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MESSAGE

I am extremely pleased that the Gujarat Ecology Commission (GEC) has done an
economic valuation of the Gulf of Kuchchh Coral Reef system. Coral reefs support a high
diversity of life, frequently even greater than that of tropical forests, despite being less
than two percent of the total ocean area. They have a highly significant role in slowing
coastal erosion and form a protection barrier against tidel surges during storms, in
addition to supporting the livelihoods of millions of fishing communities (it is estimated
that they form 10-20% of the World’s fisheries habitat).

Like many other ecosystems, the coral reef ecosystem is severely threatened all over the
world because of overexploitation through commercial fishing, coral mining, pollution,
and climate change. A study in 2004 reported that, globally, 20% of the coral reefs have
been degraded beyond recovery, and an additional 24% are under imminent threat of
collapse.

India is home to four of the major coral reef systems in the World, including Gulf of
Munnar — a UNESCO biosphere reserve — and the Gulf of Kuchchh. The Ministry of
Environment and Forests has set up the Indian Coral Reef Monitoring Network (ICRMN)
that will survey India’s 4 coral reef systems, identify threats, and measures to mitigate
these threats. I am of the view that a rigorous assessment and a thorough understanding
of the costs and benefits of any project will help us make effective decisions. It is in this
context that this study was done — while we implicitly understand the value of the Coral
Reef ecosystem, we are-yet to document its economic value.

Gujarat’s Gulf of Kuchchh is considered very unique in terms of ecology and location
location — except for the Red Sea, the Coral Reefs here at earth’s northernmost limits.
This was the country’s first Marine National Park, and is closely linked with Gujarat’s
only mangrove forests. I am pleased that the GEC has evaluated the Reef’s total economic
value (TEV) on various parameters such as maintenance of biodiversity, fisheries,
protection against coastal erosion, and tourism & recreation.

As you will see in this book, there are inherent difficulties in quantifying benefits of
complex ecosystems such as coral reefs, and further studies are necessary to fill our
knowledge gaps. However, this is a laudable effort on the part of GEC, and a significant
step forward in our understanding cost-benefits of proposed actions. I congratulate Mr.
Balagurusamy and his team on this publication. I hope this publication encourages other
Coral Reef specialists in India to engage in the study of this fragile ecosystem. I remain
keen that we further our scientific and technical knowledge, and look forward to seeing

more such studies in the future. ;

(Jairam Ramesh)
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MESSAGE

Gujarat’s growth agenda is being firmly led with the importance for preserving and nurturing
the rich ecological balance. Gujarat is bestowed with a rich biodiversity. Natural gems scattered
throughout its lands and along the coastal areas are an important part of it. Natural wealth
adorn our shores and provide life, sustenance and prosperity for present and future generations.
Our well-being and vitality are nurtured by these elements of ecosystems.

Coral reefs form the most dynamic ecosystems which provides shelter and nourishment to
thousands of marine fauna and flora. The Gulf of Kachchh in Gujarat is one of India’s only coastal
areas endowed with coral reefs, and it has some of the most Northern reefs in the world.

Considering the importance of conservation of various coastal natural resources and also
the significance of such areas for overall development, it becomes imperative to ensure the
sustainability of both, the natural resources management as well as developmental activities
along the coastline. | am pleased to know that Gujarat Ecology Commission has conducted an
Economic Valuation of Coral Reef Systems in Gulf of Kachchh. | am sure the findings of this study
will be immensely useful for various stakeholders including the project implementing agencies in
achieving the goal of sustainable coastal zone management.

Government of India and the World Bank have selected Gujarat for the pilot investment to
implement Integrated Coastal Zone Management Project. It is all the more pleasing that the
publication of this document coincides with the commencement of an ambitious project.

| congratulate the team of Gujarat Ecology Commission for bringing out a much needed document
at the right juncture.

=
(Narendra Modi)
Chief Minister, Gujarat State






MESSAGE

Coral reefs are found in four major areas. Two are adjacent to the mainland of India; Gulf of
Manar and the Gulf of Kachchh. The other two are the Offshore Island- chains of Andaman &
Nikobar and Lakshadweep Islands. In the Gulf of Kachchh, 34 Islands have fringing reefs but these
have been severely damaged by sedimentation, industrial pollution, extraction of coral sands,
fishing etc. There are traces of high temperature, salinity changes, turbid waters and exposure
during extreme low tides. There has been considerable work on the economic valuation of reefs
to assist in forming policies related to conservation as well as sustainable use. The threats posed
by ecologically unsustainable uses of the coastal areas have been widely reported. There is an
urgent need to strengthen our capacity for safe-guarding socio-economic and ecological security
in Coastal areas.

It is noteworthy that Gujarat Ecology Commission has made an attempt for the Resource Mangers
to find an answer in respect of economic valuation of one of the most fragile ecosystems that
is coral reefs system in the Gulf of Kachchh where the industrial and other human generated
pressures are mounting day by day. | have no doubts that this document will enable policy makers
in taking better decisions for sustainable development and conservation of coral reef systems.

My heartfelt accolades to Gujarat Ecology Commission in sponsoring this attempt and publishing
such a wonderful document.

enof
(Mangubhai Patel)
Minister

Tribal Welfare, Forest & Environment,
Government of Gujarat



MESSAGE

Corals are the most important benthic marine community in tropical waters and the chief agents
in building mighty reefs of different kinds. In Gujarat, coral reefs are found on the tiny islands
in the Gulf of Kachchh. At certain places, the corals are also found in the fringe area. Corals
have great importance in interpretation of past environments and in marine pharmacology and
development of tourism. It provides protection from sea erosion and shelter to many ornamental
marine organisms. However, indiscriminative use of our reefs for various purpose coupled with
natural interference have caused great damage to reefs in the Gulf of Kachchh. Coral is also used as
building blocks in several parts of the World including India. Coral reefs have the most varied and
abundant collection of animal life of any natural habitat. It is an ecosystem that needs immediate
attention for preservation and conservation of the wonderful coastal resources.

| am happy to learn that Gujarat Ecology Commission has published a document describing the
economicvaluation of coral reef systems in Gulf of Kachchh which will facilitate various stakeholders
in understanding the role played by one of the most sensitive ecosystems.

| congratulate Gujarat Ecology Commission for the same.

K

(Kiritsinh Rana)

Minister of State for
Forest & Environment,
Government of Gujarat



MESSAGE

The three hundred million plus population, presently living in the coastal belt of India, is already
stressing coastal resources. By 2050, coastal population could reach more than double leading to
pressures beyond recoverable levels. India has nine coastal states and two UTs of which Gujarat has
1600km longest coastline.

A current study has discovered value of coral and coral reef in terms of financial analysis approach used
in associated fishery, income from tourism, and shoreline protection in Gulf of Kutch. Occurrence and
extension of the live corals along the intertidal belt of the Gulf of Kachchh must be a welcome addition
to the opulence of Gujarat maritime areas. The available coral reefs of this area are very unique due
to their existence in highly saline, temperate and high sedimentation of water comparatively to other
oceans of the country. This is having a vital role in food web in marine ecosystem by providing habitat
and nutrient to primary producers in the ocean. Coral reefs represent crucial sources of income and
resources through their role in tourism, fishing, building materials, coastal protection and providing
new drugs and bio-chemicals. Globally, many people depend in part or wholly on coral reefs for their
livelihood and around 8% (0.5 billion people) of the world’s population live within 100 kilometers of
coral reef ecosystems.

Coral reefs provide a wide range of commercial and non-commercial benefits to human society. Many
of these benefits, or “ecosystem goods and services,” are of high value and critical importance to local
and national economies

| thank to the Ministry of Environment and Forests, Gol proposes to bring into force a new framework
for managing and regulating activities in the coastal and marine areas for conserving and protecting
the coastal resources and coastal environment through the Integrated Coastal Zone Management
(ICZM) project to be initiated shortly with support of the World Bank and Gol.

| complement Gujarat Ecology Commission for working so tenuously and coming up with a set of new
findings of great implication and enormous value. The aim of the project is to conserve and protect
natural coastal and marine ecosystems with integrated approach.

| am sure this report will provide enough inspiration to all who are part in the process of arresting the
depletion as well as restoration of this valuable resource. | also wish that this report will be useful for
policymakers, scientists, local people and various government and non government organizations.

