

Oil
leaks can happen during

Control measures of Soil -Pollution.-
# CONTROL of soil erosion — Soil erosion can be controlied

by a variety of forestry and farm practices. Ex: Planting trees |

on barren slopes, Contour cultivation and strip cropping may
be practiced instead of shifling cultivation; Terracing and
building diversion channels may be undertaken. Reducing |
deforestation andﬁ,subst:tuhng chemical manures by animal
wastes also helps arrest soil erosion in the long term.

# Proper dumping of unwanted materials — Excess wastes by ‘
man and animals pose a disposal problem. Open dumping is |
the most commonly practiced technique. Nowadays, con- |
trolled tipping is followed for solid waste disposal. The sur-*

face so obtained is used for housing or sports field.

# Production of natural fertilizers — Bio-pesticides should be |
used in place of toxic chemical pesticides. Organic fertilizers |

should be used in place of synthesized chemical fertilizers.
Ex: Organic wastes in animal dung may be used to prepare

compost manure instead of throwing them mfastefuily and pol- |

luting the soil.
# Proper hyglenic condition — People should be lrained re-

garding sanitary habits. Ex: Lavatories shjuld be equipped

with quick and effective disposal methods. i

# Public awareness — Informal and formal publjc awareness |
programs should be imparted to educate p puple e:; health |

hazards by environmental education. Ex: Masé media, Edu-
cational institutions and voluntary agencies can achieve this.
# Recycling and Reuse of wastes: To minimize soil poliution,

the wastes such as paper, plastics, metals, glasses, organ- |

ics, petroleum products and industrial effluents etc should be

recycled and reused. Ex: Industrial wastes should be prop- |
erly treated at source. Integrated wasie treatment methods |

should be adopted.

# Ban on Toxic chemicals: Ban should be imposed on |

chemicals and pesticides like DDT, BHC, etc which are fatal

to plants and animals. Nuclear explosions and improper dis- |

posal of radioactive wastes should be bapned.
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storage and transport of chemicals. This can be seen at most of the fuel stations. The chemicals
present in the fuel deteriorates the quality of soil and make them unsuitable for cultivation.
These chemicals can enter into the groundwater through soil and make the water undrinkable.

Acid Rain: Acid rain is caused when pollutanfs present in the air mixes up with the rain and fall

L4

zfack on the ground. The polluted water could dissolve away some of the important nutrients
féund in soil and change the structure of the soil. . 4

+ Radioactive wastes: Radioactive elements from mining and nuclear power plants, find their waﬁ"
into water and then into the soil. B oo
Effects of Soil pollution

1. On Human Health !

i
¢ Soil pollution has major consequences on human heaith. Consumption of crops and plants’

grown on polluted soil cause health hazards. This could explain small and terminal iliness.

s Long term exposure to polluted soil affects the genetic make-up of the body and may con-
genital illnesses and chronic health diseases.

« Chronic exposure to heavy metals, petroleum, solvents and agricultural chemicals can be
carcinogenic.

+ Exposure to benzene for a long term is assogiated with higher incidence of leukemia. Mer-
cury causes higher incidences of kidney damage. Cyclodienes are linked to liver toxicity.

s Organophosphates can lead to chain of responses leading to neuromuscuiar blockage.

« Chlorinated solvents induce damages to liver, kidney, depression of the central nervous sys-
tem. y .

On Plant Growth
« The balance of ecological system is affected due to contamination of the soil.

+ Plants are mostly unable to adapt to the change in the chemistry of the soil in short time pe-
riod’

» The microorganisms found in the soil decline and create additional probjerhs of soil erosion.

o Fertility of the soil decreases due to soil pollution, making it unsuitable for agriculture and lo-
cal vegetation to survive.

« Soil poliution is hazardous to health. ¥
) ¥
, » Poliuted Ihnds cannot support most forms of life. if |
On Soll Fertiity o

; ) d N H-n‘
« The chemicals present in the soil due to pollution are toxic and can decrefise‘the fertility of
the soil, thereby decreasing the soil yield.

s Agriculture on contaminated soil produces fruits and vegetable that lack quality nutrients.

» Consumption of these may be poisonous and cause setious health problems to people con-
suming them.
On Sail Structure

+ Soil pollution can lead to death of many soil organisms like the earthworms which can lead
to alteration in the soil structure.
« This can force other predators to move to other places in search of food.

’
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6. RADIATION POLLUTION
What is Radiation Pollution?

[ There are three types of radiation parii

VAJIRAM & RAVI Eamms

Alpha particles (a) - It can be blocked by a piece ¢f paper and human skin.

| metal.

Beta particles (B} = It can penetrate ate inrough skin, white can be biocked by some puem;s of glass an and

| Gamma rays (1) — It can penetrate easily to human skin and damage cells on its way through, |
| reachingfar, and can onily be blocked by a very thick, strong, massive piece of concrete.

The radioactive poliution is defmed as the physrcal pnilut;on of air, water and the ﬂthers by

radioactive materials. The ability of
certain materials to emit the pro-
ton, gamma rays and electrons by
their nuclei is known as the radio-
activity. The protons are known as
the alpha particle and the elec-
trons are also known as the beta
particle. Those materials are
known as the radioactive ele- |PS
ments. The environmental radia- [R)%
tions can be from different sources |

and can be Jatural or manmade.
Radiation is the process by which
radiant eneygy is transferred from
one place to another in the form of
eleclro-magnetic waves. The vari-
ous types of radiation differ from

one another by their frequency or [ %l"

~wavelength. Higher the frequency
or lower the wave-length of a ra-
diation, higher will be \ts energy.
Again, higher the energy of the

radiation, it will cause higher damage to the Ilvmg organlsms

: » Sources of Radiatlon Pollutlon

Natural Sources .

Man-made Sourcqs

1. Radicactive Minerals: The minerals containing
Uranium- 235 (U235), Uranium-238 (U238),
Thorium-232 (Th232), Plutonium- 239 (Pu239)
etc. are capable of emitting energetic radiations
causing pollution.

1. Nuclear Power Plants: Nuclear -power'pla'nts |

emit radiation to a very smaller extent except

accidental leaks (Chernobyl accident of undi- |

vided USSR, Fukuschima Accident).

2. Cosmic Rays: The cosmic rays conta'in'ihg
highly energetic particies reach the surface of }

| the | place The intensity is maximum at the poles |
Land mirimumn at the equator.

the earth causing pollution. The intensity of | ,
cosmic rays depends on latitudes and altitude of |

2. Radio-active Wastes: The nuclear power |

 plants produce a lot of nuclear radio-active
wastes. The disposal of these wastes has be-

come & global problem. Some countries produc- |
mg large quantity of nuclear wastes dump them |

in ocean near othercopntries.

| 3. Radio Puciiw; The unstable rao o-nuclides i in

3. Nuclear Explosion: Dunn& nuclear explosion,
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‘the atmosphere can be splitted up into smaller
paris emitting energetic radiation. The smaller
radio-nuclides enter into the body ot organism
along with air during respiration

Sy,

a large number of radio-nuclides are generated
in the atmosphere. The radio nuclides settle

down with rain contaminating the soil and water |

bodies. Finally, these enter into food chain caus-
mg serious problem jo the living organisms.

| 4. Rad|o~|sotopes

 properly handled, these emit radiations causing

| pollution. ”

adio-isotopes are also pre-)|
 pared artificially eiter by nuclear fusion or b} |
nuclear fission. if these radio-isotopes are not*ﬂ

| 5. Television Set: Television sets praduce radia- |
| tions which can also cause cancer.

" Effect of Radiation Pollution:
1. On the Environment

# When soil is contaminated by radioactive substances, the harmful substances are transferred
into the plants growing on it. it leads to genetic mutation and affects the plant's normal function-
ing. Some plants may die after such exposure, while others may develop weak seeds. Eating
any part of the contaminated plant, primarily fruits; poses serious health risks. Since plants are
the base of all food chains, their contamination can lead to radioactive deposition all along the

food web. Similarly, when radioactive waste is
fire aquatic food web.

washed up in a water source, it can affect the en-

# Both tefrestrial and aquatic radioactive contamination can culminate in human consumption.
Since humans are apex predators, the accumulation of radioactive materials on the last rung of

the fodd chain would be maximum.
2. On Human Beings

# The impact of radioactive pollution on human beings can vary from mild to fatal; the magnitude
of the adverse effects largely depends on the level and duration of exposure to radioactivity.
Low levels of localized exposure may only have a superficial effect and cjuse mild skin irrita-

tion. Effects of long, but low-intensity exposures include nausea, vomiting, di

bruises due to subcutaneous bleeding etc.

# Long-term exposure or exposure to high amounts of radiation can have fargn

arrhea, loss of hair,

ore serious health

effects. Radioactive rays can cause irreparable damage to DNA molecules; rand can lead to a
e

life- threatemné condition. Prolonged exposure leads to a large number of mé

cules in the body

being ionized into free radicals. Free radicals promote the growth of cancerots ceils ie. tu-
mours, in the body. People with heavy radiation exposure are at a very high iSkAor eancers.

# The rapidly growing/dividing cells, like those of the skin, bone marrow, intestines, and gonads
are more sensitive towards radioactive emissions. On the other hand, cells that do not undergo
rapid cell division, such as bone cells and nervous cells, aren't damaged so easily. Skin cancer,
lung cancer and thyroid cancer are some of the common types of cancers caused by radiation.

# The effects of genetic mutation are passed on to the future generations as well. In other words,

if the parents are exposed to nuciear radiation,

their child could have severe congenital birth de-

fects, both physical and mental. This Is tragically illusirated in the case of Hiroshima and Na-
gasaki, where the after effects of nuclear radiation were carried on for generations, and thou-
sands of children were born with physical abnormalities and mental retardation. The tadiation
also brought about a spike in cancer; the region still (after more than 65 years)-has .a much
higher rate of cancer and congenital abnormalities than the rest of Japany
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7. PLASTIC POLLUTION [ Wh aﬁﬁﬁtfc?'
What is plastic pollution? AN §1: S

Plastic Pollution is the introduction of | b <
plastic products into the envi'ronment which
then upset the existing ecosyste s in differ-
ent ways.

Common Causes of Plastic Pollution
1. Plastic bags from shopping

Plastic Toys

Pet Bottles

Failure to recycle

Using Plastic Disposables
Plastic Fishing Nets
7. Poor Disposal of Plastic Waste

o m oA

Preventive and Control Measures
Qur actions introduce plastics into
the ecosystem and cause pollution.

Effects of Plastic Pollution That means that we can also be
1. Affects Human life and Heaith / proactive and enforce preventive
2. Degrades Quality of Land and Affects Agriculture and conirol measures so that we do

not have to deal with the bad ef-
fects. Here are some of the preven-
tive and control measures that can,

3. Poses Threat To Animal Health
4. Disruptg Marine life

5. Air Pollution help reduce this menace: A
6. Blocks*The Drainage System # Alternatives to Plastics 1
7. Loss of Tourism # Reusable Water
# Waste 3

, # Recycling i

# Government Policies

.
., &
L F
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CHAPTER - 8
ENVIRONMENTAL IMPACT ASSESSMENT
'

- What's EIA?

to:

Project proponent has to prepare an EIA report with the"help of an environment consu!tamf;;
Study the predictable environmental consequences and the best combination of economic"'
and environmental costs and benefits of the proposed project.

Mitigation of harmful impacts and maximizes the beneficial effects.

On the basis of such report, the EIA may be either comprehensive EIA or Rapid EIA.

# Comprehensive EIA. If the EIA report has to incorporate the data of all four seasons of a

year

# Rapid EJA. If the EIA report has only one season data.

The EIA process finds its origin from United States where due to huge public pressure; the
government enacted National Environmental Palicy Act (NEPA) in 1970s. The role of EIA process
was formally recognized at the Earth Summit in Rio/Conference in 1992 in which the Rio declara-
tion stated that EfA shall be taken as national instrument for proposed projects which might ad-
versely impact the environment.

The EIA notification classifies all kinds of developmental projects into various schedules.
The project investor has to identify to which schedule his proposed project belongs to. All projects
and activities are broadly categorized into two categories - Category A and Cafegory B,
based ofithe spatial extent of potential impacts and potential impacts on human health and
natural and manmade resources.

CATEGORY ‘A’

CATEGORY ‘B

'All projécts or activities included
as Category ‘A’ in the Schedule,
including expansion and moderni-

zation of existing projects or activi-

ties and change in-product mix,
shall require prior environmental

clearance from the Central Gov- |
ernment in the Ministry of Envi- |
ronment and Forests on the rec-.
ommendations of an Expert Ap-]

praisal Committee (EAC) to be
constituted by the Central Gov-

ernment for the purposes of this |
notification. ‘

"« All projects or activities included as Category B'in the

Schedule, including expansion andj modernization of
existing projects or change in product mix, but ex-|
cluding those which fulfill the General Conditions (GC) |
stipulated in the Schedule, will requjre prior environ- |
mental clearance from the State/Unipp territory Envi-|
ronment Impact Assessment Authoity (SEIAA). The |
SEIAA shall base its decision on the ‘fecgmmenda-
tions ‘of a Staté or Union territory fevél Expert Ap-
praisal Committee (SEAC) as to be constituted for in
this notification. In the absence of a duly constituted.
SEIAA or SEAC, a Category ‘B’ project shall be|
treated as a Category ‘A’ project.

1.

ElAis conducted by:
The project proponent or

2. Independent agencies (in India) like NEERI, NCAER, TERI, WAPCOS, Emst & Young etc.
Purpose of EIA:
+ To systematically examine both beneficial and adverse consequences ‘ﬂf the proposal.
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* To ensure that those consequences are taken into account during project design.
* To identify possible environmental effects of the proposal and means to mitigate them.
« To predict whether there will be significant adverse effects even after the mitigation.
* Tolessen conflicts by promoting community pé-rticipation and informing decision makers
PROCEEDURE - -

Documentati |- Review of -
i . Em

Issues:

The related iggues can be classified in two categories: H ;
Re,pprtissues ¢ Jf

1. Ambiquous definitions — tn the EIA notification 2006, there is a lack of clarity i(n o&q‘rall con-
ductance of the Screening process. As it Is discretion of the State Levél commfitted'to decide
which projects are B1 and which are B2, many a times the bias of respective State Govern-
ments come into play. The Scoping process faces same types of issues because of lack of
clarity in guidelines.

2. Misleading EIA reports — sometimes the EIA reports lack the expected degrees of honesty,
owing to blas, corruption, exaggeration and wrong claims. Due to poor knowledge of the
project area the agencies lift paragraphs and sentences from other sources, thus presenting
contradictory, inconsistent and outdated information. Moreover there is no process for pun-
Ishing the agencies tabling such dishonest EIA reports.

3. Incomplete and Arbitrary EiA reports — Agencies ar project propenents also prepare incom-
plete EIA reports, which include incomplete suiveys, arbitrary demarcafion of EIA study area

k
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and unsubstantiated statements. Sometimes the impact with respect to flash floods, land-
slides, peak precipitation ete. round the year is grossly ignored in reports.

4. Underqualified EIA professionals — This happens mostly when the proponents themselves
conduct the EIA. They intentionally hire local and incompetent professionals to save cost

. over the whole process or some other vested reasons. These poor professionals prepare a
L poor quality of EIA reports. - . d
Public Hearing Issues

1. Awareness — There is a gross lack of awareness among the local people, about the process ' 3
of ElA, its significance for therm; Tole of various players and their own rights and responsibili-
ties. Moreover there is a communication gap between authorities and local people’ because

. the notice for Public hearing is issued in local newspapers only and no separate notices are
sent to individual concerned panchayats. Most of the times local people are unaware of the
Public hearing meetings.

2. Language — Most of the time EIA reports are not available in local languages, thus local
peaple are unable to decipher the reports, and are misled by the proponents. This can be in-
terpreted as a clear violation of the right to information on their part. The irony is local people
are totally unaware of such implications.

3. Unaware public officials — The concerned officials for example those in Public Hearing
committee are ignorant of their roles and responsibiiities. Sometimes they don't even get a
copy of EIA report and it is passed without their consent, owing to gross corruption of the
system.

4. Overindulgence of Public hearing consultants — In the public hearing meeting, the consult-
ants should not be aliowed to have a dominant say, except responding to the issues of thie
pedple. On the contrary. they get involved in public hearings beyond requirements and thus
mislead the local people. .

5. Piling-up of issues — The issues raised by people in public hearings remains unanswered
and tiey do not know what happens to the issues, nor do they know if the issues raised are

- reflected in public hearing reports that is presented to Ministry of EnvironTent and forests.

_ | W
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CHAPTER -9
BIODIVERSITY
1. DEFINITION f

“Biodiversity is defined as the.variability among
fliving organisms from all sources including, inter alia, =
terrestrial, marine and other aquatic ecosystems and the [
ecological complexes of which they are part; this in-

~cludes diversity within species, between species and of F&=
ecosystems.”

The biodiversily we see today is the fruit of bil-
lions of years of evolution, shaped by natural processes
and, increasingly, by the influence of humans. It forms
the web of life of which we are an integral part and upon
which we so fully depend. This diversity is often under-
stood in terms of the wide variety of plants, animals and microorganisms.

Biodiversity describes how much variety an ecosystem has, in terms of resources and spe-
cies; and also genetically within species. A more dwerge ecosystem will have more resources to
help it recover from famine, drought, disease or even the extinction of a specles. There are several
levels of blodlversuy, each indicating how diverse the genes, species and resources are in a region.

1.1 LEVELS OF BIODIVERSITY

a) Species Dlversny ®

Species diversity refers to the variety of species within a region. Every ecosystem contains a
unique collection of species, all interacting with each other. Some ecosystems may have many
more species than another. In some ecosystems, one species has grown so large that it dominates
the natural community. When comparing the biodiversity of ecosystems, an ecosystem that has a
large number of species, but no species greally outnumbering the rest, would be considered to
have the most species diversity. A large number of species can help an ecosystem recover from
ecological threats, even if some species go extinct. There are approximately 1.8 million different
spemes classified on Earth. Of all the species identified, nearly 1 million are insects! New species
are being discovered each year. Scientists estimate that there may be between 5 #6 30 million spe-
mes that actually live'6n Earth. Each year, approximately 13,000 more species a;‘e added to this
growing list of'known species. % .

Determining which community has greater species diversity is easy whenyei itheg, Species
richness or evenness is held constant while the other parameter varies, but often communities will
vary in both richness and evenness. Scientists have developed a variety of mathematical equatlons
{or indices) that incorporate both species richness and evenness into a single measure of species
diversity (e.g., the Shannon-Wiener Index and Simpson’s Index). Different diversity indices assign
different weightings to species richness and evenness, so the so most useful index to choose de-
pends on the circumstances.

b) Genetic Diversity

Genetic diversity refers to the diversity (or genetic variability) within species. Each individual
species possesses genes which are the source of its own unique features: In human beings, for ex-
ample, the huge variety of people’s faces reflects each person's genetic individuality. The term ge-

netic diversity also covers distinct poputations of a single species, such as the t;:ousands of breeds

LT
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of different dogs or the numerous varieties of roses, The di-
versity in wild species forms the ‘Gene Pool* from which
present flora and fauna have been developed over thou-
sands of years.

Genetic diversity describes how closely refated the
members of one species are in a given ecosystem. In sim-
ple terms, if all members have many-similar genes, the spe-
cies has low genetic diversity. Because of their smali popu-
lations, endangered species may have low genetic diversity
due to inbreeding. This can pose a threat to a population if it
leads to inheritance of undesirable fraits or makes the spe-
cies more susceptible to disease. Having high genetic diver
sity helps species adapt to changing environments.

c) Ecosystem Diversity

Ecosystem diversity refers to the variety of ecosys-

tems in a given place. Within any broader landscape there is a musamnf

acted ecosys-

tems. It may be of habitat or community diversity. A region may have several ecosystems, or it may
have one. Wide expanses of oceans or deserts would be examples of regions with low ecological
diversity. A mountain area that has lakes, forests and grasslands would have higher biodiversily, in
this sense. A region with several ecosystems may be able to provide more resources to help native
species survive, especially when one ecosystem is threatened by drought or disease_.

1.2 MEASUREMENT OF BIODIVERSITY
Species diversity can be measured in terms of:

* Species richness — refers to the number of various species in a defined area.

+ Species abundance - refers to the relative numbers among species. For example, the number
of species of plants, animais and microorganisms may be more in an area than that recorded in

another area.

Blodwersﬂy can be measured and
momtored at several spatial scales

Diversily =t

- '
‘' Beta
=5
refers

their interactions with each other and wnth the rest of the environment Ehatn has made Earth a

o £

. Taxonomlc or phylﬂgeneuc diversity — refers to the genelic relationships hetween different

groups of spécies.

Biodiversity is a
measure that combines rich-
ness and e(/enness across
species. It is; ‘6ften measured
because hlgh biodiyersity is
perceived a syngnymmus with
ecosystem health. In general
diverse communities are be-
lieved to have increased sta-
bility, increased productivity,
and resistance to invasion
and other disturbances.

1.3 VALUE OF BIQDIVER-

Biodiversity is the
combination of life forms and

-
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: uniquely habitable place for humans. Biodiversity provides a large number of goods and services
! that sustain our live-protecting biodiversity is in our self-interest. Biological resources are the pillars
upon which we build civilizations. Nature's products support such diverse industries as agricuiture,
cosmetics, pharmaceuticals, pulp and paper, horticulture, construction and waste treatment. The
loss of biodiversity threatens our food supplies, opportunities for recreation and tourism, and
sources of wood, medjcines and energy: It alsc interferes with essential ecological functions.

The value of

Direct
valuas

Direct values

The direct value include food resources like grains, vegetables, fruits which are obtained
from plant resources and meat, fish, egg, milk and milk products from anima! resources. These also
include other values like medicine, fuel, timber, fibre, woal, wax, resin, rubber, silk and decorative
items. ~.

Consumptive use value: These are the . | . _

direct use values where the biodiversity The direct values are of two
products ¢an be harvested and consumed types

directly. Example: Food, fuel and drugs. '
These goods are consumed locally and do 5 }

no figure in national and international mar- B Lo :
ket. k Ry 2
{a) Food:

, + Riants: The most fundamental value
of biological resources particularly
plants_ is providing food. Basically
three crops i.e. wheat, maize and rice constitute more than two third of the food requirement
- all over the world.

* Fish: Through the development of aquaculture, techniques, fish and fish products have be-
come the largest source of protein in the world. '

(b) Fuel: Since ages forests have provided wood which is used as a fuel. Moreover fossil fuels like
coal, petroleum, natural gas are also product of biodiversity which are directly consumed by
humans,

(c) Brugs and medicines: The traditional medical practice like Ayurveda utilizes plants or their ex-
tracts directly. In allopathy, the pharmaceutical industry is much more dependent on natural
products. Many drugs are derived from plants Iike |

R
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rlght to exist lndependent of our need for them.
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* Quinine: The famous anti malaria drug is obtained from cinchona tree.
* Penicilin: A famous antibiotic is derived from Pencillium, a fungus.
» Tetracycline: It is obtained from bacterium.

+ Recently Vinblastine and Vincristine, two anti-cancer drugs have been obtained from Catha-
ranthus plant which has anti-cancer atkaloids.

These are the direct use vaiues where the product is eommercially sold in national and fn-
ternational market. Many industries are dependent upon these values. Example- Textile, leather,
silk, paper and pulp industry etc. Although there is an international ban on trade of products from
endangered species like tusks of elephants, wool from sheep, fur of many animals etc These are
traded in market and fetch a booming business.

Indirect values

Biodiversity provides indirect benefits to human beings supporting the existence of biological
life and other benefits which are difficult to quantify These include social and cultural values, ethical
values, aesthetic values, and ecosystem services.

Social and cultural value: Many plants and animals are considered holy and sacred in India and
are worshipped like Tulsi, Peepal, cow, snake etc. In Indian society great cultural value is given to
forest and as such tiger, peacock and lotus are named as the national animal, bird and flower re-
spectively. /

Ethical: These values are related to conservation of biodiversity where ethical issue of ‘“all life forms
must be preserved’ is laid down. There is an existence value which is attached to each species be-
cause biodiversity is valuable for the survival of human race. Moreover all species have a moral

Ecosystem Services

he productlon of axygen by land based plants and marine algae.

[ Thé maintenance of fresh water guality by vegetation slowing run off, trapping sediment and remov-

ing nutnents and by soil orgamsms breaking down pollutants.

The production and mamtenance of fertile soil as a result of many interacting processes;

| The*provision of foods such as fish, pastures*for cattle and sheep, timber, fire wood and harwested

wildlite such as kangamns and natwe cut flowers.

 The provision of native species and genes used in industry research and de gﬂﬁupmant , for instance,
in traditional.breading and biotechnology applications in agriculture, fore ,hprhcu!ture aquacul

| ture, pharmacy! chemicals production and bioremediation .

Pollination of agricultural crops, forest trees and native Ilnwenng plants by natwe mségls hlrds and
other creatures.

| Pest control in agncultural land by beneficial native predators.

‘ Flood mgt{gatlon by vegetatlon sfowing run off and trapping sediment.

Breakdown of pollutants by micro-organisms in soil and aquatic ecosystems and sequestration of
heavy metals in marine and fresh waler sediments,

Greenhouse gas reduction by, for instance, sequestering atmospheric carbon in wood and marine
calcium carbonate deposits.

"Maintenance of habitats for hative plants and animals.

. Maintenance of habitats that are attractive to humans for recreation, tourism and cultural activities

| and that has spirituat4mpertance.

.
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Aesthetic value: There is a great aesthetic value which is attached to biodiversity. Natural land-
seapes al undisturbed places are a delight to watch and also provide opportunities for recreational
activities like bird watching, photography etc. It promotes eco-tourism which further generates reve-
nue by designing of zoological, botanical gardens, national parks, wild life conservation etc.

f

2. LOSS OF BIODIVERSITY

Loss of species, ecosystems, genes and extinction of flora ‘and fauna is tefmed a§ loss of
bicdiversity. The loss of biodiversity often reduces the productivity of ecosystems, thereby shrinking
nature's basket of goods and services, from which we constantly draw. it destabilizes ecosystems,
and weakens their ability to deal with natural disasters such as fioods, droughts, and hurgicanes,
and with human-caused stresses, such as pollution and climate change. The reduction in biodiver-
sity also hurts us in other ways. Qur culiural identity is deeply reoted in our biological environment.
Plants and animals are symbols of our world, preserved in flags, sculptures, and other images that
define us and our societies. We draw inspiration just from looking at nature's beauty and power.
While loss of species has always occurred as a natural phenomenon, the pace of extinction has ac-
celerated dramatically as a result of human activity. Ecosystems are being fragmented or elimi-
nated, and innumerable specles are in decline or already extinct.

Causes —The main cause of the loss of biodiversity can be attributed to the influence of human be-
ings on the world’s ecosystem; In fact human beings have deeply altered the environment, and
have medified the territory, exploiting the species directly. The threats to biodiversity can be sum-
marized in the following main points:

* Habitat los ~ The habitat loss has been through changes of fand use in patrticular the conver-
sfon of natural ecosystems to cropland, continues to be the biggest direct cause of biodiversity
loss. Already, more than half of the Earth's 14 terrestrial biomes have had between 20% and
50% of their total area converted to cropland.

*  Over-exploitation —Unsustainable use of ecasystems and over-exploitation of biodiversity con-
tinue to be major threats. Many species are used by humans to fulfil basic needs. Many species
are in a stafe of decline because they are being used at unsustainable levels or are being har-
vested in such a way that threatens the ecosystems on which they depend. These declines are
widespread. ;

* Climate change,— Climate change is projected to become a progressively more significant threat
to biadiversity in the coming decades. Already, changes to the timing of flowering and migration
patterns as we|| as.fo the distribution of species have been observed worldwide. |n Europe, over
the, last fogy yeark, the beginning of the growing season has advanced by 10 déi/s, on average.
These types of changes can alter food chains and create mismalches within ecosystems where
different species have evolved synchronized inter-dependence, for example bétweerfnesting
and food availability.

* Introduction of alien species ~ Plants, animals and micro-organisms transported deliberately or
accidentally to an area outside thelr natural geographical ranges can cause great damage to na-
live species by competing with them for food, eating them, spreading diseases, causing genetic
changes through inter-breeding with native species or populations, and disrupting various as-
pects of the food web and the physical environment. ‘

*» Environmental Pollution — The accumulation of pollution such as phosphorus and nitrogen,
largely from excess fertilizers running off farmland, and from sewage and other effluents,
causes the build-up of algae able to benefit from the added nutrients. The algae themselves can
be toxic and therefore create a health hazard, but the greatest damage to biodiversity is caused
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when they decompose and use up large quantities of oxygen in the water, creating “dead
zones” where other forms of life gannot survive. The continuing release pollutants from urban
and agricultural sources combined with projected growth in coastal development and agricul-
tural intensification may fead fo a multiplication of the number of dead zones in the coming dec-
ades, unless substantial changes in policy afe implemented.

Keystone Species - i

A keystone species is a species that plays a critical role in maintaining the structure of ap
ecological community and whose impact on the community is greater than would be expected
based on its relative abundance or total biomass. A keystone species is a plant or animy that plays
a unique and crucial role in the way an ecosystem functions. Without keystone species, the ecosys-
tem would be dramatically different or cease to exist altogether. All species in an ecosystem, of.
habitat, rely on each other. The contributions of a keystone species are large compared to the spe-
cies' prevalence in the habitat. A small number of keystone species can have a huge impact on the
environment. A keystone species is often, but not always, a predator. A few predators can control
the distribution and population of large numbers of prey species. Beavers, Wolves, Mountain Lions,
Red mangrove efc. are some of the examples of keystone species.

A keystone species’ disappearance would start a domino effect. Other species in the
habitat would also disappear and become extinct. The keystone species' disappearance could
affect other species that rely on it for survival. For exémple, the population of deer or rabbits would
explode without the presence of a predator. The ecosystem cannot support an unlimited number of
animals, and the deer soon compete with each other for food and water resources. Their population
usually declines without a predator such as a mountain lion. Without the keystone species, new
plants or animals could dlso come into the habitat and push out the native species. .

In | addition to keystone species, there are other categories of species that are crucial to their
ecosystems’ survival, such as:
Foundation Species '

Foundation species play a major role in creating or maintaining a habitat that supports other
species. Corals are one example of a foundation species in many isfands in the South Pacific
Ocean. Corals produce the reef structures on which counlless other organisms, including human
beings, live.

Urnbrella Species b -

An umbrella species is a large animal or other organism on which mahy other species de-
pend. Umbrella species are very similar to keystone species, but umbrella specfes are usually mi-
gratory and need a large habitat. Protection of umbrella species is thought to autométicgl]y protect a
host of other species. Tigers are an example of an umbrella species. Efforts tofsave wild tigers in
forests in Rajasthan also accomplish the goal of saving other species there, such as leopards,
boars, hares, antelopes, and monkeys.

Indicator Species

An indicator species is a plant or animal that is very sensilive to environmental changes in
its ecosystem. This means it is affected almost immediately by damage to the ecosystem and can
give early warning that a habitat is suffering. Damage from external influences such as water poilu-
tion, air pollution, or climate change first appears in indicator species.

CLASSIFICATION OF ANIMALS AND PLANTS
Faunal Diversity

There-are billions of different kinds of living things {or organisms) on earth, Tohelp study

them, biologists have devised ways of naming and classifying them according to their similarities
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and differences. The system most scientists use puts each living thing into seven groups {(or tax-
ons), organized from most general to-most specific. Therefore, each species belongs fo a genus,
each genus belongs fo a family, each family belongs to an order, efc.

From largest to smallest, these groups are: p

* Kingdom ~ It is the highest primary division in which all ObjeCtS are placed. All animals are par;
of the Animal Kingdom.

e Phylum — Each kingdom is divided into smaller units called phyla. Example, chordates are gi,
phylur with members possessing the nerve cord.

» Class — The chordates are further divided into classes such as Mammalia, Birds, Réptilia, and
Amphibians. Members of each class have a characteristic that they share with the members oi‘
the same class but are not found in members of other classes.

« Order ~ Order is further classification of Class.
e Family ~ Orders are further divided into families. Families contain more than one genus.

s Genus — Families are sub-divided into genera. Animals that share the same genus are very
similar and probably evolved from the same common ancestor.

» Species — Species is the most fundamental and contains single type of animal.
Example - The lion belongs to the following groups: ¢
» Kingdom Animalia {includes all animals) -
» Phylum Chordata (includes all vertebrate animals, as well as some other more primitive ones)
« Class Mammalia (includes alf mammals)
* Order Camrvora (includes carnivorous mammals, from bears to raccoons to harbor seals)
. Famlly Felidae (includes all cats)
» Genus Panthera (includes the great roaring cats: lions, tigers, jaguars, and {eopards})
. Species;l‘eo (lionsl)
Anlmals are classified into two principal groups, invertebrates (W|th—outfbackbone) and ver-

tebrates (with backbone). Backbone is the observable feature which defines whether the animal is
vertebrate orinyertelyrate.

Invertebrates

 Invertebrates are the animals that do not have a backbone or the vertebral column. inverte-
brates are*the most abundant organisms on earth. They occupy almost all hdbitats; they can be
found crawling, flying, swimming or floating. These animals do not have lnternal skeielqn made of
bone. They play a vital role in the earth's ecosystem.

Characteristics of Invertebrates —

» The main characteristic that separates invertebrates from other organisms is the absence of the
spinal column and backbone.

* They are multi-cellular organisms, they completely fack cell walls.
* They are devoid of hard bony endoskeleton.

* Due to the lack of complex skeletal systems, some invertebrates tend to be slow and small in
nature.

* Due to the lack of the backbone and complex nervous system the invertebrates cannot occupy
miultiple environments, though they are found in the harshest of the environments.

+ Invertebrates five all over the wortld in various habitats. h

* -
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¢ Body Is divided into three parts - head, thorax and the abdomen.

« They do not have lungs for respiration.

* Respiration is through skin.

¢ Some invertebrate groups possess a hard, ghitingus exoskeleton.

* Most of them have fissues that are specific orgargzation of cells.

» Most of them reproduce sexually by the fusion ofithe male and female gametes.

¢ Few invertebrates like the sponges are sedentary, but most of the organisms are motile.

* Most invertebrates are organized with symmetric body organization. ,:—.

* They cannot make their own food, are heterotrophs.

Vertebrates

Vertebrates are the animals that have a backbone or the vertebral column. They are not the
most numerous group of animals; they are the most advanced group of animals. The characteristics
that make vertebrates special are the presence of the spinal cords, vertebrae and notochords.

Characteristics of Vertebrates -
* Vertebrates have a well-developed brain.
Brain is set inside a bony box, known as cranium/

Notochord is present in all chordates during sometime of development; it is formed on the dorsai
side of the primitive gut in the early embryo stage.

Most vertebrates possess guts with a non-terminal anus.

The moeuth cavity and the oesophagus are connected by the pharyngeal gill slits to a musctlar
tube pharynx, which opens to the exterior.

They possess a dorsal hollow nerve tube at some stage of their life.
Possess a dorsal cartilaginous nerve rod known as the notochord.

-

e
-

o Atsomé stage of their life possess gill slits in the pharyngeal region. e
" e Have partially open circulatory system. i
* Possess two pairg of appendages. )
* The endoskeleton is made of cartilage or bone. ¥
* The first vertebrates were jawless fishes with single caudal fin. /!
* " The advancement of vertebrates with a hinged jaw which opened new food optloqs and jawed
fishes became the dominant creatures in the sea. - S -

All vertebrates have a heart and closed circulatory system,
Renroduction is normally sexual.

* Feed on variety of organic materials.

* Unisexual animals have one pair of gonads

o ?lhay'musﬂy |n.fa in satty sea water fixedto | » Bo be-it
some object. (R e S
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' Their body is covered with pores through
|  which food enters.

| « One large pore is present at top of the body. |
Example - Sycon, Spongilla. s

 Mouth is surrounded by tentacles used forl
capluring prey.

¢ They have radially symmetrical body. Ex-.

C. Platyhelmifthes (Fiatworms)

* They can pe found in marineffresh water.
They have fiat, ribbon like body.

Body is bilaterally symmetrical

Body is having a single opening.

Most of them are parasites.

' Example-Tapeworms, Liverfluke.

| *—They have un-segmented body.

ample-Hydra, Jellyfish.
D. Nemathelmlnlhes (Roundworms)
« Foundin freshlmanne water or on land.

They have thread {ike ,rounded body 3

Body have two openings mouth and anus.
Body is bilaterally symmetrical.

Most of them are parasites and reproduce |
sexually by laying eggs. Example-
Pinworm, Ascaris.

Er g

| E-Annelids (Segmented worms)
Found in marine and fresh water.

They have segmented bilaterally symmetri-
cal body.

T'hey have a body cavity.

They have special organs of excretion
called Nephridia

Example-Earthworm, Leech.

G. Molluscs (soft bodied shelled animals)

* Animals have soft un-segmented body w:th
an external hard shell.

Example-Squid, snail, octopus.

-

| H. Echinoderms (Spiny-skinned animals)

They are marine animals having spines all
over the body. '

Body has two openings mouth and anus.
They have tube like feet having suckers
Example-Starfish, Sea urchins.

| Further classified into four subgroups

Body is radially Symmetrical {

F. Arthropods (Animals with jointed legs) _
They have segmented bilaterally symmet-
¢ fical body

Body is divided into three regions- Head, |
Thorax and Abdomen.

Body has tough outer covering called exo-
skeleton

They have jointed appendages.

*

Arachnids ' !
# Head and thorax fused.

# Have four pair of legf. -

# Wings are absent.

# Example -Scorpion, Splder
Crustaceans 4

# Head and thorax fusJ&

# Appendages present on 4l gegments
# Have variable number of joifed legs.
# Example -Shrimps, Lobster.
Myriapods

# Body divided into many segments. |
# Some have two pair of legs per seg-

ment (millipede) while some have one
pair of legs per segment(Centipede)

# Example -Millipedes and centipedes
Insects
# Body is divided into head thorax and

abd_o_men
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# Most insects have three pair of legs,
two pair of wings.
# Some insects are wingless.
# Example-Ants, honeybee.
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2, Theyére warm
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vm blooded animals.

'* They give bitthito babies.
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o Example-man, mouse
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Floral Diversity

There are different types of plant species, which are found on ptanet earth. They are sorted
and classified into a separate kingdom known as Kingdom plantae. This classification is based on
thelr similarities and differences. The Kingdom plantae is also called as kingdom Metaphyta. The
Kingdom plantae includes all types of eukaryatic, multi-cellular, photosynthetic plants found in this
biosphere. Most of the organism in this kingdom is autotrophs, which synthesis their own food with
the help of solar energy. There are very few species, which are both autofrophs and heterotrophs.
The history of life on earth and the success of many organisms literally depend on the success of

plants. Kingdom Plantae Characteristics —

¢+ Most of the-plants are eukaryotic and chlorophyll containing organisms.
» Cell walls of plant cells are comprised of cellulose. A
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They have an ability to grow by celf division.