Dr. S. K. Nanda, /IAS

Principal Secretary
Forest & Environment Department
Government of Gujarat

With best wishes,
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E. Balagurusamy, /IFS
Member Secretary

FOREWORD

Gujarat is a maritime state having 1660 km long coastline, the longest in the country. It is rich with biodiversity of flora
and fauna having mangroves, corals, dolphins, sea turtle, etc. Corals of 68 species are found in Gulf of Kutch, which will
be the pilot project area under the proposed ICZM Project to be launched in 2010.

Coral is having a vital role in food web in marine ecosystem by providing habitat and nutrient to primary producers in
the ocean. Coral refs represent crucial source of income and resources through their role in tourism, fishing, building
materials, coastal protection and providing new drugs and biochemicals. Globally, many people depend in part or
wholly on coral reefs for their livelihood and around 8% (0.5 billion people) of the world’s population live within 100
kilometer of coral reef ecosystems. The available coral reef in the Gulf of Kachchh area is very unique due to their
existence in highly saline, temperature and high sedimentation of water comparatively to other oceans of the country.

Coral reefs provide a wide range of commercial and non-commercial benefits to human society. Many of these
benefits, or ‘ecosystem goods and services’ are of high value and criticalimportance to local and national economics.

The Ministry of Environment and Forests, Gol proposes to bring into force a new framework for managing and
regulating activities in the coastal and marine areas for conserving and protecting the coastal resources and coastal
environment through the Integrated Coastal Zone Management (ICZM) Project to be initiated shortly with the support
of the World Bank and Gol. This is the first step of the Government towards the conservation & protection of coral reefs
under climate change and high growth rate of the industrial development condition.

The Gujarat Ecology Commission has been declared as Nodal Agency of the proposed ICZM Project funded by MoEF
and World Bank. The aim of the project is to conserve and protect natural coastal and marine ecosystems with
integrated approach. The coral reef is the main part of the marine ecosystem and therefore, Commission has taken up
task for study to identified total economic value (TEV) of coral reefs in Gujarat.

The present report on ‘Economic Valuation of Coral Reef Systems in Gulf of Kachchh’ is the first attempt to identify and
understand the complex values of coral reefs in the State.

I am thankful to Ministry of Environment and Forests, Govt. of India and World Bank for providing financial assistance
to carry out this study under the proposed ICZM project.

I am sure this document will provide enough inspiration to all who are part in the process of arresting the depletion as
well as restoration of this valuable resource. | also wish that this report will be useful to scientific community, forth
comingresearchers and students also.

| congratulate the study team whose dedicated efforts have resulted in the preparation of this useful document.

frkt—

E. Balagurusamy, /FS

We welcome suggestions by our valuable readers.
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1. Introduction

Biological diversity represents the natural wealth of the Earth and provides the basis for
life, sustenance and prosperity for the present and future generations. Nature provides us
with vast diversity of benefits such as food, wood, clean water, healthy soil, energy, and
protection from floods, carbon storage and many more. Our well being is dependent upon
the continued flows of these ecosystem goods and services without which the survival
of humanity would be in peril. The key to valuation is to recognize that biodiversity is an
Ecological Capital which performs three major functions (Pearce & Turner 1990):

* Provision of goods and services for human activity.

e Absorption of waste from production.

e Environmental functions/services such as ecosystem stability and other amenity
services.

With the increase in human population, the environmental functions are increasingly in
competition with each other. A conflict is being waged between growth of production
and population on one hand and the environment on the other. The new scarcity is
manifesting itself in increasingly severe competition between the activities utilizing the
various environment functions; the use of an environment function at the expense of
other functions or, to put it another way, leads to loss of functions. The environmental
functions now in short supply are economic goods. Deterioration of environment may be
defined as the occurrence of losses of functions. The latter are regarded as cost.

The rapid degradation of environment has brought in focus the need to evaluate the
invaluable and scarce natural resources available to the mankind for any level of sustainable
development. These environmental goods which were once considered abundant and
free now have become scarce and rapidly depleted. Rapid economic growth is putting
pressure on the fragile environment and ecosystem which would inhibit our goal of
providing basic livelihood to millions of people around the globe. Exacerbating the above
problem is the issue of Climate Change which has already and irrevocably altered the
relationship between Humanity, Ecosystem and Economic development.

The current global consumption and production pattern are underpinned by ecosystem
around the world and the net effect of unsustainable use of natural resource on human

well being can be seen from the following situations:

e At Sea: More than a billion people relies fisheries as their main or sole source of

animal protein, especially in the developing countries (MA 2005). Over fishing and
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over commercial exploitation of oceans have led to massive biodiversity loss and could
lead to collapse of fishing in less than 50 years. Coral reefs are the most biodiversity
rich ecosystem (in species per area) in the world, more diverse than even tropical
forest. Their health and resilience is declining because of over fishing, pollution,
diseases and climate change. By one estimate, the total net benefits of Coral reefs is
around 30 billion US S per year (Cesar et. al. 2003)

* forest: The World forest area has shrunk by almost 40% in the last 300 years. In India,
the rate of deforestation has increased and prime, biodiversity rich forest land in only

about 10% of total forest cover.

e Health: Medicinal values of biodiversity have helped our understanding of the human
body for thousands of years. Loss of biodiversity implies huge potential cost in terms
of modern healthcare. According to some estimates the turnover for drugs derived

from genetic resources was between USS 75 billion and USS$ 150 billion per year.

e loss of biodiversity and its impact on poor: a striking aspect of the consequence
of biodiversity loss is their disproportionate but unrecognizable impact on poor.
Subsistence farmers, fishermen, the rural poor, the women and traditional societies
like in India face the most serious risk from environmental degradation and this
imbalance is likely to grow. In places like Orissa in India which were heavily forested,
studies have recorded how deforestation has resulted in loss of livelihood. This
reduces income, affects physical health and reduces incentive for any investment for
future growth. This creates a vicious cycle of poverty and environmental degradation.

1.1 Economics Valuation of Ecosystem

Ecosystems provide a great many functions, goods and services. Costanza et. al. (1997)
define functions, services and goods in the following way: “ecosystem function refer
variously to the habitat, biological or system property or processes of ecosystems.
Ecosystem goods (such as food, medicines) and services (such as waste assimilation)
represent the benefits human populations derive, directly or indirectly, from ecosystem
services”. Economic valuation is used to construct monetary measures of above defined
welfare (functions, goods and services) arising from changes in the environment. Since
most of the environmental goods and services do not enter the market, valuation requires
that we go beyond simply measuring market demand functions. There are two ways of

economic valuation of natural resources:

(i) Identifying the links between market goods and environmental goods and use these

links in evaluating changes in environmental quality, changes in stock of natural resources
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or ecosystem services. This type of environmental value is often referred to as “use value”
as the value is commonly observed through changes in the “use” of the specific goods and
services (Hedonic Pricing Methods, Travel Cost Methods). Some changes in environmental
conditions may affect production and cost. Values arising from change in production can
be considered as responding to changes in ecological service flows. These approaches
examine the expenditure on goods and services that allows the consumer to avoid the
damages associated with environmental change (Defensive expenditure approach).

(ii) Alternatively, when the there are no easily observable behavior that arise due to
change in the environmental functions, or the response are not easily identified in the
market, we can create hypothetical markets to study the response of the people affected
by environmental change through Stated Preference Methods (Contingent valuation
approach). The people value the existence of the environmental attribute/function and
thus such values are called “existence values”. Any environmental good or services not
associated with any market purchase falls under non-use values.

Most biodiversity and ecosystem benefits falls into the category of ‘public goods’ and
hence have no price. Markets tend not to assign economic values to the largely public
benefits of conservation, while assigning value to the private goods and services the
production of which may result in ecosystem damage. Nature is the source of much
value to us every day, and yet it mostly bypasses markets, escapes pricing and defies
valuation. It is well understood now that this lack of valuation is an underlying cause for
the degradation of ecosystems and the loss of biodiversity. This actually generates lot
of interest among the economists as well as environmentalists to develop and practice
valuation works in different economic and ecological systems. In general, different types
of values are considered for such valuation (Table 1.1).

Table 1.1: Types of economic values and their definitions

Value Type Description
Use Direct Use Arise from the direct exploitation of the environment, and
Values are generally demand driven goods, e.g. fisheries
Indirect Use Benefits which are derived from the environment, without
Values the intervention of man, e.g. climate regulation

Option Use Value associated with an individual’s willingness to pay to
Value safeguard the option to use a natural resource in the future,
when such use is not currently planned

Non-Use [ Bequest Value | Value an individual places on ensuring the availability of a
values natural resource to future generations

Existence Value placed on simply knowing that a natural resource is
Value there, even if it is never experienced
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Coastal and marine systems are constituted by mosaic of natural ecosystems like
mangroves, lagoons, rocks, sea-grass beds, estuaries & marshy lands, coral reefs etc.

which provide numerous goods and services to humans (Table 1.2).

Table 1.2:Relative significance of goods and services across coastal & marine ecosystem

Goods & Services Estuaries | Man- Lagoons | Inter- | Rock & Sea Coral

& Marsh | grove & Salt | tidal Shell Grass | Reefs
Ponds Reefs

Food +H+ ++ + ++ ++ + ++

Fibre, Timber, Fuel +++ ++++ ++

Medicines + + + +

Biodiversity +++ +++ ++ ++++ ++++ ++ ++++

Biological Regulation +++ ++++ ++ + + ++

Freshwater storage & . +

Retention

Biochemical + + +

Nutrient Cycling &

ol +++ +++ ++ + + +++

Hydrological + +

Atmospheric & Climate

el +++ +++ ++ + + + ++

Disease control +++ +++ +++ ++ + + +

Waste processing ++++ ++++ +++ + ++ +

Flood/ storm protection ++ +++ + + ++ 4| 4+

Erosion Control ++ ++++ + + +

Cultural & amenity 4+ + +++ ++++ ++ ++ ++++

Recreational ++++ + + ++++ ++++

Aesthetics +++ + +++ +++ 4+

Source: MA 2005

Coral reefs are by definition, three dimensional, shallow water structures dominated
by Scleractinian corals and are the most biologically diverse of shallow water marine
ecosystems. It is believed that although coral reefs represent less than 0.2% of total ocean
area, they contain more species per unit area than any other ecosystem (Ahmed et. al.,
2004). In shaping the tropical marine systems, coral reefs have a crucial role, which despite
surviving in very low nutrient condition, actually are highly productive systems (Odum
and Odum 1955). Consequently, coral reefs are often likened to ‘oases’ within marine
nutrient deserts. Hatcher (1988) recorded that in the open sea surrounding coral reefs,
productivity may fall as low as 0.01 gC/m?/day. But, it may be many thousands of times
higher within coral reefs and associated systems (e.g. algal turfs: 280 gC/m?/day; corals:

40 gC/m?/day; benthic microalgae: 363 gC/m?/day). The high productivity of coral reefs




Gujarat Ecology Commission

within these otherwise unproductive waters makes coral reefs critical to the survival of
the ecosystems and hence human being.

Coral reefs represent crucial sources of income and resources through their role in tourism,
fishing, building materials, coastal protection and providing new drugs and biochemicals
(Moberg & Folke 1999, Spalding et. al. 2001, Carte 1996). Globally, many people depend in
part or wholly on coral reefs for their livelihood and around 8% (0.5 billion people) of the
world’s population live within 100 kilometers of coral reef ecosystems (Pomerance 1999).
Estimates of the total number of people reliant on coral reefs for their food resources,
range from 500 million (Wilkinson 2004) to over one billion (Whittingham et. al. 2003).
Some 30 million of the worlds’ poorest and most vulnerable people in coastal and island
communities are totally reliant on reef based resources as their primary means of food
production, sources of income and livelihoods (Gomez et. al. 1994, Wilkinson 2004). Due
to increasing population size, the reliance on reef resources is set to increase over the
coming decades.

In a sense, coral reefs provide a wide range of commercial and non-commercial benefits
to human society. Many of these benefits, or “ecosystem goods and services,” are of high
value and critical importance to local and national economies (Table 1.3). Coral reefs
provide habitat for commercially valuable fish, are a magnet for coastal recreation, and
reduce the impact of waves on the shore, slowing erosion and beach loss, and lessening
damages from storms. In addition, coral reefs harbor vast biodiversity with unknown
potential uses, and spark the imagination of millions of people who have no regular
contact with them at all. Despite these varied and high value benefits, recently, the extent
and health of coral reefs, all over the globe, have drastically declined, and continue to be
threatened by varied human activities.

Table 1.3: Goods and services provided by coral reefs

Provisioning Services
(Products obtained
from ecosystems)

e Food (fish and

shellfish)
e Genetic resources
e Natural

medicines and
pharmaceuticals
e Ornamental
resources
e Building materials

Regulating Services
(Benefits obtained
from regulation of
ecosystem processes)
e Erosion control

e Storm protection

Cultural Services

(Nonmaterial benefits

obtained from ecosys-

tems)

e Spiritual and
religious values

e Knowledge systems
/ educational values

e Inspiration

e Aesthetic values

e Social traditions

e Sense of place

e Recreation &
ecotourism

Supporting Services

(Natural processes

that maintain the

other services)

¢ Sand formation

e  Primary
production

Source: Adapted from MA 2003
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Threats to global coral reefs, however, are severe and well documented by Bryant
et. al. (1998), Burke et. al. (2002), Gardner et. al. (2003), Hughes et. al. (2003), Pandolfi
et. al. (2003), Pandolfi et. al. (2005), Bellwood et. al. (2004), Burke and Maidens (2004),
Hoegh-Guldberg et. al. (2007). While, overexploitation has been identified as major
problem, other threats include coastal development, sedimentation, pollution, global
warming, disease and ocean acidification. The Global Coral Reef Monitoring Network
(GCRMN) reported that 20% of global coral reefs have already been degraded beyond
recovery, an additional 24% are under imminent threat of collapse, and a further 26% are
at long-term risk (Wilkinson 2004).

Due to the importance of coral reefs to local communities and the increasing level of
natural and anthropogenic impacts upon them, accurate monitoring and assessment
of reef condition is necessary to allow the management and sustainable use of these
resources.

1.3 Study Context

Gujarat is basically a maritime sector endowed with 1600 km. long coastline (Over 21% of
the Indian coastline of 8118 km.), which makes it strategically serving as natural gateway
to India. The coastline of Gujarat has two indentations, the Gulf of Kachchh and Gulf of
Cambay covering about 60% of the state coastline. According to 1991 Census, about 549
villages with the total population of about one million are situated along the Gujarat
coast. The longest coastline dotted with 41 ports caters to demand & supply of cargo from
the nearest maritime countries like Africa, Middle East & Europe. Besides this, the entire
northern India and some parts of the central India also serve as hinterland to the ports.
Out of a total 142 minor and intermediate size ports, 11 and 29 are situated, respectively,
on Gujarat coasts.

Of the total 27,175 sq. km of wetland area in Gujarat, the coastal wetlands constitute
92.3%. Gujarat coastal wetlands have marine biodiversity of global to national to local
significance. Importantly, these bio-diverse system act as barrier against natural calamities
like storms, cyclones, strong winds etc. To protect these systems, one marine national park
and four sanctuaries are also created along the coastline of Gujarat. The entire Gujarat
coast has been broadly divided into five distinct but interconnected regions. These include,
(i) Gulf of Kachchh, (ii) Gulf of Cambay, (iii) Saurashtra Coast (iv) South Gujarat Coast and
(v) Rann of Kachchh.

Gulf of Kachchh (GoK) is very rich in terms of biodiversity values. The GoK support varied
habitats including coral reefs, mangroves, creeks, mud flats, islands, rocky shore, sandy
shore etc., which in turn provide suitable environment for wide range of flora and fauna.

Of these habitats, coral reef systems are quite unique in terms of its isolation and surviving
in extreme oceanographic and climatic conditions. While, these coral reefs and associated
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systems provide a range of goods and services to human being, they are also vulnerable
to various resource extractive activities like fishing, mangrove cutting etc. In addition to
above, anthropogenic activities like rapid industrialization and large coastal infrastructure
development projects like ports and oil terminals etc damage the natural capital of coral
reef and associated systems (Table 1.4).