In life cycle of plant cells, the mtercﬁanges occur from the embryos and are supporied by other
tissues and self-produce. e -

- . Flants have been dlwded lntn fwe types based
::;r;ts have both organs and organ sys- on foilowmg parameter"' RE =Rl

They obtain their energy from sun through
photosynthesis.

Plants reproduce both -by sexudal and f
asexual. . T R T Gy et e

Plants develop a self defence mechanism to protect them from being destroyed by animals,
fungi and other plants.

Organisms within Kingdom Plantae are multi-cellular, eukaryotic and autotrophic.
They lack motility.

Kingdom Plantae Classification

Vascular tissue and the seeds are mainly considered as they play a vital role. Vascular tis-

sue helps in transporting substances (water, minerals ?nd sugars) throughout the plant. Seeds are
sfructures, which contains an embryo that helps in storing food.

L

1. Algae ~ | 2.-Bryophytes —
Algae are chlorophyll-bearing, simple, thalloid, | « They are non-vascular land pIants. WhICh do not
autotrophic and largely aquatic (both fresh water contain any conducting tissues and are often re-
and marine) organisms. . ferred to as bryophytes. 2
They oceur in a variety-of other habitats: moist | » These plants are small, grow close to the ground
stones, soils and wood. Some of them also occur and include mosses and fiverworts.
(e.g., on sloth bear). | ered as important members of our ecosystem:

The algae reproduce by vegetalive, asexual and { « The reproduction process jis - carried in their
sexual methods. |  spores. They are non-fiowdring plant and are
At least a half of the total carbon dioxide fixation found mainly growing on the:ground, on other
on earth is carried ouf by algae through photo- plants and on rocks.

synthesis. Being photosynthetic they increase the | , They play a wta1 mle in prev@iting soil arus:un
level of dissolved oxygen in theirimmediate envi-

ronment,. oS : * Examples - Musses Lwen'mrgs‘ and Hornworts
3, Pteridophytes — - =1 5 Angiosperms — ¥ IS
* They are seedless vascular plants, which contain | +  Angiosperms are fowering plants, ﬂﬁmh davel-
vascular tissues but do not produce seeds. ops the seeds within a protective stricture.
¢ They are involved in transportation of fluids. o The reproduction process is carried by Angio-
« The reproduction process is carried by spores.  {  SPeI™. : i
o  Examples - horsetalls, fems and club mosses. | ®  1hey develop their seeds within an ovary, which

4. Gymnosperms —

itself is embedded in a Hower. After the stage of
fertilization, the flower falls and the ovary hulges

Gymnosperms are non-flowering plants with un- | to become a fruit.
developed seeds, which are present in an en- | 48
osagieiat « Angiosperms in the class Dicotyledoneae grows

into two seed-leaves-(cotyledons).

» An angiosperms leaf consists of ‘a single,
branched, main vein, wiich originates-from the
- hase of the leaf blade. It few plats, it may also

Monacot begins with a single seed-leat. The main {

veins of their leaves are usually paraliel and un- ‘
branched. ‘
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» - Monocot plays an important role in providing us . consist of four ar more main vemsdwerglng from
wath our . prlmary sources of nutrition, which in- the same base : e

cludes grains, fruits, efc. Examples palms car- Exampfes trees shrubs vines and "Qwers § LT
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The extinction of Spectes i

We're currently experiencing-the worst spate of species die-offs since the loss of the dinoy
saurs 65 million years ago. Although extinction is a natural phenomenon, humans have catalysed it'/‘
to intensify the process. Unlike past mass extinctions, caused by events like asteroid strikes, vol-t
canic eruptions, and satural climate shifts, the current crisis is almost entirely caused by us — hu-*
mans. In fact, 99 percent of currently threatened species are at risk from human activities, primarily
those driving habitat loss, introduction of exofic species, and global warming. Because the rate of
change in our biosphere is increasing, and because every species’ extinction potentially ieads to
the extinction of others bound to that species in a complex ecological web, numbers of extinctions
are likely to snowball in the coming decades as ecosystems unravel. Nobody really knows how
many species are in danger of becoming extinct. The IUCN has assessed roughly 3 percent of de-
scribed species and identified 16,928 species worldwide as being threatened with extinction, or
roughly 38 percent of those assessed.

Species diversity ensures ecosystem resilience, giving ecological communities the scope
they need to withstand stress. Thus while conservatfonlsts often justifiably focus their efforts on
species-rich ecosystems like rainforests and coral reefs — which have a lot to lose — a compre-
hensive strategy for saving biodiversity must also include habitat types with fewer species, like
grasslands, tundra, and polar seas — for which any loss could be irreversibly devastating. And
while much’concern over-extinction focuses on globally lost species, most of biodiversity's benefits
take place at a local level, and conserving local populations is the only way to ensure genetic diver-
sity critical'for a species’ long-term survival.

Amphibians

No group of animals has a higher rate of endangerment than amphibians. Frogs, toads, and
salamanders'are disappearing because of habitat loss, water and air pollution, climate change, ul-
- traviolet light exposure, introduced exotic species, and disease. Because of theif sensitivity to envi-
ronmental changes, vanishing amphibians should be viewed as the canary in the global coal mine,:
signalling subtle et radical ecosystem changes that could ultimately claim many other species, in-
cluding humans. ¥ -

Birds y (!

. Birds occur in nearly every habitat on the planet and are often the most visigle gnd familiar
wildlife to people across the globe. As such, they provide an important beilwgther | % tracking
changes to the biosphere. Declining bird populations across most to all habitats confirm-that pro-
found changes are occurring on our planet in response to human activities. Habitat loss and degra-
dation have caused most of the bird declines, but the impacts of invasive species and capture by
collectors play a big role, too.

Fish

Increasing demand for water, the damming of rivers throughout the world, the dumping ard
accumulation of variaus pollutants, and invasive species make aquatic ecosystems some of the
most threatened on the planet; thus, it's not surprising that there are many fish species that are en-
dangered’in both freshwater and marine habitats.

{nvertebrates

Invertebrates, from butterflies to molluscs to earthworms to corals& are vastly div.
Frashwafer inverichratec ara saverely threatened hy water nallidinn acnundtiator withdrawsl 2.
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either endangered or
extinct due to defor-
estation, especially
because of ihe rapid
destruction of tropi-
cal rainforests. In the
ocean, reef-building

corals are declining |

at an alarming rate.
Mammals

Perhaps one
of the most striking
elements of the pre-
sent extinction crisis
is the fact that the

majority of our clos-

est relatives — the
primates — are se-
verely endangered.
About 90 percent of
primates ~ the
group that contains
monkeys, -. lemurs,
lorids, galagos, tar-
siers, and apes (as
well as humans) —
live in tropical for-
“ests, which are fast
disappearing.
eral  species -+ of
whales,  dolphins,
and porpoises — are
among those marh-
mals slipping most
quickly toward ex-
tinction.
Reptiles

Human ac-
tivities fragment con-
tinental habitats,
creating ‘“virtual is-
lands" are the
prominent reasons
for their exiinction,
as they isolate spe-
cies from one an-
other,  oreventina

S young as soon as they fledge, and a short time later, the young make

| the migration on their own. Sadly, in addition to surviving storms and bad

i
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water projects, while a Iarge number of invertebrates of notable scientific significance have become

Bird's Mlgratlon

The reasons for bird's migration are complex and not fully understood. But
a simple explanation is foéd and a safe place to breed. Birds which breed
in the summer in the extreme north such as the Arctic benefit from an
abundance of food as plants and insect life flourish in the Iong daylight
hours; and because few large permanent predators can survive the harsh
winter.

Migration is affected not only by food supply, but-also by wind and pceans
currents. These make some routes and locations easier to reach. While

many birds migrate from northern breeding areas in the summer, to |

southern wintering grounds (mainly because there is more land near the

| northern pole than the soGthern), there are many other migration patterns.
' Some birds breed in the far south of South America, Australasia and Af-

rica, and migrate to notthern wintering grounds. Some birds migrate hoti-
zontally, to enjoy the milder coastal climates in winter. Other birds migrate
in terms of altitude; moving higher up a mountain in summer, and winter-
ing on the lowlands.

Birds exploit the winds to their favour so they can go the distance by burn-

' ing minimal fuel. They may shift allitude to find the best wind "conveyor

belt". Winds at high altitude may blow in the opposite direction from wind
on the ground, and usually are blowing strongly. targer birds rely on
thermals {hot air) rising from the ground in the mornings to gain altitude by
simply soaring. These birds usually migrate during the day. They may also*

 follow sirong updrafts along ridges.

Studies suggest birds orientate themselves to the compass points using

| the position of the sun during the day, and the stars at.night. They can

also sense magnetic north. In addition they use other clues such as visual
layout of the land, smelt (of the sea) and sound. The most amazing aspect
of bird migration is that the location, route and perhaps even the tech-
niques are hard-wired into their brains. Many migrating birds abandon

weather, exhaustion and other natural obstacles, m[gratfng birds are in-

creasingly face human threats, Habitat destruction that;affects staging 1

posts handicap their ability to re-fuel. These include dratmng wetlands,
cutting down forests. Pollution of the sea, water and air algo ¢ affedts them.

Migrating birds are also distracted and killed by lit-up skyscrapérs, light-"}
| houses and other unnatural man-made formations that mislead them. |
| Sadly, many migrating birds are also hunted, for food, and for sport or su-

perstitious reasons.
Migratory Birds Coming to India
In Winter Season: Siberian Cranes, Greater Flamingo, Ruft, Black winged

' Stilt, Common Teal, Common Greenshank, Northern Pintail, Yellow Wag-

tail, White Wagtail, Northern Shoveler, Rosy Pelican, Gadwall, Wood
Sandpiper, Spotted Sandpiper, Eurasian Wigeon, Black tailed Godwit,
Spotted Redshank, Starling, Bluethroat, Long billed Pipit

i In Summer Season: Asian Koel, Black crowned Night Heron, Eurasian

Golden Oriole, Comb Duck, Blue-cheeked Bee Eater, Biue-tailed Bee-
Eater, Guckoos A
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interbreeding and hindering populations’ health. The main threats to reptiles are habitat destruction
and the invasion of non-native species, which prey on reptiles and compete with them for habitat
and food.

Plants

§

Unlike animals, plants can't readily move as their habitat is destroyed, making them particu-
larly vulnerable to extinction. Indeed, one study found that habitat destruction leads to an “extinctigqh
debt,” whereby plants that appear dominant will disappear over time because they aren't able 10
disperse to new habitat patches. Global warming is likely to substantially exacerbate this problert.
Already, scientists say, warming temperatures are causing quick and dramatic changes in the range .
and distribution of plants around the world. With plants making up the backbone of ecosystems and
the base of the food chain, that's very bad news for all species, which depend on plants for food,
shelter, and survival. ’

3. BIODIVERSITY CONSERVATION

Conservation is the protection, preservation, management, or restoration of wildlife and
natural resources such as forests and water. Through the conservation of biodiversity the survival of
many species and habitats which are threatened due to human activities can be ensured. Conserv-
ing biodiversity means ensuring that natural landsc#pes, with their array of ecosystems, are main-
tained, and that species, populatiofis, genes, and the complex interactions between them, persist
into the future. Conservation can broadly be divided into two types: '

1. IN-SITU CONSERVATION — The process of protecting an endangered plant or animal species in
its naturdl habitat is commonly known as in situ conservation. Altematively, it is Conserving the ar-
eas where populations of species exist naturally is an underlying condition for the conservation of
biodiversity. That's why protected areas form a central element of any national strategy to conserve
biodiversity. It involves the creation of protected areas such as national parks, Biosphere Reserves,
Wildlife Sanctuaries, Reserved Forests, Nature Reserves, wetlands protection zones etc. The prin-
cipal aims/of in situ conservation include:

¢ The creation of protected areas

s The promotion of sustainable management of the territory

« The protection and restoration of degraded areas

e The development of strategies for the conservation of marine environmmiénts

{0
o The intégration of conservation and biodiversity into agricultural, marit, wildlife and urban

development policy ke h‘
« The creation of natural corridors linking areas of biological interest to prevent*further habitat
fragmentation

 The introduction of legistation
« Information, education and raised awareness
« Vocational reconversion (e.g. Poachers become wardens)
« The involvement of neighbouring communities
"o The employment of local resources {especially human)
« The development of alternative and sustainable economic mechanisms
2. EX-SITU CONSERVATION — Ex situ conservation is the re-location of endangered or rare spe-

cles from their natural habitat to protected areas equipped for their protection and preservation. ltis
an eceantial alinrnative strateny when in sifu conservation Is inadequate. This involves conservation
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of genetic resources, as well as wild and cultivated or species, and draws on a diverse body of
techniques and facilities. Some of these ingtude:
« Gene banks, e.g. seed banks, sperm and ova banks, field banks:;
« In vitro plant tissue and microbial culture collections;
’ Captiv% breeding of animals and artificial propagation of -pl-arlts, with possible reintroduction

1

il |

into the wild; and
e Collecting living organisms for zoos, aquaria, and botanic gardens for research and public
awareness.

There have been numerous efforts at the global level to conserve the fascinating and dnique
biodiversity of the blue planet. Some of these have been discussed here under following headings:

Convention on Biological Diversity (CBD}

The Convention on Biological Diversity (CBD) is a multilateral treaty to conserve and pro-
mote the biodiversity of the world. CBD provides a global legal framework for action on biodiversity.
it brings together the Parties in the Conference of the Parties (COP) which is the Convention's gov-
erning body that meets every two years, or as needed, to review progress in the implementation of
the Convention, to adopt programmes of work, to achieve its objectives, and provide policy guid-
ance .CBD entered into force on 29 December 1993. It h?s 3 main objectives:

1. The conservation of biological diversity
2 The sustainable use of the components of biological diversity
L]
3. The fair and equitable sharing of the benefits arising out of the utilization of genetic re-
sourcés _{

2010 was the International Year of Biodiversity. On 22 December 2010, the UN declared the

period from 2011 ta 2020 as the UN Decade on Biodiversity.

CARTAGENA PROTOCOL

The Cartagena Protocol on Biosafety to the Convention on Biological Diversity is an interna-
_tional treaty governing the movements of living modified organisms (LMOs) resulting from modem
biotechnology from one country to another. it was adopted on 29 January 2000 asf supplementary
agreement to the Convgntioﬁ on Biological Diversity and entered into force on 11 September 2003.
The Protocol seeks to protect biological diversity from the potential risks posed by living :
modified organisms_resulting from modern biotechnology. It establishes an gfvance informed
agrec/amént (&J‘A)"prpcedure for ensuring that countries are provided with the informzion necessary
to make informed decisions before agreeing to the import of such organisms into their territory. The
Protoco! contains reference to a precautionary approach and reaffirms the precaution ‘la_néqage i
Principle 15 of the Rio Declaration on Environment and Development. The Protocol alsb establishes '
a Biosafety Clearing-House to facilitate the exchange of information on living modified organisni.
and to assist countries in the implementation of the Protocol.

NAGOYA PROTOCOL

! Nagoya Protocol on Sharing of Benefits Arising from their Utilization to the Convention on
Biological Diversity is an international agreement which aims at sharing the benefits arising from
utilization of genetic resources in a fair and equitable way, including by appropriate access to ¢::
netic resources and by appropriate transfer of refevant technologies, taking into account all rigt.-
over those resources and to technologies, and by appropriate funding, thereby contributing to the
conservation of biological diversity and the sustainable use of ils companents. It was adopted
the Conference of the Pariies to the Conventian on Biological Diversity at its tenth meeting on
Ut
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October 2010 in Nagoya, Japan. The Nagoya Protocol enfered into force on 12 October 2014, 90
days after the date of deposit of the fiftieth instrument of ratification.

The fair and equitable sharing of the benefits arising out of the utilization of genetic re-
sources is one of the three objectives of the Convention on Biological Diversity.
Aichi Biodiversity targets

The Aichi Biodiversity Targets are a set of 20, time-bound, measureable targets agreed tby
the Parties to the Convention on Biological Diversity in Nagoya, Japan, in October 2010, that afe
now being translated into revised national strategies and action plans by the 193 Parties to the

Convention. Achievement of the targets will contribute to reducing, and eventually haltjng, the loss
of biodiversity at a global level by the middle of the twenty-first cenlury ;

cThese ad]:targma I-ave heergﬂgss‘]ﬂe’ﬂ unde(iogﬁﬁfﬁ“?ﬁ'_; ' : s _.-'_.{:;.-.- R

::'.-E'i:.a Jgﬁien@nhﬁg plans fur;ustamaple productlon andconsumpﬂon B
B :Strateg '

ég{g Guat B: Hedueet eﬂiredfpressureson i)lodlversny and prpﬁ‘;i'ute sustamahie use

el -';r\-*

5). Halting foss of all natural habitats, including forests el Rt o
S;ustam able harvest ut aﬂ ﬁsh and 1nvertebrate stocks and aquatlc plants

i @_.nﬂe’gjucmg Pallutmﬂ : : = 2t 2
9} Idahtlflcatmn and prmntszatmn of mvasrve alien specles and pathwayrs
11}] Mlmmlse the choral reflow destruction, ocean acidification : R

G] Stglatalglq Gna! G ]'n |mpmve the status of bmdwersnty by safeguardmg ecnsysterns SFIEGI&S

) 3 ~__,- . ,m e L L e e

5) Enhanpement of ecusyste resﬂlence and the congnggtlon‘of biodwarpnty 1o carhon stac_ks_
ugh conservation and restorat{on; mc]udmg. i oréuon ot af least 15 per c:ant uf :

 graded ecosystems. © A e e S
16) Operationalise the Nagoya protocol on ganeﬁc resources, via nalmnal Ieglslatmns

E] Strategic Goal E: Enhance implementation through participatary pianmng, knowledge manage-
menl and capacity building

17) mplementmg an effective, participatory and updated national bmdﬁrarsuty strategy and ac-
tion ofan
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BIODIVERSITY HOT—SFC}TE = ‘

Biodiversity hotspots are areas that support natural ecosystems that Lre largely intact and
where native species and communities associated with these ecosystems are well represented. ¥
They are also areas with a high diversity of locally endemic species, which are species that gre not
found or are rarely found outside the hotspot The concept of Hot Spot was glven by Norman
Myers through the two articles he published in The Envi- |apai e Tk
ronmentalist (1988 & 1990). The current, planned or poten-
tial management activities in hotspots place the natural val-
ues at risk, and it is likely this risk will increase in the future
in the absence of active conservation management. Be-
cause the natural values of hotspots are largely intact, un-
dertaking action now to maintain these values has the po-
tential to provide value-for-money in contributing to our ef-
forts in biodiversity conservation. Mega-diverse Countries.

The concept of mega-diversity is based on the total number of species in a country and the
degree of endemism at the species level and at higher taxonomic levels. The World Conservation
Monitoring Centre recognised 17 mega-diverse countries in July 2000 including Australia, Brazil,
China, Colombia, Demacratic Republic of the Congo (DRC) (formerly Zaire), Ecuador, India, Indo- *
nesia, Madagascar, Malaysaa Mexico, Papua New Guinea, Peru, the Phlhpplnes South Afnca the
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United States of America (USA} and Venezuela. Together, these 17 countries harbour more than
70% of the earth’s species. There are 34 Biodiversity Hot-Spots in the world currently.

Some Ipteresting hotspotfaets: -7 Lot L R

TS

* 134 blodiversity hotspots have been ideqfified. ~ - 3
B T P e e g L
+ "They onice covered 15.7 percert of he E

.r:"-"-.'n-'-':...g S e i e S e i e e o ”T.'a?l""!""-r %
.86 % of the hotspots’ hab ready been destr
%ﬁaﬂw Higisnols I';qutggga’;sal Ead BRI

of: L£oove :

. The intact remnants of the hotspots now (
°  They contain 150,000 plant species as endemics, 50 % of the

ar,
s
e

ot L LI S e el S s oy i 1_‘_ (it el “Mri"'i‘ '{.'-'.'-.‘_
¢, Terrestrial vertebrates éndemic to the fofspois: 1,980;:representing 42 p
i [ e e i hefmi s v e 4 e :

_ jallterestrial vertebrate species. 't oy Mg
> Reptiles and amphibiaris, are more prane 1o hotspot endemism tha
. Wide-ranging mammals ‘and ‘birds, but/the overall Similarity ‘bétw

’Q?GUPSIsremarkahie e Pk g e o R S T r

el Ny e s i e Tt e LT '.l.' -,.'.i":, J‘f 10 ‘:‘ "',_'_ __.__“.:?f_’-. " e
* Overall, 22,022 terrestrial vertébrate speciés call thé *hotpots hbrie
BIOSPHERE RESERVES .

Biosphere reserves are areas comprising terrestrial, marine and coastal ecosystems. Each
reserve promotes solutions reconciling the conservation of biodiversity with its sustainable use. Bio-
sphere reserves are 'Science for Sustainability support sites' — special places for testing interdisci-
plinary approaches to understanding and managing changes and interactions between social apd
ecological systems, including conflict prevention and management of biodiversity. Hence, Bio-
sphere Reserves have three funclions:

1. The conservation of ecosystems and genetic variation;
2. The promotion of sustainable economic and human development, and

3. They serve as examples of education and training -on local, regionalt, natio?l and international
issues of sustainable development.

Biosphere reserves are nominated by national governments and remain under the sovereign
Jurisdiction of the statés where they are located. Their status is internationally recognized. There are
631 biosphere reserves in 119 countries, including 14 trans-boundary sites. ¥

Biosphere reserves have three interrelated zones that aim to fulfil three q,{'i’r’nplementary and
mutually reinforcing functions: L

* The core area(s) comprises a sttictly protected ecosystem that contribute# te thl?éonserva-
tion of landscapes, ecosystems, species and genetic variation.

* The buffer zone surrounds or adjoins the core areas, and is used for activities compatible
with sound ecological practices that can reinforce scientific research, monitoring, training
and education. -

* The transition area is the part of the reserve where the greatest activity is allowed, fostering
economic and human development that is socio-culturally and ecologically sustainable.

World Heritage Site i
A UNESCO World Heritage Site is a place (such as a forest, mountain, lake, island, desert,
monument, building, complex, or city) that is listed by the United Nations Educational, Scientific and
Gulturat Organization (UNESCO) as of special cultural or physical significance. The list is main-
|
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tained by the international World Heritage Programme administered by the UNESCO World Heri

tage Committee. Conservation of Biodiversity is dore in the World
Natural Heritage Site, which are selected based on following crite-
ria:

« The site contains supertative natural phenorfena or areas of
exceptional nafural beauty and,aesthetic importance;

» Place is an outstanding example representing major stages
of Earth's history, including the record of life, significant on-
going geological processes in the development of land-
forms, or significant geomorphic or physiographic features;

e It is an outstanding example representing significant on-
going ecological and biological processes in the evolution

and development of terrestsial, fresh water, coastal and ma- [

rine ecosystems, and communities of plants and animals;
» The site contains the most important and significant natural

habitats for in-situ conservation of biological diversity, including those containing threatened

species of outstanding universal value from the point of view of
science or conservation. p

The Ramsar Conventions on Wetlands

It is an international convention for the conservation and sus-
tainable utilization of wetlands. The Convention’s mission is “the con-
servation and wise use of all wetlands through local and national ac-
tions and international cooperation, as a contribution towards achiev-
ing sustainable development throughout the world”. The Convention
uses a broad definition of wetlands. it includes all lakes and rivers,
underground aquifers, swamps and marshes, wet grasslands, peat-
lands, oases, estuaries, deltas and tidal flats, mangroves and other
coastal areas, coral reefs, and all human-made sifes such as fish
- ponds, rice paddies, reservoirs and salt pans.

THE MONTREUX REGORD

The Montreux Record is a register of wetland sites on the List
of Wetlands of International Importance where ¢hanges in ecological
chargcter have occlirred, are occurring, or are likely to occur as a re-
sult of technological developments, pollution or other human interfer-
ence. It is maintained as part of the Ramsar List. At present, 59 Ram-

.Gontractmg
cnmmlt to”

& Partles

Under the “three- plllars” |
of the Convention, the |

Work towards the wnse
use of all thelr wetlands,

A

*i}asignate surtable wet-
lands for. the list of Wet-

puﬁ.anca {thé *Ramsar
List") an
fe&tlve anagement

lands of International Im- |

ensure thelr ef- |

Gnoperate mtemattonal[y

on trar -boundary wet- |
lands, I%n:‘ared wetland

systems #nd shared spe- |
cies. K Y
7 e

sar sites are present in the Montreux. Keoladeo National Park, Rajasthan and Loktak Lake, Manipur

in india are in Montreux record.
Ramsar’s International Organization Partners (I0Ps) —

The Ramsar Convention works especially closely with some global non-governmental or-
ganizations (NGOs) which have been associated with the treaty since its beginnings. They have
been given the formal status of International Orgamzatmn Partners (IOPs) of the Convention. The

five IOPs are:
1. BirdLife International (formerly ICBP) —

BirdLife International is the world's largest natire

consefvation Partnership. The BirdLife Partnership strives to conserve birds, their habitats
and global biodiversity, working with people towards sustainability in the use of natural re-

sources.

oA 45
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2. IUCN (The International Union for the Conservation of Nature)

3. IWMI (The International Water Management Institute) - it is a non-profit, scientific research
organization focusing on the ‘sustainable use of water and land resources in developing
countries. IWMF's Mission is to provide evidence-based solutions to sustainably manage wa-
ter and {and resources for food sepuri-ty, People‘s livelihoods and the environment.

4. Wetlands International {formerly {WRB, the Asian Wetlands Bureau, and Wetiands for the
Americas) - Wetlands international is dedicated to maintaining and restoring wetlands, fat
thelr environmental values as welf as for the services they provide to people. i

5. WWF (World Wide Fund for Nature) International — It is an international NGO working on ise
sues regarding the conservation, research and restoration of the environment. '

IUCN (International Union for Conservation of Nature) $

{UCN, International Union for Conservation of Nature, helps the world find pragmatic solus
tions to our most pressing environment and development challenges. JUCN'’s work focuses on valu-
ing and conserving nature, ensuring effective and equitable governance of its use, and deploying
nature-based solutions to global challenges in climate, food and development. IUCN supports sci-
entific research, manages field projects all over the world, and brings governments, NGOs, the UN
and companies together to develop policy, laws and best practice.

IUCN Red List

The {UCN Red List is the world’s most compr’ehensi.ve information source on the global cor-
servation status of wild species and their links to fivelihoods. Far more than a list of species ar
their status, it is a powerful tool to inform and catalyse action for biodiversity conservation, critical to
protecting the natural resources we need to survive.

All the species have been
categorised into nine categories in
{UCN Red List, which are described
as follows:

1. Extinct (EX), a designation ap-
plied td species in which the last
individual has died or where
systematic and time-appropriate
surveys have been upable to log
even a single individual

2. Extinct in the Wild (EW), a cate- ;

~ gory containing those species
whose members survive only in —|
captivity or as artificially sup-
ported populations far outside ‘ O3 Defdent (DD)
their historical geographic range | e

3. Critically Endangered (CR), a | Frvy— = ‘
category containing tho(se spe- [ Emtiateq Ul I
cies that possess an extremely high risk of extinction as a resuit of rapid population declines of
80 to more than 90 percent over the previous 10 years (or three generations}), a current popula-
tion size of fewer than 50 individuals, or other factors

4. Endangered (EN), a designation applied fo species that possess a very high risk of extinction as
a restlt of rapid population declines of 50 to more than 70 percent over the previous 10 years
(or three generations), a current population size of fewer than 250 individuals, or other factors

A

@ -

Adequals dafa|

Evaluated |
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5. Vuinerable (VU), a category containing those species that possess a very high risk of extinction
as a result of rapld population declines of 30 to more than 50 percent over the previous 10 years
(or three generations), a current population size of fewer than 1,000 individuals, or other factors

6. Near Threatened (NT), a designation applied to species that are close to becoming threatened
or may meet the criteria for threatened status in the near future

7. keast Concern (LC), a category containing species that are pervasive and abundant after carg-

ul assessment i
8. Data Deficient (DD), a condition applied to species in which the amount of available data related

to its risk of extinction is lacking in same way. Consequently, a complete assessment cannot be .

performed. Thus, unlike the other categories in this list, this category does not destfibe the con-
servation status of a species. ‘3

9. Not Evaluated (NE), a category used to include any of the nearly 1.6 million species described
by science but not yet assessed by the IUCN

CITES (Convention on International Trade . .
in Endangered Species of Wild Fauna and Extinct Threatened Ccnc%m ;
CITES is an international agreement

Flora) T ——, I
between governments. Its aim is to ensure .@@ @@0@

that international trade in specimens of wild " ———————————
animals and plants does not threaten their survival. Because the trade in wild animals and plants
crosses borders between countries, the effort to regulate it requires international cooperation to
safeguard certain species from over-exploitation. CITES was conceived in the spirit of such coop-
eration. Today, it accords varying degrees of protection to more than 35,000 species of animals and
plants, whether they are traded as live specimens, fur coats or dried herbs. CITES works by sub-
jecting international trade in specimens of selected species to certain controls. All import, export, re-
exports and introduction from the sea of species covered by the Convention has to be authorized
through a licensing system. Each Party to the Convention must designate one or more Manage-
ment Autharities in charge of administering that licensing system and one eor. more Scientific Au-
thorities to advise them on the effects of trade on the status of the species. i :
CMS (Convention on the Conservation of Migratory Species of Wild Animals)

As an environmental treaty under the aegis of the United Nations Environment: Programme,
CMS provides a global platform for the conservation and sustainable use of n /gratory animals and
their habitats. CMS brings together the States through which migratory animals pass, the Range
States, and lays the legal foundation for internationally coordinated conservation measures
throughout a migratory range. As the only. global convention specializing in the .,copsegﬁ"ation of mi-
gratory species, their habitats and migration routes, CMS complements and co-operales with a
number of other international organizations, NGOs and partners in the media as well as in the cor-
porate sector. Migratory species threatened with extinction are fisted on Appendix | of the Conven-
tian. CMS Parties strive towards strictly protecting these animals, conserving or restoring the places
where they live, mitigating obstacles to migration and controlling other factors that might endanger
them. Besides establishing obligations for each State joining the Convention, CMS promotes con-
certed action among the Range States of many of these species. Migratory species thal need or
would significantly benefit from intemationat co-operatian are listed in Appendix Il of the Conven-
tion. For this reason, the Convention encourages the Range States to conclude global or regional
agreements.

In this respect, CMS acts as a framework Convention. The agreements may range from le-

N

gally bindirg treaties {called Agreements] fa less formal instruments, suchy as Memoranda of Un-
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derstanding, and can be adapled to the requirements of particufar regions. The development of
models tailored according to the conservation needs throughout the migratory range is a unigue ca-
pacity to CMS.

4. BIODIVERSITY OF INDIA

India is one of the 17 mega-diverse courftries with 2.4% of the land area, accounting for 7-

8% of the species of the world, including about 91,000 species of animals and 45,500 species of

plants that have been documented in its ten bio-geographic regions. Of these 12.6% of mammals .

4.5% of birds, 45.8% of reptiles, 55.8% of amphibians and 33% of (ndian plants are endemic, beingf;

found nowhere else in the world. India also has three of 34 global biodiversity hotspots, 7 Natural, * °

World Herltage Sites, 9 Biosphere reserves in UNESCO Man and Biosphere Programme Jist and 26 -

Ramsar Wetland Sites; which are unique, biologically rich areas but facing severe conservation,

threats. The varied Edaphic, Topographic and Climatic Conditions have resulted in a wide range of ;

ecosystems and habitats such as forests, grasslands, wetlands, coastal and marine ecosystems,

and deserts in India with greater biodiversity, which have been classified as below under various

sub headings: T R ST e e :

WILDLIFE OF INDIA ooy i

Endemic Species — :

# Primates unique to india [
include the Lion-tailed Ma- [&
caque, the Southem
Plains Gray Langur, the |[SSSSSSSEE
Nilgiri Langur, the Bonnet [
Macagle and the Arun- [
achal Macaque. Other en- [&8
demic ™ mammals include |8
the Nilgii Marten, the [ERE
Brown Palm Civet, the [Mss
Malabagf Civet, the Indian [E25
Giant Squirre!, the Nam- |8
dapha Flying Squirrel, and {5
the Long-tailed «Climbing [

" Mouse. Also sometimes
considered full species are S

the Khur, the Kashmir FS
Deer, the Sangai, the Up- @
land Barasingha, and the [i&
Deccan Chinkara. Repre- [

senting endemic genera [HAMEEES

are the Nilgiri Tahr, the [SSSSE

Pygmy Hog, the Madras

Tree Shrew, Salim Ali's Fruit Bat, the Elvira Rat), and the Malabar Spiny Dormouse.

# Birds found only in India include the Himalayan Quail, the Nicobar Scrubfowl, the Gray Jungle-
fowl, the Forest Owlet, the Andaman Serpent Eagle, the Narcondam Hornbill, the Malabar
Parakeet, the Nilgiri Woodpigeon, Jerdon's Courser, the Crimson-backed Sunbird, the Black-
and-orange Flycatcher, the Nilgiri Laughing thrush, the Green Avadavat, and the Bugun Lio-

cichla

-
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# Reptile genera restricted to India inciude the Cochin Forest Cane Turtle, the Bay Island Forest
Lizard, the Chilka Spotted Skink, Ristella, Sepsophis, the narrow-headed snakes Xylophis , and
three shieldtail snakes:Teretrurus”, Melanophidium and Plectrurus. Other endemic reptiles in-
clude the Andaman Day Gecko, the Indian Golden Gecko the Southern Flying Lizard,
Whitaker's Boa, the Andaman Cobra, Bibrons Coral Snake, and the Nicobar Pitviper.

# India has four endemic amphibian families: the Purple Frog Nasiﬁxabaﬁrachidae, the dancing d

# Frogs Micrixalide, the Kerata indian Frog Ranixalide, and caecilﬁi;?ns of the genus Chikila Chikifi
dae. Other endemic amphibian genera include the toads Ghatoghryne and Xanthophryne, frog
Nyctibatrachus, Melanobatrachus, Ghatixalus,

"
1
i

# Bedddomixalus and Mercurana inervarya, and the caecilians Geogeneophis, Uraeol{phlus, and |

indotyphius. Other endemic amphibians include the Malabar Flying Frog, the Malabar Tree
Toad, the Resplendent Bush Frog, and Phifautus chlorosomma.

# Among numerous endemic freshwater fish genera are Mesonoemacheilus, Horaglanis, Osteo-
chilichthys, Rohtee, Hypselobarbus, and Betadevario. The Kryptoglanidae is a recently recog-
nized endemic catfish family and Horabagrus is also sometimes considered to comprise an en-
demic family, the Horabagridae. Other endemic freshwater fish include the Denison Barb, the
Canara Pearlspot, the Malabar Pufferfish, the Zebra Loach, and the Brown Spike-tailed Para-
dise Fish. Endemic marine fish include the Jester Goby, a wrasse Xyrichtys cyanifrons, and a
filefish Lalmohania velutina f

# Invertebrate families known solely from India include an amphipod crustacean Kotumsaridae, a
land snail Staffordiidae, a beetle Podabrocephalidae, and grasshoppers Mastacideidae. En-
demic butterflies include the Malabar Rose, the Palni Fritillary, the Malabar Tree Nymph, the
Nilgiri Figer, and the Southern Birdwing. Other endemic arthropods include the Syrandiri Clubtail
Davidioldes martini, a stag beetle Odontolabis burmeisteri . @ longhorned beetle Acanthophorus
serraffcornis , the Jumping Ant , an ant-mimicking planthopper Formiscurra indicus , and the
Wonderful Parachute Spider. Endemic molluscs include Cyclophorus altivagus, Indreffa am-
pulla, Pseudomulleria dalyi, and Cremnochonchus syhadrensis.

. Amagag some 7000 endemic vascular plants are such orchids as Paphiopedilum druryi,
Schoenorchis manipurensis, Phalaenopsis speciosa, and the genus Smithsonfa. Endemic genera
include an aroidAnaphylium, a palm Bentinckia Agasthiyamalaia, Blepharistemma, Cynaros+
permum, Erinocarpys, Adenon, Lamprachaenium, Meteoromyrtus Haplanthodes, Moullava |,
Otonephelium, Jerdonia, and Pinda. Other endemic plants include the Neelakl;y'nji, the Forest Spi-
der Lily, the Siroi Lily, a banana Musa velutina,Geranium clarkei , the Surangj, Impatiens tomen-
tosa,Rhododendron macabeanum, and the Khasi Pitcher Plant, & "

Critically Endangered Animal Species of india -

Critically endangered is the highest risk category assigned by the JUCN (Intémaﬁonal Union
for Conservation of Nature) Red List to wild species. There are five quantitative criteria to determine

whether a taxon is threatened. A taxon is critically endangered when the best available evidence
indicates that it meets any of the following criteria:

. Populations have declined or will decrease, by greater than 80% over the last 10 years or
three generations.

. Have a restricted geographical range.

NL.Small population size of less than 250 individuals and continuing decline at 25% in 3 years or
one generation, =

IV.Very small or restricted population of fewer than 50 mature individuals.
V. High probability of extinction in the wild. ﬂ
144 r
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BIRDS

1. The Jerdon's Courser (Rhinoplilus bitorquatus) ~ It is a nocturnal bird found only in the
northern part of the state of Andhra Pradesh in peninsular India.

2. The Forest Owlet (Heterogiaux blewitti) ~ Itis found in the dry deciduous forest of South
Madhya Pradesh, in north-west Maharashtra and north-central Maharashtra.

3. The White-bellied Heron {Ardea insignis) — It is an extrefnely rare bird found In five or SiX;,
sites in Assam and Arunachal Pradesh, one or two sites in Bhutan, and a few in Myanmar. ;

4. Vultures ~ Out of nine species of vultures, the population of three species- White-backed *
Viture (Gyps bengalensis), Stender-billed Vuiture {Gyps tenuirostris) and Long-killed Vul-
ture (Gyps indicus) has declined by 99%. The Red- headed Vulture {Sarcogyps calvus) has
also suffered a rapid decline in the recent past. Vultures keep the environment clean, by
scavenging on animal carcasses. The decline in vulture populations has associated disease
risks, including increased risk of spread of rabies and anthrax, besides adversely impacting
the observance of last rites by the Parsis in the Towers of Silence.

5. The Bengal Florican (Houbaropsis bengaiensis) It is a rare bustard species that is very well
known for its mating dance. it is native to only 3 countries in the world - Cambodia, india and
Nepal. In India, it occurs in 3 states, namely Uttar Pradesh, Assam and Arunachal Pradesh.

6. The Himalayan Quail (Ophrysia superciliosa) ~ i} is found in western Himalayas

7. The beautiful Pink- headed Duck (Rhodonessa caryophyllacea) — Its males have a deep

pink head and neck from which the bird derives its name. Its maximum records are from
north-east India.