Table 1.4: Various uses of coral reef systems in GoK and key concerns

Use category Presence Level of use Nature of damages
A. Living resources
Commercial fishing within | Yes Low Close to a few sites near
reef areas islands like Pirotan,
Kalumbhar etc.
Commercial fishing in Yes High Excessive and
offshore waters unsustainable catch
Subsistence fishing in reef | Yes Modest but at many Physical damage of coral
areas locations reef habitats, mostly
by Pagadia fishermen.
Sometime used poison for
fishing purpose
Commercial coral Yes Before creation of MNPS, | Live coral cover loss.
collection collection was allowed Habitat destruction.
Commercial shell Yes Before creation of MNPS, | Overexploitation and
collection large scale collection of failure of pearl oyster
pearl oysters & window | fishery. For others, no
pane oysters was in perceptible damage
operation. Presently,
collection of other shell
species at low level.
Agquarium fish collection NE
Aquaculture NE
Hunting of other species NE Occasionally accidental Loss of biodiversity value
like turtles, dolphins etc. deaths are reported and threat to species’
population
Mangrove cutting Yes High Increased sedimentation
Sea Weed harvesting Yes Less
B. Non-living resources NE
Oil and gas mining NE
Coralline limestone mining | NE Before creation of MNPS, | Habitat destruction;
mining was allowed Increase in sediment load
leading to coral mortality.
Extraction of construction | Yes Moderate to high Habitat destruction
material
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C. Developmental activities

Discharge of effluents Yes Modest Causing water pollution

Offshore navigation and oil | Yes Modest Occasional mortalities of

spills corals and other marine
life

River flow changes due to | Yes Tidal power plant Might affect circulation

upstream development proposed, dams & check | pattern and the coral

dams reefs, dying-out of

estuaries, salinity
ingression

Harbor/navigational works | Yes High Erosion, topography

(dredging, blasting, filling changes, pollution, habitat

etc.) destruction

Domestic sewage Yes Less Localized algal growth and
bacterial growth

Industrial sewage Yes Modest Fish mortality

Solid waste dumping Yes Less Dumping of dredged
material can kill corals

D. Non-extractive uses

Resident tourism Yes Modest Visible damage (e.g. Piro-
tan island)

Sea-borne tourism NE

Scuba diving & snorkeling | NE

Reef walking Yes Modest Visible damage (e.g.
Narara beyt, Pirotan is-
land, Okha)

Source: Adapted and modified from Wafar (undated) NE: Not existing

It is important to understand that coral reefs and its associated life forms are part of the
large ecological system and thus linked at various levels with other ecological systems
(e.g. with mangroves). While they are important for ecological integrity, they also have
significant role in providing livelihood to vast majority of coastal communities, mainly the
fishermen. With the kind and magnitude of human generated pressures, the coral reefs
are degrading rapidly and thus jeopardizing both ecological as well as livelihood securities
of the region.

Of late, in the process of developing different tools that facilitate management of natural
resources by taking appropriate ‘trade-off’ related decisions, economic valuation of
ecological systems had gained tremendous popularity amongst researchers, managers
and policy makers. In the context of coral reef systems at GoK, where the industrial and
other human generated pressures are mounting day by day, resource managers seeks

answers that could help them taking better decisions for sustainable development and
conservation of coral reef systems.
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1.4 Objectives

This study attempts to measure economic values of various goods and services of coral reef
systems that are found along the southern lip of Gulf of Kachchh, mostly in the Jamnagar
district. The study is quite limited in terms of tenure and the scope of work. In a broad
sense, this work is a kind of scoping study, which while aspires for knowing approximate
values of various goods and services provided by coral reef systems in GoK, also aims to
identify key issues and knowledge gaps in measuring total economic value of coral reef
systems. Ultimately, this study would help in indicating critical research areas that need to
take-up for effective benefit valuation of coral reef system in future.

As a matter of fact, primary question asked by this study is, what are the key benefits of
the coral reefs in GoK in terms of its economic valuation? A supplementary question that
recognizes the realities of addressing the above question in the present case is how can
the limited ecological data available in GoK be used efficiently in valuing the coral reef
systems and that too in limited time-frame? Thus, in strict sense, the effort in this study is

to aim for developing methodological framework for rapid valuation of coral reefs within
a sketchily studied and thus poorly understood system.
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2. Ecological Description of GOK

2.1 General Features

The Gulf of Kachchh (GokK) is lying between Kachchh mainland and the Saurashtra
Peninsula (22°15’-23°40" N Latitude and 68°20’-70°40" East Longitude). The Gulf is
aligned approximately E-W direction. The northern side shares the boundary with
Kachchh while the southern border touches with Rajkot and Jamnagar districts in
Saurashtra region (Fig. 2.1).

Fig. 2.1: Location of Gulf of Kachchh. The Northern side of the Gulf is part of Kachchh district,
while southern side is part of Jamnagar & Rajkot districts.

While, in the east-west direction, the GoK is about 170 km. long., towards the western
end, the Gulf is about 75 km. wide at the mouth near Okha which narrows down to 18
km. near Kandla at the head (Fig. 2.2). The western open boundary of the Gulf interacts
with the northern Arabian Sea, while the eastern Gulf opens into the shallow creeks of the
Little Rann of Kachchh.

The GoK encompasses an area of 7350 km? and a volume of about 220,000 Mm?. The depth
of the GoK ranges from a maximum of about 60 m at the mouth to less than 20 m at the
head of the Gulf, with an average depth of about 30 meters. The minimum depth of Gulf
is up to 5 m. The Gulf consists of a vast complex of marshlands crisscrossed by numerous
creeks. The intertidal region is sandy and muddy or rocky. Geo-physical parameters
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(Table 2.1) suggest that Gulf of Kachchh is quite different in many aspects compared to

Gulf of Cambay.
Table 2.1: Geo-physical characteristics of Gulf of Kachchh and Gulf of Cambay
Parameters Gulf of Kachchh Gulf of Cambay
Area (km?) 7350 3120
Depth (m) 20-60 15-45
Depth Mean (m) 30 20
Volume (Mm?3) 220,000 62400
River Runoff (Mm3/year) (R) 140 38000
Rainfall (Mm?3/year) (P) 3087 3500
Evaporation (Mm?3/year) (E) 7350 1560
Water Balance (R+P-E) Negative Positive
Turnover Time (days) 8-51 4-15

(Decreasing upstream)

(Increasing upstream)

Tides (m)

Northern Side: 3-8
Southern side: 3-5
(increasing upstream)

Western side: 3-12
Eastern Side: 6- 10
(increasing upstream)

Tidal Span (km.)

Northern Side: 0.5 - 2
Southern Side: 1 - >5
(increasing upstream)

Western side: 1.5 -5
Eastern Side: 2 - 8
(increasing upstream)

Source: Sen Gupta & Deshmukh, 2000.
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while the southern Gulf is rich in coral

reefs.

It is realized that, in order to understand the status of biological resources of GokK, basic
understanding of physical characteristics of GoK is very essential. Therefore, subsequent
sections present brief description of important physical parameters of the GoK (like tide,
sedimentation, salinity, temperature etc.). These parameters actually determine the

distribution and growth of many biological systems like Coral reefs, mangroves etc.
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2.2 Oceanographic Characteristics
2.2.1 Tides & Current

Tides in the Gulf of Kachchh are of mixed, predominantly semi-diurnal type with a large
diurnal inequality. The tidal front enters the Gulf from the west and due to shallow inner
regions and narrowing cross-section, the tidal amplitude increases considerably, upstream
of Vadinar. Thus, while westerly most location of Okha recorded the lowest tide of 3.47
m, Navlakhi in the eastern most location recorded tide as high as 7.21 m. The shape and
orientation of the coast, bathymetry, and funnel shaped geometry are the main reasons
for amplification of tides from west to east. The high tidal influx covers the low-lying areas
over 1500 km? of creeks, marshy tidal flats, sandy beaches and rocky outcrops. Due to
high tidal ranges in the inner regions, the vast mudflats and coastal low lands, which get
submerged during high tide, are fully exposed during low tide.

Due to increasing tidal amplitude, the inter-tidal expanse along the shores of the Gulf
increases upstream. It increases from 0.5 to 2 km. from Jakhau to Kandla in the northern
part of Gulf and from around 1 km. at Okha to over 5 km. at Jodiya in the southern side
of the Gulf (Table 2.2). In addition to this, the tidal currents in Gulf are fairly strong and
bimodal in nature creating oscillatory motions. Such motions restrict the flushing of Gulf,
and thus the residence time is quite long. The Tidal elevations (m) along the Gulf are as
follows:

Table 2.2: Tidal amplitude at different locations of GoK

Site MHWS MHWN MLWN MLWS MSL
Okha 3.47 2.96 1.20 0.41 2.00
Vadinar 5.30 4.30 1.70 0.70 3.00
Sikka 5.38 4.35 1.74 0.71 3.04
Mundra 5.50 5.00 2.00 1.20 3.40
Rozi 5.87 5.40 1.89 1.00 3.60
Kandla 6.66 5.17 1.81 0.78 3.90
Navlakhi 7.21 6.16 2.14 0.78 4.20

2.2.2 Sedimentation

Sedimentation is a very important physical characteristic of tropical coastal system and
controlled by major rivers. Accordingly, the river Indus, located further north of the

GoK, is the single largest source of sediment for the Arabian Sea and also the Gulf of
Kachchh (Hashimi et. al. 1978, Nair et. al. 1982, Chauhan et. al. 2006). The Central Water
Commission estimated that, for the year 1984, the river discharges about 0.45 x 10 kg
of sediment annually (Chandramohan et. al. 2001). Further, based on the 22 years data
(1956-1978), Chandramohan et. al. (2001) estimated deposition of about 0.3 x 10° m?
sediment in the GoK, caused a reduction in water depth of about 0.54 m, i.e. 0.025 m per
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year. The above figure is quite comparable with other sites in Indian coastal areas (Table
2.3). During the recent years, however, it has been reported that the sediment outflow
from River Indus has reduced from 400 million tons per year in 19th Century to the recent
40 million tons per year, because of the construction of several dams and reservoirs across
the river (Milliman et. al. 1984).

Table 2.3: Sedimentation in different sites of Indian Coast

Location Period Area (km?) Volume of sedi- Avg. Depth of
ment (x 10 m3) | Accumulation per

year (meter)
Gulf of Kachchh 22 (1956-1978) 11,385 0.30 0.025
Gulf of Cambay 45 1934-1979) 11,180 0.53 0.030
Gulf of Mannar 75 (1906-1981) 261 0.02 0.001
Palk Bay 51 (1931-1982) 12,285 0.30 0.006
Sand heads 104 (1878-1982) 13,433 0.30 0.003

Source: Chandramohan et. al. 2001

Interestingly, while the northern and eastern part of the Gulf received most of the
sediments, the southern portion of Gulf is devoid of sediments (Kunte et. al., 2005)
because of the existence of a dynamic barrier caused by the high velocity tidal stream
flowing through the central channel of the Gulf (Hashimi et. al. 1978, Nair et. al. 1982a,
Chauhan 1994) (Fig. 2.3).

The adjacent landmass of Kachchh and Saurashtra contain rich sediments due to
weathering of Deccan Trap material (Patel 1987) but contribute little to the Gulf due to
lack of any major river and also limited run-off. Furthermore, near shore shallow regions
between Okha and Sikka recorded low suspended solids (15-40 mg/I) whereas the inner
Gulf areas witnessed markedly higher values, often in excess of 100 mg/I.

The spatial distribution of sediment in the
GoK, effectively determined the settings of
different coastal resources, mainly the coral
reefs and mangroves. Devoid of coral reefs
in the northern side of the Gulf and better
growth towards the central and southern mnlans:;a /ﬁa G”'?U'“a"““‘%i:j[ﬁ\ A_

5-3mcl
part of Gulf, had clear relationship with the s
i i . a,.,",;"‘:::;' '\ Distribution of rocks, sand and muds
sedimentation dynamics.
Fig. 2.3: Distribution of Sediments in GoK
2.2.3 Sea water Salinity & Temperature (source: Kunte et. al. 2005; from Ramaswamy et. al. 2007)

With high tidal range, negligible land run-off and irregular topography, the waters in GoK
are vertically homogeneous in terms of salinity and temperature. In the Gulf region, the

evaporation exceeds precipitation (See Table 2.1) leading to markedly higher salinity than
that of the typical seawater. This is particularly evident in the inner part of Gulf where
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salinities as high as 40 ppt. Release of high saline brine waters from adjoining saltpans
further enhance the salinity in the inner Gulf. The salinity near the mouth of the Gulf is
comparatively lower (around 35 ppt) than that of head region. Therefore, there exist a
gradient of salinity in the Gulf.

Common wisdom suggests that such difference in salinity in Gulf is reflected in the
distribution of Coral reefs as better coral reefs are found towards the western side of the
Gulf. The possibility of increasing ambient temperature due to global climate change could
increase the rate of evaporation, and thus the salinity. This could lead to high bleaching or
mortality of coral reefs.

Hydro-chemically, the Gulf shows properties typical of a shallow semi enclosed sea
in an arid region with the little or no freshwater input. The annual variation of water
temperature is between 24 and 30°C though localized higher temperatures up to 35°C
can result in isolated water pools formed in shallow intertidal depressions during low tide.

2.3 Key Habitats & Biological Resources

The GoK abounds in marine wealth and is considered as one of the biologically richest
marine habitats along the west coast of India. It is endowed with a great diversity of
natural habitats and ecosystems. It is important to reiterate here that the Gulf of Kachchh
had quite distinct physical characteristics in its northern and southern sides. Thus, one
of the most striking features of the southern side of the GoK is the presence of many
islands and records of coral reefs and mangroves. Realizing the conservation importance
of southern part of GoK, in 1980 & 1982 Government of Gujarat had declared most part of
this as Marine National Park & Sanctuary (MNPS). Following key habitats can be identified
in GokK:

2.3.1 Islands & Islets

There are many islands and islets (an islet is a
small island) in the Gulf of Kachchh, supporting
rich biodiversity. According to official records,
there are 42 islands & some islets in the
GoK, covering a total area of about 410.6 kmZ.
These islands and islets varied in their size (Table

2.4). Also, due to variations in the tidal amplitudes

at various locations, the inundation patterns of

Light House in Pirotan Island

these islands also varied. While many are partially
submerged into the water (known as ‘Areal’ islands), quite a few of these islands are
fully submerged even during the normal period. These submerged islands are, however,
exposed only during the ‘minus tide’ (e.g. Dona, Boria, Pashu islands etc). As a matter of
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fact, the inundation pattern of islands is one of the factors determining the presence of
coral reefs and /or mangroves. Of the total area of islands, 148.9 km? have been notified
under MNPS. Among all the islands, only two are having human habitations viz. Beyt and

Ajad.
Name of Total Area Area in MNPS Coral Mangrove
Island (in ha) (in ha)
Ajad 1254.24 255.72 Y N
Asaba NA NA N N
Balaninar 106.08 117.80 N Y
Bet Dwarka 1012.50 70 Y N
Bhaidar 5157.56. 1182.36 Y Y
Bhains Bid 519.80 264.42 N Y
Boria reef 560.00 560.00 Y N
Chakdi (Navado) NA NA N N
Chindri reef 266.00 266.00 Y N
Chank 2815.80. 251.98 Y Y
Chhad 2449.20 1100.60 Y Y
Dabdhaba & Devdi 49 49 Y N
Dedeka & Mundeka 4446.00. 1423.19 Y Y
Dhani 4327.44. 267.41 Y Y
Gandhiya Kado 1700.40. 118.79 N Y
Garu NA NA N N
Goose Reef 867.36. 56.00 Y N
Jindra 1098.24 991.58 Y Y
Kalumbhar 6105.12. 2601.00 Y Y
Khara & Meetha Chusna 74.33 74.33 Y N
Kharaninar 405.60 409.38 N Y
Khimra khat 63.96. 56.00 N N
Kothanu Jungle 405.60. 409.38 N Y
Kiu NA NA N N
Langha Marodi 203.00 203.00 Y N
Manguda NA NA Y N
Manmarodi & Lefa 5.00 5.00 Y N
Narara 5333.72. 876.36 Y Y
Near Meethapur 101.40 56.00 Y N
Near Okha village 81.12 56.00 Y N
Near Shankhodar village 49.92. 70.00 Y N
Near Sikka Creek 154.44 71.47 N N
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Noru 3418.28. 1330.63 Y Y
Paga reef 1093.56. 1267.86 Y N
Panero 1737.84. 171.21 N Y
Pirotan 1328.12 300.54 Y Y
Roji 397.80. 332.00 N N
Sanbelia NA NA N N
Shamiyani NA NA Y N
Shiyadri NA NA N N
Source: Geer Foundation Report (2006). Y= Present, N= Not Present

2.3.2 Inter-tidal Area

The intertidal area is the transitional
region between land and sea. In general,
it is covered and exposed by the tidal
waters each day. Intertidal habitats
provide ecosystem services such as
shoreline stabilization, maintenance of
biodiversity and recreation. Mudflats are
critical habitats for migrating shorebirds
and many marine organisms, including
commerciallyimportant specieslike crabs

and a variety of molluscan species. The

Inter-tidal Area at Narara

intertidal expanse of the GoK increases
towards upstream. The increase is from 0.5 to 2 km. on northern side and around 1 to
10 km. on southern side. Due to such spread of tidal water, GoK possess many different
habitats in the intertidal areas like: mud flats (298.2 km?), sandy flats (5.8 km?), rocky
areas etc.