8. The Sociable Lapwing (Vanellus gregarious) — It is a winter migrant to India. It is found irt
Kazakhstan, Russia, Kyrgyzstan, Tajikistan, Uzbekistan, Turkmenistan, Afghanistan, Arme-
nia, Georgia, Azerbaijan, Iran, Iraq, Saudi Arabia, Syria, Turkey, Egypt, india, Pakistan and
Oman. In India, distribution is restricted to the north and north-west of the country.

9. The Spoon Billed Sandpiper (Eurynorhynchus Pygmeus) — it requires highly specialized
breeding habitat, a constraint that has always kept its population scarce.-{!ndja is home to
some of the last existing wintering grounds of this species. It has been recorded in West
Bengal, Orissa, Kerala and Tamil Nadu.

10. The Siberian Crane (Grus leucogeranus) — It is a large, strikingly majestic migratory bird that
breeds and winters in wetlands, They are known to winter at Keoladeo National Park, Ra-
jasthan. .. i

MAMMALS . i €

1. The Pygmy Hog (Porcula salvania) — It is the world's smallest wild pig, with aduits svighing
only 8 kg. This species constructs a nest throughout the year. it is one of the most useful in-
dicators of the management status of grassland habitats. Formerly, the species was more
widely distributed along the southem Himalayan foothills but now is restricted to only a sin-
gle remnant population in Manas Wildlife Sanctuary and its buffer reserves.

2. Andaman White-toothed Shrew (Crocidura andamanensis), Jenkin’s Andaman Spiny Shrew
(Crocidura jenkinsi) and The Nicobar White-tailed Shrew (Crocidura nicobarica) - These are
endemic to India. They are usually active by twilight or in the night and have specialized
habitat requirements. The Andaman White-toothed Shrew is found on Mount Harriet in the
South Andaman Islands. The Jenkin's Andaman Spiny Shrew is found on Wright Myo and
Mount Harriet in the South Andaman Islands. The Nicobar White-tailed Shrew (Crocidura ni-
cabarica) is found in the southem tip of Greater Nicobar Islandarm is ﬁ{so recorded in the

e L
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area extending from the Campbell Bay National Park to the Galathea River in the Andaman
and Nicobar Islands. .

Kondana Rat (Millardia kondana) ~ It is a nocturnal burrowing rodent that is found only in In-
dia. It is Known only from the small Sinhagarh Plateau (about one km2), near Pune in Ma-
harashtra. !

The Large Rock Rat or Elvira Rat (Cremnomys elvira) —If is a medium sized, nocturnal ang

burrowing rodent that is endemic to India. It is known only from Eastern Ghats of TamiI{"
Nadu. - {1

in Arunachal Pradesh.

6. The Malabar Civet (Viverra civettina) —t is considered to be one of the world's rarest mam-
mals. it is endemic to India and was first reported from Travancore, Kerala. It is nocturnal in
nature and found exclusively in the Westem Ghats.

7. The Sumatran Rhinoceros (Dicerorhinus sumatrensis) ~It is the smallest and most endan-
gered of the five rhinoceros species. It is now thought to be regionally extinct in India,
though it once occurred in the foothills of the Himalayas and north-east India.

8. The Javan Rhinoceros {Rhinoceros sondaicus} — Itis also believed to be extinct in India and
only a small number survive in Java and Vietnam.

REPTILES

1. Thé Gharial (Gavialis gangeticus} —It is the most uniquely evolved crocodilian in the world, a
specialized, river-dwelling, fish-eater. Only viable population is found in the National Cham-
bal Sanctuary, spread across three states of Uttar Pradesh, Rajasthan and Madhya Pradesh
in“tndia. Small non-breeding populations exist in Son, Gandak, Hoogly and Ghagra rivers. It
is now extinct in Myanmar, Pakistan, Bhutan and Bangladesh. ]

2. The Hawksbill Turtfe (Eretmachelys imbricata) — It is a heavily exploited species. The spe-
ciesis migratory in nature and nesting occurs in about 70 countries across the world. in In-
dia they are found in the Andaman and Nicobar Islands, the coast pf Tamil Nadu and
Orissa. )

‘3. The Leathertfack .Turile (Dermochelys coriacea) — It is the largest of the living sea turtles,

welghing as mych as 900 kg.lt is found in tropical and temperate waterwof the Atlantic, Pa-

. cific, and Indian Oceans. ”

/4. "Four-toed'River Terrapin or River Terrapin (Batagur baska) — it is foufnd,‘jn- Bangladesh,
Cambodia, India, Indonesia and Malaysia. . - ;;3:;‘

5. Red-crowned Roofed Turtle or the Bengal Roof Turtle (Batagur kachuga) ~ It is mainly re-
stricted to the Ganga basin. Males have a bright red caoloration during the breeding season.

6. Sispara day gecko (Cnemaspis sisparensis) — It is a large gecko which dwells usually in for-
ests; it is largely insectivorous and is active by night. It is endemic to Western Ghats, and
found in Sispara, Nilgiris, Kavalai near Cochin.

AMPHIBIANS

1. The Anamalai Flying Frog (Rhacophorus pseudomalabaricus) — It is confined to rainforests
of south-western Ghats. It is found in Andiparai Shola, Pudothottam and the Anamalai Hills
of Tamil Nada and Kerala.

2. The Gundia Indian Frog (Indirana gundia} — It is known only to exist in Gundia, Kempholey
in the Western Ghats region of Karnataka, South India . !

4 As

This document is available free of charge on g stUdocu

“r Downloaded by Amit Sharma (amitmudgal69@gmail.com)
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FISH

The Kerala Indian Frog (Indirana phrynoderma) — It is found in Anamalai Hills of Kerala and
Tamil Nadu in the Western Ghats of South India.

The Charles Darwin’s Frog {logerana charlesdarwini) = This species is currently restricted
to its type locality of Mount Harriet in South Andaman Istand and Saddle Peak in the North
Andaman Island, India.

The Kottigehar Bubble-ne bt Frog (Mlcrixa[us kottigeharensis) — It is only known to occur in
Kottigehar, Kadur in the Western Ghats of Karnataka state. d

The Amboli Bush Frog (Pseudophilautus amboli) — This species has been recorded from :ts{
type locality of Amboli forest, Sawantwadi district; and Amba, Kolhapur district of Maharashi
tra; Londa, Belgaum disirict, Jog Falls-Mavingundi, Shimoga district, Castle Rgek, Uttara
Kannada district, Kudremukh Malleshwaram, Chikamangalur district of Karnataka. :

The Chalazodes Bubble-Nest Frog (Raorchestes chalazodes) — All recorded specimens:
have been from the Western Ghats, India

The Small Bush Frog (Raorchestes chotta) — It is the smallest bush frog found in India with
a snout to vent length of 1.7 cm only. it is known only to occur in Ponmudi in Thiruvanan-
thapuram district of Kerala, south India.

The Green-eyed Bush Frog (Raorchestes chlorosomma) - It is known only to occur in the
type locality of Munnar, {dukki district, Kerala in the Western Ghats of South India.

The Griet Bush Frog (Raorchestes griet) — It {s a small frog of snout to vent length ranging
from 2-2.2 cm only. It is found in Munnar, Devikulam and Vagaman in ldukki district of Ker-
ala; and Anamalai Hills and Valparai in Coimbatore district of Tamil Nadu.

The Kaikatt's Bush Frog (Raorchestes kaikatti) - It is known only to occur in the type locality
Kaikatti- Nelliyampathi in Palakkad district of Kerala, south-india. {t is believed to be endemic
tq the Nelliyampathi Hills.

The Mark's Bush Frog (Raorchestes marki) — It is currently known to oceur only in Kaikatti-
Nelliyampathi in Palakkad district, Kerala, India.

The,Munnar Bush Frog (Raorchestes munnarensis) It is currently known only to occur in
two'locations, Devikulam and Munnar, Idukki district, Kerala, south Indig.

The Large Ponmudi Bush Frog {Raorchestes ponmudi) — It is found in Ponmudi and Agast-
hyamala Hillg, Thiruvananthapuram district, Gavi, Pathanamthiita district, Vagaman, IdukKi
district., Wayanad Plateau, Kalpetta, Mananthavady and Sultan’s Battery, Wayanad district
of Kerala Anamalai Hills and Valparai, Goimbatore district, Tamil Nad«”

The Resplendent Shrub Frog (Raorchestesresplendens) — It is currentLy‘ known to occur in
Anamudi Summit, Eravikulam National park in the Idukki district, Kerala. =  +

The Sacred Grove Bush frog (Raorchestes sanctisilvaticus) — It is known-only: fo occur in
Kapildhara Falls, Amarkantak, Jabalpur District, Madhya Pradesh.

The Sushil’s Bush Frog (Raorchestes sushili) — It is known only to occur in Valparai and its
vicinity, Coimbatare district, Tamil Nadu.

The Shillong Bubble-nest Frog (Raorchestes shillongensis) — It is currently known to occur
in the type locality of Malki Forest, Shillong, Meghalaya and in Mizoram,

The Tiger toad (Xanthophryne tigerinus) — It is found only in Amboli, Sindhudurg district,
Maharashtra.

1. The Pondicherry Shark {Carcharhinus hemiodon) — It is & marine fish that occurs or oc-

curred inshore on continental and insular shelves. This is a very raae and little-knawn spe-
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cies. It is found in indian Ocean - from Guif of Oman to Pakistan, india and possibly Sri
Lanka. It is scattered localities spanning India to New Guinea, it has also been recorded at
the mouth of the Hooghly River.

2. The Ganges Shark (Glyphis gangeticus) — It is a uniquely adapted fish-eating shark that oc-
curs in the turbid waters of the Ganga river and the Bay of Bengal. The small eyes suggest
that it is adapted to fiving in turbid water, while the slender teeth of the species suggest that
it is primarily a fish-eater. lt-oceurs in India and possibly in Pakistan. The Ganga river syste?w
and Hooghly river mouth are its known habitats. I

3. The Knife-tooth Sawfish (Anoxypristis cuspidata) — It has a long namow snout with biade~|ikg

teeth and a shark-like body_lt spends most of its time near the bottom of the seg: It is wide-

spread in western part of the Indo-Pacific region, including Red Sea. )

4. Large-tooth Sawfish (Pristis microdon) — It is distributed in western part of the Indo-Pacific
(East Africa to New Guinea, Philippines and Vietnam to Australia). In India, it is known to en-
ter the Mahanadi River, up to 64 km inland, and also is very common in the estuaries of the
Ganga and Brahmaputra.

5. Long-comb Sawfish or Narrow-snout Sawfish {Pristis zijsron) — It grows up to 4.3m in length
and is heavily exploited by humans. This species was reported as frequently found in shal-
low water. It is distributed indo-Pacific region including Australia, Cambodia, China, India,
Indonesia and Malaysia. /

SPIDERS

1. The Rameshwaram Omamenta! or Rameshwaram Parachute Spider (Poecilotheria hanu-
mavilasumica) It can glve a nasty bite which usually is not fatal. The species is semi-social,
which means they live partly in groups. It is endemic to India and spreads along the coastal
savannah, tropical lowland rain forests and montane forests up to an altitude of 2000 m
abave mean sea level,

2. The Gooty Tarantula, Metallic Tarantula or Peacock Tarantula (Poecilotheria metaliica) It is
steel blue in colour with patches of intense orange-yellow, black and white. It is endemic to
India.

CORALS

Fire corals (Millepora boschmai): These are more ciosely related to jellyfish than corals. On'
contact, one usually fsels a buming sensation similar to a sting from a Jellyfish. They are distributed
in Indonesia, Gulf of Chiriquf, Panama Pacific Province. They have become pdssibly extinct from
Australia, India, Indanesia, Malaysia, Panama, Singapore and Thailand. I8
Rare and Bndandered plants of India 1

1. Polygala irregularis, Gujarat (rare) - commonly known as Milkwort is an anngal §r*perennial
herb. The plants are destroyed due to human habitation and land for agriculture.

2. Lotus corniculatus, Gujarat (rare) - This plant belongs to pea family. They are also called as
bird's foot refers to-the appearance of the seed pods on their stalk.

3. Amentotaxus assamica, Arunachal Pradesh {threatened) - otherwise called Assam catkin
yew. They are shrubs or small trees found in moist deciduous forest of Assam, They are
found in three regions of Arunachal Pradesh that is in Turoo hills, Delei Valley, and in Dafla
hills.

4. Psilotum nudum, Karnataka(rare) — It is known as Moa, skeleton, forkfern, whiskfern, and is
a rootless, leafless, forming low growing clump.
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5. Diospyros celibica, Karnataka {threatened) Ebony tree -It is a flowering tree and considered
highly by woodworkers as they are widely used for making high quality furnifure conditions.
But in the past two centuries it has become a very scarce and hardly found in India.

6. Actinodaphne lawsonii, Kerala (threatened) - it belongs to lauraceae family. It is endemic
and it is threatened by habitat loss.

7. Acacia planifrons, Tamilnadu (rare) (urnf)rella thorn) - they grow as a shrub or a short treejin
tamil they are called kudai vel,the tree is used as a fuel and fodder for sheep and goa )’ :
When the tree is fully grown it appears as a spreaded umbrella. f

8. Abutilon indicum, Tamilnadu (rare) - commonly known as Indian mallow is a small shrub \ih ‘
Malvaceae family. It is used as medicinal plant and they occur in number of jropical and-
subtropical zones.

9. Chlorophytum tuberosum, Tamilnadu - It is an endangered plant also called musli. It is &
flowering plant native to Africa and India.

10. Chlorophytum malabaricum, Tamilnadu {threatened) — It is known as malabar lily found in
Western Ghats. It is small herbs with stem closely attached with leaves. Flowers are star
shaped and highly fragrant. They are found in Western Ghats of India.

11. Nymphaea tetragona, Jammu and Kashmir (endangered and threatened) - it is a pygmy wa-
ter lily is the tropical representative of diminutive water lilies. The original distribution was
confined to Jammu Kashmir and Megalaya.

12. Belosynapsis vivipara, Madhyapradesh (rare and endangered) - Coimmonly called Spider
wort they are distributed in India,South Asia,to New Guinea.

13. Colchicum luteum, Himachal Pradesh (rare and threatened) - This herb is generally found at
the height of 2000 to 9000 feet. ) .

14. Pterospermum reticulatum, Kerala, Tamilnadu (rare,threatened) - They are trees can grow
up to 20m tall, commonly known as Malayuram, Malavuram.
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Fam : Piun‘fb‘aglnaceae

“u'rfnig;raj: {H]l [Eclipta alba e eed/whol. Antl-‘iﬂflammatnry, Digeshve
Fam: Compositae : E ;_f;ha“'t”"'c O

Sw:et chrtrak Plumbago Zeylanlca s

PEI’E'i'Infal [H] Fam: Plumbaglnaceae s L

thktaﬂhltmk {H) [Plubago Indica i

Strychinos. nuxvom--= : -
[Fam: LDElamaceae, ERE

Terminalia Ghebula ]

: Fam Cumhretaceae " _L

Gukh j .:{H] C{awlmgTrihuEus Terrestr:s < ?" !‘ﬁ:'SWjﬁt. cnﬂlmg,,- ﬁphtﬁ'qu
Fuagm[ewine 1 yeaream: Lyguphyllaceae- A Plant i@.apgghzar wlesht'.&_e___ a
Npg;n,il’j Azardirchata —~indica e -:[Rhlzome Sedative, anaigés"”
Fam : Mahaceae / |
Anantamool/sariva |Hemibi smus Indicus .. |Root/ :Leaf'
(S) Indian  SarapFam: Asclepiadaceae e 3 r0C
sarilla ' ' :
Banh (H)'Sweet Flag,Acorus Calamus ,Fihi_zome Sedahve analgesm EpliEpsy'l
va%saJ{S] Adhatoda vesica., .. Fis % Whole Antlspasmud:c
et [Fam : Sacanifiaceae i Plant {Stimulant.
[Nageswar, (T) NagMesua Ferrea : :Bark Leaf Asthma Skm EUfﬁII’IQ, ‘i-"c-mlt-
Champa Fam : Gutiferae [Flower . ftng, Dys?ntery, Flles :
Benachar (S)Vetiveria leunoxdes ' o Root 7“:*~-Hype=rdfpsra. : Bummg,-.fﬂ_lcgr_’.
Khuskhus = IFam : Toaceae Grammae R | okin, Vomiting. ot e 5
Mandukparm {Hj In{Centella aStatlca ' ' Whole % Anti-infl matﬂi?, ~Jaun m'i'i"
dian | pennywort Fam : Umdelhferae et ‘plantﬂ Dluretlc arrhnea. "?’“‘%'“’
Kaincha/Greeper _ Mucuna Trunens A e Root Halr Nerwus Disardﬁg-;:t;unstlpa
Baadanka e Eabacede g ‘Seed. Lea f'? tigr, Napﬁrc_fpatﬂ? ﬁnaﬁﬁu??
- =t | [Dropsy:; SRR m

gglqnlm;;_:,;__ Cinnamomum Zeylamcum .;..'B'ark',"Oih Bronchftls Asthrnal J:j‘c?‘rn:ll.an::T
Perenial (S) Fam «Lauraceae 45-- .D|sordar Fever: it
Kurai 'ES} “|Holorheena antldysentncaJBark Seed cables, Antlpyretic %I’fluhbﬁc

; Fam:Apocyaceaceae HA .2 yse;mter!,r e vl
Kantakari / Akrant{Solanum Xanthocarpum “Whole™ [Diuretic,  Anti-inflammatory,
Perenmial (H) Fam : Solanaceae |Plant, ppetiser, Stomach ™
| Frunt Seed|
}‘u".!'here Fam - Family, T - Tree, H - Herb C - Climber, S~shru.b__._ B
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5. BIODIVERSITY CONSERVATION IN INDIA
India, one of the 17 mega-diverse nations, is one of the richest nations in terms of biological

diversity. india owes this to its position in the tropical and subtropical latitudes. India has a great di-
versity of natural ecosystems ranging from the cold and high Himalayan regions to the sea coasts;
from the wet north-eastern green forests to the dry north-western arid deserts; with different types
of forests, wetlands, islands and the oceans. India consists of fertile river plains and high p!'ateaus,,
and several major rivers, including the Ganges, Brahmaputra anl Indus. The diverse physical fea-,

tures and climatic situations have formed ecological habitats like forests, grasslands, wetlands,],

coastal and marine ecosystems and desert ecosystems, which harbour and sustain immense biodi- «

versity. 7
Biodiversity is not only essential for maintaining the ecological functions but also provides

the base for the livelihoods, cultures and economies of several hundred millions of people, insfuding

farmers, fisher folk, forest dwellers and artisans. The rapid erosion of biodiversity in the tast few

decades has impacted on the health of the land, water bodies and people. Hence, it hae “acome

imperative to conserve and protect our rich biodiversity. There have been numerable

which have been adapted for the conservation of Biodiversity in India.

Protected Area Network in India;

A National Board for Wildlife (NBWL), [
chaired by the Prime Minister of India provides for |
policy framework for wildlife conservation in the | 5 iy |
country. The National Wildlife Action Plan (2002- e - s s
2016) was adopted in 2002, emphasizing the peo- S !
ple’s participation and their support for wildlife con-
servation. India's conservation planning is based |
on the philosophy of identifying and protecting rep-
resentative wild habitats across all the ecosystems.
The Indian Constitution entails the subject of for- [
ests and wildlife in the Concurrent list. The Federal
Ministry acts' as a guiding torch dealing with the i 3 3 ‘
= policies and planning on wildlife conservation, while Lk et
‘the provincial Forest Departments are vested with e
"~ the responsibility of implementation of national poli-
cies and plans. -
National parks <y &
!

[Eem="=a N

This'is an area having adequate ecological, faunal, floral, eomorphological, : iy jq
logical significance. The National Park is declared for the purpose of protecting, propt. .t
veloping wildlife or its environment, National Parks are considered as IUCN categyr .!
areas.

The difference between a Sanctuary and a National Park mainly lies in the ¢
of people living inside. Unlike a Sanctuary, where certain rights can be allowed, in a
no rights are allowed. No grazing of any livestock shall also be permitted inside = *-
‘while in a Sanctuary; the Chief Wildlife Warden may regulate, control or prohibit it.
any removal or exploitation of wildiife or forest produce from a Sanctuary requires
tion of the State Board for Wildlife, removal etc., from a Nationa! Park requires recoffi:e i~
the National Board for Wildlife (However, as per orders of the Supreme Court, such
tation from a Sanctuary also requires recommendation of the Standing Committe-
Board for Wildlife). )
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State-mse break up of Natlonal Parks

1~ [ Campbfii Bay NP 1992 42623

2 | Galathea Bay NP 1992 | 110.00 |
3 | Mahatama Gandni Marine (Wandoor) NP {4983 "28'],50 |
4 | Middle Bution Island NP 1 1987 0.44
15 ; "Mount Harriett NP 1987 46.62

6 [ North Button Island NP _ 1987 044
7 | Rani Jhansi Marine NP 1996 25614 |
8  Saddle Peak NP 1987 32.54

9 | South Button lsland NP 1987 0.03
v i AndhraFradesh i ‘ 5]
1 [PapikondaNP T 2008 [i0i2.86
12} RajivGandhi {RameswaramJNP 20954 240 |
D VerkateswaraNP = 1989 353.82
¢ - Arunachal Pradesh*
[t T Mouiing NP 11986 48300 |
2 | Namdapha NP 11983 | 180782 |

N-E

g % | Dibru-Saikhoiva NP

5%

T340

Kaziranga NP

e

858,98 |

1990 ¢

500.00

1

_2

13 {ManasNP
4

11989 ..

47 T NameriNP 1998 o] 200, 00
Sﬂip- BajlvGandhl Orang NP *' 11999 E 78. 81
| - | Bihar VA

1 [ Vamik NP | if,asﬁ;"s_

T

144071

e wf lndravéﬁ (Kutﬂ.!) NF; =

1258.37

A P
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(3 [KangerValey NP — — 5 i mou00
= — = — = 2 Goa o = = ".
[T ThMollem NP 1992 107.00 -]
E Gujarat |

1 [VansdanNP | 1979 23.99

[2 [Blackbuck (Valavadar) NF 1976

J3453



NN N TR —————

3  |GirNP 1975 | 258.71
|4 | Marine (Guif of Kachchh) NP 1982 ~ [16289
| — 3 Haryana '
1 |Kalesar NP ) 2003 46.82
2  |Sultanpur NP 1989 11.43
B Himachal Pradesh
1 |Great Himalayan NP 1984 ~ [75440
2 |inderkla NP~ 2010 104.00
3 | Khirganga NP 2010 710.00
4 |PinValeyNP 1987 |675.00
5" |Simbalbara NP 2010 27.88
i ) Jammu & Kashmir = B
EB Cily Forest (Salim Ali) NP 1992 ~ [9.00
2 | Dachigam NP 1981 141.00
3 HemisNP ) 1981 ['3350.00
{4 Kishtwar NP 1981 425.00
1 Jharkhand ‘
1 | Betta NP 1986 22633 -
il Karnataka = | :
1 Anshi NP 1987 T417.34
2 ‘Bandipur NP 1974 1874.20
3 Bannerghatta NP [ 1974 260.51
4 | Kudremukh NP 1987 ;; 1 600.32
|5 | Nagarahole (Rajiv Gandhi) NP 1988 643.39
e b — . 1
T , Anamudi SholaNP 2003 f ﬁ:}; 7.50
2 | Eravikulam NP 11978 19700
{3 | Mathikettan Shola NP {2003 . |.12.82
|4 | Pambadum Shola NP 12003 11.32
5 | Periyar NP 1982 350.00
6 | Silent Valley NP 1984 8952
; i ol Madhya Pradesh - |
K [ Bandhavgarh NP 1968 448 85
I2 Fossit NP _ 1983 [027
6 Indira Priyadarshini Pench NP 1975 29285
I3 [KanhanNP 1955 T940.00
4 Madhav NP 1959 |375.22
3 1 = — e i
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|5 Panna NP 1981 | 542.67 |

{7 Sanjay NP 1981 1466.88

(8 [SapuranP 1981 |586.47

(9  [VanViharNP , 1979 4.45

1 7 Mahar_qs_htra L T d

|1 Chandoli NP - G | 2004 317.67 Y ( .

2 | GugamalNP 1975« [oeie8 |

[3~ fNav_vegaonNP" ] 7”1975 | 133.68 | :

| 4  Pench (Jawahartal Nehru) NP {1975 1257.26 !

'5 | Sanjay Gandhi (Borivil) NP - 11983 '86.96 |

6 | Tadoba NP 1855 11655 ]

| Manipur } i

1 | Keibul-Lamjao NP 1977 40,00

= B Meghalaya ‘ —

1 [Balphakram NP 7 1985 [ 220.00

2 | Nokrek Ridge NP 1986 T4748

{ » i i Mizoram |

[T¢ [Muren NP 1991 [100.00 |

2 | Phawngpui Blue Mountain NP 1992 "150.00

N o e Nagaland I |

[T Intanki NP 1993 ] 202.02 |

(N Odisha =

1  Bhitarkanika NP 1988 4 | 145.00 |

{2~ | Simlipal NP 1980 ~ [845.70 | '
=% _ Rajasthan ) "

1 | Mukundra Hills NP 2006 ¢}:200.54

{2+ [DesetNP 1992 *13j62.00]

[8 [ Keoladeo Ghana NP 1981 .. {2B7EN

4 \Fianthambhore NP 1980 282,00 |

|5 ‘ Sanska NP ' 1992 | 27380

| Sikkim ’ |

[1 [ Khangchendzonga NP 1977 "1784.00

‘ R Tamil Nadu ' i

1 TGuindy NP 1976 T2.82

2 [ Guif of Mannar Marine NP 1980 623 |

[3 [ lindira Gandhi (Annamalai) NP 1983 {117.10 |

4 [MudumaliNP 1990 " [10323

-
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5 Mukurthi NP 1990 7846 |
, Telangana ~ - eem m
1 Kasu Brahmananda Reddy NP 7 T1994 143
Mahaveer Harina Vanasth-a}i NP _ 1994 | 14.59
3 Mrugavani NP_ N2 3.60 :
IR LT M st
1 |CloudedleopardNP = .J2go7. —  f508 | ¥
2 |Bison(Rajpar) NP, [2007 {3183 =
" Uttar Pradesh £ |
1 Dudhwa NP | — [1977  [4000
_ T T e A o S
1 Corbett NP s 1936 |52082
2 Gangoti NP~ T |1989  _ 12390.02]
3 Govind NP~ : 11990 47208 |
4 Nanda DeviNP ;|12 {62460
5 RajajjNP 1983 | 820.00 |
3 Valley of Flowers NP T | 1982 18750 |
) West Bengal ' ' | ' ' |
E Buxa NP ) ) {1992 —{117.10
2 GorumaraNP | 1992 [79.45
3 Jaldapara NP~ | 2014 [ 21651
4 Neora Valley NP ' ' 1986 1 159.89
5 Singalila NP ' 1986 7860 | °
6 Sunderban NP “[1e84 _ [1330.10
Wild life Sanctuaries - m ' O jﬁ,k
; ' Sanctudry is an area which is of adequate ecological, faunal, floral, géémorphologicai, natu-

. ral or zoological significance. The Sanctuary is declared for the purpose of prote'ctim{;_-,‘1 propagating

or developing wildlife or its environment. Certain rights of people living inside* tHe SHnctuary could
be permitted. Further, during the settlement of claims, before finally notifying the Sanctuary, the
Collector may, in consultation with the Chief Wildlife Warden, allow the continuation of any right of
any person in or over any land within the limits of the Sanctuary. ’

Conservation Reserves —

_ These can be declared by the State Governments in any area owned by the Government,
particularly the areas adjacent to National Parks and Sancluaries and those areas which link one
Protected Area with another. Such declaration should be made after having consultations with the
local communities. Conservation Reserves are declared for the purpose of protecting landscapes,
seascapes, flora and fauna and their habitat. The rights of people living inside a Conservation Re-
serve are not affected.
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These can be declared by the State Government in any private or community land, not
comprised within a National Park, Sanctuary or a Conservation Reserve, where an individual or a
community has volunteered to conserve wildlife and its habitat. Gommunity Reserves are declared
for the purpose of protecting fauna, flora and traditional or cultural conservation values and prac-
lices. As in the case of a Conservation Reserve, the rights of people living inside a Community Re-
serve are not affected.

Coastal Protected Areas

India’s coastline, which runs for 7,500 kms, is inhabited by approximately 25% of our popu-
fation. Almost all of these individuals live within 50 kms of the shoreline. This includes 10 million
fisherfolk who depend directly on the sea for their livelihood. Keeping in view the importance of ths
coastal environment and the need to protect the coastaernsystems from the pressures of de !
opmental activities, the Ministry had issued the Coastal Regulation Zone (CRZ) Notification, 1941

e
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under the Environment (Protection) Act, 1986. These acts have been amended many times and the
frequent changes to the 1991 Notificationr have been consolidated in the 2011 Notification. It classi-
fies the coastal stretch of the country into CRZ-I {ecologically sensitive areas}, CRZ-H (built up mu-
nicipal areas), CRZ- (rural areas) and CRZ-IV (Islands of Lakshadweep and Andaman & Nicobar).

The main objectives of the Coastal F{egulatlon Zone Notification, 2011 are:

* To ensure livelihood security to the fishing communities and other local communities living in
the coastal areas;

* To conserve and protect coastal stretches and;

* -To promate development in a sustainable manner based on scientific principles, taKfng into
account the dangers of natural hazards in the coastal areas and sea level rise due to global
warming.

Marine Protected Areas

It is necessary to monitor marine areas to assess impact of conservation measures, status
of habitats within the protected areas, impact of development on the quality and quantity of the re-
sources, etc. There are a total of 128 marine Protected Areas in India. Out of these; there are four
Marine National Parks, sixty-seven Marine Sanctuaries, National Parks and Wild Life Sanctuaries,
three Marine Biosphere Reserves, three Ramsar Coastal Wetlands, one Tiger Reserve (Sunder-
bans), one National Mangrove Genetic Resource Centré and Gene Centre and the Coral Reefs Qf
Lakshadweep (seventeen), thirty two Mangrove Notifies Forests. Examples of Marine Protected Ar-
eas include - Gulf of Kachchh Marine National Park (MNP), Jamnagar, Gujarat; Gulf of Kachchh
Matine Sanctuary (MS), Jamnagar, Gujarat; Malvan Marine Sanctuary, Sindhudurg, Maharashtra;

Eessss—— VAJIRAM & RAVI B

Gulf of Mannar MNP, Biosphere Reserve (BR), Tamil Nadu; Bhitarkanika National Park (NP), Cut-«

tack, Orissa; Sunderbans NP-Tiger Reserve; North Andaman and North Nicobar.
Sacred Groves

India has - & amples of sacred groves —

a long tradition

of prudent use | Shipin, about 12 km from Shimia, is believed to be the biggest deodar grove in this dis-

trict and is home to trees that are hundreds of years old.

servation of all

District. Others include Askot, Binsar,'and Gauanath ‘In a
] ,are hel;l regulady and rituals performed. -

| Sacred groves in the hills of Garhwal and Kumaon are mentloned in old Hindu scrip-
] G‘&ﬁh e the Puranas. The largest known sacred grove is in Hanyall near Ganchar in |
ihese gibasy fa1rs ]

;Seople Forests

tangs The largest of them are in Mawphlang and Mausmai. -

me of the richest groves in the country are fuun-l:l in'the Khasi: Hfﬁ:*: of Meghalaya,'
akm‘)st every village is said to have had a grove, km:lwn locally gs thp Iawkyn-‘

= o s oo P i 4
Cegfndwerlll.itl) g | a Jharkhand sacred groves, known as samas, are found: mamly in the Chotanagpur
it "'?S_ region. These areas are not very large and consist of 2 to 20 trees. They are usually full
since  ancient | of creepers, shrubs, and grasses. i

times. One

method for con-
servation of this
green resource
was the creation
of sacred
groves, usually

local deity. A
traditionat

The sacred groves of Rajasthan are the oraans of Jaisalmer, Jodﬁbur and Blkahei, the
kenkris of Ajmer, the vanis of Mewar, and the shamlat dehs of Alwar. The oraans cover |
the largest area, though their species diversity ditfers from area to area. it

Maharashira has about 250 sacred groves, known as deorais or devrals, in the dlstncts
of Pune, Ratnagiri, Raigad, and Kolhapur. These areas are full of a large varlety ‘of rare
species with great biodiversity.

dedicated t j Kerala has about 240 sacred graves, known as kavus, where more than 3000 rare spe
el SUTS B  cies of plants are found. The largest grove, spread over more than 20 hectares, Is in |

1‘ Etnaketam Dis{rigt.
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means of biodiversity conservation, these groves can be considered the ancient equivalent of natu-
ral sanctuaries where afl forms of living creatures are given protection by a deity. No one is permit-
ted to cut any tree or plant, kill animals and birds, or harm any form of life in this area. Ancient In-
dian texts have many references to sacred groves, for example, Kalidaasa's Vikramorvawsiyam.
Today, there are only about 1000 squaré kilometres of undisturbed sacred groves, scattered
in patches all over th{ country. Only the groves in the remote -and inaccessible areas remain un-
touched. While religiots taboo protected the groves near towns earlier, today they are protected
with the means of barbed wire fencing or hedges. The decline of sacred groves can be attributed 16
the change in social values and religious beliefs as a resuftofmodernization and urbanization. The |
expansion of the market economy, which places heavy demand on resources such &s timber, is
another major cause. For most villagers, economics is easier to understand than ecology. '

Sacred groves vary in size from a few trees to dense forests covering vast tracts of land.
These groves are important today as they are banks of genetic and plant diversity that have to be
preserved and sustained. These areas often contain species that have disappeared from the re-
gions outside the grove. The extant groves are proof that the forests exist not only because there
are regulations but also because there are traditions. 5 i

Biosphere Reserves in India

Biosphere Reserves (BRs) are representatiye parts of
natural and cultural landscapes extending over large area of
terrestrial or coastal/marine ecosystems or a combination

thereof and representative examples of bio-geographic
zones/proyinces.

Criteria for designation of BR

* A®site that must contain an effectively protected and
minimally disturbed core area of value of nature conser
vation.

» Thejcore area should be typical of a bio-geographical i
unit and large enough to sustain viable populations representing all trophic levels in the eco-
system. i .

 The managerent authority to ensure the involvement/cooperation of local communities to
bring variety of knowledge and experiences to link biodiversity congfrvation and socio-

—

econormic deveiopment while managing and containing the conflicts. (
‘e Areas potential for preservation of traditional tribal or rural modes of livingzfor harmonious
use of environment. i i et

Structure and functions of BR:
Biosphere reserves are demarcated into following 3 inter-related zones:
1. Core Zone -

Core zone must contain suitable habitat for numerous plant and animal species, including
higher order predators and may contain centres of endemism. Core areas often conserve
the wild relatives of economic species and also represent important genetic reservoirs hav-
ing exceptional scientific interest. A core zone being National Park or Sanctu-
ary/protected/regutated mostly under the Wildlife (Protection) Act, 1972. Whilst realizing that
perturbation is an ingredient of ecosystem functioning, the core zone is to be kept free from |
human pressures external to the system.
2. Buffer Zone - A

- -+ _Downloaded by Amit Sharma (amitmudgal69@gmail.com)
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The buffer zone adjoins or surrounds core zone, uses and activities are managed in this
area in the ways that help in protection of core zone in its natural condition. These uses and
activities include restoration, demonstration sites for enhancing value addition to the re-
sources, limited recreation, tourism, fishing, grazing, etc; which are permitted to reduce its
effect on core zone. Research and educational activities are to be encouraged. Human ac-
tivities, if natural within BR;-are likely to continue if these-do not adversely affect the ecologl-
cal diversity. I{
3. Transition Zone — s

The transition area is the outermost part of a biosphere reserve. This is usually pet delimited -

one and is a zone of cooperation where conservation knowledge and management skills are
applied and uses are managed in harmony with the purpose of the biosphere reserve. Thig
includes settlements, crop lands, managed forests and area for intensive recreation and
other economic uses characteristics of the region.