2.3.3 Sea weeds & Sea grass beds

The sea algae or sea-weeds are widely distributed along the west coast of India and are
mostly found attached to substratum of coral or rock. The Gulf contributes to the maximum
species and biomass of seaweeds for the west coast of India. Between the two coasts of
GoK- the northern and the southern- the later supports luxuriant growth of marine algae
because shoreline has gradual slope with high tidal amplitude, moderate wave action and
low turbidity. Also, presence of hard substratum both due to coral reefs and other rocks,
provide suitable habitat for most of the algal species. The northern shore of the Gulf has
very poor algal growth, as the sandy/ muddy substratum associated with relatively high

turbidity does not support the species.
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Sea grasses are flowering plants of the seas. In tropical region, sea grass beds occur in
association with coral reefs as well as in their absence. However, in the Gulf they are highly
localized and restricted. Only three species of sea grasses are reported from GoK. Sea
grasses are good source of food for marine mammalian and reptilian fauna like Dugong

and turtles, respectively.

2.3.4 Mangrove

Mangroves are an extremely important
component of the coastal marine
environment, both in an ecological
sense as well as in economical terms.
The area under mangrove cover
along the Gujarat coast is the second
largest in India, next only to the
Sundarban. However, within Gujarat
coast, they are found mostly in the

GoK region, specifically in parts of

Kachchh, Jamnagar and Rajkot Districts. Mangrove Forests

Accordingly, in these districts, total

notified mangrove forest areas include 665.93, 581.8 and 77.7 km? area, respectively.
However, according to Forest Survey of India, the actual mangrove cover in these districts
is quite low (Table 2.5).

Table 2.5: Mangrove area (in sq km) in GoK

District 1991 1993 1995 1997 1999 2001
Jamnagar 118 118 118 118 140 142
Kachchh 239 242 536 836 854 706
Rajkot 0 0 0 0 0 1
Total GoK 357 360 654 954 994 848
Source: Forest Survey of India Reports

The mangroves are located mostly in Kori Creek area of Kachchh and in and around various
islands near the Jamnagar coasts. Some of the well known islands supporting mangroves
include Pirotan, Kalubhar, Munde Ka bet, Narara, Bhaider etc. Although, Avicennia marina
is the most dominating species of mangrove in these islands, four more associated species
are also reported. While, majority of mangroves adjoining mainland areas are quite stunted
and poor in growth, mainly due to exposure to various level of anthropogenic pressures,

the mangroves along the islands and inaccessible creeks like Kori creek in Kachchh, are
quite healthy in their structure.
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2.3.5 Coral Reefs

Coral reef needs specific geo-physical-
chemical requirements for their growth
and development. Thus, they need
relatively warm, clear and quiet water
for optimal growth. The distribution
of coral reefs at any given point in
time is determined by various limiting
factors. The most significant of these
are water temperature, depth and light
intensity, movement of water (current),
substratum, salinity, water turbulence,
and sedimentation. The optimum
temperature for the growth of coral reefs is 25-30°C. At temperature below 15°C, the
coral growth gets restricted or ceased, while, sea-water temperature above 36°C causes
their bleaching.

Exposed Coral Reef

Because of the above environmental requirements, coral reefs are mostly located in
tropical waters. The GoK and Mithapur and Dwarka are the only areas in Gujarat where
coral reefs exist. As a matter of fact, at a global level, the coral reefs in GoK are found
at the northern most limits but for the northern portions of the Red Sea. The reefs are
found patchily and, as discussed earlier, located towards the southern side of the Gulf
and thus concentrated in Jamnagar district. The most northerly patches of coral reefs are
found at Mungra reef. The age of coral reefs in GoK vary from 5240 years B.P. at Salaya
to approximately 45,000 years B.P. at Okha. Based on the existing classifications most
of these reefs are grouped into fringing types. However, solitary and soft corals are also
reported near Mundra, Mandvi and Kandla in Kachchh (Deshmukh et. al. 2000) and in the
Arabian Sea along the Saurashtra coast (Raghunathan et. al. 2004). According to satellite
imagery based assessment, coral reefs in GoK occupies an area of about 460 km?.

2.3.6 Creeks & Creeklets

There is a network of creeks and alluvial marshy tidal flats in the interior part of the Gulf.
The creek system consists of three main creeks namely Nakti, Kandla and Hansthal, and
many other big and small creeks. The creek waters varies in the salinity and thus in the
associated vegetation. Quite a many creeks are covered by mangroves. The creeks which
go quite inwards in the mainland are also responsible in causes for increase in the salinity
of adjoining lands.

2.3.7 Estuaries

Estuaries are defined as partially enclosed coastal body of water which is either

permanently or periodically open to the sea and within which there is a measurable
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variation of salinity due to the mixture of sea water with freshwater derived from land
drainage. Coastal marshes are also included within the estuarine system. In the present
context, many ephemeral rivers and streams of Kachchh and Saurashtra regions drain
their water into the GoK and in the process creates estuarine conditions, mainly during
the monsoon season. Estuaries and its associated marshes play key role in maintaining
hydrological balance, filtering water of pollutants and providing habitat for varied life
forms including the birds, fish, and mollusks, crustaceans, and other kinds of ecologically
and commercially important organisms. The estuaries are important nursery areas for
fisheries and other species and form one of the strongest linkages between coastal,

marine, and freshwater systems and the ecosystem services they provide. Most of these
estuaries face threats from constructions of series of small check-dams in the upstream
areas.

2.3.8 Bays

A bay is an area of water bordered by
land on three sides. Bays generally have
calmer waters than the surrounding
sea due to surrounding lands blocking
waves and often reducing the winds.
Due to its geographical shape, often
a bay is called as ‘a gulf within a
gulf’. Generally, being a protected
environment, the bays support a rich
assemblage of marine organisms
and thus critical for the biodiversity
conservation. Following bays can be
identified along the southern lip of
GoK: Poshitra, Pindara, Arambada &
Beyt Balapur and are located close to the mouth of GoK.

Poshitra Bay

2.3.9 Saltpans

Salt pans are human made intervention near the coastline of GoK and create varied
habitats for different floral and faunal species. In the GoK, while both northern and
southern side are used for salt work purposes, they are mostly located in certain pockets
like near Mandvi and Mundra coastline; Surajbari creek at extreme eastern part of Gok;
near Jamnagar coast and near Okha at the mouth of the Gulf. While, the total number of
salt work units in the entire GoK is not available, near the MNPS area there are more than
20 salt units operates. Tata Salt and Chemical Works at Mithapur near Okha, is one of the
largest unit in the GoK. While these salt manufacturing units had many environmental

concerns, they also serve as feeding grounds for a variety of resident as well as migrant
birds.
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2.3.10 Open Water

Other than the above described habitats, it is important to mention here that all the
above habitats are interconnected with each other by the sea-water and thus energy and
material (for example, the nutrients and fish) are exchanged from one system to another.
The physico-chemical and oceanographical qualities of sea water are very important and
critical for the health of entire GoK.

2.4 Marine National Park & Sanctuary

The GoK is quite diverse in their 0, vl

ecological systems, especially the coral )
reefs and mangroves, and thus form
critical habitats for rich diversity in flora
and fauna. Realizing the ecological and
geomorphological importance of the
area and the conservation significance
of coral reefs and mangroves, the state

government declared quite a large area of

Fig. 2.4: Location of MNPS in Gulf of Kachchh

the southern part of the Gulf as Protected
Area. In 1980 an area of 220.71 km? was notified as Marine Sanctuary. Superseding 1980
notification, in 1982, another 237.21 km? area was added into the sanctuary. However,

Table 2.6 : Land use in MNPS in order to provide higher protection level, in

Category Ha. 1982, out of total 457.92 km? area of the Marine
Mud flats 36479 | Sanctuary, an area of 162.89 km? was notified as
Sandy/Beach Area 794 | Marine National Park (MNP), which happened to
Reef Flat 14316 | be the first Marine National Park of the country.
Mud over Reef 10091 | |nterestingly, the 162.89 km? area of MNP is
Mangrove Dense 7865 | actually distributed amongst 37 islands and their
Mangrove Sparse 6279 | coasts. Whereas, the 295.03 km? are of Marine
Marsh Vegetation 1066

Sanctuary covers sub-tidal areas around 5 islands

e ﬂa_t i Veeiiion 3340 and inter-tidal zone from Navlakhi to Okha. Out
EHEEEN G EENG] & [ReES 335 of total 42 islands in MNPS, 20 islands have
Forest 56

mangroves and 33 support coral reefs. Thus,
Reef Vegetation 16000 . .