Tripartite functions of BR {Conservation, Development and logistic support)
* To conserve the diversity and integrity of plants and animals within natural ecosystems
» To safeguard genetic diversity of species on which their continuing evolution depends

* To ensure sustainable use of natural resqurces through most appropriate technology for
improvement of economic weli-being of the local people

* To provide areas for multi-faceted research and monitoring
» ' To provide facilities for education and training

s 7 | Date of | s f‘
| No. | Name | Notifica- | Area (in km?) Location (State)
C : fion \ . Tl
herog  Part of Wayanad, Nagarhole, Bandi-
! kel 101.09.19 | pur and Madumalai, Nilambur, Silent
1 {Nigp 550> e 421326;0 & | Valley and Siruvani hills (Tamil Nadu,
| | 8 I | Kerala and Karnathka). |
_ | 5860.69 | !
: | \ 18,01.19 | (Core  712.12,] Part of Chamoli, Pithoragarh, and
g2 | saieaiDev] 88 | Buifer 5,148.570) | Bageshwar distridé (Uttarakhand).
| ot | &T.54634) I
T 820 | %
: { 01.09.19 | (Core - 47.48 &} L B S
'3 Nokrek { 88u 1 Buffer  227.92, | Part of Garo hills (Meghalaya).
Transition Zone
| : | 54460) | ). |
I ! 06.01.19 | 885 (Core 705 & | Southern most islands of Andaman |
4 diGrgaticonariey £o Buffer 180) And Nicobar-(A&N Istands). |
_ 10,500 km2 - _ e
. | 18.02.19 | Total Gulf area | Indian part of Gulf of Mannar between
;5 ulion Manriar 89 (area of Is-] India and Sri Lanka (Tamil Nadu).
lands5.55km2) | : *’
A 14.03.19 | 2837 | Part of Kokrajhar, Bongaigaon, Bar-|
89 (Core 391 & | peta, Nalbari, amprup and Darang |
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_ Buffer2446) | districts (Assam)
] 59,03 19 9630 "Part of delta of Ganges and Bra~
7 | Sunderbans 89' "~ | (Core 1700 &} hamaputra river system |
| = Buffer 7900)  (West rBengal)._ ‘
T | 4374 f f= ‘{
| s 121.06.49 | (Core 845, Buffer 8~ i .
8 ‘Slmhpa! 94 2129 & Transition. Part of Mayurbhanj district}(Orissa).
| 1400 | LY
| | | 28.07.19 765 7 Part of berugarh and Tu‘fgukla DIS-
|9 | Dibru-Saikhowa 97' . (Core 340 &{ tricts (Assam) ‘
; - Buffer 425) {
[ - | 02.09 -1‘9 § o Part of Slang and leang Valley in
| 10 | Dehang-Dibang o8 (Core  4094.80 Arunachalerdhch |
| ! &Buffer 1016.70} - |
. [ 03 031'9. ' Parts of Betul, Hoshangabad and
' 11 | Pachmarhi 99‘ T 14926 | Chindwara  disticts of Madhya |
| | | Pradesh.
261992 7 L
12 | Khangchendzonga 33.02.20 (Core 1819.34 & gfll:l:ismm Khangchendzonga hills and |
‘ I Buffer 835.92) b
12.41.20 | Neyyar Peppara and Shendumeyl
13 | Agasthyamalai o1 “ 1828 Wildlife Sanctuaries and their adjoif-
| - | ,, [ ing areas in Kerala. | |
| | arpns = 1 3835.51 | Covers parts of Anupur and Dindori
14 | zf::rﬁzﬁ?;?(ar 20'3'200 (Core 551.65 &| districts of M.P. and parts of Bitaspur |
, i | Buffer 3283.86) | districts of Chhattishgarh State. :
’ 290120 | | Part of Kachchh, fRajkot, Surendra |
115 | Kachchh [ o8 i 12,454 km2 | Nagar and Patan Civil Districts of Gu-
w41 jarat State | '
| | | Pin Valley Nationg Park and sur-
| (P | 28.08.20 | ... roundings; dratal and
.16 {old Deser’g 09 1 s | Sarchu&Kibber erflp ife Sancturary in
o | Himachal Pradesh |
| 12009 20 { ) Seshachalam Hill F{aﬁges covering |
| 17 | Seshachalam Hills i 0‘ ‘ 4755.997 | parts of Chittoor and Kadapa districts |
] | | | _|of Andhra Pradesh
{2 | | 25.08.20  Part of Panna and Chhattarpur dis-
‘ 1ERanna | 1 B ° | tricts in Madhya Pradesh |
RAMSAR WETLANDS SITES , ,
Sl. '} Name of Site .. - {State Location - - |Date of Dec-[Area - . . ]
Now o) savmaist e Miail R A |taration "~ fin sqikm)
1} Asthamudi Wetland Kerala . '119.8.2002 1860 -
h
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2 Bhitarkanika Mangroves IDnssa 19.8.2002 . |[525
3 | Bhoj Wetlands [Madhya Pradesh [ 19.82002 |31
4 | Chandertal Wetland Himachal Pradesh  8.11.2005 [ 3856 o
5 | Chilka Lake Orissa / 1.10.1981 || 1140 - g %
6 Deepor Beel Assam | 19.8:2002  14.14 {1
7 East Calcutta Wetlands Wesl Bengal 19.8.2002 1378 'y
B8 | Harike Lake Punjab 23_3155:“ 5 ’BB WO '
9 | Hokera Wetland Jammu and Kashmlr 3112{]{15 1875 = |
10 [ Kanjii Lake Punjab 12212002 i [ 1484 - :
11 [ Keoladeo Ghana NP Rajasthan 11011981 {2873 . "
12 | Kolleru Lake AndhraPradesh | 19.82002 (673 ...
13 | Loktak Lake Manipur 2331990 945
14 | Nalsarovar Bird Sanctuary | Gujarat 24:’{19#12 120 e
15 | Point Calimere ~ | Tamil Nadu 19872002 | 17267
16 | Pong Dam Lake Himachal Pradesh | 19.8.2002 | 307. 29
17 | Renuka Wetland Himachal Pradesh | 8.11.2005. | Not Avallable
18 | Ropar Lake Punjab. 2212002 | 4136
19 Rudrasagar Lake Tripura 8.11.2005 2.40
20 | Sambhar Lake Rajasthan 23.3.1990 | 736 i
21 }Sasthamkotta Lake Kerala 1982002 {113
22 | Surinsar-Mansar Lakes Jammu and Kashmir | 8.11,2005 _7350 =
23 | Tsomoriri Lake Jammu and Kashmir | 19:8.2002 | 120
24 | Vembanad Kol Wetland Kerala 1982002  |4583
25 |Upper. Ganga River | UttarPradesh  |8.11.2005 }{265.90" 3
(Brijghat tq Narora Stretch) . .
26 | Wular Lake Jammu & Kashmir | 23.3.1930 73
, ) - Total Area (sq. km.) 7 &2119;&3
z .
Biodiversity Hot-Spots in India e

1. Western Ghats

There are three Biodiversity Hot-Spots in India, which have been discussed as follows —

The Western Ghats region, which is spread into 6 states of India, shows biogeographical af-

finities to the Malayan region. Their proximity to the ocean and through orographic effect, they re-
«ceive high rainfall. These regions have maist deciduous forest and rain forest. The region shows
high species diversity as well as high levels of endemism. Nearly 77% of the amphibians and 62%
of the reptile species found here are found nowhere else.

There are over 6000 vascular plants belonging to over 2500 genera In this hotspot, of which

over 3000 are endemic. Much of the world's spices strch as black pepper and cardamom have their
origins in the Western Ghats. The highest concentration of species in the Western Ghats is belleved
to be the Agasthyamalai Hilis in the extreme south. The-region also harbows over 450 bird species,
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about 140 mammalian species, 260 reptiles and 175 amphibians. Over 60% of the reptiles and am-
phibians are completely endemic te the hotspot. Remarkable as this diversity is, it is severely
threatened today. The vegetation in this hotspot originally extended over 190,000 square kms. To-
day, it has been reduced to just 43,000 sq. km.
2, The Eastern Himalayas d

The Eastern Himalayas is'the region encompassing Bhutan, north-eastern India, and sough-
ern, central, ‘and eastern Nepal. The region is geologically young and shows high altitudinal varja-
tion. Together, th\é‘Him\alayan mountain system is the world's highest, and home to the worlg's ¢
highest peaks, which include Mount Everest and K2. Some of the world's major river systems arise
in the Himalayas and their combined drainage basin is home to some 3 billion people (almost half of
Earth's population) in 18 countries. f

The Eastern Himalayan hotspot has nearly 163 globally threatened species including the
One-horned Rhinoceros {Rhinoceros Unicornis), the Wild Asian Water buffalo (Bubalusbubalis
(Arnee)) and In alt 45 mammals, 50 birds, 17 reptiles, 12 amphibians, 3 invertebrate and 36 plant
species. The Relict Dragonfly (Epiophiebialaidiawi) is an endangered species found here with the
only other species in the genus being found in Japan. The region is also home to the Himalayan
Newt (Tylototritonverrucosus), the only salamander species found within Indian limits. There are an
estimated 10,000 species of plants in the Himalayas, of which one-third are endemic and found no-
where else in the world. Five families - Tetracentfaceae, Hamamelidaceae, Circaesteraceae, Bu-
tomaceae and Stachyuraceae - are completely endemic to this region. Many plant species are
found even in the highest reaches of the Himalayan Mountains. For example, a plant species Er-
maniahimalayensis was found at an altitude of 6300 metres in north-western Himalayas. A few
threatened endemic bird species such as the Himalayan Quail, Cheer pheasant, Western tragppan
are found here, along with some of Asia's largest and most endangered birds such as the Himala-
yan vulture and White-bellied heron. -

The Himalayas are home to over 300 species of mammals, a dozen of which are endemic.
Mammals like the Golden langur, The Himalayan Tahr, the pygmy hog, Langurs, Asiatic wild dogs,
sloth bean’s, Gaurs, Muntjac, Sambar, Snow leopard, Black bear, Blue sheep, Takin, the Gangetic
dolphin, wild water buffalo, swamp deer call the Himalayan ranged their hofne. The only endemic
genus in the hotspot is the Namadapha flying squirrel which is critically endangered and is de-
scribed only from & single specimen from Namdapha National Park.

3. Indo-Burma g ¥

The Indo-Burma region is spread out from Eastern Bangladesh to Wlaysia and includes
North-Eastern India south of Brahmaputra River, Myanmar, the southern part gf China's Yunnan
province, Lao People’s Democratic Republic, Cambodia, Vietnam and Thailgnd. Th’ge‘ Indo-Burma
region is spread over 2 million sq. km of tropical Asia. Since this hotspot is spreadl ovEr such a large
area and across several major landforms, there is a wide diversity of climate and habitat patterns in
this region.

Much of this region Is stiil a wilderness, but has been deteriorating rapidly in the past few
decades. In recent times, six species of large mammals have been discovered here: Large-antlered
muntjac, Annamitemuntjac, Grey-shanked douc, Annamite striped rabbit, Leaf deer, and the Saola.
This region is home to several primate species such as monkeys, langurs and gibbons with popula-
tions numbering only in the hundreds. Many of the species, especially some freshwater turtle spe-
cies, are endemic. Almost 1,300 bird species exist in this region including the threatened white-
eared night-heron, the grey-crowned crocias, and the orange-necked partridge. It is estimated that
there are about 13,500 plant species in this hotspot with over half of them endemic. Ginger, for ex-
ample, is native to this region. ¥
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LEGISLATIVE EFFORTS

Formal policies and programmies for conservation and sustainable utilisation of biodiversity
resources date back to several decades. The concept of environmentat protection is enshrined in
the Indian constitution in articles 48a and 51a (g} Major central acts relevant to biodiversity include:
1. Wildlife (Protection) Act, 1972 (Management of National Parks and Wildlife Sanctuaries,
protection to Scheduled Species, Community and Conservafion Reserves) ¥

The Wildiife (Protection) Act of 1972 provides the basic framework to ensure the protectioﬁﬁ.
and management of wildiife. The Act was amended subsequently in 1982, 1986, 1991 and 1993 to
accommodate provision for its effective implementation. The Wildlife Protection Act, 197€ which we
read today is a product of process which started long ago in 1887 for the protection of a few wild:
birds and after addition of wild animafs in 1912 and specified plants in 1991 it covered almost all the-
wildlife resources which need protection and management. An expert committee, constituted by the
Indian Board of Wildlife considers amendments to the Act, as and when necessary. With the
amendment of the Act in 1991, powers of the State Governments have been withdrawn almost to-
tally. Now the State Governments are not empowered to declare any wild animal a vermin, Further
by addition of provision, immunization of livestock within a radius of 5 km from a National Park or
sanctuary has been made compulsory. Broadly speaking the amendment provides the follows:

* Greater powers to enforcement authority. /

* Greater say to individuals or NGOs in matter concerning wildlife protection. The Central
Government Officers as well as individuals now can file complaints in the court for offences.

» NGOs like WWF-India and Traffic-India will make available technical and legal guidance
whén needed. . 3

* Mare impact on wildlife trade.

* Setting up of a Central Zoo Authority.

* Greater protection to wildlife through prohibiting hunting of wild animals other than vermin.

* Prowsion to prohibit collection and exploitation of wild plants which are threatened with ex-
tinction.
* Provision to extract and deal in snake venom for producing lifesaving drugs.
* Provisior to ban trade in Africa ivory.
. - w
* Enhanced punishments for isolations. ﬁ .
» Payment df rewards to persons helping in apprehension of offenders. "
National Board for Wild Life _ , ', é"" :

It is a “Statutory Organization” constituted under the Wildlife Protection Act, 1972. Theoreti-
cally, the board is “advisory” in nature and advises the Central Government on framing policies and
measures for conservation of wildlife in the country. However, it is a very important body because it
serves as apex body to review all wildlife-related matters and approve projects in and around na-
tional parks and sanctuaries. Primary function of the Board is to promote the conservation and de-
velopment of wildlife and forests. It has power to review all wildlife-related matters and approve pre
jects in and around national parks and sanctuaries. No alternation of boundaries in national parks
and wildlife sanctuaries can be done without approval of the NBWL. NBWL's standing committee is
entrusted with responsibility of giving green clearances to projects that pass through protected ar-
eas like tiger reserves, wildiife sanctuaries and also those falling within 10-kilometre distance of the
wildlife sanctuary or national parks. The previous committee's term ended on September 6 2013,
But for nearly-t8-months it was not reconstituted and was reconstiiuted onfygin July 2014 by Modi
government. However, the new goverament in July 2014 had constituted NBWL and nominated
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only one NGO -- Gujarat Ecological Education and Research Foundation (which is said to be under
Gujarat government’s control henece not an NGO} -- and two experts — Professor Raman Sukumar
and Dr HS Singh -- against the required number of five NGOs and ten eminent conservationists,
ecologists and environmentalists. The government also appointed only five states against the re-
quirement of orfe representative each from 10 states and union ferritories. Following that, the ne
standing committee of NBWIL in its very first meeting on August 12-13 cleared more than 130 prb-
jects worth several thousands of crores which were pending for months. This created lots of ruckgg
and furore, which ultimately ted the Supreme Court to remark that prima facie they found that the
environment ministry had violated the law while constituting the board and had issuedva notice to
the central government to explain the stand. While SC had refused to stay the decisions taken by
NBWL's standing committee it ensured that they would not come into effect till next hearing in the
apex court. Following the order the government reconstituted NBWL giving full representation from
civil society - five NGO's and ten eminent conservationists, ecologists and environmentalists -- as
required by law in September 2014. However, since then the board has cleared several infrastruc-
ture projects compromising with wild lives of the country haphazardly. The high incidefce of wildlife
clearances by the board also follows the Environment ministry's move to limit the extent of eco-
sensitive zones of protected habitats like Okhla Bird Sanctuary in Uttar Pradesh to 100 metres,
Dadra and Nagar Haveli Sanctuary by 100 metres, and the Kaimur Wildlife Sanctuary in Bihar.

Central Zoo Authority -

In india, functioning of zoos is regulated by an autonomous statutory body called Central
Zoo Authgrity which has been constituted under the Wild Life (Protection) Act. The main objective of
the authority is to complement the national effort in conservation of wild life. Standards and norms
for housing, upkeep, health care and overall management of animals in zoos has been laid down
under the.Recognition of Zoo Rules, 1992. Every zoo in the country is required to obtain recognition
from the Authority for its operation. The Authority's role is more of a facilitator than a regulator. I,
therefore, provides technical and financial ass-istance to such zoos which have the potential to at-

tain the desired standard in animal manage- #] ]
e . : Under the Environmental (Protectlon) Rules
2t from el gy on ol arant 1986 the State. Pollution Bqards ‘have to follow - |

of recognition and release of financial assis- |deﬁn 5 o
tance, the Central Zoo Authority also regulates | th Ef--@ o prc-wded under _Schedule Vi

the exchange of animals of endangered cate- rrhﬂ ‘hav
gory Listed under Schedule-l and Il of the Wild- traa%ngf
life Protection-Act) among zoos. Exchange of a*’beéfg Fagaj;able tec}fﬂ

animals between Indian and foreign zoos is m}ﬂ-ﬂmﬁhﬁj ‘standards, ¢
also approved by the Authority before the req- o Tﬁﬁjuﬁm have fo'he: :
uisite clearances under EXIM Policy and the reacfcling anl:l I‘eusmg thewa _es po gt
CITES permits are issued by the competent : ey.shavp,;tn:-ienaourag ﬁdi:stnesﬂ‘or
authority. B vé{ymf*hiugas, energy and "’{eilsabla
2. Environment Protection Act, 1986 (Resto- S5 eﬂ"al's ST B e
ration of degraded lands, management of Whﬂﬁrpem I:tlng the dlscharge fagfﬂuents
watersheds, Wetland management, and | and emissions inlo ithe envitohment: the
identification of Ecologically Sensitive Ar- 'ﬁiﬂﬂi oards have 10: Iakéiﬂfﬂ Uit the -
eas). &ssimfraH?E capacfty of the waler body :
s The Central and State Boards have to em-
phasize on the mplementatlon of clean
tenhnningies by the industries in order to
increase fuel Elfflﬂ{ﬁ:}y and reduce the
generation of envirortmental pollutants.

The Act has given powers to the Central
Government to take measures to protect and
improve environment while -the-state govern-
ment coordinates the actions, The most lmpor
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include setting up of:

ardous Wastes (Management and handling) Rules 1989. Under these rules it is the responsibilities
of the occupier that such wastes are properly handled and disposed off without any adverse effects.
There are 18 Hazardous Waste categories recognized under this rule and there are guidelines for
their proper handling, storage, treatment, transport and disposal which should be strictly followed by

regulations.
3. The Biological Diversity Act 2002

“The Act covers conservation, use of biological re-
sources and associated knowledge occurring in India for
commiercial or research purposes or for the purposes of bio- £
survey and bio-utilisation. It provides a framework for ac- |
cess to biological resources and sharing the benefits arising f
out of such access and use. The Act also includes in its
ambit the transfer of research results and application for |
inteliectual property rights (IPRs) relating to Indian biclogi-
cal resources.

The standards of quality of air, water or soil for various areas and purpose.

The maximum permissible limits of concentration of various environmental pollutants (includ-
ing noise) for different areas. f

The procedures and safeguards for the handling of hazardous substances in different areas.
i

The prohibition and restriclion on the location of industries and to carry on process and;'.op-
erations in different areas. ,’ i

The procedures and safeguards for the prevention of accidents which may cause environ-
mental pollution and provide remedial measures for such accidents.

The power of entry and inspection, power to take sample efc. under the act lies with }he
Central Government or any officer empowered by it.

Under the Environment (Protection) Rules, 1986 the Central Government also made Haz- -

The Act covers foreigners, non-resident Indians, &

body corparate, association or organization that is either not incorporated il india or incarporated in
Indlia with non-Indian participation in its share capital or management. Thesé’ individuals or enlities
require the approval of the National Biodiversity Authority when they use biological resources and
associated knowledge occurring in India for commercial or research purposes oy forihe purposes of
bio-survey or bio-utilisation.

4. The Scheduled tribes and Other Traditional Forest Dwellers Act, also referred as Forest
Rights Act (FRA), 2006

The Act seeks to recognize and vest the forest rights and occupation in forest land in forest

dwelling Scheduled Tribes and other traditional forest dwellers who have been residing in such for-
ests for generations but whose rights could not be recorded. The Act was notified for operation with
effect from 31.12.2007. As per the provisions of the Act and the Rules framed thereunder, the onus
of implementation of the Act lies at the level of the State/UT Governments. The Act seeks fo recog-
nize and vest certain forest rights in the forest dwelling Scheduled Tribes and other traditional forest
dwellers. The Act basically does two things:

-
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* Grants legal recognition to the rights of traditional forest dwelling communities, partially cor-
recting the injustice caused by the forest laws.

* Makes a beginning towards giving communities and the public a voice in forest and wildlife
conservation.
5. National Green Tribunal (NGT) ' .

The National Green Tribunal has been established dn 18.10.2010 dnder the National Green
Tribunal Act 2010 for effective and expeditious disposal of cases relating 1o environmental protec-
tion and conservation of forests and other natural resources including enforcement of any legal right
relating to environment and giving refief and compensation for damages to persans and property
and for matters connected therewith or incidental thereto. It is a specialized body equipped with the
necessary expertise to handle environmental disputes involving muiti-disciplinary issues. The Tri-
bunal shall not be bound by the procedure taid down under the Code of Civil Procedure, 1908, but
shall be guided by principles of natural justice.

The Tribunal's dedicated jurisdiction in environmental matters shall provide speedy envi-
ronmental justice and help reduce the burden of litigation in the higher courts. The Tribunal is man-
dated to make and endeavour for disposal of applications or appeals finally within 6 months of filing
of the same. Initially, the NGT is proposed to be set up at five places of sittings and will follow circuit
procedure for making itself more accessible. Ne?r Dethi is the Principal Place of Sitting of the Tribu-
nal and Bhopal, Pune, Kolkata and Chennai shall be the other faur place of sitting of the Tribunal.
Other Conservation Efforts
National Tiger Conservation Authority (NTCA)

« The National Tiger Conservation Authority is a statutory body under the Minisiry of Environ-
ment, Forests and Climate Change constituted under enabling provisions of the Wildlife (Protection)
Act, 1972, as amended in 20086, for strengthening tiger conservation, as per powers and functions
assigned to it under the said Act. The National Tiger Conservation Authority has been fulfilling its
mandate within the ambit of the Wildlife (Protection) Act, 1972 for strengthening tiger conservation
in the country by retaining an oversight through advisories/normative guidelines, based on appralsal
of tiger status, on-going conservation initiatives and recommendations, of specially constituted
Committees. g T e —
Objectives —

* Providing statutory authority to Project
Tiger so that compliance of its direc-
tives becomes legal.

* Fostering accountability - of Center-" }i%
State in management of Tiger Re-
serves, by providing a basis for MoU |
with States within our federal struc-
ture.

* Providing for an oversight by Parlia-
ment,
* Addressing fivelihood interests of local people in areas surrounding Tiger Reserves.
PROJECT TIGER '
The Government of India has taken a pioneering initiative for conserving its national animal,
the tiger, by launching the *Project Tiger' in 1973. From 9 tiger reserves since its formative years,
the Project Tiger coverage has increased to 47 at present, spread out in 18 of -our tiger range

<
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states. This amounts to around 2.08% of the geographical area of our country. The tiger reserves
are constituted on a corefbuffer strategy. The core areas have the legal status of a national park or
a sanctuary, whereas the buffer or peripheral areas are a mix of forest and non-forest land, man-
aged as a multiple use area. The Project Tiger aims to foster an exclusive tiger agenda in the core
areas of tiger reserves, with an inclusive | peop‘le oriented agenda in the buffer.

‘Project Tiger' is a Centrally Sponsor¢d Scheme of the Environment, Forests and Climate
Change, providing funding support to tiger r§wge States, for in-situ conservation of tigers in desig-} d
nated tiger reserves, and has put the endangered tiger on an assured path of recovery by saving lt'
from extinction, as revealed by the recent findings of the All India tiger estimation using the refined
methodology. —

Tiger Reserves in Indla -
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PROJECT ELEPHANT i
, Habitat¥fragmentation is one of the major threats to India's wildlife. Large, tigratory mam-
mals like Asian elephants, with vast resource requirements, are among the worst/affaotad. Many of
the elephant habitats are isolated and are further threatened by fragmentation due to develop-
mental activities. Several of these habitats are crucially connected by corridors, which too are

=)

b
T 1]

maintaining this connectivity. An elephant corridor is roughly defined as a stretch of forested (or
otherwise) fand that connects larger habitats (with elephant populations) and forms a conduit for
animal movement between habitats. This mavement helps enhance species survival and birth rate.
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Project Elephant (PE), a centrally sponsored scheme, was launched in February 1992 to provide

/

financial and technical support to major elephant
bearing States in the country for protection of ele-
phants, their habitats and corridors. it also seeks; |
to address the issues of human-elephant conflict
and welfare of domesticated elephants. The Pro-
ject is being implemented in 13 States / UTs , viz.
Andhra Pradesh , Arunachal Pradesh , Assam ,
Jharkhand , Karnataka , Kerala , Meghalaya , Na-
galand , Orissa , Tamil Nadu , Uttaranchal , Uttar
Pradesh and West Bengal. lts main objectives are:

* To protect elephants, their habitat & corri-
dors

¢ To address issues of man-animal conflict
» Welfare of captive elephants
VULTURE CONSERVATION

Populations of three of india's most com-
mon griffon vultures have declined by more than
ninety per cent during the last decade. The most s
significant cause has been the drug, Diclofenac,
given to cows by farmers. When vultures fed on
drug-contarriinated cow carcasses left out, they
suffered rapid kidney fallure and death. Two of the
three affected species, the Oriental white-backed
and the long-billed vulture, once regarded as very

common in India, are now listed as critically endangered by the IUCN. The third affected species, i
the slender-billed vulture, has historically been uncommon, but now is regarded as extremely rare. ]
.. The ecological, social and cultural significance of vultures in India may be summefﬁ up as: scaveng-

ing on animal carcasses of animals and thereby helping keep the environment

posal of dead bodies as per the religious practices of .
the Parsi community. Hence, it has been imperative to
work towards the conservation of Vultures in India.

SAVE (Sa\nng Asm’s Vultures from Extinction)
It's a consortium of like-minded, regional and

international organisations, created to oversee and co- | g

ordinate conservation, campaigning and fundraising
activities to help the plight of south Asia’s vultures.
SAVE's mission statement is to: "Respond to the vul-
ture crisis in Asia by striving to halt vulture population

declines and working to minimise their negative im-

pacts on ecological and human health”
Vulture Safe Zone (VSZ) -

Vulture Safe Zones (VSZs) involves ensuring
that there is absolutely no Diclofenac in a 30,000 sq.
km area (or 100 km radius), especially in the food
supplyof e vulfures such as the cattle carcasses that
thev feed on. This conservation effort first focuses on
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* Rhines, failing which the Indian Rhinoceros would have been extinct by now.
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removing all available stocks of veterinary Diclofenac from the areas surrounding the breeding col-
ony (up to a distance of >50 kmj} and replacing this with the vulture safe drug Meloxicam. The di-
clofenac/ meloxicam swapping work is followed up with an extensive education and awareness
programme on the value of vultures for the local community in regards their ability to clean up car-
casses and.therefore help reduce the risk of difease and increasing numbers of feral dogs. The fi-
nal element of the programme is to atiract vultures in to and to, retain vultures within the safe areh
through the provision of regular and safe food supply in the form of a "Jatayu Restaurant" (Vultur,
Restaurant). The three VSZ in pipeline are North india (Comprising Uttar Pradesh and Uttaranchat
Corbett to Katriya Ghat, a Tarai belt), North_East india (Between Dibrugarh, Assam to North
Lakhimpur, Arunachal Pradesh) and Central India (comprising Chhattisgarh and Madhyar'Pradesh).
RHINOCEROS CONSERVATION IN INDIA T i : -

The Indian Rhinoceros (Rhinoceros unicor- |, The Indian thirio is being poached for

nis) is also called Great One-horned Rhinoceros. It its horn, which some cultures in East
belongs to the Rhinocerctidae family. Listed as a Asia:belie\'/e"-hés healing and potency
vulnerable species, this large mammal is primarily powers. It is therefore is used for tradi-
found in parts of north-eastem India and in pro- tional Chinese medicine and other ori-
tected areas in the Terai of Nepal. These Rhinoc- ental medicines. '

€ros once ranged throughout the entire stretch of | o Habitat Loss _

the Indo-Gangetic Plain but excessive hunting re- {  Floods in Kaziranga National Park and

duced their distribution drastically. Today, about in the vicinity. .

3,400 Rhinos live in the wild, of which 2,400+ are :

found in Assam alone. A small population is also present in the Dudhwa National Park in Uttar

Pradesh. , - X
The Kaziranga National Park (having the highest number of rhinos) and Manas National

Park, Pobitora reserve forest (having the highest Indian rhino density in the world) are most impor-

tant rhino habitats. Orang National Park and Laokhowa reserve forest in Assam have very small

Populations. These national parks and habitats of. Rhinos have proved to be life saver of Indian

~ -

! ~

The Indian ﬁhino Vision 2020 i
The WWF recently launched the Indian Rhino Vision 2020 (IRV 2020). The programme aims’
to: RN L

1. Increase the total thino population in Assam to about 3000 by the year oa%0.

2. Ensure that these rhinos are distributed over at least seven protected areé’%' to provide long-
' termt viability of the species. This will be achieved by trans locating the rﬁfnos_*_.{from two-
source populations (Kaziranga and Pobitara) into 3 or 4 target Protected Areas' (Manas,
Laokhowa, Burachapori, Kochpora, Dibrusaikhowa and possibly, Orang).
CROCODILES CONSERVATION IN INDIA

The crocodiles are large aquatic tetrapod reptiles. They live throughout the tropics in Africa,

Asia, the Americas and Australia. They are cold-blooded creatures. The crocodiles occur mostly in

- freshwater habitats such as rivers, lakes, wetlands and sometimes in brackish water. They feed

‘mostly on vertebrates — fish, reptiles, and mammais. In India, crocodiles are both revered and

loathed as some consider them religious and others consider them a menace. India does not have

alligators, instead we have three species of crocodiles and one of which is unique to Indian subcon-

tinent is the gharial (Gavialisgangeticus). The adult male has a bump at the end of the snout re-

sembling an earthen pitcher or ghara, hence the name gharial. Gharials are endemic to the Indian

sub-continent. The other-iwo are the mugger or marsh cracodiles and the salt water or estuarine
crocodiles. Gharial is listed as ‘Critically Endangered’ in the IUCN Red List of Fhianaerad Qnanias
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Conservation efforts —
In 1970, it was estimated that a mere 100 gharials

survived in the wild. Getting atarmed, the Government of |-
India subsequently accorded the highest Jevel of protec-

tion to Gharial by bringing it under Schedule i of the Wild

Life Protection Act, 1972.By the time crocodile hunting -

was banned in India in 1972, Gharials were on the verge
of extinction. In 1976, Project Crocodile was initiated with
suppart, from the United Nations Development Pro-
gramme and Food and Agriculture Organization. The pro-
ject included an intensive caplive rearing and breeding
programme intended to restock depleted Gharial habitats.
By the time the primary project ended in 1982, more than
1,000 gharials had been raised and released into sanctu-
aries, increasing the total population. But in recent years,
human-crocodile conffict has once again drastically af-
fected the population of crocodiles in the country.

GANGES RIVER DOLPHIN CONSERVATION

* The Ganges River dolphin is endemic to!t'he Indian
sub-continent and has a fairly extensive distribution
range. It is found in the Ganges-Brahmaputra-Meghna
and Karnaphuli-Sangu river systems of India and Bangla
desh, while a few individuals may survive in the Karnali;
and the SaptaKosi Rivers in Nepal. Due to a continued
decline in its population, the {lUCN changed its status from
‘Vulnerable' to ‘Endangered’ in 1996. Ganges River Dol-
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phin was declared as National Aquatic animal of India and is a part of our national heritage.

Threats

Importance of the species

‘meat still ogeurs.

» The deliberate killing of Ganges River dO|phInS for oil and

0 Tha Ganges dolphin is an
-~ indicator sp&mes for the
river emsystam and is at

Yy

» The construction of more than 50 dams and barrages within |-

the Ganges River dolphin’s historic range has drastically al-
fered its habitat and fragmented the meta-population .

Construction of embankments as flood control measures in|.
eastern Uttar Pradesh, Bihar and West Bengal has disrupted |

the connections between the river and its flood plains and wet-
tands.

Embankments interrupt access to the spawning habitat for |-

flood plain dependent fish and eliminate eddy-counter currents
where the Ganges River dolphins spend much of their time.

Dredging and the removal of stones, sand, and woody debris

also compromise the ecological integrity of the rtiverine envi- |

ronment, especially in small tributaries..

Increasing pollution in the river may adversely affect dolphin
health and their bioaccumulation may have serious conse

16 apex of the food chain.

e _!l_& an excellent indicator
of ﬁirezipe' ec‘c_':s_ys'tem
*'f‘-haaﬁl} g
s itis an endamlc anr:l rare
* agualic ' mammal found
¢ _only in the Indian subcon-
5. linent and is part of our
by - natural aquatm herltage
' As a signatory to numer-
“ous international conven-
tions, India must fulfill its
treaty obligations to aid In
the conservation of this

T
T P
bt |

species.
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Conservation Effarts -

*This species has been included in Schedule I of the Indian Wildlife {Protection) Act 1972, in
Appendix 1 of the Convention on International Trade in Endangered Species {CITES), in Appendix i
of the Convention on Migratory Species (CMS) and categotised as Endangered on the International
Union for the Conservation of Nature's (JUCN) Red List.

Vikramshila Gangetic Dolphin Sanctuary —

The Vikramshila Gangetic Dolphin Sanctuary (VGDS) stretched for about 50 km of thc‘jx
Ganga between Sultanganj and Kahalgaon in Bihar, and is the only protected area designated fog
Ganges River dolphin. Activities harmful to dolphins, such as oil fishing, and use of fishing net
dangerous to the dolphins, were found to be conducted within the VGDS. In the absenge of vigor-
ous education, monitoring and enforcement, dolphins are at risk in VGDS.

Aaranyak, a registered conservation NGO working in North East India since 1989, has initi-+
ated a project entitled "Conservation of Gangetic dolphin in Brahmaputra river system, India" in col-
laboration with Dibrugarh University (Assam). The project aims to evaluate the conservation status
of the Ganges River dolphin throughout the entire Brahmapuitra river system by carrying out re-
search into the species' population status, distribution, habitat preferences and threats.
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CHAPTER - 10
CLIMATE CHANGE

1. WHAT IS CLIMATE CHANGE? !

Climate change is a change-ip the usual weather
found in a place. This could be a charge in how much rain
a place usually gets in a year. Or it could be & changein a
place's usual temperature for a month or season.

Why the urgency?

After fighting for years
against denialism, scientists
have been successful making
countries  fight  Climate
change. We need to act ur-
gently if we are to avoid po-
tenttally huge cost to the
ecoromy and society world-
wide caused by "irreversible
build-up of greenhouse gases
(GHGs), and warming of
globe" because of our inac-
tion. If we act now, we have
10 to 15 years’ "breathing
space” during which action is

possible, and that too at a relatively modest cost. But every year of tefay reduces o Lo
space, while requiring ever more stringent measures to make a difference angd will jaac w o o
of other fronts such as:
L « Population disptacement g
' . Diseases and consequent Health expenditure
« Pollution’of water bodies and Water scarcity
« Increase vulnerability of security bases and troops{e.g. Mari.s and highfigitiuns s
‘stallations; s an example avalanches that take away the precious sves r{p;a-{:er* Stual
/' Siachen) "
» Surge in cost of living . 1) E‘-‘g
« Inequality
Perspective

s LT R . =
o Climate is the average pattern-of weather over the long term. The garth's cimal® w: v
and cooled for millions of years, since long before we appeared on the stene. ihvre 1H i
~ that the climate, is. growing warmer. currently; indications of the!t change i@ 2 =1 o

RURERY
HEEI AN ﬂ

£y
L4

4

Though climate change-isn't new, the study-of how human actizity atiects the earih. o1 v o

Climate change is a long-term change in the statistical distritrstion of weather paiieros
riods of time that range from decades to millions of years. [t ay L& 3 charwz i 10

weather conditions o a change in the distribution of weather & «ni. Wil respe” = o

for example, greater or fewer exireme weather events. Climats cnevies 1Hay oo e
cific region, or may ocour across the whole Earth. \
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* However, Climate Change, today, pertain to the change in the climate because of human in-

duced factors that alters the composition of the global atmosphere and which is in addition to
natural climate variability observed,over comparable time periods.

* Earti's average temperature has risen by 1°C over the past century, and is projected to rise an-
other 2°C over the next hundred years. Smal| changes in the average temperature of the planet
can translate to iarge and potentially dangerdus shifts in climate and weather.

* The evidence is clear. Rising-global temperatures have been accompanied by changes nf{
weather and climate. Many places have seen changes in rainfall, resulting in more floodsl;
droughts, or intense rain, as well as more frequent and severe heat waves. The planet's oceanés._
and glaciers have also experienced some big changes - oceans are warming and,becoming °
more acidic, ice caps are melting, and sea levels are rising. As these and other changes be-,
came more pronounced in the coming decades, they will likely present challenges to our society:
and our environment.

* More than 100 years ago, people around the world started burning large amounts of coal, oil,
and natural gas to power their homes, factories, and vehicles. Today, most of the world relies on
these fossil fuels for their energy needs. Burning fossil fuels releases carbon dioxide, a heat-
trapping gas, into the atmosphere, thereby incrementing the average temperature of the earth,
called Global Warming, which is the main reason why the climate is changing.

* Both natural and human factors change Earth's climate. Before humans, changes in climate re-
sulted entirely from natural causes such as changes in Earth's orbit, changes in solar activity, or
volcanic eruptions. Since the Industrial Era began, humans have had an increasing effect on
climate, particutarly by adding billions of tons of heat-trapping greenhouse gases to the atmos-
phere. Most of the observed warming since the mid-20th century is due to human-caused
greenhouse gas emissions. i

Global Warming

Global Warming is an average increase in the temperature of the atmosphere near the
earth’s surface and in the Troposphere, which can contribute to changes in global climate patterns.
Global Warming can almost be considered as Climate change and can occur from a variety of
causes, both natural and human induced. Scientists have determined that Global Warming has
mainly been contributed by a number of human activities which add excessive’amounts of green-
house gases to the atmosphere.
The Signs of Global Warming W

The Earth's, climate is getting warmer, and the signs are everywhere. £ain patterns are
changing, sea leval is rising, and snow and ice are melting sooner in the spring. As global tempera-
ture’s continue fo rise, we'll see more changes in our climate and our environment. Thegg changes
will affect people, animals, and ecosystems in many ways. Less rain can mean leés vater for some
places, while too much rain can cause terrible flooding.

More hot days can

-

Shrinking Sea lce

dry up crops and make < Higher Temperaiures e Melting Glaciers
people and animals sick. ¢ Changing Rain and . |egs Snowpack
In some places, people will Snow Patterns * Thawing Permafrost
struggle to cope with a ¢ More Droughts  Species Extinction
changing environment. In ¢ Warmer Oceans » Coral Bleaching :
other places, people may * Rising Sea Level * Spread of Tropical diseases
- be able to successfully * Wilder Weather » Enhanced exiremities in the
prepare for these changes. * Increased Ocean Acidity weather events.
175 A
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The negative impacts of global climate change will be less severe overall if people reduce
the amount of greenhouse gases we're putting Into the atmosphere and worse if we continue pro-
ducing these gases at current or faster rates. Some of the signs of Climate Changes have been
summarised as follows:

Effects of Global Warming on People and the Environment

Global climate change will affect people and the environment in many ways. Some of 5e
impacts, like stronger hurricanés and severe heat waves, céuld be life threatening. Others,Eke
spreading weeds, will be less serious. And some effects, like longer growing seasons for cr S,
might even be good! However, as the Earth keeps geiting warmer, the negative effects are &x-
pected to outweigh the positive ones. The more we learn about how climate change will affect peo+
ple and the environment, the more we can see why people need to take action to reduce the green-
house gas emissions that are causing climate change. We can also take steps to prepare for the
changes we know are coming. The effects of Climate Change are seen through following domain:

1. Agriculture — The crops that we grow for food need specific conditions to thrive, including the
right temperature and enough water. A changing climate could have both positive and negative
effects on crops. For example, the high latitude parts of the earth have generally cool tempera-
tures, so warmer weather could help certain crops grow. {n lower latitudes where temperatures
are already hot, even more heat could hurt crop growth. Climate change could make it too hot to
grow certain crops, and droughts caused by climate change could reduce the amount of water
available for irrigation. Climate change is also likely to cause stronger storms and more floods,
which can damage crops. Higher temperatures and changing rainfall patterns coutd help some
Kinds of weeds and pests to spread o new areas.

2, Water Supplies - Climate change is affecting where, when, and how much water is available
for people to use. Many parts of the world already have very little water, and climate change
could make this problem worse. Rising temperatures, changing precipitation patterns, and in-
creasing droughts will affect the amount of water in lakes, rivers, and streams, as well as the
amount of water that seeps into the ground to replenish ground water.

3. Energy - Global climate change will affect how much energy we need and when we need it. As
temperatures rise, more people wili need ta keep cool by using air conditicping, which uses 2 lot
of electricity. However, some people might need less energy to heat buildings in the winter be-
cause it may not get as cold as it used to be. Climate change could also make it harder to pfo-
duce certain types of electricity, such as hydropower.