GoK Marine National Park and Sanctuary (MNPS)
Salt Affected area 2292 | . )

include 148.92 sqg. km. of islands and 309 sq. km.
Salt Works 6809 i dal | h -
Water Body / Creeks 9626 | © intertidal zone along the coast (Fig. 2.4).
Scrub/Wasteland 738 | Importantly, the open water between the
Total 116086 | islands is not included in either MNP or Marine

Source: Singh et. al. 2006 Sanctuary. However, the management plan of
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MNPS suggested that about 1450 km? area up to 10 fathom depth need to be considered
as part of the PA system, to manage various anthropogenic activities and thus strengthen
the function of MNPS. Interpretation of satellite imageries of 1998 identified various land
use/ land cover types in the MNPS (Table 2.6). MNPS included three major categories of
areas: reserved forest (11.82 sq. km.), unclassified forests (347.90 sq. km.) and Indian
territorial waters (98.20 sq. km.). While, the overall responsibility of management of MNPS
lies with State Forest Department, in effect there is serious overlapping of jurisdiction.
Actually, there are quite a few agencies that had jurisdictional authority e.g. the Gujarat
Maritime Board, Indian Coast Guard, Custom and Fisheries Departments.
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3. Pressures on GoK

While the anthropogenic threats to GoK are present at both the northern and southern
sides, in the present context, we describe those issues that are closely related to the
southern side of the GoK and thus associated with the MNPS and its resources.

3.1 Industrial Development

As the areas within and around GoK become prime investment targets, it along with
MNPS faces an unprecedented level of challenges, including sometimes, the threat of
de-notification. Interestingly, the planned investments for GoK are just to scale up same
kind of industrial development that the region has already experienced. The impacts of
these activities will be more intense and widespread. Following key industrial areas are of
serious concerns:

3.1.1 Oil & Petrochemicals

Oil and petroleum industries are at the high agenda for ecological sustainability of
GoK, mainly due to following two reasons: one, because more than 50 per cent of new
investments are in this sector, and two, because it has been considered to be the biggest
threat to the biodiversity values of MNPS.

The GoK area is being aggressively developed as oil importing bases because of its
proximity to the oil exporting countries of the Middle East. Till the nineties, the Gulf
was host to annual refining capacity of less than one million metric tons, all in the public
sector. In the last decade, the area has seen a 50-fold increase in refining capacity, to
around 45 million metric tons per annum. At present, oil refinery giants like Reliance and
Essay are operating in the area with huge plant capacity. Recent Supreme Court allowed
these oil companies to lay oil pipelines right through the MNPS, a severe setback to the
conservation agenda. To facilitate unloading of oil from Very Large Crude Carrier (VLCC),
seven Single Buoy Moorings (SBM) have been planned to be anchored along the southern
shore of the Gulf of which four are already in place — one off Narara Bet, two off Vadinar,
one off Sikka and two more under planning. As per available information, import of 40
Million Ton Per Annum (MTPA) of crude oil through the SBMs in the Gulf, has been cleared
which will be gradually raised to 80-110 MTPA.

While, the threats of oil related pollution are always there, yet, NIO reported that due to
absence of stratification and large tidal amplitudes coupled with turbulence render the

GoK vertically well-mixed resulting in high dissolved oxygen at or over its saturation point.
Accordingly, DO is fairly high (4-6 ml/l) and BOD is low (0.84-1.75 ml/l) indicating good
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oxidizing conditions in the water of GoK. The low BOD values in the Gulf indicate still low
organic pollution load. However, the situation could change rapidly with the increasing
industrialization along the GoK. NIO further reiterates that “.....the Gulf in general, has
excellent water quality quite close to the characteristics of a pristine water body. Marginal
degradation in water quality in localized areas around industrial and urban center is
possible. But such changes can only be ephemeral because of semi— diurnal tidal flushing
associated with moderate to strong tidal currents”.

3.1.2 Chemicals & Fertilizers

The abundant availability of limestone and common salt, materials required for the
production of soda ash, has led to the establishment of giant soda ash plants of Tata
groups in Mithapur near Okha coast and mark the south-eastern boundaries with GoK and
MNPS. The TCL plant at Mithapur, spread over about 15000 acres of land, is among the
world’s largest integrated salt works and inorganic chemicals complex. The main product
groups are soda ash, chloro-caustic products, marine chemicals and salt, and cement.
According to a study carried out in 1993, the Mithapur plant produces around 18 mld of
highly alkaline process waste that contain about 150 g/I of suspended solids and 25 mg/I
of ammonical nitrogen. This is released into MNPS and GoK. The study found that the raw
effluent was toxic. Even at 20 per cent concentration, fish did not survive in it for more
than 15 minutes (Zingde 1993).

Other than the effluents, accidental release of highly saline brine water into the water
of MNPS was reported for many occasions (Biswas 2009). In June 2001, a total of one
lakh mangrove trees died completely due to leakage of brine water from the pipe of
Tata Chemicals Ltd. near Poshitra and this was the first important case officially recorded
against damage at such a scale (Singh et. al. 2006).

Gujarat produces 70 per cent of the country’s salt. For the last 60 years, salt works in
Jamnagar have greatly contributed to the state’s annual salt production. TCL is the largest
salt making unit in the region and uses salt pans in the Okha region close to MNPS. While,
smaller salt works are dispersed throughout Jamnagar’s coasts, inside or close to the
MNPS. In the vicinity of the MNPS, an area of 103.25 sqg. km. of mangrove forests is leased
out to 21 salt industries.

A study under ICMAM Project in 2002 estimated that salt pans discharge about 2.95 million
kiloliters of bittern annually. Bittern is a highly concentrated form of sea water obtained in
the final stage of salt production when salt is crystallized. The bittern discharged together
with the negative water balance of the Gulf results in increased sea water and soil salinity.
Both Mangroves and Coral reefs are affected by the release of bitterns in the GoK.

The Gujarat State Fertilizer Company (GSFC), located at Motikhavdi near Sikka in the
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vicinity of the MINPS, is the largest fertilizer company in the region. It operates through its
own jetty at Sikka where phosphoric acid and liquid ammonia are off-loaded from ships
and pumped through pipelines over a ten km. distance to two plants for the production
of the di-ammonium phosphate. The MNPS management plan (1994) raised the concerns
of transportation of liquid ammonia and phosphoric acid as a potential threat to marine
life of GoK.

3.1.3 Cement Industry

Although several cement companies operate in Jamnagar’s Khambaliya taluka, Shree
Digvijay Cement Co. Ltd (DCC) belonging to the Aditya Birla Group is located at Sikka in
the immediate vicinity of MNPS. The company operates a captive all weather working port
at Sikka, just 1.7 km. away from the plant.

Until 1982, for its cement production, DCC was dredging materials from an area of 648 ha
in the Gulf of Kutch. The area was leased out by the state government and included six
coral reef islands: Pirotan, Kalvan, Jindra, Dhani, Dera and Goose. These islands now fall
under the MNPS area. Sustained coral mining at the rate of about 0.5 MT per year by the
company caused a major destruction of reefs (Singh 2006). Patel (1985b) has described
calcareous sand mining from beaches and their possible deleterious effects on marine life.
The effects of calcareous sand and coral mining have proven to be rather more long-term.
The MNPS management plan (1994) points out that due to the extensive dredging, mud
and suspended particles continue to settle on coral reefs. Such deposits cause mortality of
coral polyps and thus affect growth and other functions of coral reef system.

3.2 Infrastructure Projects
3.2.1 Ports & Jetties

The State of Gujarat has 41 locations of ports of which only Kandla is the major port. Other
11 are intermediate and 29 are minors which are under control of Gujarat Maritime Board
(GMB). Close to MNPS area, there are four jetties and six minor & four intermediate ports
are operational. There are many environmental problems associated with the increased
port development and maritime activity including tanker spills and accidents, as well
as sediment deposition on corals due to deep-sea dredging activities. The accelerated
development of ports and harbors will also greatly increase the problems that fishing
communities face further restricting to approach their fishing grounds and depleting the
availability of fish.