4. Health - Heat waves, severe storms, air pollution, and diseases link¥§ to climate already

threaten people's health in many areas of the world. Global climate chanqk’will increase these

+ threals. Some people will be particularly at risk, especially those who are pogr, very young or

elderly, or disabled, or those who live in coastal areas or big clties. Heat waves & uncomfort-

- able for everyone, but for infants and young children, the elderly, and people who are already

sick, they can be especially dangerous. Extreme heat can cause illnesses such as heat eramps,

heat stroke, and even death. On the flip side, as the world gets warmer, the number of illnesses
and deaths related to extreme cold (iike hypothermia and frostbite) may decrease.

5. Plants, Animals and Ecosystems ~ Most plants and animals live in areas with very specific
climate conditions, such as temperature and rainfall patterns, that enable them to thrive. Any
change in the climate of an area can affect the plants and animals living there, as well as the
makeup of the entire ecosystem. Some species are already responding to a warmer climate by
moving to cooler locations. Climate change also alters the life cycles of plants and animals. For
example, as temperatures get warmer, many plants are starting to grow and bloom earlier in the
spring and survive longer into the fall. Some animals are waking from hibernation sooner
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graling at different times, toa. As the Earih gets warmer, planis and animals that need to live in
cold places, like on mountaintops or-in the Arctic, might not have a suitable place to live. If the
.Earth keeps geiting warmer, up to one—fourth of all the plants and animals on Earth could be-
come extinct within 100 years. Every plant and animal plays a role in the ecosystem (for exam-
p{f as a source of food, a predator, a poliinatdt, a source of shelter), so losing one species can

affect many others.

Forests — Forests are sensitive to many effects of climate change, including shifting weather
patterns, drought, wildfires, and the spread of pests like the mountain pine beetle. Unlike some
animals, trees can't just get up and move-when the temperature gets too hot or other conditions
change! Wildfires are already common in the forests and grasslands of the Tropical places. As
the Earth gets warmer and droughts increase, wildfires are expected to occur more often and be
more destructive. Wildfires do occur naturally, but the extremely dry conditions restlting from
droughts allow fires to start more easily, spread faster, and burn longer.

Coastal Areas ~ Global climate change threatens coastlines and the buildings and citles io-
cated along them. Hundreds of millions of people around the world live in low=lying areas near
the coast that could be flooded as the sea level rises. Rising sea level will also erode beaches

and damage many coastat wetlands. Rising sea fevel and stronger storms caused by warmer
oceans could completely wipe out certain beaches and islands.

-

GREENHOUSE EFFECT /

The greenhouse effect is a natural process that warms the Earth's surface. When the Sun's

energy reaches the Earth's atmosphere, some of it is reflected back to space and the rest is ab-

P as it
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sorbed and re-radiated by greenhouse gases. The absorbed energy warms the atmosphere and the f
surface of the Earth. This process maintains the Earth’s temperature at around 33 degrees Celsius
warmer than it would otherwise be, allowing life on Earth to exist. Greenhouse gases include water
vapour, carbon dioxide, methane, nitrous 0)§Ide ozone:and some artificial chemicals such as
chlorofluorocarbons (CFCs).

A greenhouse is a building made of glass that allows sunlight to enter but traps heat inside,

s0 the | building stays warm even when it's cold outside. Because gases in the Eaitk'c “imosphere
also let in light but trap heat, many people call this phenomenon the “greenhaires: effect.” THe

L]

-greenhouse effect works somewhat differently from an actual greenhouse, but ite : haipe sluck, so.

that's how we stili refer to it today.

To understand exactly how the greenhouse effect
works, imagine the following: a warm, sunny day where
the sun shines bright on the Earth. This sunlight (short-
wave radiation) passes into the planet's atmosphere and
warms the Earth. Part of this energy is absorbed by the
Earth's surface, transformed into heat (long wave radia-

tion) and radiated back towards space. But as this heat !

goes up through the atmosphere, some of it is trapped by
the different greenhouse gases and doesn't escabe into
space. This in turn warms up the Earth's atmosphere just
like the wmdows of a greenhouse that lets light in and
keeps the heat within to warm the plants growing inside.
Since sdme of the heat can't escape into space, it contin-
ues to add up which then warms up the Earth. This is
what we'call the greenhouse effect. So the more green
house gases you have in the atmosphere, the more heat

Carbon dioxide, methane, nitrous. ;
oxide and the fluc:inated gases are! |
all well-mixed gases in itic atmos-
phere that do not react to changes
in temperature ans zir oresstre, so
the levels of thezs gasses as not
affected by condeusaia. Water
vapour on the ofher Gand, is a |
, highly active compoaznt of the cli- |
mate system that resnonds repidly
to changes in candiions by either
condensing into rai or snow, of |
evaporating to refurn io tie 2imos- |
phere. Thus the kocact o ‘the .
greenhouse effectlﬂgrrm st cirbu- |
lated through waie: vapour, 2nd it |
| actsasa fast feedback. i

b e i i i i -......‘-_,

stays on Earth. For example - If you open-the door of a car that has been left parked in ma‘ surs for a
couple of hours, you'll notice that the temperature inside the car is much warmer han the tempara-
ture outside. This is because the windows of the car allow the sunlight to enjer T3 Light, ance in-
side, is then partially converted into heat. However, these same windows dd nm Bl e heEl iy

side the car to pags through as easily as light, so some of this heat accumulates. “he net @ied! ol is
that more heat remains in than can come out, increasing the temperature insid: ifia <zi.

GREENHOUSE GASES

, ' The grdenhouse effect is caused by the interac-
tion of the sun's energy with greenhouse gases such as
carbon dioxide, methane, nitrous oxide and fluorinated -
gases in the Earth's atmosphere. The ability of these
gases to trap heat is what causes the greenhouse ef-
fect. Greenhouse gases are made of three or more at-
oms. This molecular structure makes it possible for
these gases to trap heat in the atmosphere and then re-
emit it towards the surface which further warms the
Earth. This continuous cycle of trapping heat leads to an
overall increase in global temperatures.

Carbon dioxide and the other non-condensing

greenhouse gases are the key gases within the Earth's atmosphere that sustaiz fne oo i

it
If the amount o* ﬁ!r‘ﬁergg-' from the sun
and the amount 6f grec house gases
in the atmosphere .;.—.i” the same,

then the average temhcrsirs on Earth
will also be consiar:. East thie i5 1.
longer the case. The emcuni of grien:
house gases in our simosphare is {he
highest it has been i: ine last & miliion
years. This is enhansing fie green-
house effect and making ine Earih
warmer than normal, w*ich is affectig
the planet's weather pehierns, creating
global warming and climzt= chanac,

effect and control its strength. Water vapour is a fast acting feedback but its aimaoso. 2. 4
tion is controlled by the radiative forcing supplied by the non-condensing dreeiw~. [t
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the greenhouse effect would collapse were it not for the presence of carbon dioxide and the other
non-condensing greenhouse gases. Together the feedback by the condensing and the forcing by
the non-condensing gases within the atmosphere both play an important role in the greenhouse ef-
fect. Each gas's effect on climate change depends on three main factors:

1. Concentrations these gases are in the atmosphere — Congentration, or abundance, is the
amount of a particular gas in the air. Larger emissions of greerthouse gases lead to higher con-
centrations in the atmosphere. Greenhouse gas concenirations are measured in parts per mil- d
fion, parts per billion, and even parts per trillion. One part per million is equivalent to one drop of ’(
water diluted into about 13 gallons of liquid (roughly the fuel tank of a compact car). \

2. Period of their stay in the atmosphere — Each of these gases can remain in the atmosphere
for ditferent amounts of time, ranging from a few years to thousands of years. All of these gases
remain in the atmosphere long enough to become well mixed, meaning that the amount that is
measured in the atmosphere is roughly the same all over the world, regardless of the source of
the emissions. Approximate time period of their stay in the atmosphere for Carbon dioxide,
Methane, Nitrous Oxide and Fluorinated Gas are 100 years, 12 years, 120 years and up to
50,000 years respectively.

3. Strength to which they impact global temperatures — Some gases are more effective than
others at making the planet warmer and "thickening the Earth's blanket.”

Global Warming Potential (GWP)

For each greenhouse gas, a Global |GRS==
Warming Potential (GWP) has been calcU~ o=
lated to refléct haw long it remains in the FERES:
atmospheres on average, and how strongly [
it absorbs energy, GWP for a gas is a
measure ofthe total energy that a-gas ab- {reassissis
sorbs over a particular period of time (usu- [FRETIIEYERRGE

ally 100 years), compared to Carbon diox- l" e TR
ide. Gases with a higher GWP absorb e el ol | e L
more energy! per pound, than gases with a ;ﬁ]ﬁ I CREUOTI OG-

~ lower GWP, and thus contribute more to =~ -
warming Earth..

The principal forcing gases of the greenhouse effect are :

Carbon dioxide (CQ,) — The natural production and absorption of carbon dl0x1d’e,((,)02 is achieved
through 'the,terrestrial biosphere and the ocean. However, humankind has allerét! the natural car-
bon cycle by burning coal, oil, natural gas and wood and since the industrial revoluii#h began in the
mid-1700s, each of these activities has increased in scale and distribution. Carbon dioxigé was the
first greenhouse gas demonstrated to be increasing in atmospheric concentration with the first con-
clusive measurements being made in the last half of the 20th century. Prior to the industrial revolu-
tion, concentrations were fairly stable at 280ppm. Today, they are around 370ppm (paris per mil-
lion), an increase of well over 30 percent. The atmospheric concentration has a marked seasonal
oscillation that is mostly due to the greater extent of landmass in the northern hemisphere and its
vegetation. A greater drawdown of CO, occurs in the northern hemisphere spring and summer as
plants convert CO, to plant material through photosynthesis. 1t is then released again in the fall and
winter as the plants decomposes.CO;, generates a little over 55% of the human induced green-
house effect. .

Methane (CH,) — Methane (CHy) is an extremely effective absorber of radiation, though its atmos-
pheric concentration is tess than CQO, and ils lifetime in the atmosphere is brief (10-12 years), com-
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pared io some other greenhouse gases (such as €Oz, N;O, CFCs). Methane has both natural and
anthropogenic sources. I is released.as part of the biological processes in fow oxygen environ-
ments. Over the last 50 years, human activities such as growing rice, raising cattle, using natural
gas and mining coal have added to the atmospheric concentration of methane. Direct aimospheric
measurement of atmospheric methane has beenfassible since the late 1970s and its concentration
rose from 1.52 ppmv {parts pef million volume) in 1978 by around 1 percent per year to 1990, since
wiien there has been liitle sx}[dmed increase. The current atmospherlc concentration is approxi-;

mately 1.77 ppmv. Methane generates a liltle over 15% of the human induced greenhouse effect ], ‘

Anthropic Methane contribution has been mainly from following:

* Biomass combustion, especially in the tropical zone. Wood burning is almost always’an imper-
fect combustion, that releases in the atmosphere various un-burnt or partially bumnt hydrocar-
bons, including methane,

» Cattle raising (cows, sheep, goats, yaks, and more generally any ruminant), because the food
they ingest ferments in their stomachs, and that leads to methane emissions in the atmos-
phere).

* Hice paddles, that are humid zones just as swamps (where bits of dead plants fall under water,
and decay there in the absence of oxygen),

¢ Dumpyards {putrefaction once again) and compospproduction,
» Fossil fuels production, because of leaks (oil and gas production) or ventilation of mines (coal).
Nitrous oxide (N,O) ~

Congentrations of nitrous oxide also began to rise at the beginning of the industrial revolu-
tion and afe understood to be produced by microbial processes in soil and watet, including those
reactions which occur in fertilizer containing nitrogen. Increasing use of these fertilizers has been
made over'the last century. Global concentration for NzO in 1998 was 314 ppb, and in addition to
agricultural sources for the gas, some industrial processes (fossil fuel-fired power plants, nylon pro-
duction, nitric acid production and vehicle emissions) alsc contribute to its atmospheric foad. Nitrous
oxide generates roughly 5% of the human induced greenhouse effect

Fluonnated gases — «1’

Hydro fluorocarbons {HFC,), per fiuorocarbons (PFC;), and sulfur hexafluoride (SFs) arer
synthetic, powerful dreenhouse gases that are emitted from a variety of mdustnal processes.
Fluorinated gases are sometimes used as substitutes for stratospheric ozone-dgpleting substances
(e.g., chlorofluarocarbons, hydro chiorofiuorocarbons, and halons). Due to the d;scovery that they
are, able to.destrdy stratospheric ozone, a global effort to halt their production wWas undertaken and
was extremely successful. So much so that levels of the major CFCs are now rerhamin level or
declining. However, their long atmospheric lifetimes determine that some concentfation ef the CFCs
will remain in the atmosphere for over 100 years making them referred to as High Global Warming
Potential gases ("High GWP gases"). These generate a little over 10% of the human induced
greenhouse effect. They do not have any natural sources and are solely emitted from anthropic
sources such as:

Flulds for filling fridges and more generally any device that generate cold (air con, domestic
orin a car, freezers, etc).

« Emissions then happen because of leaks during use {almast any cold device leaks at least a
little) or when dumped.

+ As propellants in sprays : the all foo famous CFG constitute a subset of halacarbons ; (the
Montreal Protocol has decided their progressive ban because, in addition to being potent
greenhouse gases, they are also responsible of the destrucﬁon of high, altitude ozone)
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¢ [n a nurber of industrial processes (manufacturing of plastic foams and of semiconductors)
Ozone (O,)

Ozone acts as a greenhouse gas at ground [avel, absorbing seme of the infrared energy
emitted by the garth. Tropospheric, or ground {ev'e?l ozone, is not emitted directly into the air, but is
created by chemical reactions belween oxides of nitrogen (NOx)} and volafile organic compounds
(VOC). Quantifying the greenhouse gas potency of ozone is difficult because it is not present in uni- ¢
form concentrations across the globe. However, the most widely accepted scientific assessments ,7
relating to climate change suggest that the radiative forcing of tropospheric ozone is about 25% that +
of carbon dioxide. Ozane (O3) generates roughly 10% of the human induced greenhouse effect.

Since the beginning of the industrial age, that is 1750, all the additional green‘houge gases

. that we have poured into the atmosphere have created a "radiative forcing" that amounts to roughly
1% of the incoming solar energy. In other words, through its greenhouse gases emissions, man
have medified his environment “exactly as if* the incoming solar energy had increased by 1%. 1%,
that may seem very little. But, given the considerable energies that are at play, the fragile balance
of many subsystems of the climate machine, and the fact that this enhancement, once made, re-
mains for very long periods of time, it is very significant for our future.

Black Carbon (BC)

Black Carbon (BC) is a solid particle or aeros?l contributing to the warming of the earth.
Black carbon is the most strongly light-absorbing component of particulate matter (PM), and is
formed by the incomplete combustion of fossil fuels, biofuels, and biomass. BC is emitted directly
into the atmgsphere in the form of fine particles (PM,s). BC is the most effective form of PM, by
mass, at absorbing solar energy: per unit of mass in the atmosphere, BC can absorb a million times
more energy than carbon dioxide (CO,). BC is a major component of “sbot”, a complex light
absorbing quixture that also contains some organic carbon (OC). "

BC warms the climate in two ways. When suspended in air, BC absorbs sunlight and gener-
ates heat in the atmosphere, which warms the air and can affect regional cloud formation and pre-
cipitation patterns. When deposited on snow and ice, it absotbs sunlight, again generating heat and
reducing albedo, which warms both the air above and the snow and ice below, thus accelerating

~ meliing. Because BC remains in the atmosphere for only ¢ne to four weeks, its £limate effects are

sfrongly regional. Its short lifetime also means that its climate effects would dissipate quickly if black
carbon emissions wer# reduced, thus benefiting most directly the countries or communities that in-
vest in policies to reduce BC emissions. - ¥
Aerosols ost E . 4

An aerosol is basically a suspension in the air or liquid or solid particles. Gor gxamp‘l'e -
Clouds, Dust particles, volcanic ash etc. If we stick to humankind, aerosol emissions i;:clugé:

* Tiny particles emitted when we hurn oil or coal (the famous "black smoke” we can see com-
ing out of the exhaust pipe of a diesel car);

» Tiny particles emitted when we burn wood;
I C Dust directly lifted by road traffic, or stone mining.
Aerosols have two effects on the climate system:

» They reflect or absorb light, depending on the colour of the particles they are composed of;
and :

* They provide "condensation nucleus”, which means that the tiny particles they are com-
posed of helps the atmospheric water vapeur o condensate into droplets and therefore
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modify the formation of clouds that are themselves, as we have seen, aerosols of a particu-
lar kind. Clouds have two opposed effects on, the climatic system -

1. Composed of water and water vapour, they contribute to the greenhouse effect;

2. On the other side, by preventing light to reach the ground, they have a "cooling effect”
on the surface. {

Hence, Aerosols act as a dampener for solar radiation to reach earth thereby, mifigatingghe
effects of global warming. This is negative Climate Forcing. However, Aerosols have velly shortipe-
tiod of stay (hot more than a fortnight) in the atmosphere making them local in nature, in contrari to
the globaf greenhouse gases.

Climate Forcing

A climate forcing is any influence on climate that originates from outside the climate systém
itself. The climate system includes the qceans, land surface, cryosphere, biosphere, and atmos-
phere. Climate forcings are a major cause of climate change. Alternatively, Climate forcings are fac-
tors in the climate system that either increase or decrease the effects to the climate system. Exam-
ples of external forcings include Surface reflectivity (albedo), Human induced changes in green-
house gases, Atmospheric aerosols {volcanic sulphates, industrial output).

Positive (amplified) forcings enhance the warming of the earth as exhibited by Greenhouse
gases; whereas, Negative (dampening) forcings cools down the earth as exhibited by aerosols and
suspended particles. Historically, in pre-industrial €ra humans had contributed more towards nega-
tive forcings thereby cooling the earth. However, the warming of the earth dues exponsriial growth
in greenhouse gas emissions have surged ahead of the former in recent times ceniiaing to
Global Warming.

ACIDIFICATION
Detinition -

“‘Change in an environment's natural chemical balance caused by an-increasz  *7e con-
centration of acidic elements”. Acidification manifests itself as:

ACID RAIN HlEe s enecal sceis oilisg
‘. _ , he pH scale tha: masuas
"Acid rain" is a broad term referring to a mixture of wet -%eﬁﬁiﬁhgﬁjfﬁ[ acics
. g 0 ] T T A e e L
and dry deposition (deposited material) from the atmosphere ﬂ%ﬁ@‘jﬂwﬁg[ﬂlﬁﬁsfb- nan
containing higher than normal amounts of nitric and sulphuric | som thing' s aci:
acids. The precursors, or chemical forerunners, of acid rain |[; ] '_L 2ans: ,

formation result {from both natural sources, such as volcanoes
and “dquyin'g' pegetation, and man-made sources, primarily
émissions of sulphur dioxide (SO,) and nitrogen oxides (NO,)
resulting from fossil fuel combustion. Acid rain occurs when
these gases react in the atmosphere with water, oxygen, and
other chemicals to form various acidic compounds. The result
is a mild solution of sulphuric acid and nitric acid. When sul-
phur dioxide and nitrogen oxides are released from power ad il
plants and other sources, prevailing winds blow these com- [8288S:
pounds across state and national borders, sometimes over [& w-aé%a 7

hundreds of. r?nles. s special 'ﬁap‘énﬂ@ha
Wet Deposition indicator, you caf fe =

It refers to acidic rain, fog, and snow. If the acid chemi- -acidity,
cals in the air are blown into areas where the weather is wet,
the acids can fall ta the ground in the form of rain, sriow, fog, or mist. As thﬁs acidic
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and through the ground, it affects a variety of plants and animals. The strength of the effects de-
pends on several factors, including how acidic the water is; the chemistry and buffering capacity of
the soils involved; and the types of fish, trees, and other living things that rely on the water.

Dry Deposition

In areas where the weather is dry, the dcid chemicals may become incorporated into dust or
smoke and fall to the ground through dry deposition, sticking tg the ground, buildings, homes, cats,
and trees. Dry deposited gases and particles can be washed from these surfaces by rainstorris,
leading to increased runoff. This runoff water makes the resulting mixture more acidic. About half{ bf
the acidity in the atmosphere falls back to earth through dry deposition. :

7

Effects

Acid rain causes acidification of lakes and streams and contributes to the damage of trees at
high elevations and many sensitive forest soils. In addition, acid rain accelerates the decay of build-
ing materials and paints, including irreplaceable buildings, statues, and SCulptures that are part of
our nation's cultural heritage. Prior to falling to the earth, sulphur dioxide (S0,) and nirogen oxide
(NO,) gases and their particulate matter derivatives—sulphates and nitrates—contribute to visibility
degradation and harm public health. Its effect can be detailed on different things as follows:

Forests —

Acid rain can affect trees in several different yays, it may:

"« Dissolve and wash away the nutrients and minerals in the soil which help the trees to grow.
« Cause the release of harmful substances such as aluminium into the sojl. ’

«  Wear away the waxy protective coating of leaves, damaging them and preventing them from

béing able to photosynthesise properly. 2 *

A combination of these effects weakens the trees which mean that they can be more easily
attacked by diseases and Insects or injured by bad weather. It is not just trees that are affected by
acid rain, other plants may also suffer.

Lakes and Rivers —

Aciél- rain runs off the land and ends up in streams, lakes and marshes 7 the rain also falls di-
rectly on these areas. As the acidity of a lake increases, the water becomes ‘Clearer and the num-
bers of fish and other water animals decline. Freshwater shrimps, snails, mussels are the mo.st
quickly affected by acidification followed by fish. Lakes, rivers and marshes gach have their own
fragile ecosystem with many different species of .. 4]
plantg and animals all depending on one another to 2R e
survive. Ia spedies of fish disappears, the animals - Theimain cat

which feed on it will gradually disappear too. If the i7the sprevalenoe ot :

extinct fish used to feed on a particular species of phﬂr%an CNitrogen Snths atmos.
arge insect, that insect population will start to fphgte: Hence it mast be i

grow, this in turn will affect the smaller insects or + ganirolod Eﬁ“;igéﬁséiaﬁa,n ,
plankton on which the larger insect feeds. ) ﬁa}"’"‘* ots

Buildings — :
Every type of materlal will become eroded clearne

sooner or later by the effects of the climate. Water, ¥ :resg

wind, ice and snow all help in the erosion process 4 “Acid Ra

but unfortunately; acid rain can help to make this *measure thaf ‘can DE fakeni'fo 1

natural process even quicker. Statues, buildings, the effects ofAcid Rain; R A

vehicles, pipes and cables can all suffer. The worst ' s
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affected are things made from i

ceptible and can be affected by air pollution In gaseous form as well as by acid rain.

OCEAN ACIDIFICATION

Ocean acidification is sometimes called “climate change's equally evil twin,"

mestone or sandstone as these types of rock are particufarly sus-

and for good

reason: it's a significant and harmful consequence of excess carbon dioxide in the atmosphere that

- B
“__‘:. .

s et

we don't see or feel because its effects-are happening underwater. Ocean acidification can be de- |

blcarbonats lcnand 2

angiher bicarbonate Son. This free carbonate would athervdse be avalla

e AR = -'-x.’l_u___ ‘E a % T
ALCO, Is absorbed by the aimosphere it bonds with sea water farming carboaic acid. This acld then selaaces

Atmaspherle €O,

bon.The hydrogen lon bords with free carbonate lons In the water fosming

Carbomate shells and skeletons.

fined as long-terny decrease in seawater pH, which currently is primarily due to the human-driven
increase in atmospheric CO,, which will almost certainly intensify.

When CO, is ab-
sorbed by seawater, a
series of chemical reac-
tions , ocour JLesultifg in
the increased concentra-
tion of hydrogen ions.
This increase causes the
seawater to become
more acidic and causes
carbonate ions to be
relatively less abundant.
Carbonate ions are an
important building block
of structures such as sea
shells- and coral skele-
tons. Decreases in cat-

‘bonate ions can make huifding and maintaining shells and ciher calcium carbonaie structures diffi-
R

e i i B

bie to marae animals for making calchum

]
i
g

If the amount of carbon dioxide in the atmosphere stabilizes, eventu-
ally buffering (or neutralizing) will occur-and pH will #turn to normal.
This is why there are periods in the past with much figher levels of

carbon dioxide but no evidence of ocean acidification:the, rate of §
carbon dioxide.increase was.sfower, so the acean had tipie tbuffer
and adapt. But in the contemporary times, pH is dropping too |
quickly. Buffering will take thousands of years, which i way too long
a period of time for the ocean organisms affected now and in the |

ngar future. So far, the signs of acidification visible to humans are
few. But they will only increase as more carbon dioxide dissolves
into seawater over time. In light of these, it has become imperative to
reduce Carbon dioxide, promote government policies to cap carbon

dioxide emissions, eliminate off-shore drilling, advocate energy effi- |
ciency, reliance on cleaner energy sources etc. to mitigate the grow- §

ina nuisance of Ocean Acidification,
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cult for caicifying organisms such as oysiers, clams, sea urchins, shallow water corals, deep sea
corals, and calcareous plankion. These changes in ocez chemistry can affect the behaviour of
non-calcifying organisms as well. Certain fish's ability to detect predators is decreased in more
acidic waters. When these organisms are at tisk, the entire food web may also be at risk.

Ocean acidification is affecting the entire world’s oceans, including coastal estuaries and
waterways. Many economies are dependent ot fish and skelifish and people worldwide rely on food
from the ocean as their primary source of protein, The PH of the ocean fluctuates within limits aga
result of natural processes, and ocean organisms are welt adapted to survive the changes that thg‘%iy
normally experience. Some marine species may be able to adapt to more extreme changes—piit
many will suffer, and there will likely be extinctions. Corals, fish, zooplanktons, algae, Oystersand
plethora of such marine organisms will be hit tremendously if the ocean acidification perists.
OZONE HOLE

The Earth is wrapped in a blanket of air called the ‘atmosphere’, which is made up of several
layers. About 19-30 kilometres above the Earth is a fayer of gas called ozone, which is a form of

1. UV causes a
chlorine atam

ta break way from
the CFC molecule,

S 4

- ;r-\
#m g T
q %
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18 - chlarlns

freechiorine O, o‘zcne ao me 0, ::zlgeigle ':::‘ﬁ::'ﬁphm P i
7t
2. The free chiorine 3, The chiorine atom 4, A free oxygen JeThe resuttis
| atom hits«an ozdne pulls one oxygen atom atom hits the chiorine  anetper free chlaringg
| molecule, away. fnonoxide molecule, atomy. o

~——.6. Free chlorine will continue to deplete ozone in the stratosphere.

oxygen. Ozone is produced naturally in the atmosphere. The ozone layer is very important because
it stops too many of the sun's 'ultra-viclet rays' (UV rays) getting through to the Earth - these are the
rays that cause our skin to tan. Too much UV can cause skin cancer and will also harm all plants
and animals. Life on Earth could not exist without the protective shield of the ozone layer.

The ozone hole is not technically a "hole” where o ozone is present, but is actually a region
of exceptionally depleted ozone in the stratosphere over the Antarctic that happens at the beginning
af Souther Hemisphere spring. Every spring, a hole as biy as the USA develops in the ozone layer
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over Antarctica, in the South Pole. A smalier hole develops each year over the Arctic, at the North
Pole. And there are signs that the ozone layer s getting thinner all over the planet. Scientists have
discovered that the ozone hole over Antarctica started in 1979, and that the ozone layer generally

started to get thin in the early 1980s.The loss of the ozone layer occurs when more ozone is being
destroyed than nature is creating. i

The ozone depletion process begins fwhen {5
CFCs and other ozong-depleting substances (ODS) §
are emitted into the atntosphere. Winds efficiently mix
the troposphere and evenly distribute the gases. CFCs [§
are exiremely stable, and they do not dissolve in rain.
After a period of several years, ODS molecules reach
the stratosphere, about 10 kilometres above the Earth's
surface. Strong UV light breaks apart the ODS mole- £
cule. CFCs, HCFCs, carbon tetrachloride, methyl chlo-
roform, and other gases release chlotine atoms and
methyl bromide release bromine atoms. it is these at-
oms that actually destroy ozone, not the intact ODS C ] 5
molecule. Itis estimated that one chlorine atom can destruy mrar m{] I}{m 0zone mu[ecules before i

is removed from the strato- e s
sphere. i Montreal Frﬂtucnl

PN ciesiion [ . Adopted in 1987, the Montreal Protocol on Substances that Oe-
' Heceran owever, | plete the Ozone Layer legally enforces the phase-out of the
naturally arises, if most of the | hrodyction and use of ozone depleting substances - chemicals
CFCs i released over ma- | sfien used in refrigeration, air-conditioning, foam manufacturing,
jor Industijal countries such . aerosgl praduction, and fire extinguishing. The Montreal Proto-
as the United States, China | col stipulates that the production and consumption: of com-
and Japan, then why is the | pounds that deplete ozone in the stratosphere-
ozone hole forming over Ant- | chlorafiiorocarbons (CFGs), halons, carbon tetrachloride, and
arctica? The answer fies in at | methyl chloroform (First generation ODS)--are to be phased out
least twa reasons. by 2000 (2005 for methyl chloroform) and thereafter, the focus
> First, When something | Should rely an the HCFC (second generation ODS).Even having
e unparalleled success, the agreement has failéd to dwecﬂy ad-

(ike a CFC molecule) is
: ..« i dress'some threat associated with these emissions i.e. glebal

released jnto the air, it
P warming. Bath existing ODSs and their industry substitutes, hy-

does not rémain in the
atmosphere directly dro fluorocarbens (HFCs), have severe global yarming potential
abeve lz-cpf INBecauss (GWP)- in some cases more than 10,000 firfe ,s that of carbon
*+CFCs ffave a life-span of |

. dioxide (COs), the most prevalent greenhouse ‘gas emitted by
several - decades, they | human activities. While focusing on the global “phage-out of

remain intact | h ODS production, the treaty has done little to adgress. existing

In Intact iong enough | panis of ODSs or incentivize their controlled destruction. The
| next 20 years will be crucial in determining the ultimate impact
of ODSs on the atmosphere. If ODS banks remain unad-
dressed, there is a considerable risk that these chemicals will
' be released into the atmosphere within this timeframe, with sig-
nificant Imphcatmns for global warming and ozone depletlon
Only if these gases are collected and destroyed or recycled in a
controlled, responsible manner can an environmental threat be
considered to have been averted. Emissions from ODSs and
HFCs threaten to undermine efforts being taken to reduce at-
mospheric CO2.
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to make their journey up
into the stratosphere. The
key to the long life of
CFCs is their non-
reactivity. They don't re-
act with other substances
in the troposphere, and
only break apart in the
stratosphere when they
are exposed to high-
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energy ultraviolet radiation - a process that could take up several years. Therefore, winds in the
troposphere and stratosphere have sufficient fime to distribute CFC molecules around the globe

» Secondly, the weather conditions in-the Antarctic are such that they encourage the creation of
so-called polar stratospheric clouds (PSCs). These clouds form only under persistently cold
conditions, which is why they are usually only{ found in Antarctica (PSCs can also be found in
the Arctic, but because the weather is not as persistently cold, they are less comman.)

As mentioned before (in above diagram), when CFCs enter the stratosphere, they are ex- ¢
posed to high-energy ultraviolet rays from the sun, which cause the chlorine (chemical symbol Cl) to {f
break apart from the CFC molecute. One chlorine atom is capable of fragmenting over 1000 ozone '

molecules (for example via the reaction Cl + O3 >ClO +05) before it is trapped again in stable
molecules {(sometimes called reservoir substances}, such as chlorine nitrate (CIONO,). This fact is

interesting by itself because it explains some of the ozone decrease observed world-wide. Yet it '

does not explain the ozone hole, which only forms when chlorine is again released from the reser-
voir substances. This is where the PSCs come into play. At the surface of these icy clouds, the res-
ervoir substances are again transformed into more active forms of chlorine. For example, CIONO,
reacts with hydrochloride acid (HCI) to form chlotine gas (Cl,) and HNO,. During the period of com-
plete darkness during the polar night large quantities of Cl; can accumulate, but still only littte ozone
decrease is observed.

The massive destruction of ozone that finally leads to the ozone hole takes place only when
the first rays of sunlight are striking the Antarctic atmodphere after the polar night, splitting Clo intc:
two atoms of chiorine (Cl-> 2 Cl). Now ozone destruction can start again via the reaction Cl + Q.
>CIO +0; (it goes without saying that the complete chemistry that is going on is far more complex).
This also explains the greater prevalence of Ozone Hole during spring season.

Becalise the location of the ozone hole is far separated from most of the human poputation,
it would be easy to dismiss it as a phenomenon irrelevant to the rest of the world. It does, however,
have a significant impact on the rest of society. First, the oceans around Antarctica are rich in life,
which is threatened by increased ultraviolet radiation under the ozone hole. Secondly, when the Po-
lar Vortex, which keeps ozone depleted air trapped over Antarctica during the spring, breaks up,
0zone-poor ajf is dispersed over nearby human-inhabited areas. Such areas include Australia, New

. Zealand, Southern Argentina, and Southern Chile. And thirdly, there are concerns that the strato-

sphere over the North Pole could cool down during the next decades. If that were the case, PCS
would become ‘more fiequent in the northern hemisphere, causing severe ozone depletion over
Alaska, Canada, Northern Europe and Siberia. Here human settlements are far wore frequent than
in the Southern Hemisphere.

4
Since ozoné filters out harmful UV radiation, less ozone means higher U\ﬁevels at the sur-
face. The more the depletion, the larger the increase in incoming UV. UV has beerflinked to skin
cancer, cataracts, damage to materials like plastics, and harm to certain crops and Mmamnk organ-
isms. Although some UV reaches the surface even without ozone depletion, its harmful effects will
increase as a result of this problem.
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CHAPTER ~ 11
CLIMATE CHANGE INSTITUTIONS

EVOLUTION OF THOUGHT

v In the 19th century, an awareness bégan to dawn that accumulated carbon dioxide in the
Earth's atmosphere could create a “greenhouse effect” and increase the templrature ofithe
planet (a side-effect of the industrial).

v By the middle of the 20th century, it was becoming clear that human action had significaritly
increased the production of these gases, and the process of “global warming” was acceley-
ating. ' 1

v Today, nearly all scienlists, as well as nations, agree that we must stop and reverse this
process now — or face a devastating cascade of natural disasters that will change life on
earth as we know it.

Consequently, in recent decades, several initiatives and procedures have come into place to
take care of the newly emerged apprehension as explained below. Pursuing the dissemination of
information about challenges posed by climate change, what started off as individual seminars and
lectures culminated in the form of institutions.

UNITED NATIONS CONFERENCE ON THE HUMAN ENVIRONMENT (UNCHE) [STOCKHOLM
CONFERENCE] :

The first United Nations Conference on the Human Environment (UNCHE) was held in
Stockholm, Sweden from June 5 to June 16, 1972. Representatives from 113 countries, as well as
‘epresepiatives from many international non-governmental organizations, intergovernmental or-
ganizations, and marny other spegiafized agencies. ¢

T g £ Bis

iy s Y R M L BT o R e A B DT e
The Conference acknowledged:

1. That the goal of reducing human impact on the environment would fequire extensive inter-
nationat cooperation, as many of the problems affecting the environment are global in na-

ture.
2. The UNCHE emphasized that defending and improving the envird*r(;n,ent must become &
" goal'fo pe pursued by all countries. il

3. The Conference indicated that “industrialized” environmental problems, stfch &s habitat deg-
radation, toxicity and acid rain, were not necessarily relevant issues fof afl cakintries. In par-
ticular, development strategies were not meeting the needs of the poorest countries and
communities.

4. Some of the specific issues addressed was the role which industrialized countries should
have in the- propass-of siyatestipg the gngironment, stating that industrial countries should
help to close the.gap-between them and #inderdeveloped countries while keeping their own

. priotities agg thé protection and improvemgnt of the environment in mind.

5. The conference developed adong set offrécommendatians to act as goals to pursue its mis-
sion. Recommendatiang included” tal governments communicate about environmental is-
sues that have international implications (such as air pollution), that governments give atfen-
tion to the training of those wha plan, develop, and manage settlement areas, and that
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agencies work together to address many issues, such as access to clean water and popula-
fion growth.
Result:

v The United Nations Environmental Programme (UNEP) was launched in order to encourage
United Nations agencies to integrate environmental measures into their programs.

s
v The Stockholm Declaration and Action Plan defined principles for the preservation and en-
“hancement of the naturat-environment, and highlighted the need to support people in tifis
process. {
UNITED NATIONS ENVIRONMENT PROGRAMME )
One of the greatest achievements of the UNCHE was the creation of the UnitedNations En-
vironment Programme (UNEP), based in Nairobi, Kenya. The mission of UNEP is:
» To provide leadership.
» Encourage partnership.
» Inspire, inform, and enable nations and peoples to improve their quality.
UNEP is the voice for the environment within the United Nations system and works toward
this mission by:
* Monitoring the status of .the global environment and interpreting environmental data col-
lected F
* Creating environmental awareness in governments, society, and the private sector
¢ Coordinating UN activities pertaining to the environment
. Developmg regional programs for sustamabtlity
. Helplng environmental authorities, especnally those in developing countries, form and*im-
plement policy
* Helping to develop international environmental law -
* Kept pushing the organizations and peaple in authority to take the onus and devise methods
to cope up with emerging environment situations.
Enroute second World Climate Conference in 1990, UNEP managed! to formulate various
institutional agreements for example, the protection of Ozone layer, Transboundary Air Pollutign
etc. As the urgency for a stronger intemational action on the environment, including climate change,

gained momentum, the General Assembly decided to convene in 1992 in Rio ge Janeiro, Brazil, the
United Nafions Conference on Environment and Development.

THE UNITED NATIONS CONFERENCE ON ENVIRONMENT AND DEVELOF?\’IENT (UNCED)
Facts:
Also known as: The Earth Summit. Attended by: 108 heads of countries. Date: Fro'm June 2-14,
1992. Place: Rio de Janeiro, Brazil.
Central focus: How to relieve the global environmental system through the introduction to the para-
digm of sustainable development?
Other Issues Discussed: Poverty, war, and the growing gap between industrialized and developing
countries.
The Earth Summit Agreements

Three major agreements aimed at changing the traditional approach to development were
adopted:
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1. Agenda 21 — a comprehensive programme for global action in all areas of sustainable de-
velopment;

2. The Rio Dectaration on Environment and Development — a series of principles defining
the rights and responsibilities of States:

3. The Statement of Forest Principles — a set of principles to underlie the sustainabie man-
agement of forests worldwide, which havé been depicted as follows:

« That all countries, notably developed 6ountries. shquld make an effort to “green thed
world” through reforestation and forest conservation; i,

* That States have a right to develop forests according to their socio-economic needs, in(:
keeping with national sustainable development policies; and e

¢ That specific financial resources should be provided to develop programmes that en-
courage economic and social substitution policies. NOTE ~ ‘Major '

In addition, two legally binding Conventions aimed at preventing Groups include
global climate change and the eradication of the diversity of biological species women, . youth,

were opened for signature at the Summit, giving high profile to these efforts: indigenous
1) The United Nations Framework Convention on Climate Change peoples, non-
2) The Convention on Biological Diversity governmental
UN COMMISSION ON SUSTAINABLE DEVELOPMENT O

The United Nations Commission on Sustairfable Development (CSD)

: ) ties, workers
was established by the UN General Assembly in December 1992 to enstre ef- and irade un-
fective follow-up of United Nations Conference on Environment and Develop- ions, business
ment {UNCED), also known as the Earth Summit. Functions: and . industry,

> For'reviewing progress in the implementation of Agenda 21 and the Rio | the scientific
Declaration on Environment and Development. community, and

> Providing policy guidance to follow up the Johannesburg Plan of Imple- . | farmers.
mentation (JPOI) at the local, national, regional and interational levels.

The role of the Commiission as a high leve! forum on sustainable development, includes:.

* To réview progress at the international, regional and national levels in thf@* implementation of

: recommendations and commitments contained in the final documents of the United Nations

‘Conference on Environment and Development (UNCED), namely: Agenda 21 and the Rio
Declaration on Environment and Development ]

* To elaborate policy guidance and options for future activities to follow'-ug:%he Johannesburg

......

*Plan of Implementation and achieve sustainable development

’ ¥ i

* To promote dialogue and buiid partnerships for sustainable development_witﬁ_ govgrnments,
the international community and the major groups identified in Agenda 21 4s’key*actors out-
side the centrat government who have a major role to play in the transition towards sustain-
able d

S D taviWing and onitoring progress in the implementation thol
[ ﬁn}iého‘éﬂli@kages"“‘ﬁ"_ﬁéhﬂee"""ri'g' bal, regional and national endeavours =
+_Integrated process that enhances coherenice between the implementation of Agenda 21, intia- |
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. THE UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE (UNFCCC)

> UNFCCC recognizes that the climate system is a shared resource whose stability can be af-
! fected by industrial and ottier emissions of carbon dioxide and other greenhouse gases,

» It sets an overall framework for intergovernmental efforts to tackle climate change.
The Convention enjoys near “universal membership.” Under the Convention, governments:

v' Gather and share information on greenhouse gas emissions, national policies and best
practices

/
v Launch national strategies for addressing greenhouse gas emissions and adapting to
expected impacts, including the provision of financial and technological support to de-

: Veloping countries NOTE: The Convention entered J

v. Cooperate in preparing for adaptation to the impacts into force on 21 March 1994.
of climate change.

UNFCCC further led to various conventions and agreements in arder to contain climate
change. e

2005
1992 1997 Kyolo
UNFCCC™ | Kyobo Protoco!
formation Proloco! entars
L into force
; ” f 2001
TR Marakesh -
UN: Kyolo Proocol
Implementation
rules agroed
THE KYOTO PROTOCOL
= A protocol linked to UNFCC aimed at fighting global warming.

Facts

* The Kyoto Protocol was adopted in Kyoto, Japan, on 11 December 1997.
* Entered into force on 16 February 2005.
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* The detailed rules for the implementation of the Protocol were adopted at COP 7 in Mar-
rakesh. Morocco, in 2001, and are referred fo as the "Marrakesh Accords.”

* s first commitment period started in 2008 and ended in 2012.

The Kyolo Protocol Is an international agreement linked fo the United Nations Framework
Convention on, Climate Change (UNFCCC) third Conference of the Parties (COP-3),
which commits ifs Parties by setting internationally binding emissign reduction targets. Flecognizmg j
that developed %untnes are principally responsible for the current high levels of GHG emissions in
the atmosphere s a result of more than 150 years of industrial activity, the Protocol places a heav- |

ier burden on developed nations under the prmclple of " commort but dlfferentlated
(CBDR)." i
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?Naqr;%ﬁnneﬁij_] :‘F'arties 10 the L %d& not
.___:Qyth* Cony erition are ‘mostly IP"""L comie

Iries "le“ veloping cq]érﬂnes may Vol

| cuunfrres when thiey are suﬂlmegﬁ[y

The Kyoto Protocol specifies a quantified emission limitation and reduction commitment for

each developed country Party as well as related rules for accounting. Agreed rules are applicable
to:

% The assigned amounts of Parfies.

o

# Land-use related activities.
. 192
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+  Flexibility mechanisms (ET).
* Clean development mechanism {CDM).
% Joint implementation (J1).

EMISSIONS TRADING (ET)

Emissions trading is one of the three harket-based mechanisms under the Kyoto Protocol
used by Countries with commitments under the Protocol to fimit or reduce their greenhouse gas

emissions (GHGs) in order to meet their emission targets.

Since carbon dioxide (CO,) is the principat greenhouse gas, people speak simply of tradul‘g
in carbon. Carbon is now tracked and traded like any other commodity. This is known as the "cat-
bon market." Parties with commitments under the Kyoto Protocol (Annex B Parttes) have accepted

targets for limiting or reducing emissions.
Criticism

Although the concept of emissions trading
seems to be beneficial for all parties, it has received
much criticism on some of its fundamental flaws: :

% Certain countries had large inefficient indus- |§
tries with high emissions in 1990 that under-
went major restructuring during the five yeargs
before the Kyoto Protocol was agreed to.

Specifically, most of Eastern Europe under-

went such a transformation following the col-

Iapse of communist governments. Thus, |5

countries such as Russia and Germany

g‘Where the former East Germany was merged

with West Germany) were said to be able to 3

sell "hot air credits” - because changes taking |2

place for other reasons allowed them to

A

il | Renewable energy
projects account for
nearly two-thirds of
CDM projects. The |
various  projects |
include: :
Hydro, wind |
and  biomass |

projects.

Methane avoid-
ance, landfill
gas, afforesta-
tion and refor-
estation,

Energy effi- |
cuency prolects

acl;neve their Kyoto Protacol goals very easily a.nd also be able to make a profit on those

emissions reductions.

<.
4

i
Other countries could "purchase” those reductions in order to increase their own emission

allotrhents, thereby actually increasing emissions overall relative to what would have been
the case without the Kyoto. Protocol, instead of keeping the overall wmissions at a neutral

status because of the trading.
THE CLEAN DEVELOPMENT MECHANISM (CDM)

if’

The Clean Development Mechanism (CDM) is one of the malket-basedlmecheimsms under
the Kyoto Protocol used by Gountries with commitments urider the Protocol to linfit of reduce their
greenhouse gas emissions (GHGs) in order to meet their emission targets. It has been operational

since the beginning of 2006.

The CDM allows a country with an emission-reduction or emission-limitation commitment
under the Kyoto Protocol (Annex B Party) to implement an emission-reduction project in developing
countries. Such projects can earn saleable certified emission reduction (CER) credits, each equiva-
lent to one tonne of CO2, which can be counted towards meeting Kyoto targets. The mechanism is
seen by many as a trallblazer. It is the first global, environmental investment and credit scheme of
its kind, providing a standardized emissions offset instrument, CERs. A CDM project activity might
involve, for example, a rural electrification project using solar panels or the installation of more en-
ergy-efficient boilers, A CDM project must provide emission reductions that are additional to what

193

T Downloaded by Amit Sharma (amitmudgal69@gmail.com)

A




ass— VAJIRAM & RAV DS

would otherwise have occcurred.
JOINT IMPLEMENTATION (J1)

Joint Implementation (JI) is also
one of the market-based mechanisms
under the Kyoto Protocol used by
Countries with cormmitments under the
Protocol to limit or reduce their green-
hotse gas emissions in ordér to meet
their emission targets. JI project exam-
ples include renewable energy projects
like erection of wind parks, afforestation
and reforestation, energy efficiency pro-
jects, and reduction of methane emis-
sions. J! is considered to be & "project-
based mechanism®, similar to the Clean
Development Mechanism, which feeds
the tarbon market.

> The Bali Road Map includes || JI ‘projecis aré wery |
the Bali Action Plan, which || similar {o'Clean’ De-
charts the colirse for & new | 'velopment * Mecha-
negofiating - "process _ 'de- | nism{GDM) - projects

sidned fo tadde _ cimate | wih ; one inipe

1

_iongerm o
- tion "

in brder fo reach.

for fulfilling emission reductions commitments i
[ ) [ Glean Devetoprment | [ Gatemationah |
ementation | | Clean Development suoaong). - g
ﬁi;ﬂ?fm Artide ) Mechanism Emissions Tradin |
dlie (Kyoto Protocol, Artide 12) | | (Kyoto Protacal, Artide 17) |
Wiven an Industrializd Industrialized countries
country Invests in an emission | | may buy and seil I_
n projectina emissions credits. 1
developing country, the - |
amnount reduced counts 4
toward the Investor’ s
emission reduction total.

AN

Jl allows a country with an emission reduction or limitation commitment under the Kyoto Pro-
tocol (Annex B Party} fo eam "emission reduction units" (ERUs) from an km-issinweducﬁgn or

AN £
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emission removal project in another Annex B Party, each equivalent to one tonne of CO,, which can

BALI ROAD MAP

f
The Bali Road Map was adopted at the 13th COP and the 3rd Meeting of the Parties in D‘_ga-
cember 2007 in Bali. The Road Mapis a set of a forward-lookihg decisions that represent the work
that needs to be done under various negotiating “tracks” that is essential to reaching a secure gli-
mate future. 2

All Parties trthe Convention were involved in crafting the Bali Roag Map. The CDP decided
that the process would be conducted under a subsidiary body under the Convention, the Ad Hot
Working Group on Long-term Cooperative Action (AWG-LCA). ‘
The Bali Action Plan is divided into five main cafegories:

Shared vision.
Mitigation,
Adaptation,
Technology.
5. Financing. /
COPENHAGEN ACCORD

The Copenhagen Climate Change Conference raised climate change policy to the highest
political level. COP 15 was a crucial event in the negotiating
Process. Significant progress was made in narfowing down |
options and clarifying choices needed to be made on key
issues latgr on in the negotiations. it produced the Copen- |00 %
hagen Accord, which expressed clear a political intent to pﬁat "
constrain carbon and respond to climate change, in both the mec S s
short and long term. The Copenhagen Accord — Ty

* ltwa put forward by BASIC countries and us
* ltwasa non-binding agreement :
* ltincluded theong-term goal of limiting the maximum global average temperature increase

1o no more than 2 degrees Celsius above pre-industrial levels, subject t§ a review in 2015.

There was, however, no agreement on how to do this in practical terms. [f'

(The BASIC countties {also Basic countries or BASIC) are a bloc of four large néwlyﬁ_ndustrial-
ized countries — Brazil, South Africa, india and China - formed by an agreement on 28 Nov' 2009.)

Copenhagen Accord led to the establishment of four new bodies:
4 Mechanism on REDD-plus.
4 High-Level Panel under the COP to study implementation of financial provisions.
4 Copenhagen Green Climate Fund,
4 Technology Mechanism.
CANCUN AGREEMENTS

The Cancun Agreements were a set of significant decisions by the international community
to address the fong-term challenge of climate change collectively and comprehensively over time
and ta take concrete action immediately to speed up the global response to it. The agreements,
reached on December 11 in Cancun, Mexico, at the 2010 UNFECC COP-18, re resented key steps
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forward in capturing plans to reduce

protect themselves from climate im pacts and buil

greenhouse gas emissions. and to help developing nations

d their own sustainable futures.

The Cancun Agreements’ main objectives cover:

Mitigation — Establish clear goals and
greenhouse gas emissions over lime to k
degrees

eep the global average temperature rise below two

@ timely schedule for reducing human-generated
¢

= -

Transparency of actions — Ensure international transparency of the actions which are
taken by countries, and ensure that global progress towards the 2°C goal is reviewed in a:
timely way. #

Technology ~ Mobilize the development and transfer of clean technology to boost efforts to
address climate change, getting it to the right place at the right time and for the best effect
on both adaptation and mitigation.

Finance — Set up the Green Climate Fund to provide support to developing countries to as-
sist them in mitigating climate change and adapting to its impacts

Adaptation — Assist the particularly vulnerable people in the world to adapt to the inevitable
impacts of climate change by taking a coordinated approach to adaptation.

Forests — Protect the world's forests, which are a major repository of carbon. Governments
agreed to launch concrete action on forests in tfeveloping nations, whichwilt increase going
forward. The full financing options for the implementation of such mitigation actions in the
forest area will be addressed during 2011.

Capacity Building — Build up global capacity, especially in developing countries, to meet

GREEN CLIMATE FUND (GCF) - .g;gg;;gggygpogq@ggﬁﬁgﬁ and Gontributions.
The Green Climate Fund | %3 (;lsteej’}Jl‘]y*F»rémﬁﬁé i@a}w’e’ ion.on. G
{GCF} is a fund within the frame- iﬁ%};’iﬂl:ccgf%ﬁﬁtéaf' 18 World:-Bank
work of the UNFCCC founded as a | friistee of -the “Green. Glirms ate Fuind . The pro
mechanism fo redistribute money | - point GCF'sperian Qlitrusiee is, Schedulec n
~from the daveloped to the develop- | _ tionno later thantheBrid of 20175 7

ing world, in order to assist the de-
veloping countries in ada
contribute to the achieve
on Climate Change (N
the paradigm shift towards low-emission and climate-
support to developing countries to limit or reduce thei
the impacts of climate change, taking into account th

effects of climate change. The Fund will be guided by
ples and provisions of the Convention.
ADAPTATION FUND

The Adaptation Fund was established to finance con-
daptation projects and programmes in developing coun-
tries that are parties fo the Kyoto Protocol and are particulariy

crete a

vulnerable to the adverse effects of climate chan

e needs of 2
those developing countries particularly vulnerable to the adverse

ptation and mitigation practices to counter climate change. The Fund wil!
ment of the ultimate objective of the United Nations Fram%ork Convention
FCCC). in the context of sustainable develo

pment, the Fﬂﬁd will promote

resilient development pathwayséby providing

r greenhouse

as emissions-ang tq4dapt to

the princi-

i diis su-

the poorest people In the word, who are often h
-and rising sea levels, but who have contribuied t
parts of the world, climate ehange hag alr

ge. Glimate change is predicted to greaily affect
ardest hit by weather catastrophes, deseriification,
he least to the problem of global warming. In some

eady contributed fo warsening food sBcurity, reduced the
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predictable availability of fresh water. and exacerbated the spread of disease and other threafs to
human health. Helping the most vulnerable countries and communities is an increasing challenge
and imperative for the international community, especially because climate adaptation requires sig-
nificant resources beyond what is already needed to achieve international development objectives.
Under the Clean Development echanism (CDM), emission-reduction projects in develop-
ing countries can earn certified emissii‘r: reduction (CER) credits. These credits can be tradeg! and
sold by industrialized countries to meel a part of their emission reduction targets under the Kyoto
Protocol. Financing for the Adaptation Fund comes mainly from sales of certified emission reduc-
tions. The share of proceeds amounts to 2 per cent of the value of CERs isstred each year for COM
projects. The fund also receives contributions from governments, the private sector, and individuals.

DURBAN :
Towards full implementation of the UN Climate Change Convention (COP-17).

The UN Climate Change Conference in Durban was a turning point in the climate change
negotiations. Road map for implementation. T ST

The Durban outcomes looked to address these chal-
lenges in a more connected way by embodying a road map |l ‘
for implementation over a longer time horizon than has | &arasec:
commonly been the case in the history of the Gonvention. |
On this map, four main areas of coordinated and comple-
mentary action and implementation, designed also to build
and preserve frust among countries, were agreed:

1. ;Second commitment period of the Kyoto Protocol:
2. Launch of new platform of negotiations
3*Conclusion in 2012 of existing broad-based stream of negotiations
4. Global Review
The Durban outcome recognized, in its spirit and intention that smart government policy,
smart biisiness investment, and the demands of an informed citizenry, all fmotivated by an under-
standing of mutual self-interest, must go hand in hand in pursuit of the common goal.
THE DOHA CLIMATE GATEWAY
At the 2012 UN Climate Change Conference in Doha, Qatar (COP-18), governments con-
solidated the gains of the last three years of international climate change né’dfot]ations and opened a
gateway to’ﬁep'é'ssary greater ambition and action on all levels. Among the njany decisions taken:
1. Ameéndment to the Kyoto Protocol ~ The Kyoto Protocol, as the anly 'efkist?g_g and binding

agreement under which developed countries commit to (A ST iREE Y MApan Lichten-

cutting greenhouse gases, has been amended so that it | gtain " Mohaco - and. . Swisariand

will continue as of 1 January 2013:

» Governments have decided that the length of the sec- |i%
ond commitment period will be 8 years.

> The Kyoto Protocol's Market Mechanisms - the Clean
Development Mechanism (CDM), Joint Implementa-

tion (J1) and International Emissions Trading {IET) -

can coniinue as of 2013.

Access to the mechanisms will be uninterrupted for aft developed countries that have ac-
cepled targets for the second commitment period.

‘f
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> Jiwill continue to operate, with the agreed technical rules allowing the issuance of credits,
once a host country's emissions target has been formally established.

2. Time table for the 2015 global climate change agreement and increasing ambition before
2020: Governments agreed to speedily work toward a universal climate change agreement cov-
ering all countries from 2020, to be adopted by 2015, and to find ways to scale up efforts before
202t§:>eyond the existing pledges to curb emissions so that the world can stay below the agree(}}
maximum 2 degrees Celsius temperature rise.

3. Long-term climate finance: Developed countries have reiterated their commitment to dehve .
on promises to continue fong-term climate finance support to developing nations, with a view to:
mobilizing “100 billion USD both for adaptafion and mitigation by 2020.”

4. Other key outcomes of COP18 in Doha

S

» Review - Governments have launched a robust process to review the long-term temperature
goal. This will start in 2013 and conclude by 2015, and is a reality check on the advance of
the climate change threat and the possible need to mobilize further action.

> Adaptation - Governments have identified ways to further strengthen the adaptive capacities
of the most vulnerable; also through better planning .

» New market mechanisms - A work programme has been agreed to further elaborate the new
market-based mechanism under the UNFCCC, and also sets out possible elements for its
operation. /

> Actions on forests - In Doha, governments have further clarified ways to measure deforesta-
tion, and to ensure that efforts to fight deforestation are supported.

» Carbon Capture and Storage - Governments meeting in Doha have looked at ways to en-
sure the effectiveness and environmental integrity of projects under the Kyoto Protocol's
Clean Development Mechanism that capture and store carbon emissions

Development and transfer of technology - Countries have taken forward work on enabling
the development and transfer of technologies that can help developing countries adapt and
curb their emissions.

Avoiding negative consequences of climate action - In some cases, thg implementation of
actions that reduce emissions could result in negative economic or social consequences for
ather countries. In Doha, governments discussed measures to address such consequences
in a spetial forum.

-

Y

‘(x

WARSAW OUTCOMES ”

The Umted Natlons Climate Change Conference, COP-19 was held in Wfirsaw Poland from
11"to 23 November 2013. ™
Key points from COP19 — A

» Countries kept talks on track toward a new global climate deal in 2015, but the form and tim-
ing of submission of new commitments were weakened, raising fears that the ambition of
the new deal will be lowered.

» The role of sub-national governments has been recognized in helping to raise climate action
ambitions in the period to 2020, with agreement to facilitate learning from and sharing of
sub-national govemment experiences.

# A 'Loss and Damage’ mechanism to help vulnerable developing countries cope with severe
climate impacts has been established, but without a clear.means of adequate funding.

~ Agreement called the “Warsaw international mechanism for loss and damage (IMLD)".

A
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> As per this agreement, disaster victims in developing country will receive aid from the devel-
oped countries. But it will not be linked with any fiability /commitment.

> 1t wilt also provide expertise and aid, to help developing nations cope with extreme events

related to climate change. ( Discussions on'clinvate “finanice,in
> On a positive note, countries agreed to modalities ‘partictlar the :capitaliza e
goveming ‘results-based fnance' for developing |iL:
countries that halt deforestation. Some US$280 mil- |
fion of new funding to support initial efforis was an | 32(
nounced by the governments of Norway, the UK and With coli
the US. i

» Overall, Warsaw was pracedurally successful, defiv-
ering a suite of decisions that keep the UNFCCC process ticking over. But from a climate
protection perspective, it joins a growing line of COPs that have fallen short in terms of col-
lective efforts to reduce emissions.

LIMA CONFERENCE

The 20th Climate Change Conference (COP20) concluded in Peru on 14 December, 2014.
Complex negotiations to combat climate change in the sense that the global agreement was not
blocked, and that a door has been left open to continug working on the unfinished issues.

Key highlights: A PhGiorenEa) s e o R S ;
* For the first [
time! an agree-
ment . was
reached in |#
which all coun-

tries will specify their objectives, if they are ready, and they will submit their CO2 emissions

information by March 2015 (Intended Nationally Determined Contributions).

* The agreement reached is in line with the work that began at COP17 in Durban,

* Funding for the Green Climate Fund slightly exceeded the target, reachi'ﬁg 10.2 billion dol-
lars. The fund will enable developing countries to apply a range of technologies to combat
climate change. There are aiso plans to roll out a Private Sector Facifity in 2015 to ensure
that private sector entities can be accredited and access thefund. . 3y

* The imple-.. I T B TP

. mentation df
a new @
for Measurement, Reporting and Verification. The first Multilateral Assessment was held in
Lima, providing greater transparency for actions by developed countries, as they can com-
pare their degree of compliance with the emission reduction goals.

% Not much progress was achieved in the main line of negotiations; discussions continue to be
hampered by issues of faimess, and the main text, which was promising at first, was deval-
ued by the time an agreement was reached. There are issues pending resolution, but a
global agreement was reached for the first fime .

PARIS CLIMATE CONFERENCE

The 21st Conference of the Parties to the United Nations Framework Gonvention on Climate
Change (COP21) taok place in Paris in November and December 2015. The meeting in Paris was
hailed as a one-of-an opportunity to secure an international agreement on apbroaches to tackling
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climate change, a commitment to & longer-term goal of near zerg net eri~
of the century, and supporting a transition to a clean economy and low =z
The key highlights of the Paris agreement are summarized below.

come into force in 2020,

Goals:
:

Performance evaluation:
* Come together every 5 years to set more ambitious targets as 13

% Track progress towards the long-term goal through a robust irarverency 20 acconaslil g

A long-term goal
of keeping the
increase in
global average
temperature to
well below 2°C
above pre-
industrial levels.
To aim to limit
the increase to
1.5°C, since this
would  signifi-
cantly  reduce
risks and the
impacts of cli-
mate change.

On the need for
global emissions
to peak as soon
as ~* possible,
recognizing that
this  will take
longer for devel-
oping countries.
To  undertake
rapid requctions
thereafter in ac-
cordance , with

the best available science.

Before and during the Paris conference, countrles submitte. #
mate aCtIOH plans (INDCs). These are not yet enough to keep qlonai w# /v alion 2°C
but the agréement traces the way to achieving this target.

system.

Strategies
* Strengthen societies’ ability to deal with the impacts of cimat
* Provide continued and enhanced international support for ari~ wafi~ 1o v

A

fries.
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* Recognizes the importance of averting, minimizing and addressing loss and damage asso-
ciated with the adverse effects of climate change
* Acknowledges the need io cooperate and enhance ihe understanding, action and support in
different areas such as early warning systems, emergency preparedness and risk insurance.
Support f
* The developed countries wilt continue to support climate action to reduce emissions an_fd
build resilience to climate change fmpacts in developing countries. {’_
*  Qther countries are encouraged to provide or continue to provide such Support voluntarily. *.
4 Developed countries reiterated their commitment to mobilize USD 100 billion per year unti
2025 when a new collective goal will be set
Nationally Determined Contributions

« The Paris Agreement requires all Parties to put forward their best efforts through “Nationally
Determined Contributions” (NDCs) and to strengthen these efforts in the years ahead. This
includes reguirements that all Parties report regularly on their emissions and on their imple-
mentation efforts.

* In 2018, Parties will take stock of the collective efforts in relation to progress towards the
goal set in the Paris Agreement and to inform the preparation of NDCs.

% There will also be a global stock taking everf 5 years to assess the collective progress to-
wards achieving the purpose of the Agreement and to inform further individual actions by
Parties.

Status of ratification

Th?; Paris Agreement on 4 November 2018, thity days after the date on which at least’s5
Parties to the Convention accounting in total for at least an estimated 55 % of the total global

greenhouse gas emissions have deposited their instruments of ratification, acceptance, approval or
accession with the Depositary.

MARRAKECH CLIMATE CHANGE CONFERENCE - NOVEMBER 2016

The*;twenty-second session of the Conference of the Partles (COP 22), the twelfth session
of the Conference of the Parties serving as the meeting of the Parties to the
Kyoto Protocol (CMP 12), and the first session of the Conference of the Parties [l
serving as the meeting of the Parties to the Paris Agreement (CMA 1) were hW LR
in Bab Ighli, Marrakech, Morocco from 7-18 November 2016, | [
The Paris Agreement set up general climate targets, but the details of the' 8
implementation siill need to be decided and the process should be completed by [
2018, according to what was decided in Marrakech. v

Key highlights:

* Climate finance was discussed during the last two weeks and in order to reach a good bal-
ance between climate adaptation and climate mitigation, countries have been strongly en-
couraged to strive towards the earlier set target of $100bn a year by 2020.

* Nations have also agreed on a five-year work-plan an “loss and damage” starting from 2017,
to address issues beyond climate adaptation like slow-onset impacts of climate change,
non-economic losses and migration.

* COP23 will have Fiji as president of the negotiations and will be held in Bonn, Germany, due
to the lack of space and capaclty on the Pacific Island State.
* COP22 was aiso the occasion for policy-makers, countries and-erganizations to announce

new sirategy plans. initiative and finance changes. B
- ont
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% Natlons notably reaffirmed the global commitment to the Paris Agreement with the Marra—
kech Action Proclamation.

* The document reads: “We wel¢ome the Paris Agreement...and we aftirm our commitment to
its full implementation.”

* Transparency efforts are being encouraged by countries such as Australia, Germany and
Canada with the injection of $50 million in investment.

* Germany, Mexico and Canada set up their roadmap to 2050, and the 2050 Pathways Platt
form was launched in order to help other countries to do so as well.

* 22 countries — including the UK, 15 cities and 196 businesses have committed to formulale
their long-term goals so far.

* The Climate Vulnerable Forum was also created, gathering 47 of the poorest countries in
the world, committing to generating 100% of their energy from renewables as soon as pos-
sible, as well as to update their NDCs by 2020 and to prepare their long-term strategies.

REDD (REDUCING EMISSIONS FROM DEFORESTATION AND FOREST DEGRADATION)

It is a mechanism to creaie an incentive for develop- REDD raaf:hanlsm hasés T
ing counries to b ﬂ}. P,n A R et e,

1. Protect

2. Better manage /

3. Wisely use their forest resources

4. Contributing 1o the global fight against climate

chénge vab:es devetﬂped muntries pay-
REDD is a cutting-edge forestry initiative that aims iﬂQ developing countries ‘carbon
at tipping the economic balance in favour of sustainabte |- offsets f for their standing forests.

management of forests so that their formidable economic, _
environmental and social goods and services benefit countries, communities, biodiversity and forest
users while also contributing to important reductions in greenhouse gas emissions.

ot (| mmmmmmmmumwmm

'_tc-*!ua 4 J _% B == ‘ “‘ : _‘,"
Thﬂ!-ﬂﬂnﬁmmmmmmmmm
REDD ummm:mmummmmmm
B oo | st based pamets meer the Copveion. | 5 ""%;f; |
| The nmmmwmmumm "1
informed and meari mhmummmmmm e
T cha VR AR
' Rl e T Y
HEDD + goes hayund defcrestanon and forest degradatlon and includes the role of conser-
vation, sustainable management of forests and enhancement of forest carbon stocks. REDD+ con-
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cepiualizes flow of positive incentives for demonstrated reduction in deforestation or for enhancing
quality and expanse of forest cover.

* It works on the basis of creating a financial value for the carbon stored and enhanced in
biomass and soil of standing forests.

* Countries that reduce emissions ang undertake sustainable management of forests will be
entitled to receive funds and fesources as incentives, K
* REDD+ approach incorporates important benefits of livelihoods improvement, biodive',rsity
Conservation and food security services, o
REDD+ is a climate change mitigation solution that many initiatives, including the UN-REDD
Programme, are currently developing and supporting. '

Other multilateral REDD+ initiatives include: !
— Forest Carbon Partnership Facility (FCPF)
— Forest Investment Program (FIP),
GLOBAL ENVIRONMENT FACILITY

The Global Environment Facility is a
Partnership for internationat cooperation where
183 countries work together with international
institutions, civit society organizations and the ,
private sector, to address global environmental
issues. Among the major results of these in-
vestmen'ts:

v The GEF has set up protected areas
around the world equal roughly to the

.area of Brazil

¥ Beduced carbon emissions by 2.3 billion
tonnes

v Elifinated the use
of ozone depleting
substances in Cen-

-tral ‘apd Eastern
Europe and Central
Asia
, ¥ Teansforfed  the
management of 33
major river basins
and one-third of the
world's large ma-
rine ecosystems

v Slowed the ad-
vance of desertifi-
cation in Africa by
improving  agricul-
tural practices — contributing to better the livetihood and food security of millions of people.
The major domalns of GEF include:

< Biodiversity

S Ve g

although ot linked formally
- At lly
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% Land Degradation

<+ Chemicals

# Cross-cutting Capacity Development £
CngATE FINANCING SUMMARY. . | .
Intdrgovernmental Panel on Climate Change (IPCC)

To provide the world with a clear scientific view on the current state of knowledge in climater* 1
change and its potential environmental -ard socio-economic impacts, the United Nations Environ-
ment Programme (UNEP) and the World Meteorological Organization (WMO) establishéd The In-
tergovernmental Panel on Climate Change (IPCC) in 1988. In the same year, the UN General As-’
sembly endorsed it. The Intergovernmental Panel on Climate Change (IPCC) is the leading interna-
tionat body for the assessment of Climate Change.

About IPCC:

 The IPCC is a scientific panel under the auspices of the United Nations (UN).

« The IPCC is an intergovernmental body. It is open to all member countries of the United Na-
tions (UN) and WMO. Currently 195 countries are membess of the IPCC. Governmenis par-
ticipate in the review process and the plenagy Sessions, where main decisions about the
IPCC work programme are taken and reports are accepted, adopted and approved. The
IPCC Bureau Members, including the Chair, are also elected during the plenary Sessions.

« It reviews and assesses the most recent scientific, technical and socio-economic information
préduced worldwide relevant to the understanding of climate change. -

4

.+ It does not conduct any research nor does it monitor climate related data or parameters.
« Thousands of scientists from all over the world contribute to the work of the IPCC on a vol-
untary basis. Review is an essential part of the IPCC process, to ensure an objective and
complete assessment of current information. IPCC aims to reilect a range of views and ex-
pertise. 5
» Because of its scientific and intergovernmental nature, the IPCC embodies a unigue oppor-
tunity to provide rigorous and balanced scientific information to decision makers. By endors-
ing the 1PCG reports, governments acknowledge the authority of their scientific content. The
work of the organization is therefore policy-relevant and yet policy-nigutral, never policy-
. prescriptje. 1 ISR 3
1PCC provides:
v Assessment Reports at regular intervals of the state of knowledge ory
climate change.
Special Reports.
Methodology Reports.
Technical Papers.
Supporting Material.
“The latest one is the Fifth Assessment Report which was finalized in November 2014. Till
now, five AR have been published in 1990, 1995, 2001, 2007 and 2014.” These published materials
are composed of full scientific and technical assessment of climate change, generally in three vol-
umes, one for each of the Working Groups of the IPCC, plus a Synthesis Report. IPCC
5" Assessment Report (AR} —
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Three groups are
working to prepare this report:

Etf_giqﬂ =

- Eyamplesof abseryed ?egeutmn meredse hsghﬂghred intPCe %Ei #'u
Sdmma“,f ‘ar Policymakers. .

1. On physical science
and climate change. :

2. Adaption  measures f changes dae o land
[Impact, Adaption and i gtqsnagy“ _[glilerﬂELiupe, 1
vulnerability). mwa:lledmbm B

3. Mitigation measures.  |Asla Cta S ot 'Hi?ﬂ’bﬂﬁﬂ[ﬂ?'

Key findings : -M e i Gk
-> Mhlm of aﬂmsmm

v" Changes in climate will ok 'TWFW : '
cause an increase in e
the rate of G "' <P
CO2 production.  In-
creased uptake by the I'hrlll
oceans will increase Amerh
the acidification of the e e
oceans. Pgh' iﬂﬂh :

P .. |reglons '} an!h&ﬂee-imﬁ mmm :

Climate change Is in- | lmwmﬁm’&ﬂ&gammmwm
evitable challenge, but rearty islands ove fhe past S0 years

i understand the I Gl™1" Upyarend i e oes d assocded fara o i v
challenge correctly lstands istands o :

then! we can better

tackle it~ | .

v Decreases are very likely in Arctic sea ice cover, Northern Hemlsphere spring snow cover,
and global glacier volume.

¥ Soil moisture will deciine globally. :::Jv I:tmdmgs since the Fourth Assessment

| o E .

v
205 re;glons milibecome exag dner. | » Increase certainty of human influence on

v Global drought. climate . |

v" Food shortage. » Improved observations and models and in- Je

v Temperature fias risen 0.2° G since creased understanding of many components |
Industrial revolution. - of the climate syslem I

v « New emission scenarios nd, projections of
The giobal water cycle will change, | cilmate change beyond o100%o 2300 |
with+incredses in disparity between g Sea level rise projections inclide i ige- sheet |
wet and dry regions, as well as wet | d;,rnarmcal changes G aWE
and dry seasons, with some regional { Estimates of the total allowable global emis-
exceptions. sions in order to limit temperature rise lo eg.

v The oceans will continue to warm, 2°C above pre- mdustna]
with heat extending to the deep -
ocean, affecting circulation patterns.

CONTAINING CLIMATE CHANGE

Unimaginable amount of work and unfathomable public awareness campalgns by scientists
and aclivists made governments come together to combat the environmental issues. Starting off
with The United Nations Conference on the Human Environment was held in Stockholm, Sweden
from June 5-16 in 1972, here's a timeline of mile stones leading up to the U.N. Climate Conference

inRass:
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1972: SfDCKHDLM United Nations Conference on the Human Environment

man- rna::le emissions thmugh mtematlonai agreements. - v

1987: MONTREAL — Restrict emissions ns of chemicals damaging the ozone layer. While it doesn't |
deal with climate change specifically; the Montreal Protocol becomes a mode! for how 1o rein in |

Organization and the U.N. Enwmnmental Program s

e

the Earth's surface. . SR R T e e

1988: NEW YORK — The U.N. General Assembly endorses the creation of the 1ntergovemmenta1 }
Panel on Climate Change, also set up the same year two LLN. ag{ncles, the World Metsnru!ugicqi

F r[ [
1990: LONDON — The IPCC releases its first sclentmc assessment of chmatechange “warmmg of |

1992: RIO DE JANEIHD World Ieaders gathenng jor the flrst Earth Summlt sign. the’llnﬂed Na-
tions Framework Convention on Cllmate Ohange, the first: mtemat:onalztrsaty aimed: ~at lemltlnq

greenhouse gas emissions. Hnwever rt sets no plndmg emissions targets Hraa I s
1997: KYOTO - The Kyoto Frutscol is adopted setfing bmdmg emlssmns targets for wealthy coun—
tries. . A ,5 .aﬁ_

2004: MOSCOW — F'resrdent Viadimir. F-‘ut:n signs a bill confirming Russia’s rattficatlon of t e Kyoto
Protocol. The move means countries representing more than 55 percent of .global emlssronssup
port the treaty, a condition for it 1o take effect.

-t e b

is set to expire in 2012, falls apart amid disputes between rich and poor countries over whg should

ing emissions targets for 2020.

2009: COPENHAGEN - The first attempt to craft a global emissions treaty to replace Kyoto which |

do what, Acrimonious negoliations end with a voluntary deal inviting countries to present nonbmd |

2011: DURBAN - U.N. climate talks produce a major breakthrough as countrles agree tn adopt a

universal agreement on climate change in 2015 that wouild take effect five years later and appty to
all of them.

2013: STOCKHOLM — The IPCC says it's "extremely likely" that human lnfluence is the domlnant
reason for warming temperatures recorded since the mid-20th century.

2015: PARIS — More than 190 governments meet in the French capital to finish-what's envisioned

as a landmark deal to rein in greenhouse gas emissions after 2020. !

To slow and reverse climate change or prevent the damages climate change can unleash,
over decades scienfists have come up with measures ranging from modifications in individuals’ life-
styles to a whole hosts of strategies and operations taken up by nations andgjnternational climate
agencies. A few important ones are :

ADAPTATION ! % 0
Adaptation is the pre-emptively taken appropriate action to prevent or mipimisethe damage

the “change in climate” can cause. Well planned, early adaptation action can forestall human trage-
dies and also adds some stability to an economy. Examples of adaptation measures include:

Agricufture and Food Supply -

* Breed crop varieties that are more tolerant of heat, drought, and water logging from heavy
rainfall or flooding

* Protect livestock from higher summer temperatures by providing more shade and i improving
air flow in barns

Coasts —~

:;(

» Promote shore protection techniques and open space preserves that allow beaches and
coastal wetlands to gradually move inland as sea level rises.
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= ldentify and improve evacuation routes and evacuation plans for low-lying areas, to prepare
for increased storm surge and flooding.
Ecosystems —
* Protect and increase migration corridors to allow species to migrate as the climate changes.
* Promote land and wildlife management prattices that enhance ecosystem resiiience.
Energy — - " d
* Increase energy efficiency to help offset increases in energy consumption.
* Harden energy production facilities to withstand increased flood, wind, lightning, and other
storm-related stresses.
Human Heaith —
* Implement early warning systems and emergency response plans to prepare for changes in
the frequency, duration, and intensity of extreme weather events.
 Plant trees and expand green spaces in urban settings to moderate heat increases.
Water Resources —
* Improve water use efficiency and build additional water storage capacity.
* Protect and restore stream and river banks to ensure good water quality and safe guard wa-
ter quantity. !
MITIGATION
The Intergovernmental Panel on Climate Change (IPCC) defines climate change mitigation
as technological change and substitution that reduce resource Inputs and emissions per unit of out-
put. ‘ v
C1irqafe Change Mitigation refers to efforts to reduce or prevent emission of greenhouse
gases. Mitigation can mean using new technologies and renewable energies, making older equip-
ment more energy efficient, or changing management practices or consumer behaviour. Efforts un-
derway around the world range from high-tech subway systems to bicycling paths and walkways.
Protecting natyiral carbon sinks like forests and oceans, or creating new sinks t-hrougb\ silviculture or
_green agriculture are also elements of mitigation. 4

Mitigation strategies will be prudent encugh through following domains:

]

B

Agriculture - NOTE: Re m?,EfiiiQSions
* Type of agriculture, which emits a very low carbon and re- ,:f-.l m Defo Estatiol 'gg&q'g'_;go;-:
lated contents, ' will be a definite mitigation strategy and this esti=y B Degradation |

' can B8 achieved through sustainable and Climate Smart (REDD) miay offér oije of ffia"
Agriculture. : besti possibilitieg :fgvestab- |

T ey Eh H ]

* Turning agriculture into a brighter shade to ease pressure list ngthlsgypeofreglme 3
on the environment. rﬁ:ﬂaﬁaimsf o create fifan..

: . . ies. increase | Gial Value for forest ‘carbon’

* Will create opportunities to diversify economies, increase | ot tanc fOr lorest cart

yields, reduce costs, and generate jobs. Boiord the Dlogramms’s
Energy — initial ‘mission ‘and;incl
* Shifting to the renewable form of energy such as Solar, |conservation, * sligtai
Wind, Wave, Tidal and OTEC. forest management, and en- |
hancing forest stocks.

* Renewable energy neither produces Carbon nor the -poi :
sonous matters like Nifrous Oxide, Sulphur Oxide, Ozone, Lead and Ammonia.
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Forest —

* The massive carbon sink of the planet earth must be preserved. ;

s Halling deforestation. "

* Investment in forest-derived goods and assure their equitable and sustainable production.

* Reducing Emissions from Deforestation and forest Degradation (REDD) may offer one of
the best possibilities for establishing this type of regime=

¢ Social forestry, urban forestry, community forestry, and other afforestation measures. |
Waste —

Pragmatic waste disposal, recycling and eco-friendly waste to: ' ’

* Recycling will grow w1th a greenlng of the waste rnanagement sector creates more |obs than
it replaces. R m——— —

¢ Investment in
greener waste
management
can  produce
many environ-
mental and
economic bene-
fits, including :
resource  sav- ch prefertofocus on shartertime responsibility ecause the bene .m
ings, nature: NS00 GUICK fiacs: SRR S -_ﬂffi@ﬂﬁi =,
frotection, ‘and  fcanbemore ocatised and region speuﬁc isglohé!a‘?gﬂ,nﬁ!'lncai_lsgg V=
émployment W 'ife;;",__'_ﬁcrealmesﬂftllmate change ' £ il
nd business '
opportunities.

+ Handling the wastes properly will have substantial negative impact on Methane production.
. Wil help in prevention of diseases.

+ Prevent pollution of waterbodies and soil.
CARBON  SE-
QUESTRATION |

. Carbon ..se- e R CE ey Ship. ey (4P}
questration means [l ii— s
capturing  carbon
dioxide or any other
form of carbon from
the atmosphere or 1i
capturing CO; from
large-scale station-
ary sources like
power plants before
it is released to the
atmosphere  and
putting it into stor-
age permanently.
The CO2 captured
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and stored (CSS) is rendered unavailable to cause climate changes.
Carbon dioxide is the gas that is usually used to make the “fizz" in soda drinks. it is most
soluble at high pressures and low temperatures (eg. soda is normally served cold from cans or bot-

ties). Some CO,will remain dissolved with the can or bottle open and at room temperature. This is
also why colder oceans can absorb more CO, thar} warmer waters,

Major types of CO; sequestration:

Ocean Sequestration: Carbon stored in
oceans through direct injection or fertilization.

Terrestrial Sequestration: A large amount of
carbon is stored in soils and vegetation, which
are our natural carbon sinks. Increasing carbon
fixation through photosynthesis, slowing down
or reducing decomposition of organic matter,
and changing fand use practices can enhance
carbon uptake in these natural sinks.

Geologic Sequestration: Natural pore spaces
in geologic formations serve as reservoirs for
long-term carbon dioxide storage.

CARBON SINKS
A carbon sink is anything that absorbs more carbon that it re-

leases.

oceans and_ the

moves

]
SINKS:

Forests, soils,

atmosphere all
'}:‘ this

NOTE Molecules of car-
bon dioxide are continu-
ously being exchanged
between the atmosphere
and water through a proc-

store carbgn and carbon g :
between a]sg,.:g them in a con- | &2 called dIfoS.Ion.. D!ffu
i sion of carbon dioxide into
inuous cycle.
the oceans accounts for
or sinks at different times.

» This separation ends when humans burn coal, oil and natural
gas, turnlng f08§l| carbon stores into atmospheric carbon.

* This release of carbon from fossil fuel has caused greenhouse gas (GHG)

extracted,from the atmos-
phere.

}:oncentratlons in

the atmosphere to soar to levels more than 30 per cent higher than at thé begmnmg of the

~ industrial revolution.

We are siill adding roughly & billion tonnes of carbon per year to the atmosphenc carbon cy-
cle, significantly altering the intricate web of carbon fluxes, and as a consehuend; altering
the global climate.

BLUE CARBON

Blue carbon is the carbon captured by living coastal and marine organisms and stored in

coastal ecosystems, i.e. Salt marshes, mangroves, and sea-grass beds.

— g

They sequester atmospheric CO2 through primary production, and then deposit it in their
sediments.

Most blue carbon is found in the sails ar sediments beneath the vegetation.

Many forms of sea life extract carbon and oxygen from seawater and combine them with
calcium to-produce calcium carbonate (CaCOs). This is used fo produce shells and other
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hard body parts by a variety of organisms, such as coral, clams, oysters, and some micro-
scopic plants and animals.

* Organisms die, their shells‘and body parts sink to the seabed. Qver very long periods of
time, enormous numbers of dead organisms can create thick Iayers of carbonate rich depos-
its on the ocean floor. y

* Qver millions of years, the deposits become buried by
more and more carbonates andfor sand or mud, creat-’
ing heat and pressure that physically and chemically
changes them Into sedimentary rocks such as lime-
stone, marble, and chralk.

Although coastal habitats provide a great service in
capturing carbon, their destruction affects in two ways

» Carbon sequestration capacity lost.
> Stored carbon is released.

As a result, damaged or destroyed coastal habitats change from being net carbon sinks to
net carbon emitters. Unfortunately, coastal habitats around the world are being lost at a rapid rate,
largely due to coastal development for housing, ports, and commercial facilities.

GREEN CARBON

Green carbon is the*carbon stored in the p‘l’ants and soil of natural ecosystems and is a
vital part of the global carbon cycle.

> Forests, along with their associated soils contain two to three times the amount of carbon in
the atmosphere. -

4
» Forests as a carbon sink are often overlooked as a major source of carbon removal from the
“atmosphere, a process known as carbon sequestration.

» Conversely, deforestation, whether removal of forests by logging o burning, has been a ma-
jor contribution fo atmospheric carbon addition since the mid-Holocene, when the ascent of
man to planetary dominance began.

> Massive deforestation at present is most prevalent in places;"sUch as the Ama-

zon, Indonesia, Brazil and Borneo. There are two main reasons for land use converswn

by deforestation; ranching and agriculture.

» These conversions are done in an attempt to produce
short,term economic benefit by forcing immediate envi-
Jonmerital change.

CARBON CREDIT

A carbon credit (often called a carbon offset) is a finan
cial instrument that represents a tonne of CO, (carbon dioxide)
or COze (carbon dioxide equivalent gases) removed or re-
duced from the atmosphere from an emission reduction pro
ject, which can be used, by governments, industry or private
individuals to offset damaging carbon emissions that they are
generating. Carbon credits are associated with either
> Removing existing CO,or COe emissions from the at-

mosphere In the case of carbon sequestration from forests
and planting of trees

> Or the reduction of future €02 or CO2e emissions from
210G
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At the Kycﬂf) Protoool emissmn
?‘:’ i i‘f

tiGIp&llng coungry. The intention |

hightighted ip this dheaty was to |

reduce “the' ‘overall emissidns -to

1990 Ievels by the end of 2012 It
was- stated that countries with
high - emissions levels can pur-
chase” carbon credits from na-

fions that have less of a negative
impact on the environment. The |
reasoning for this is to: make an
effort to.offset the quantity of |
greenhouse gases released into |
the air.
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renewable energy and energy efficiency projects that displace fossil fuel power generatton pro-
duction or industrial processes
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Anlhand al's carbon foolf & direct effest their adtions have on ii’a':envlrgnmentiin--fenns
of greenhouse gas erissions, gerierall ,due tﬁ,tra;zs ﬂnffﬂnﬁ Hﬁ’rne heating and cooling etc.
The idea for carbon credits came from the I{yntu Protocol of 1997. This is placing a mone-
tary value on the cost of polluting the air. A credit is a measure representmd one megatonne (a
mass equal-to 1,000 kilograms) of carbon dlomde This is either saved from being emitted or

removed from the Earth's aimosphere.

Basically, what these credits do are two-fold, one they reduce greenﬁ%qse emissions and
second they help fight climate change or Global Warming .

Carbon credits are a vital component of natlonal and international emissiorfs trédlng strate-
gies that have been stressed to lessen global warming. Lty e

% They provide a way to reduce greenhouse effect emissions on an industrial scale.

% This is accomplished by capping total emissions every year and letting the market place a
monetary value to any shortfall through trading.

< Credits can be exchanged between national and international businesses.

< Credits may also be bought and sold in international markets at the current market price.
These credits can be used to finance carbon reduction schemes between trading partners.

CARBON OFFSETTING
Carbon offsetting is the use of carbon credits to enable businesses to compensate for their
_emissions, meet their carbon reduction goals and support the move to a low carbon economy.
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Businesses compensate for their environmental impact in order to meet increasing stakeholder
[pressure and are able to demonstrate leadership, differentiate from competitors and engage inter-
nal and external stakeholders in their gction.
By purchasing carbon credits to offset their emissions, businesses contribute essential fi-
nance to renewable energy, forest protection and reforestation projects around the world that would

not otherwise be financially viable. These projects play an important role in the mitigation of climate
change. g I, /
Carbon offsetfing works by purchasing carbon credits which are sold in metric tonnes of car;
bon dioxide equivalent (tonnes COe). '
%" Projects o o B 7K n s 1
which  sell : : ! i
carbon
credits  in-
clude " Facility Y naeds
< wind farms  tomest its emissians
which  dis- raduclion requlrsment
place fossil
fuel,
+ household :
device pro- Facllity * Invests
jects which [RERLEG LT IE RS
reduce fuel projact that produces
requir - carton olfsels '
mehts  for
cookstoves
and' boiling
water in
low-income ARSI HTeste
hougeholds, " carhon credis
& forest pro- lof its Fnvastmen
tection from
- illegal " Jog-
ging, & : Sl
“* Methane.capture from landfill gas and agriculture, il
]
# reforestatibn for small-hold farmers and v
“* Run-of-river hydro power and gecthermal energy. t 4
y Y
GEO-ENGINEERING

Geoengineering schemes are projects designed to tackle the effects of climate change di-
rectly, usually by removing CO2 from the air or limiting the amount of sunlight reaching the planet's
surface. Although large-scale geoengineering is still at the concept stage, advocates claim that it
may eventually become essential if the world wants to avoid the worst effects of climate change.
Critics, by contrast, claim that geoengineering isn't realistic — and may be a distraction from reduc-
ing emissions.
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CHAPTER - 12
INDIA AND CLIMATE CHANGE

THEWORLDOVER |

India i€ faced with the chalienge of sustaining its rapid economic growth while dealing with the
global threat of climate change. This threat emanates from accumulated greenhouse gas emis-
sions in the atmosphere, anthropogenically generated through long-term and intensive industrjal
growth and high consumption fifestyles in developed countries. While engaged with the interna-
tional community to- collectively and cooperatively deal with this threat, lndia needs a national
strategy to firstly, adapt to climate change and secondly, to further enharice the ecological sus-
tainability of India's development path. o

Climate change may alter the distribution and quality of india's natural resourdes and adversely
affect the livelihood of its people. With an economy closely tied to its naturdl résogirce base and
climate sensitive sectors such as agriculture, water and forestry, India may face a major threat
because of the projected changes in climate.

Recognizing that climate change is a global challenge, India has engaged actively in multilateral
negotiations in the UN Framework Convention on Climate Change, in a positive, constructive
and forward-looking manner. India’s objective has been to establish an effective, cooperative
and equitable global approach based on the principle of common but differentiated responsibili-
ties and respective capabilities, enshrined in the United Nations Framework Convention on Cli-
mate Change (UNFCCC). Such an approach must be based on a global vision inspired by Ma-
hatma Gandhi's wise dictum - “The earth has enough resources to meet people's needs, but
will never have enough to salisfy people's greed.”
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IMPACT OF .CLIMATE CHANGE ON INDIA
<« Potential Climate Chan

'WATER AVAILABILITY IS A i

) Tl

i e -} Iil_ LA o]
> Widespread displacement and extinction of animai populations due to habitaf-thss will add
more species to the 'threatened’ and ‘extinct’ list.

» Thermal expansion also contributes to sea level rise.

> There is evidence that some Himalayan glaciers have retreated significantly since the 19th
century.

> The Himalayan glaciers are a source of fresh water for perennial rivers, in particular the In-
dus, Ganga, and Brahmaputra river systems.

> Spread of diseases (like mafaria, etc.) in tropics will put more pressure on the health care
sector.

» Scarcity of freshwater duting droughts and contamination of freshwater supplies during
floods compromise hygiens, thus increasing rates diseases like cholera, diarrhoea efc.
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Biodiversity Loss
Rising temperatures will further affect the physical, chemical and biological properiies of
fresh water lakes and rivers, with‘adverse impacts on many individual fresh water species.

Rising temperature would increase fertilizer requirement for the same production targets and
result in higher GHG emissions, ammonia volatilization and cost of crop production.

Reduced hydroelectric power generation due to abnormal behaviour of glaciers will further
increase dependence on fossil fuels.

Papulous cities lying on the coasts will be submerged under the sea.
No Food Security _.

Climate Change affects crops by impacting irrigation, insolation as well as the prevalence of
pests.

Moderate warming (increase of 1 to 3°C in mean temperature) is expected to benefit crop
yields in temperate regions, while in lower latitudes the crops will take a hit.

Melting of the ice caps and glaciers and subsequent rise in sea level.

Melting of snow, the amount of arable land in high-latitude region is likely to increase by re-
duction of the amount of frozen lands.

Loss of Plankion due to warming of seas will adversely affect marine food chain.

Increased Jikelihood of extreme events such as fieat wave, flooding, hurricanes, etc. will off-
set all the economic advancements made.

Incregsed frequencies of droughts, floods, storms and cyclones are likely to increase agri-
cultural production variability.

'Incre‘ase in the number of deaths due to greater frequency and severity of heat waves and
other extreme weather events.

Flashfloods and Flooding of plains in wet season and drought in dry season will severely af-
fect the country

Fertile,agricultural lands on the coast will be submerged and saline water intrusions will de-
grade the neighbouring tand. Ground water in such regions will become ugeless

Changes in rainfall patterns will severely impact agriculture.
Bleaching,of Caral Reefs will cause great loss of marine biodiversity.

Arable land along the coast lines are bound to be reduced as a result of wlng sea level and
galine watermundatlons [

In corastal areas sea level rise will exacerbate water resource constramts dug to lncreased
salinization of groundwatet supplies. .

High latitude forests store more carbon than tropical rainforests.
One third of the world's soil-bound carbon is in taiga and tundra areas.

1 01-*"

-When the permafrost melts due to global warming, it releases carbon in the form of carbon

dioxide and methane.

in the 1970s the tundra was a carbon sink, but today, it is a carbon source, thanks to globai
warming [Global warming leads to more global warming .]

World Bank Summarizes the extent of impact of climate change as:
Extreme Heat

What we know India is already expetiencing a warming climate.
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What can be done Wlth buﬂt-up u:ban areas rapld[y becomijng “heat-lsiands" urban pl‘ nnersr.wnl
need to adopt measures to counteract this effect. ;(

Chang:ng Rainfall Patterns £ v

What we know A decline in monsoon ralnfall since the 1950s has already been dbserved. The

frequency of heavy ralnfall events has also increased.
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What cah be done Improvements in hydro- meteorologlca| systems for weather forecasting and
“* the installation of flood warning systems can help people move out of harm's

way before a weather-related disaster strikes.

Building codes will need to be enforced to ensure that homes and infrastruc-
ture are not at risk. u
, {
Droughts v

L]
Whatwe khow % Evidence indicates that parts of South Asia have become drier since the 1970s
with an increase in the number of droughts.

«  Droughts have major consequences. In 1987 and 20912#2008 droughts af-
- fected more than half of {ndia's crop area and led to a huge h‘],ell in crop produc-
tion.

What can be done Investments in R&D for the development of drought-remstant crops can help
reduce some of the negative impacts.

Groundwater

What we know More than 60% of India’s agriculture is rain-fed, making the country highly de-
pendent on groundwater.
Even without climate change, 15% of India's ground\gater resources are over-
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exploited.

What could hap-
pen .

What can be done
Glacier Melt
What we know

What could hap-
pen

_ What can be done

Sea level rise
What we krfow

What. could: hap-
ﬂen R Mt T 1

Although it is difficult to predict future ground water levels, faillhg water.tables
can be Expecled to reduce further on account of i tncreaatng demand for water
from a growing population, rpnre afﬂuent life’ styles as well a*s 'fr-::m the s-ar-
vices seclor and induslry. : EJ

(ol

The efficient use of ground water resolirces will need to be incentivized.

Glaciers in the northwestern Himalayas and in the Karakoram rangé - where
westerly winter winds are the major source of moisture - have remained stable
or even advanced.

On the other hand, most Himalayan glaciers - where a substantial part of the
moisture is supplied by the summer monsoon - have been retreating over the
past century.

Iayas are expected to threaten the stability and 1’|ellatzulityr of nﬂﬁhem Indlas
primarily glacier-fed rivers, paricularly the Indus and the Brahmaputra _The
Ganges will be less dependent on melt water due tﬂ “high annual rainfall duwn~
stream during the monsoon season.

The Indus and Brahmapulra are expected to see increased flows in spﬁng
when the snows melt, with flows reducing subsequently in late apnng and
summer.

Alterations in the flows of the Indus, Ganges, and Brahmaputra rivers could
significantly impact irrigation, affecting the amount of food that can be pro-
duced in their basins as well as the livelihoods of millions of people (209 mil-
lion in the Indus basin, 478 million in the Ganges basin, and 62 million in the
Brahmaputra basin in the year 2005). ' I

1

Major investments in water storage capacity would be needed to benefit from
increased river flows in spring and compensate for lower flows later on.

N

f{

{
Mumbai has the world's largest population exposed to coastal, ﬂoqdmg, with

large parts of the city built on reclaimed land, below the high;tide rn;am Rapid
and unplanned urbanization further increases the risks of sea water Intrusion.

With India close fo the equator, the sub-continent would see much higher‘nsea'
in sea levels than higher latitudes.

Sea-level rise and storm surges would lead to saltwater lnlrusmn_“ln the mﬁgta[
areas, impacting agriculture, degrading ‘groundwater quality, cuntalﬁmanng_-
drinking water, and possibly causing a rise in diarrhoea cases. and chﬁﬂera

-v_'ai

outbreaks, as the cholera bacterium survives longer in sallne water. il

Kolkata and Mumbai, both densely populated cities, are ._[;,E_g_mn_ul_any vulnerable
to the impacts of sea-level rise, tropical cyclones, and riverine flooding.
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What can be done Building codes will need o be strictly enforced and urban planning will need to

Agriculture and food security

What we know
. 2
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What could hap-

pen

¢

s

What can be done

Energy Security
What we know*

pen

What could hap-

prepare for climate-related disasters.
Coastal embankments will need to be built where necessary and Coastal
Regulation Zone cades enforced strictly.

f

. d

Even without climate change, world food prices are expected fo increase dire

to growing populations and rising incomes, as well as a greater demand or ¢

biofuels.

Rice: While overall rice yields have increased, rising temperatures with lower
rainfall at the end of the growing season have caused a significant loss in In-
dia's rice production. Without climate change, average rice yields could have
been almost 6% higher (75 million tons in absolute terms).

Wheat: Recent studies shows that wheat yields peaked in India and Bangla-
desh around 2001 and have not increased since despite increasing fertilizer
appiications. Observations show that extremely high temperatures in northern
India - above 34°C - have had a substantial negative effect on wheat yields,
and rising temperatures can on‘Ly aggravate the situation.

Seasonal water scarcity, rising temperatures, and intrusion of sea water would
threaten crop yields, jeopardizing the country's food security.

Should current trends ‘persist, substantial yield reductions in both rice .and
wheat can be expected in the near and medium term? .

Under 2°C warming by the 2050s, the country may need to import more than
twice the amount of food-grain than would be required withaut climate change.

Crop diversification, more efficient water use, and improved soil management
practices, together with the development of drought-resistant crops can help
reduce some of the negative impacts. !

t

%a. . . cs
Climate-related impacts on water resources can undermipe the two dominant

forms of power generation in India - hydropower and therr‘*rigilllpower generation
- both of which depend on adequate water supplies to function effectively.

To function at full efficiency, thermat power plants need a cdhsta@{i supply of
fresh cool water to maintain their cooling systems. Ty e

The increasing variability and long-term decreases in river flows can pose a
major challenge to hydropower plants ‘arid increase the risk of physical dam-
age from landslides, flash floods, glacial lake outbursts, and other climate-
related natural disasters. )
Decreases in the availability of water and increases in temperalure will pose
major risk factors to thermal power generation. :

What can be done Projects will need to be planned taking into account climatic risks.
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Water Security
What we know Many parts of India are already expetiencing water stress. Even without cli-
mate change, satisfying future demand for water will be a major challenge.
Urbanization, population growth ecanomic development, and increasing de-

mand for water from agnculture and industry are likely to aggravate the situa-
tion further. . - N d

What can be done Improvements in |rr|gat|on systems, water harvestlng technlques -and mare-
efficient agricuttural water management can offset some of thes_e tisks.

Health

What we know Climate change is expected to have major health impacts in lnd1a~ mcre‘aSmg
malnutrition and related heallh gisorders such as child stunting - with the poor
likely to be affected most severely. Child stunting is projected to increase by
35% by 2050 compared to a scenario without climate change.

! Malaria and other vector-bome diseases, along with and diarrheal infections

r : which are a major cause of child mortality, are likely to spread into areas
' where colder temperatures had previously limited transmission.

- Heat waves are likely to result in a very substantial rise in mortality and death,

and injuries from extreme weather events are likely to increase.

i3 o N S

jealth ystemsivﬁﬁ*need&e%e s%?eﬁétgened in Identlﬁéti hotspots

What can be done Improvements in hydro- meteorologmal systems for weather forecastmg and
»  ‘ihe installation of flood warning systems can help people move out of harm's
way before a weather-related disaster strikes. #f

= Building codes will need to be enforced to ensure that hegnes and infrastruc-

' . ture are not at risk. -
i L]

Migrarton and conflict 1, ;;'%

What we know South Asia is a hotspot for the migration of people from disaster-affected or
degraded areas to other national and international regions.

The Indus and the Ganges-Brahmaputra-Meghna Basins are major trans
boundary rivers, and increasing demand for water is already leading to ten-
sions among countries over water sharmg

of chmate refug, éS

What can be done Reglonal cooperatlon on water issues wull‘ 'be needed
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Economic survey 2015-16 listed some growing concerns as:

1. Climate change and emerging scarcities will necessitate a focus on “more for fess", and

hence redressing the currerit system of incentives and subsidies, which encourages using

more inputs such as fertilizer, water, and

the environment.

2. Rapid indusﬁgiafization and climate change are raising the scarcity value of land and wat‘@r,

respectively

INDIA AND UNFCCC

f

s

pawer, to the detriment of soil quality, health and

l

i

As per the Second National Communication (NATCOM) to the UNFCCC in 2012, it wagp projected:,

* The emissions indicate an annual growth of 4.2% from the levels in 1994, Whereas India's
CO2 emissions are only about 4% of total global CO2 emissions and much less if the his-
torical concentrations are taken into account.

* That the annual mean surface air temperature rise by the end of the century ranges from 3.5

cto4.3c.

* The sea level along the Indian coast has been rising at
the rate of about 1.3 mm/year on an average.

* Climate change projections are likely to imgfact human
health, agriculture, water resources, natural ecosys-

tems, and biodiversity.
UPDATE'TO NATCOM

l:rfqia submitted its first Biennial Update Report {BUR)
to the United Nations Framework Convention on Climate
Change {UNFCCC), towards fulfitment of the reporting obliga-

[ WHAT'S NATCOM
| Parties submit their national re-

parts to te UNFCCC secretariat

| In Bonn, Germany, which makes
| them publicly availgble. Following
a request from the COP, the se- |

crefariat synthesizes the most

{ important information from sub-
| mitted national’ communications
| in separate reports for -Annex |-

and non-Annex | Parties, and in

| turn submits these reports to the |

' Subsidiary Bodies and the COP

for consideration.

Five categories :

a) Agriculture,
b) Energy.

| fion under the Conven-

tion. As per the provisions
of the Convention, coun-
tries need to periodically

- provide information in the

form of their National
Communication,

BUR contains national
GHG inventory of India
for the year 2010, pre-
pared in accordance with
the guidelines of Inter-
govemmental Pane!l on

- Climate Change (IPCC).

The inventory covers:

¢} Industrial processes and Product use (IPPU).
d) Land-use, Land-use, Change and Forestry {LULUCF).

221"

i),

- fiinded by <Gicbal ‘Environ- |
ment Facility (GEF) through

2)

BUR has been prepared by |
the Ministry “of ‘Environment,
Forest and Climaté Change |

under its NATCOM' project

UNDP,
Several studies were canied

~ out by 17 national-level insti-

[IRADe) and-other institutions |
. (CH, EESL and"NRSC) in-|
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e} Waste,
Six greenhouse gases :
a} Carbon dioxide (CO2).
b) Hydrofiuorocarbons (HFCs).
C) Methane (CH4). !
d) Nitrous Oxide (N20). y .
e) Perfluorocarbons (PFCs)
f) Sulphur Hexafluoride(SF6)
As per BUR g 4
v' India emitted 2,136.84 million tonnes of CO2 equivalent greenhouse gases in 2010. Energy sec-
tor was the prime contributor to emissions and with 71% of total emissions in 2019.
v' Energy sector includes - electricity production, fuel combustion in industries, transport and fugi-
tive emissions. Industrial processes and product use contributed 8%; agriculture and waste sec-
tors contributed 18% and 3% respectively to the national GHG inventory.

v About 12% of emissions were offset by carbon sink action of forests and croplands, considering

which the national GHG emissions are arrived at a total of 1,884.31 million tonnes of CO2
equivalent.

v india's per capita GHG emission in 2010 was 1 .56’t002 equivalent, which is less than one- third
of the world's per capita emissions and far below than many developed and developing coun-
fries. A reduction of emission intensity of GDP by about 12% between 2005 and 2010 has been
achieved against our voluntary piedge to reduce the emission intensity of its GDP by 20-25 per
cent by'2020, compared with the 2005 level. i

Summary _o_f GHGs ;

BUR has different sections elaborating various aspects on climate change in the country,
such as institutional arrangements to implement the reporting process, national circumstances in
which country is responding to climate change, national greenhouse gas inventory for 2010; initia-
tives of the government to tackle the probiem of climate change along with domipstic arrangements

= lo measure, report and verify these programs. A section on finance, techndlogy and capacity-

*building needs and support received has also been provided.
As per the rules of UNECCC

i,

" BURs are subjected to an international process known as International Conéif;ltﬁtion and Analy-
sis {ICA). It'1s,a"process that includes international scrutiny of BUR in a ménner that is non-
intrusivé, non-punitive and respectful of national sovereignty. All BURs are subjected to ICA
process. ' LA

v Developed countries are required to submit a report known as the Biennial Report (BR), which
is to be submitted every alternate year and is subjected to International Analysis and Review
(IAR). Paris Agreement calls for developing country Parties to submit their first biennial update
reports as soon as possible.

v India had submitted its first national communication in 2004 and second national communication

.In 2012, The UNFCCC in its sixteenth session of conference of Parties (COP) had decided that
the developing countries will submit updates to their national communication on biennial basis in
the form of ‘Biennial Update Report’. The scope of a BUR is to provide an update to the latest
National Commuinication submitted by the country ta the UNFCCC. Accordingly, India’s first
BUR is an update to the Second National Communication. China, world's largest emitter of
greenhouse gases is yet to submit its BUR. i —
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ACTIONS FOR ADAPTATIDN AND MITIGATION:

Ministry of Environment, For,estaridt:ﬁmtemme, |
(Implementing and Executing Agency) ’

-

National Steenng ] —]

Cummlnee{NSC}J‘ S Mt 5
Advisary ee Oft

Lrpert Committee on NAMAS

Mﬁmfommiueeonlm

i

In order to keep
its pace with the global
efforts India has mde
her presence . felt in
shouldering the respon-
sibility of conserving the
environment. [ndia has
alse pledged both at the
natibnal as well as inter-
national platforms to vol-
unteer itself to be a part
of the solution for climate
change  phenomenon.
BUH showcases a range

of cllmate f(iendly meas- .

ures ¥ ifitited through
eight National Missions
under National Action
Plan on Climate Change
and other programs such
as Integrated Power De-
velopment Scheme, Re-
newable Purchase Obli-
gations, enhancement of
cess on coal, Perform
Achieve and Trade
Sﬁcheme and National

-
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Program for LED based lighting. At the nationat level, 137 and at state level 286 palicies and meas-
ures relevant to climate change have been mapped in the report on hon-exhaustive basis.
GOVERNMENTAL SETUP
Prime Minister's Council on Climate Change

The former Prime
Minister, Dr. Manmohan
Singh, had set up a High
Level advisory group on
climate change issues
which included:

1. Government Repre-
sentatives

2. Non-Government
Members.

Functions of council:

e The Council coor-
dinates  National
Action Plans for
assessment, adap-
tation and mitiga-
tion of Climate &%
CHange. mmistry; - -

+ |t Blso advises the Government on proaclive measures that can be taken by India to geal
vgj}h the challenge of Climate Change.

« It will also facilitate inter-ministerial coordination and guide policy in relevant areas.
Twelfth Five-Year Plan and Climate Change

The, Government has a domestic mitigation goal of reducing emissions Intensity of Gross
Domestic Product (GDP) by 20-25% by 2020 in comparison with 2005 level. The energy intensity of
india’s output has shown a declining trend owing to Improvements in energy efficiency, autonomous
technological changes and economical use of energy. This domestic goal and the abjectives of the
National Actiort Plan on Climate Change are proposed to be achieved through a sustainable devel-
opment strategy under the Twelith Five-Year Plan. Several thrust areas have#peen identified-in the
Twelfth Hve#eq:‘PIan for this purpose and a coordinated initiative to identify Nationally Appropriate
Mitigatiori"Actions and implement them towards this end will be taken during the FJan period. At the
initiative of the Ministry, Planning Commission has recognized Climate Change as a fngjor area of
environmental intervention. teow

Climate Change Action Programme {CCAP) - a new thematic/umbrella Scheme has been
approved by the Planning Commission for implementation during the 12th Five year Plan. The
scheme aims at advancing scientific research, information and assessment of the phenomenon of
Climate Change, building an institutional and analytical capacity for research and studies in the
area of Climate Change, and supporting domestic actions to address Climate Change through spe-
cific programmes and actions at the national and state level. The scheme comprises of eight activi-
ties, of which, three relate to scientific studies on Climate Change, two to institution and capacity
building and three others to domestic and international actions
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MINISTRY OF ENVIRONMENT, FOREST AND CLIMATE CHANGE:

Taking into account the contemporary trends related to issues pertaining to climate change
the term “Climate Change" has been added to the Ministry changing its nomenclature to “Ministry of

Environment, Forest and Climate Change”
(MoEFCC).

The Ministry is the nodal agency for
1. The United Nations - environment pro-

f

\®

gramme (UNEP).

2. South Asia co-operative environment
programme (SACEP).  H

3. International centre for integrated Moun- CIIn!qie
tain development {ICIMOD). Acticon

" 4, The United Nations conference on envi-

ronment and Development (UNCED).
The Ministry also coordinates, on matters
pertaining to environment, with bodies such as the
a) Multilateral

1. Commission on Sustainable Devel-
opment (CSD),
2. Globat Environment Facility (GEF)

Planning .
b} . Regional

- ¢ 1. Economic and Social Council for Asia and Pacific (ESCAFP) and
'2. South Asian Association for Regional Cooperation (SAARC)
Key Fociises

1. Water: The National Water Policy (2002) stresses that non-conventional methods for utili-
zation of water, including inter-basin transfers, artificial recharge of groundwater, and de-
salifation of brackish or sea water, as well as traditional water conservation practices like
rainwater harvesting, including roof-top rainwater harvesting, should/ be practised to in-
crease the utilizable water resources. )

2. Health:The prime objective present of health pregrammes is the surveillance and control of
vector borne diseases such as Malaria, Kala-azar, Japanese Encephqjlis, Filaria and Den-
gue. ... / Ii,.

3. Forestry?! Forest Conservation Act of 1980, which aimed at stopping ttle cleanng and deg-
radation of forests through a strict, centralized control of the rights to use forest land and
mandatory requirements of compensatory afforestation in case of any "diverion of forest
land for any non-forestry purpose. An aggressive afforestation and sustainable forest man-
agement program, resulted in annual reforestation of 1.78 mha during 1985-1997, and is
currently 1.1 mha annually.

4. Disaster Management: The National Disaster Management programme provides grants-in-
aid to victims of weather related disasters, and manages disaster relief operations. It also
supports proactive disaster prevention programmes, including dissemination of information
and training of disaster-management staff. Programmes also provide for emergency medical
relief in the case of natural calamities, and to train and develop human resources for these
tasks.
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5. Coastal Regions: in coastal regions, restrictions have been imposed in the area between
200m and 500m of the HTL (high tide line} [3 special restrictions have been imposed in the

area up to 200m to protect the sensitive coastal ecosystems and prevent their exploitation.
6. Agriculture: Two risk-financing programs support adaptation fo climate impacts. The Crop
[nsurance Scheme- supports the insurance of farmers against climate risks, and the Credit
Suppo}rwlechanism- facilitates the exténsion of credit to farmers, especially for crop failure

due to ¢limate variability _
INDIA’'S STR

EGY FOR ADDRESSING CLIMATE CHANGE’

Provide state policyfaction — ., 1. State level line ministries
plan as perstate 2, Respedive departments
‘ requirement under the
guidelines of NAPCC

i Jor: s AL et eriom S TR D AU
| T ARk

i 1. P{@ﬁd&iﬁtﬂ{:ﬁﬂ@f

: w action for adaptation to

- o e
- 2. Addresslocal ceates

, : while developing

i adaptation plan/action

National Environment Policy National Environment Policy, 2006

It outlines essential elements of India’s response to Climate Change:

* Adherence to principle of common but differentiated responsibility and respective capabili-
ties of different countries.

* Identification of key vulnerabilities of India to Climate Change, in particular impacts on water
resources, forests, coastal areas, agriculture and health. :
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Industry to participate in the Clean Development Mechanism {CDM).
National Action Plan on Climate Change (NAPCC)

running through 2007 and directed
Ministries to submit detailed implemen-
tation plans to the Prime Minister's
Council on Climate Change by De-
cember 2008.

Emphasizing the overriding pri-
ority of maintaining high economic
growth rates to raise living standards,
the plan “identified measures that pro-
mote our development objectives while
also yielding co-benefits for addressing
climate change effectively.” It asserted
that these national measures would be
more successiul with assistance from
developed countries, and pledged that
India’s per capita greenhouse gas
emissions “Wifl at no point exceed that
of developed countries even as we
pursue our development objectives.”

National Missions
1. National Solar Mission:

~ tions. The plan includes:

commercial establishments:
» Agoal of increasing production of photovoltaics to 1000 MW/year: and ?': !

government funding and international support.

2022 from 2015
2. National Mission for Enhanced Energy Efficiency:

ergy Conservation Act 2001, the ptan recommends:

with a system for companies to trade energy-savings certificates:
> Energy incentives, including reduced taxes on energy-efficient appliances; and

228 R
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* Assessment of the need for adaptation to Climate Change and encouragement to the Indian

On June 30, 2008, the then Prime Minister Manmohan Singh released india’s first National
Action Plan on Climate Change (NAPCC) outlinjng existing and future policies and programs ad-
dressing climate mitigation and adaptation. The plan identified eight core “national -missions".

The NAPCC aims to promote the development and use of solar energy for power generation
and other uses with the ultimate objective of making solar competitive with fossit-based energy op-
¥

> Speclfic goals for increasing use of solar thermal technologies in urban areas, industry, and
> A goal of debloying at least 1000 MW of solar thermal power generation ‘Other objectives
’include the establishment of a solar research centre, increased international ctﬁllat_igration on

technology development, strengthening of domestic manufacturing capacity, andkiricreased

» The country's National solar Mission is being scaled up five-fold to 1,00,000 megawaits by

Current initiatives are expected to yield savings of 10,000 MW by 2012. Building on the En-

» Mandating specific energy consumption decreases in large energy-consuming industries,
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> Financing for public-private partnerships to reduce energy consumption through demand-
side management programs in the municipal, buildings and agricultural sectors.
3. National Mission on Sustainable Habitat :
To promote energy efficiency as a core component of urban planning, the plan calls for:
» Extending the existing E-nérgy Consegvation Building Code; .
> A greater emphasis on urban waste management and recycling, incluc{ng power production
from waste; ) ¢
> Strengthening the. enforcement of automotive fuel economy standards and using priéing ;
measures to encourage the purchase of efficient vehicles; and

» Incentives for the use of public transportation.
4. National Water Mission :

With water scarcity projected to worsen as a result of climate change, the plan sets a goal of
a 20% improvement in water use efficiency through pricing and other measures.

5. National Mission for Sustaining the Himalayan Ecosystem :

The plan aims to conserve biodiversity, forest cover, and other ecological values in the Hi-
malayan region, where glaciers that are a major source of india's water supply are projected to re-
cede as a result of global warming.

6. National Mission for a “Green India” : i

Goals include the afforestation of 6 million hectares of degraded forest lands and expanding
forest cover from 23% to 33% of India’'s territory.

National Seabuckthorn Initiative

The Ministry of Environment & Forests and the Defence Research and Development Or-
ganisation have jointly launched a major new national initiative for seabuckthorn cultivation in the
high altitude, cold desert ecosystems of the country. Seabuckthorn (local name in Ladakh: Tsema-
rang; Himachal Pradesh: Chharma; Uttarakhand: Ames/Chuk; NE region: Tare/Taroobo has multi-
purpose medicinal and nutritional properties, besides being useful for soil conservation and nitrogen
fixation (s¢e below) but has for long been considered a humble shrub of the-Himalayas. This work-
shop brought together for the first time various stakeholders under one platform to discuss strate-
gies for cultivation and commercialisation of seabuckthorn. This will not only benefit the local com-
munity secure,livelihoods but will ensure conservation of the fragile ecosystem in the high alfitudes.
It is noteworthy that India currently has only 11,500 ha under seabuckthorn cutivation, compared to
1.1 miflion ha in China, 30,000 ha in Mongolia and 47,000 ha in Russia. A Leh Declaration was
adopted gt the donclusion of the workshop, and the following important decisichs were taken:

> A National Seabuckthorn tnitiative was established. This was based on a chnsortium ap-

proach, bringing together the existing work being done by various agerfciedincluding DI-

HAR, ICFRE, CSIR, ICAR, DBT, the National Horticulture Board and the National Medicinal

Plants Board. Specific, complementary ‘work programmes’ was identified for each institute,

$o that there is an integrated programme and no duplication of work.

» An overarching national objective of the initiative was to bring one miliion hectares of land

area under seabuckthorn cultivation by the year 2020.

> An Action Plan was prepared over the next 2 months, under the leadership of DIHAR and

Ministry of Environment & Forests (MoEF). A website to facilitate collaboration was {aunched

within 30 days.

» An initial allocation of Rs. 25 crores was made for the initiative in 2011 for initial preparatary
work, awareness and pilot programmes.
229 k
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An initial pilot was launched in five districts: Leh and Kargilin J&K, Lahaul Spiti and Kinnaur
in Himachal Pradesh and Chamoli in Uttarakhand. Riverbanks and hill slopes was prioritised
for cuttivation. .

Engaging the private sector, especially in the commercialisation of seabuckthorn products,
through public-private partnership, was a key focus of the Initiative.

Eco Task Force Battalions were mobiliséd for plantation of seabuckthorn in remote areas. A
Meeting was convened with the Ter:gorial Army to discuss modalities in the near future. 4

Women's Self-Help Groups will alsd be mobilised to scale up the Initiative in the focus ar
eas. : b
Programme for international cooperation on seabuckthom R&D was initiated under the Ini-
tiative. This could include collaboration on research and cultivation with China, Mongolia,
Russia and Pakistan and collaboration on processing and commercialisation with Germany
and Finland. The recent regional collaboration project involving India, China and Nepal for
the Mt. Kailash Landscape, initiated by ICIMOD, could serve as a model for this partnership.
A Sub-Mission on Cold Desert Ecosystems was established under the Green (ndia Mis-
sion, a key Mission under India's National Action Plan on Climate Change. This Sub-
Misslon includes the National Seabuckthorn Initiative .

About Seabuckthorn

in Jammu & Kashmir, Himachal Pradesh, Uttatrakhand,
Sikkim and Arunkchal Pradesh. Seabuckthorn not only
provides nourishment but has multipurpose value. This is fo i
indeed the golden berry, with every part of the plant 8 e
(twig, leaf, root, and thorn} being traditionally used as medicine, nutrition

<X _-.-_frx.-h,- hGg __ widely in the Him

Seabuckthorn — popularly known as Leh berry, is indigenous to the high altitudes and grows

and cold WENED i
desert of [ESSIES .
the Hima- [SESS

layas is an
¥ ideal place
for the Se-
abuckthorn
to flourish,
and as
such Se-
abuckthorn
is found
extensively i

and fence shrub. Being a nitrogen fixing deciduous plant, it ean be used for commercial purposes
and well as for environment protection especially through afforestation. Since this is the only plant

that can grow in high altitude regions it can be easily used for water and soil conservation. With cli-
mate variations on the increase, it was of importance to conserve this species that can aid in cli-
fate change mitigation and provide livelihoods support thereby reducing pressures on the ecosys-
tem. Seabuckthorn is the ideal plant for desertification control. There are 6 species and 12 subspe-
ties nalive over a wide area of Europe and Asia, including China, Mongolia, India, Nepal, Pakistan,
Russia, Great Britain, France, Denmark, Netherlands, Germany, Poland, Finland, Sweden and
Norway. In India, it is distributed in Ladakh region of Jammu & Kashmir; Kukumsari, Lahaul, Kaza
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and Tabo in Himachal Pradesh; and Nathula in Sikkim. It has silvery deciduous leaves and colourful
red, orange or yellow berries that remain on the shrub most of the winter. The plant is hardy and
usually cold tolerant. It can withstand extreme temperatures from -43°C to +40°C and considered to
be drought resistant. The shrub develops extensive root system having ability to fix atmospheric
nitrogen. it is therefore an ideal plant for environmental conservation, soit erosion control, land rec-
lamation, wildlife habitat enhancement, and farm stand protection. Every part of the plant viz. fruit,
leaf, twig, root and thorn has been traditionally used as medicine, nutritional supplement, fuel and
fence, and therefore, seabucktfiorn is popularly known as 'Wonder Plant', ‘Ladakh Gold’, ‘Golden
Bush® or ‘Gold Mine'. ;ﬁ
7. National Mission for Sustainable Agriculture :

The plan aims to support climate adaptation in agriculture through the -devel‘épm'ent of cli-
mate-resilient crops, expansion of weather insurance mechanisms, and agricuitural practices.

8. National Mission on Strategic Knowledge for Climate Change :

To gain a better understanding of climate science, impacts and challenges, the plan envi-
sions a new Climate Science Research Fund, improved climate modelling, and increased interna-
tional collaboration. It also encourages private sector initiatives to develop adaptation and mitigation
technologies through venture capital funds.

Government of India has introduced ninth mission under NAPCC. This new mission is
called as National Bio-energy Mission. ‘

9. National Bio-energy Mission:

It is being developed to push sustainable development of the renewable energy sector, The
Bio Enexgy Mission will:

1. Aim at improving energy efficiency in traditional biomass consuming industries. -~ .
2. Seek to develop a bio-energy city project.
3. PBrovide logistics support to biomass processing units.

4. It will also propose a GIS-based National Biomass Resource Atlas to map potential biomass
regions in the country.

INDIA’S fNDC OBJECTIVES ,
1. Reduce emission intensity by 33 to 35 per cent by 2030 compared to 2005 levels
> Intradyce ngw, more efficient and cleaner technologies in thermal power generation

> Reducing emissions from transportation sector "
& P'romotc'amenergy efficiency, mainly in industry, transportation, buildings‘,{and appliances
» Bevelop climate resilient infrastructure L S

*

> Pursue Zero Effect, Zero Defect policy under Make in India programmes ,; g

2. Produce 40 per cent of electricity from non-fossil fuel based energy resources by 2030, if
international community helps with technology transfer and low cost finance.

> Install 175 GW of solar, wind and biomass electricity by 2022, and scale up further in follow-
ing years

> Aggressively pursue development of hydropower
» Achieve the target of 63 GW of installed nuclear power capacity by 2032

3. Create an additional carbon sink of 2.5 to 3 billion tonnes of carbon dioxide equivalent by
2030 through additional forest and tree cover,

» Fullimplementation of Green India Mission and other programmes of afforestation
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» Develop 140,000 km long tree line on both sides of national highways

4. Develop robust adaptation strategies for agriculture, water and health sectors
» Redesign National Water Mission and National Mission on Sustainable Agriculture
» Aclive implementation of ongolng programmes like Nationat Initiative on Climate Resilient
Agriculture, setting up of 100 mobile soil-testing laboratories, distribution of soil health cards
to farmers.

Additional impetus on watershed development through Neéranchal scheme d

Early formulation and implementation of National Health Mission

Complete Integrated Coastal Zone Management plan. Mapping and demarcation’’of coastal
hazard lines ’

Money Mattets

% At least USD 2.5 trillion (at current prices) required between now and 2030 to implement all
planned actions. USD 206 miflion required for adaptation actions. Much more needed for
strengthening resilience and disaster management.

% About USD 834 billion, at 2011 prices, required for mitigation actions till 2030.A total of INR

Y Vv VW V¥V

170.84 billion collected through . oo cess on
coal production. Being used for RIS funding
clean  energy i . National Adaptation Fund for Climate Change @
projects ObIECtWES ' (NAFCC) by Governiment of India )

National ' Adaptation
Fund has been cre-
ated with initial alloca-

Funding concrete adaptation projectsfprograntmes aligned with the relevant
tion of R&3500 million Missions ender NﬁPCC and thie SAPCCs in agricufture, horticulture, agl’?-fotestr\f, ;
: . environment, allied activities, water, foresiry, urban, coastat and fow-fing system,
» Tax free infrastruc- | , . . .
fure bonds of N -dns-astecmmgefmnr,hmnhea&h,mnnesyﬂem,twusm,habﬁatsectorand
50 billign belng in- olhes rural livelibiood sectorsto address dimate change related issues.
troduced for fund- ° Preparingand updating dimate scenasio, assessing vdnembi&ityand climate impact
ing renewable en-  sessment 1
ergy projects. Capadtvwikingofuariousstakglwldwmdmteduﬂgeadaptaﬁmandpmiect .
cyde management and developing knovdedge network

-

L3

-

) _ . Mastreaming the approadies/ learnings from project/progfémme implementation
P ] theough knowledge Management i
The Indian Network for Climate Change Assessment (INCCA) 4

Ty
The Minister for Environment and Forests on October 14, 2009 announc'ed’ theMlaunch of the

Indian Network for Climate Change Assessment (INCCA), which has been conceptualized as a
Network-based Scientific Programme designed fo:

Assess the drivers and implications of climate change through scientific research
Prepare climate change assessments once every two years

Develop decision support systems :

Build capacity towards management of climate change rfalated risks and opportunities.

INCAA has been launched to have an independent body of indian scientists who could “pre-
pare scientific reports at the domestic leve! about the impact of climate change on various sectors,

v ¥V ¥ ¥
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which can give a real picture and infiuence the world debate.” Reports prepared by the INCAA will
form a part of India’s National Communication {Nat Com} fo UNFCCC.
INCCA - First Assessment ‘India: Greenhouse Gas Emission 2007*

This Report, being brought out by the Indian Network of Climate Change Assessmént
(INCCA), provides updated: information on 4ndia’s Greenhouse Gas Emissions for the year 2007.
Hitherto, the only official emissions estimates available were for the year 1994, This was very in-

adequate. )
INCCA - Second Assessment ““Climate Change and India: A 4X4 Assessment A sectorai{and B
regtonal analysis for 2030s’ - .

This report provides an assessment of impact of climate change in 2030s oﬁfour key sec-
tors of the Indian economy, namely Agriculture, Water, Natural Ecosystems & Biodiversity and
Health in four climate sensitive regions of India, namely the Himalayan region, the Western Ghats,
the Coastal Area and the North-East Region. It was for the first time that such a comprehensive,
P long term assessment had been undertaken based on rigorous scientific analysis. The 4 region, 4

sectors assessment in short has been referred fo as a 4x4 assessment,

i India and REDD & REDD+

India believes REDD needs to be seen in the broader context of REDD+, not in isolation or
in a truncated form since reduction of deforestation, and conservation and improvement of forests
are two sides of the same coin, and so should be tfeated at par.

# Fairness requires that a unit of carbon saved by checking deforestation should be treated
Ehe same as a unit of carbon added due to conservation and afforestation measures. In es-
sence, India has been insisting on following a [AE Srasi Pa
®omprehensive and holistic approach in realiz-
- ing the full potential of mitigation in forestry sec-
“tor.
> India’s stand was finally accepted in 13th Meet-
ing of the Conference of the Parties (COP 13)
afBali when elements of conservation, sustain-
- able management of forests and enhancement
of forest carbon stocks were added to the then
existing text of reducing deforestation and for-
est degradation as part of Bali Action Plan.
India..stands to gain a lot from a global REDD+
mechanism. It has specifically apened the possibilities
¥ for the country to expect compensation for its pro-
conservation approach and sustainable management
of forests resulting in even further increase of forest
cover and thereby its forest carbon stocks.

India is playing a positive role and has taken a
firm stance in favour of a comprehensive REDD+ ap-
proach. It has presented an ambitious Green India
"Mission programme under its National Action Plan on
Climate Change. India is underlying the following initia-
tives related to REDDa-. .

» India has made a submission to UNFCCC on

"REDD, Sustainable Management of Forest (SMF)
y 247
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and Afforestation and Reforestation (A&R)" in December 2008

1

monitor contribution of REDD+ actions
> A National REDD+ Coordinating Agency is being established
> A National Forest Carbon Accounting Prograrﬁme is being inslitutionalized
National Initiative-on Climate Resitient Agriculture (NICRA} -

It is a network
project of the Indian
Council —of Agricultural
Research {ICAR)
launched in February
2011. The project aims to
enhance resilience of
indian agriculture to cli-
mate change and climate
vulnerability through stra-
tegic research and tech-
nology  demonstration.
The research on adapta-
tion and mitigation covers
crops, livestock, fisheries
and natural resource
management. The pro-
ject consists of four com-
ponents “viz. Strategic
Research, Technology
Demonstration, Capacity
Building and  Spon-
sored/Competitive

R

s Toenhance resilience of indlan

climatic variabifity and climate change

+ To demonstrate site spedfic technology packages on farmers” fields to cope with

current dimatic variabiity

* To enhance the capacity of sdentists, fanmers and other stakeholders in dimate

wture (including crops, |

reslient agricuttural research and awareness of "@P_ap_tﬁ \

v * - *

Grants. NICRA was launched in Xl plan with following objectives:

» Critical assessment of different crops/zones in the country for vulnerability to climatic
stresses and extreme events, in particular, intra seasonal variability of raj‘nfall.

> Installation.of the state-of-the-art equipment like flux towers for meégu'rement of green
‘hoyse gases in large field areas to understand the impact of managerfent practices and

contribute data on emissions as national responsibility.

> Rapid and large scale screening of crop germplasm including wild relativésdor é?ﬁught and

PROGRAM AREAS
Rainded crop produchon systems
Trzated crop production systems
Honicoltural production systems

Sudl, water and notrient nunagenent

Manitoring of GHGs

* Resource use efficiency in agricolluce
Impeoved mzachinery (or adapiation and

miligation
Livestock and Dairy sector
Fishenes including Aquacaliure

-,

i
1

L

R

» A Technical Group has been set up to develop methodologies and procedures to assess and

westock and fisherkés} to

L3

¢

Al
—

heat tolerance through phenomics platforms for quick identification of promising lines and
early development and release of heat/drought tolerant varieties.

» Comprehensive field evaluation of new and emerging approaches of paddy cultivation like

aerobic rice and SR for their contribution to reduce the GHG emissions and water saving.

> Special attention to livestock and fishery sectors including aquaculture which have not re-
ceived enough attention in climate change research in the past. In particular, the documen-
tation of adaptive traits in indigenous breeds is the most useful step.
» Thoreugh understanding of crop-pest/pathogen relationship and emergence of new biotypes
due to climate change.
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» Simultaneous up-scaling of the outputs both through KVKs and the National Mission on Sus-
tainable Agriculture for wider adoption by the farmers
Energy Conservation Building Code (ECBC)

The Energy Conservation Building Code (ECBC) was launched by Ministry of Power, Gov-
ernment of india in May 2007, as a first steyf towards promoting energy efficiency in the building
sector. It is estimated that the nationwide mandatory enforcement of the Gode will yield consigbr-
able annual energy savings. This, coupled with the fast growing building sector, is fikely to result in
a big leap towards achieving nation's energy efficiency goals. | L
Objectives ) »

> Provide technical support to BEE to implement the ECBC in a rigorous manner
> Develop reference material and documentation to support the Code
> Deveiop ECBC Training material for workshops and training programs
> Develop a road map for ECBC implementation
Green Building

Green bullding is the practice of creating structures and using processes that are environ-
mentally responsible and resource-efficient throughout a building’s life-cycle from siting to design,
construction, operation, maintenance, renovation 3nd deconstruction. This practice expands and
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complements the classical building design concerns of economy, utility, durability, and somise,
Green building is also known as a sustainable or high performance building. Green bullo iz =
designed to reduce the overall impact of the built environment on human heafth and the naw o ere-
vironment by:

+ Efficiently using energy, water, and other fesources

» Protecting occupant health improving employee productivity

+ HAeducing waste, pollution a:renvironmental degradation
GRIHA (Green Rating for Iniegratéd Habitat Assessment) '

GRIHA is an acronym for Green Rating for Integrated Habita® Asseseimert. Grikb e Car-
skrit word meaning — ‘Abode’. Human Habitats (buildings) interact with the environment i vaious
ways. GRIHA attempts to minimize a building's resource consumption, waste genesaticn. gnd cvar- R
all ecological impact to within certain nationally acceptable limits / benchmarks.

GRIHA is a rating tool that helps people assesses the performance of their building agais!
certain nationally acceptable benchmarks. It evaluates the environmental performance ¢f a wuiding
holistically over its entire life cycle, thereby providing a definitive standard for what consitules. &
‘green building’. The rating system, based on accepted energy and environmental prinoipies. v
seek to strike a balance between the established practices and emerging concepts. tolh natos sy
and international. ¢
SVAGRIHA (Small Versatile Affordable GRIHA) i

It was jointly developed by GRIHA Council and TERL SVAGRIHS ig & signica, ¢ w
fied, faster, easier and more affordable rating system and will evenmaity funstion ac & de o -
rating took 1t was required that attention be paid to smaller buildings in India waes LOIRY
small individual environmental footprints but their cumulative effest is fai bigger = nis Tpges, 2
been dedigned as an extension of GRIHA and has been specifically devaioner o el
built-up area less than 2500 sq. mir.

BSE-GREENEX
it ie' India's first carbon-efficient live index developed by the BSE in cotatoras. - 577
Ahmedabad. BSE-Greenex measures the performances of companies in t@ins o v anr

sions. The index will target socially-aware investors. There are may invesios vallioo tu po 2 fiis
mium for green,investments in companies to get better retums. Ko points:
3 The top-ranking companies from each sector like power, a9l CET:’#Ei’!;; f TR ETe o (I
. new index-ealled BSE-GREENEX " -
1y Gféenex'has 20 companies from the broader BSE 100 index that mdh oo Bl ity
norms, allowing investors to derive benefit from the refatec cost savinas. A g
gTrade Carbon Ex Ratings Services Private Limited (gTrade} is 2 comdar ¥ ) L Al
which has co-developed the BSE-GREENEX index in close associaiian Wi BE
> The company with the biggest weightage in this index is 'ata Steei o L = e
Bank, State Bank of India, HDFC, Sun Pharma and BHEL are the ailuzr SiL =it
of the Index
The index will allow investors to track companies that inves ir: sne&g’ =
Investors can invest in a mutual fund that invests in comipane: thal (b

The Greenex will allow asset managers to create products iu hely T1v= et B
in green enterprises.

v
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CHAPTER - 13
W_AST.E MANAGEMENT

DEFINITION y

"Material discharged to, deposited in, or emit-
ted to an environment in such amount or manner that
causes a harmful change”,

Waste includes all items that people no longer FASEasts
have any use for, which they either infend to get rid of
or have already discarded. Additionally, wastes are such items which people are requrre to discard,
for example by lay because of their hazardous properties. Many items can be considered as waste
e.g., household rubbish, sewage sludge, wastes from manufacturing activities, packaging items,
discarded cars, ald televisions, garden waste, old paint containers etc. Thus, all our daily activities
can give rise to a large variety of different wastes arising from different sources.

TYPES OF WASTES
1. Municipal Waste {including Household and Commercial) —

» Municipal waste is generated by households, commercial _ : — a
activities and other sources whose activities age similar to | Garbage: the four broad catego-

those of households and commercial enterprises. ries [
T & 1. Organic  waste: Kitchen

* Municipal waste is made up to residual waste, bulky waste, vegetables, flowers,
waste, secondary materials from separate collection, leaves. fruits.
household hazardous waste, street sweepings and litier | 2. Toxic waste: old medicines,
collections. It is made up of materials such as paper, paints, chemicals, bulbs,
catdboard, metals, textiles, organics (food and garden spray cans, fertilizer and
waste) and wood. , peahclda containers, batter-

2. Hazardous waste - | les,shoepolish. — =

. . : , -glass,
Indutrial and hospital waste is considered hazardous as & ;eeg{cﬁg;:sﬂ ciape_r 3

they may contain toxic substances. Certain types of | , Sogledﬂ' ita waste such
-household waste are also hazardous. as cloth suiled with blood *

Hazardotis wastes could"be highly toxic to humans, ani-
mals, and plants; are corrosive, highly inflammable, or explosive; andjyeact when exposed 1o
scertaln thmgs €.g. gases. 7!

Household wastes that can be categonzed as hazardous waste include old, pattenes shoe pol-
ish, paint tins, old medicines, and medicine bottles. 1y ;’-ﬂ

Hospital waste contaminated by chemicals used in hospitals is considered hazardous. These
chemicals include formaldehyde and phenols, which are used as disinfectants, and mercury,
which is used in thermometers or equipment that measure blood pressure.
In the industrial sector, the major generators of hazardous waste are the metal, chemical, paper,
pesticide, dye, refining, and rubber goods industries.

. Hospital waste -

» Hospital waste is generated during the diagnosis, treatment, or immunization of human beings

or animals or in research activities in these fields or in the production or testing of biologicai
* It may include wastes like sharps, soiled waste, disposables, anatomical waste, cuitures, dis-
carded medicines, chemical-wastes, efc

(9]
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. . . . /
* These are in the form of disposable syringes, swabs, bandages, body fluids, human excreta,
etc. .
4. E-waste - Electrical and efectronic equipment contain different hazardous materials which are
harmful to human health and the environment if not disposed of carefully. While some naturally oc-
curring substances are harmless in nature, their use in the manufacture of electronic equipment of-
ten results in compounds which ate hazardous. The following list gives a selection of the mostly

-

found toxic substances in e-waste.

i
f
i
1

: - {
: o e . i
Substance QOCCUI‘I‘EITCE in Health Effects
‘e-waste
( Ha[OgenaTéaAcompo'iﬂia;_m o - TS T ke

i e e P =1 =

\‘i Polychlorinated biphenyls (PCBs) are a class of organic!
! compounds use in a variety of applications, including dielec-
] tric Hluids for capacitors and transformers, heat transfer flu-:
ids and as additives in adhesives and plastics. PCBs have |
ibeen shown to cause cancer in animals. PCBs have also !
been shown to cause a number of serious non-cancer:
health effects in animals, including effects on the immune :
lsystem, reproductive system, nervous system, endoctine !
system and othbr health effects. PCBs are persistent con- .
| taminants in the environment. Due to the high lipid solubility ,
land slow metabolism rate of these chemicals, PCBs accu- -

'PCB (polychlori- ICondensers,
nated biphenyls) [Transformers
|

' mulate in the fat-rich tissues of almost all organisms (bioac-
‘ cumulation). 5
< Dioxins and furans are a family of chemicals comprising 75

different types of dioxin compounds and 135 related com-

. ipounds known as furans. Dioxins is taken to mean the fam-
ily of compounds comprising polychiorinated dibenzo-p-

¢ dioxins {(PCDDs) and polychlorinated ~ dibenzofurans
{PCDFs). Dioxins have never been intfntionally manu-

iDioxing,. - - factured, but form as unwanted by-products in the «
SRR S manufacture of substances like some pesticides as well

ias during combustion. Dioxins are kngwn to be highly

,‘ '* Y itoxic to animals and humans because theybio-accumulate
_— v 1 in the body and can lead to malformations-"-tgf the foetus, de--

creased reproduction and growth rates and"baugg impair--
" ‘ment of the Immune system among other things. "

TBBA (tetra-iFire  retardants ‘The 3 main types of BFRS used in electronic and electrical
bromo-bisphenol-  ar plastics ‘appliances are Poly-brominated biphenyl (PBB), Poly-
A) (thermoplastic  ‘brominated  diphenyl ether (PBDE) and Tetra-
PBB (poly- ‘components, ~ bromobisphenol - A (TBBPA). Flame retardants make mate-
brominated bi- icable insulation) rials, especially plastic; gnd textiles, more flame resistant.
phenyls) . TBBA s pres- They have been found in indoor dust and air through migra-

tion and evaporation from plastics. Combustion of halo-
genated case materiat and printed wiring boards at lower
temperatures releases toxic emissions including dioxins

PBDE {poly- ently ihe most
brominated di- ‘widely used
phenylethers)  flame retardant
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in printed witing wh 1which can lead to severe hormonal disorders
;boards and cas-i
gngs

L
i

{cFe)

 PVC

(polyvinyl chloride) |
s !
|

‘Heavy metals and other metals

]

Arsaqic

‘Barium

‘Beryllium

‘Cadmium

Chlorofluorocarbon {Cooling unit, In- out because when released into the atmosphere, they, ac-

Chlorpﬂuorocarbons are compounds composed of carbon,
fluorine, chlorine, and sometimes hydregen. Used mainly in
icooling units and insulation foam, they have been phased

sulation foam  cumulate in the stratosphere and have a deleterious aiffectd
~ ion the ozone layer. This resulls in lncreased incidence of
lskm cancer in humans and in genetic damage in many or-

gamsms

;Po]yvmyl “chloride (PVC} is the most widely-used plastic,
lused in everyday electronics and appliances, household
litems, pipes, upholstery etc. PVC is hazardous because
icontains up to 56 percent chiorine which when burned pro-
iduces large quantities of hydrogen chloride gas, which
(combmes with water to form hydrochloric acid and is dan-
! fgerous be’cause when inhaled, leads to respiratory prob-
; Iems

{Cable insulation

Smali quantlt[es ‘Arsenic is a po:sonous metallic element which is present in
in the form of 'dust and soluble substances. Chronic exposure to drsenic
galhum arsenide ican lead to various diseases of the skin and decrease nerve
within light emit- ‘conduction velocity. Chronic exposure to arsenic can also
tting diodes ’cause lung cancer and can often be fatal.

| Barium is a metallic element that is used in sparkplugs, fluo-
' Irescent lamps and "getters" in VaCUUm tubes. Being highly
{

e cpT  Unstable in the pure form, it forms pdisonous oxides when in
Getters in CRT contact with air. Short-term exposure to barium could lead to
jbram swelling, muscle weakness, dﬁnage to the heart, liver |

:and spleen.

¥

Beryllium has recently been cla53|f|7eéLQ§ a human carcino-{
Jgen because exposure to it can causc luitg cancer. The
primary heaith concern is inhalation of Beryfium dust, fume
or mist. Workers who are constantly exposed to beryllium,
«even in small amounts, and who become sensitised to it can
‘develop what is known as Chronic Beryllium Disease (beryl-
licosis), a disease which primarily affects the lungs. Expo-
sure to beryllium also causes a form of skin disease that is
ccharacterised by poor wound healing and wart-like bumps.

iPower  supply
boxes which :
f_contain silicon |
ccontrolled rectifi-
‘ers and x-ray:
Ienses

-

Rechargeable ICadmium components may have serious impacts on the
Ni-Cd batteries, kidneys. Gadmium is adsorbed through respiration but is
'fluorescet layer ‘also taken up with food. Due to the tong half-life in the body,
[CRT screens), cadmium can easily be aceumulated in amounts that carse
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pnnter inks and ‘symptoms of poisoning. Cadmium shows a danger of cumu-
toners,  photo- lative effects in the environment due to its acute and chronic

icopying-
imachines
(printer drums)

|

foxicity. Acute exposure to cadmium fumes causes flu-like
symptoms of weakness, fever, headache, chills, sweating
‘and muscylar pain. The primary health risks of long term

.exposure are lung cancer and kidney damage. Cadmium |
~ ialso is believed to cause pulmonary emphysema and bone#

}disease (osteomalacia and osteoporosis)

Chromium Vi

A
1

»

|

floppy-disks

'Data tapes,

IChromium and its oxides are widely used because of their}

high conductivity and anti-corrosive properties. WHlile some

forms of chromium are non-toxic, Chromium (V1) is easily -

absorbed in the human body and can produce various toxic
effects within cells. Most chromium (V1) compounds are irri-
tating fo eyes, skin and mucous membranes. Chrohic expo-
sure to chromium (VI) compounds can cause permanent
eye injury, unless properly treated. Chromium VI may also|
cause DNA damage

iCRT  screens,

_battenes printed |

wiring boards

Lithium

il__L_i_—batts_amr'iés

[Fluorescent

Lead is the fifth most widely used metal after iron, alumin-
ium, copper arfd zinc. It is commonly used in the electrical
iand electronics industry in solder, lead-acid batteries, elec-
tronic components, cable sheathing, in the glass of CRTs
etc. Short-term exposure to high levels of lead can cause!
vomiting, diarrhoea, convilsions, coma or even death. Other
symptoms are appetite loss, abdominal pain, constipation,!
fatigue, sleeplessness, irritability and headache. Continued |
lexcessive exposure, as in an industrial selting, can affect
Ithe kidneys. It is particularly dangerous for young children
‘because it can damage nhervous connectlons and cause.
blood and brain disorders

iMercury is one of the most toxic Yet qu?iy used metals in

...Iamps that pro- ithe production of electrical and electronic applications. Itis a
vide backlighting ltoxic heavy metal that bio-accumulates dausmg brain and
in LCDs, in some jfiver damage if ingested or inhaled. In electrénics and elec-
alkaling batteries 1tncal appliances, mercury is highly concenirajed m*battenes
and mercury 'some switches and thermostats, and fluorescent lamps.

I N i L
Mercury

wetted switches

INickel

Rare Earth ole-
iments (Yitrium,

Rechargeable

‘NI Cd batteries
or NiMH-
hatteries, elec-

tron gun in CRT

Fluorescent

tayer (CRT- |
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fEUfopium) iscreen) i " —

— Older  photo- [Exposure to high concentrations of selenium compounds.
l ] ‘copying- [cause selenosis. The major signs of selenosis are hair loss,
Selenium machines {photo nail britileness, and neurological abnormalities (such as

drums) numbness and other fdd sensations in the extremities).

O ‘ 2
| Interior of CRT i /
PR e, iscreens,  mixed . L )
mec Sulphide with rare earth ) |
| ) imetals ' 7 -
£Others | '
. Toner cartridges|
|Toner Dust ifor laser printersi
! i/ copiers 1
| Medical equip-|
\Radio-active iment, fire detec-
substances  Am- iors, active sens- | /
‘ericium ling element in| .
’ smoke detectors
MANAGEMENT OF WASTE — N

+Waste management is the “generation, prevention, characterization, monitoring, treatment,
handling, reuse and residual disposition of solid wastes. It car be done by following ways:
1."*Reuse: Instead of being disposed of, materials that are recovered from an incident and de-
contaminated may be able to be reused. Reusing these materials protects the environment
by saving resources, including energy, virgin materials, and landfill space as well as reduces
the economic impact of the affected site. .

2. Recycling: Recycling involves making materials that would othenfiise be disposed of as
waste into valuable resources for new products. Recycling these materials protects the envi-
ronment by saving resources, including energy, virgin materials, and landfil space.

3. Composting: Composting is the controlled biological decompositidff of organic material in
the presence of air to form a humus-like material. Controlled methodg of composting include

«mechahical mixing and aerating, ventilating the materials by dropping them through a verti-
cal series of aerated chambers, or placing the compost in piles out in the op&n air and mix-
ing it or turning it periodically. This treatment option is distinct from béckyfrd composting
that is conducted by individuals on their own properties. Instead, composting, as a treatment
option, is used to decompose large quantities of waste either on-site (e.g., on a farm in as-
sociation with animal disease control activities) or off-site (e.g., composting facilities). Off-
site composting will trigger transportation considerations.

4. On-Site Burial: This disposal option refers to the placing of the waste within the ground at
the site of the incident. This option should only be used when site characteristics allow it

(e.g., depth fo water table) and Proper environmentaf controls to protect groundwater, sur-
face water, and soil are put into place.

5. Landfill Disposal: This is a disposal option involving carefully designed structures built into
or on top of the ground in which waste is isolated from the strrounding environment. Gener-
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ally, each landfill is permitted or licensed for particular kinds of waste. A landill generaily
‘cannot accept waste ihat falls outside the scope of its permit.

6. Open Burning: This disposal option refers fo the deliberate outdoor burning of waste. It can
be done in open drums. in fields, and in large open pits or trenches. Open burning should
only be done when and where lt is appropriate and if there are no other aiternatives avail-
able.

7. Incineration: Also (ﬁjlled combustion, this treatment dption burns waste under oontrolfed
conditions. As with landfills, different incinerators are permitted for different kinds of wast
Hazardous waste must be brought to an incinerator permitted to accept hazardous was\e
Municipal solid waste incinerators are permitted to burn +tinicipat solid wastg, with some
units having the ability to recover energy. Medical waste incinerators are designed to handle
pathogenic wastes.

8. Pyrolysis: Pyrolysis is a form of treatment that chemically decomposes organic materials by
heat in the absence of oxygen. Pyrolysis typically occurs under pressure and at operating
temperatures above 430° C. In practice, it is not possible to achieve a completely oxygen-
free atmosphere. Because some oxygen is present in any pyrolysis system, a small amount
of oxidation accurs. If volatile or semi-volatile materials are present in the waste, thermal de-
sorption will also occur.

9. Rendering: This treatment option converts animal carcasses or animal by-products into
economically valuable products. During the rendering process, as the animal material is
heated, water is driven off, and the animal material separates into a fat-containing material
called “tallow” and a solid material called “meat and bone meal.”

10. Alkaline Hydrolysis: This treatment option uses an alkaline solution such as sodium hy-
droxide, pressure, and heat to convert animal carcasses into an aqueous solution. Thé re-
sulting aqueous solution must be neutralized and properly managed.

11. Digestion Methods: This treatment option for animal carcasses involves a process that
uses bacteria to break down organic matter. The digestion process produces bio-solids and
methane gas, which are potentially useful products.

12, Autoclavmg This treatment option sterilizes waste through the use rof high temperatures
{up to 150° G} and high pressure steam. It is a commonly used treatrient process for megi-
cal waste .

13. Bioremediation: This treatment option naturally degrades chemicals,jn soil and groundwa-
ter using biological processes that involve the conversion of chemicalé jnfo water and harm-
less gages by microbes. The right conditions (e.g., temperature, nutne"nts amount of oxy-
gen) must be present or created in order for bloremediatlon to be successﬁii b
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1. Manufacturer dealer, refurbisher and Producer Responsibil ny ﬂfgani?aﬁﬁn'T(PRO) have been
introduced as additional stakeholders in the rules.

2. The apphcablllty of the rules has been extended to ﬂumpﬂnents Consumables, spares and
‘parts’ of EEE in addition to equipment as listed in Schedule 1. Tl Y . ‘E .

-
- T

B Gompact Fllorescent Lamp'{CFL) and other mercufy cnntain ng lamp brought under the pur-‘
“view of fules.

| 4. Collection mechanism based appmach has been adopted to mclude mllect;on centre collectlon"
{ point, take back system etc. for collection of e-waste by Producers Under Extended Producer Re-

sponsibility (EPR]).

942 A
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5. Option has t':eangw;an'fnf'settinjﬁbf_PﬁCJ._E:w_a‘gte_éxch_aﬁge‘, e- fetailer, Deposil Refund
Scheme as additional channel for implementation of EPR by Producers io ensure-efficient chan-
nelization of e-waste.

i e VAJIRAM & RAVI]

| 6."Provision for Pan India EPR Aufﬁoﬁsatian by CPCB has been introduced replacing the Etéiﬁ |
| Wise EPR authorization. 157 b gl

3

' 7- Collection and channelization of e-waste iff Extended Producer” Responsibility, - Authorisation,

shall be in line with the targets prescribed in Schedule 1] ::-fé{ﬁﬁ}rﬁl_f],éfs"}jma'.phase_i?ii_ﬁs_e Qq_:}!léct__i_i__’:@fE-r
Target for e waste, which can be either in number or Weight shall be 80% of the quantity bf-weisfi
generation as Indicated in EPR Plan during first two year of implementation of rules followed i_f

onwards. = < : -
8. Deposit Refund Scheme has been introdticed as an -additfbna!-_e%;_qﬁ@'m'ic;iﬁStrumer‘y_t‘Wh‘erein the
producer charges an additional amount as a deposit al the fime of sale of the electrical and elec-
tronic equipment and returmns it o the consumer along with interest: when the end-of life electrical
‘and electronic equipment is returned. : '

40% during third and fourth years, 50% during fifth -and sixth'years and 70% c:i_ur‘iri_g=-sgvéh%ﬁ year

]

BRI i e R St e

9. The e-waste exchange as an option has been provided in the rules as an independent market
instrument offering assistance or independent electronic systems offering ‘services for sale and
plrchase of e-waste generated from end-of-life electrical and electronic equipment between agen-
cies or organizations authorised under these rules.

/ : 1
10. The manufacturer is also now responsible to collect e-Wwasle generated during the manufacture |

of-any electrical and electronic equipment and channelize il for recycling or disposal and seck ail-
thorization from SPCB. '

11. The dealer, if has been given the responsibility of collection on behalf of the producer, need o
collect the'e-waste by pioviding the consumer a box and channelize it to Producer.

| |12, Dealer or retailer or e-retailer shall refund the amount as per take back system or Deposit Re-
ind Scheme of the producer to the depositor of e-waste . :

13, Refurbisher need collect e-waste generated during the process of refurbishing and channelize
the waste to, authorised dismantler or recycler through its collection centre and seek one time au-
thorization ffom SPCB. {

i '
14.The roles of the State Government has been aiso introduced in the Rules in order to ensure |
safely, health-and skl development of the workers involved in the dismanitling and recycling op-
‘eralions. -

15. Depariment. of Indusiry in State or any other government a’geﬁcyf-authﬂrisecjﬁ'n this regard by
the Stale Governrhent is to ensure earmarking or allocation of industrial space or shad for e-waste
dismantling and recycling. in the existing and upceming industrial park; estate and jnduystrial clus-
ters.

. | 16. Depariment of Labour in the State or any other government agency autharized in this regard
* | by the State Governmeni need to ensure recognition and regisiration of workers involvad in dis-
mantiing and recycling; assist formation of groups of such warkers to facllitate setting up disman-
# | tling far_:'ilities; undertake industrial skiil development activities for the workers involved in disman-

. (-tling and recycling; and undertake annual monitoring and to ensure safety & health of workers in-

volved in dismantling and recycling.

17. State Government to prepare integrated plan for effective implementation of these .pmvisiﬂns, "
and to submit annual report to Ministry of Environment, Forest and Climate Change.

[18. The fransportation of e-waste shall ba caried out as per the manifest syslem whereby fhe |

b

Downloaded by Amit Sharma (amitmudgal69@gmail.com)



E—— VA JIRAM & RAV] S — \

haﬂhe -reqmred to carry a"document {three cﬁpi“@b)‘%pr*epaxeﬂwitﬁ“ sender, ﬁwﬁ‘g‘lhe

b
.

‘.,Ihlrd artvﬂ T
g‘f‘fv?oia‘tmn

%

d,'ﬁ: .l- —.i?-. _.":—:. ¥ : .f i .-. : ; |
m ltteg'zgpun’éi[] ﬂ@gﬁ‘}'ﬁﬁ berl ssgﬂt; iflg d:lty ‘to
-'.7" .r’v* ﬁr'\‘n-f -_-.:m-"‘r f_- Sl el LA :EM
&
' L
3 %
-,
!
®
YRR ¥
#f
Lr s ll& {f(i
/ “
W
244 | "

This document is available free of charge on g stUdccu

e Downloaded by Amit Sharma (amitmudgal69@gmail.com)



https://www.studocu.com/in?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=environment-and-ecology