3.2.2 Thermal Power Plants

A 240 MW capacity coal-based power station run by the Gujarat Electricity Board operates

in Sikka and at the close vicinity of MNPS. The plant has two units and will soon be
augmented by two more units of 250 MW capacity each, at an estimated cost of Rs.2500
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crores. The power station uses massive fly ash ponds extending over thousands of acres
for fly ash disposal. A report by GEER Foundation points out that these fly ash ponds
are associated with frequent overflows during the rainy season, which contributes to the
degradation of marine life. At the Sikka port, the bulk transport of coal for the thermal
power plant also poses a threat to marine life (ICMAM 2002). Significantly, several new
thermal power stations are coming up in the region. Essar Power Holdings Limited plans
to set up a 1,200-mw power plant in Jamnagar based on imported coals. The Reliance
Group will develop a 500 MW pet coke-based power plant in addition to its existing captive
power generation units at Jamnagar.

3.2.3 Ship breaking

The second-largest ship-breaking unit in Gujarat is located at Sachana, under the ambit of
the Bedi port. Fifteen plots in the industrial yard at Sachana were granted by the GMB for
ship breaking in areas adjoining protected waters; of these three are operational. During
the period 1992 to 2001, 71 ships were broken here (quoted from Singh et. al. 2006).
Normally, scrap from ship breaking activity that does not have sale value is simply dumped
in the protected zone. Engine oil and other non-degradable toxic compounds flow into
the waters of the Gulf of Kachchh and MNPS damaging nearby mangroves and coral reefs.

3.2.4 Sewage Discharge

The municipalities of major urban centres like Jamnagar, Sikka, Vadinar, Salaya and Okha
and townships of Reliance, ESSAR, GSFC etc. produce domestic waste and sewage. In most
of the cases they are released into GoK waters and thus into MNPS, without any treatment
and recycling. These waste materials pollute the water & causes serious disturbances to
flora and fauna of GokK.

3.3 Mangrove Cutting

In the Gulf of Kachchh, the extensive deforestation of mangroves in recent years has led
to an increased flux of coastal sediments onto the fringing reefs, so much so that almost
every reef in this area lies partly covered with mud. This is probably one of the most
dominating causes for the mortality of coral polyps and thus reduction in the abundance
of corals on the reefs. In this instance, the impairment to the carrying capacity of the reef
cannot be remedied without remedying the situation in the mangroves.

3.4 Over Fishing / Destructive fishing practices

Of an estimated 12000 marine fish species in the world, as many as 7,000 occur on coral
reefs or nearby inshore habitats. World over, coral reefs are conserved as breeding and

reproduction ground for fishes. There are about 21 fishing centers like Bedi, Sikka, Sachana,
Salaya, Arambada etc. in Jamnagar district which are active in fish catching. During 20 years
of catch composition, maximum production in coastal area of Jamnagar was recorded in
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1996-97 and 1997-98, which was 69102 and 77012 MT and 11.5 and 11.6 % of the State’s
production. Although no data is available on the MSY of GokK, it seems that with the level
of growth in the number of boats and trawlers etc. in the recent years, the fish catch in
the GoK is increasingly intensive. Over fishing in these waters is certainly a reality. Due to
over fishing in such area, the breeding site and breeding period of fish are not properly
regulated. Other than this, poisoning of fish is also one of the major concerns.

Global literature suggests that over fishing affect coral reef system in many ways. While,
widespread over fishing in the reefs and adjoining waters reduce the population of
many of the herbivorous (algae eater) fish and crab species, creating conditions which
favor excessive growth of algae over the coral reefs. On the contrary, during excessive
fishing, many of the corallivorous fish species like croaker, butterfly and parrot fishes are
also caught in large numbers. This could support better growth of corals. However, in
the context of coral reef systems in GoK, the above issues had never been studied and
monitored and thus no concrete site specific evidences are available.

3.5 Climate Change

Climate change is beginning to pose an overarching threat to coral reefs. Average tropical
seawater temperatures are predicted to increase 1-3°C over the next 100 years (IPCC
2001), but local and regional increases and short term extremes are likely to be greater.
Warming seas contributed to coral bleaching globally, including the GoK in 1998-99 and
2005. In simple terms, coral bleaching refers to the loss of the symbiotic algae as a result
of thermal stress. Without the algae, the coral limestone skeleton appears white. These
algae provide an important part of coral nutrition through photosynthesis. If coral are not
able to regain or “recolonize” the symbiotic algae, they will die.

Ocean acidification due to rising atmospheric CO, levels may hinder coral growth and
regeneration (Orr et. al. 2005). These resulted in widespread degradation of coral reefs,
and an estimated decline in live coral cover of over fifty percent between 1982 and 2002.
Gardner et. al. (2003) suggest that average live coral cover has declined from between 25
and 30 percent of area to about 10 percent.

The contents of this chapter are largely adopted from Biswas (2009) and Singh et.al (2004). The study team
expresses due acknowledgement. The details of above publication is mentioned in References chapter of
this report.
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4. Coral Reef Systems

4.1 General Description
4.1.1 Corals

The term coral refers to group of invertebrate animals belonging to Phylum ‘Cnidaria or
Coelenterata’ and Class ‘Anthozoa’. However, the class is further divided into two sub-
classes viz. Zoantharia and Alcyonaria. The former sub-class possesses coral species that
are commonly known as ‘Scleractinian’ or ‘hard corals’, while the later sub-class includes
‘soft corals’. The Scleractinian coral species (or hard corals) are further divided into two
types:

Hermatypic: They live in colonies and release calcium carbonate to form ‘reefs’. Further,
these coral species contain millions of tiny algal cells, zooxanthellae, within their tissues.
These algae possess green pigments and through photosynthetic activities provide energy
to the coral species. These types of corals are mostly found near the sea surface.

Ahermatypic: They do not form colonies and thus despite releasing calcium carbonate
they do not form ‘reefs’. Unlike hermatypic corals, these species are devoid of green
pigments and possess red or yellow photosynthetic pigments. Due to this they can
establish themselves in the deeper waters.

While the ahermatypic type is widely distributed at all latitudes down to several thousand
meters depth, the hermatypic corals are limited to warm saline waters where temperature
never falls below 20°C and salinity is not lower than 30 ppt.

The soft corals are different from the hard corals in the sense that instead of forming
skeleton of calcium carbonate, they formed spicules of calcium carbonates, which gives
a soft feeling in touch, and can be pressed to a certain degree. Like Scleractinian, the
soft corals also form colonies but do not contain photo-synthetically active zooxanthellae.
Some species of soft corals are live solitarily, too. Due to its structure, these corals are not
contributing in “reef” building.

4.1.2 Coral Reefs

In a general term, coral reefs are aragonite structures produced by living corals. In most
reefs the predominant organisms are colonial, hard coral that secrete an exoskeleton of
calcium carbonate. The lower organisms of colony lay down calcium, so that the reef growth
beneath the cell layers builds the coral reefs continuously over hundreds of thousands of
years. The accumulation of this skeletal material, broken and piled up by wave action and

bio-eroders, produces massive calcareous formations that make ideal habitats for living
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corals and a great variety of other animal and plant life. It is also defined as “an erosion-
resistant marine ridge or mound consisting chiefly of compacted coral together with algal
material and biochemically deposited magnesium and calcium carbonates”.

In structural terms, the coral reef system is a mosaic of different physiographic elements
including the live coral colonies, dead coral colonies, non-coral rocks, sandy areas,
mud flats, lagoon etc. Due to these different physiographic formations, the coral reef
systems are considered as one of the most productive and bio-diverse systems in the
earth, supporting rich diversity of organisms like benthic algae, sea weed, sea grasses,
other coelenterates, annelids, lobsters, sponges, echinoderms, fin fishes, crabs, bivalves,
gastropods and cephalopods. The high rate of productivity at the coral reefs is due to the
efficient retention and recycling of nutrients within the reef system. Reefs are sites of rich
living and non living resources. Corals are regarded as slow growing with measured rates
of colony growth varying from < 1 to 10 cm/yr, the net upward growth rate varying from a
few mm to around 3 cm/y. Under favorable conditions growth occurs at a temperature of
23-25°C & salinity of 32-42 ppt.

Based on structure and complexity the reefs are roughly categorized into four major types:

i. Fringing reefs are the most common type of coral reefs and develop is the reef that
grows close to the shore and extend out into the sea like a submerged platform (see
Box 1). These reefs project seaward directly from the shore and form a fringe of stony
coral around an island or along part of the shore of a large land mass.

ii. Patch reefs are isolated and discontinuous patches of fringing reefs. Patch reefs rise
from the floor of lagoons and represent discrete units surrounded by sand or other
non-reef substratum.

ili. Barrier reefs are a reef separated from the land by wide expanses of water and follow
the coastline. Barrier reefs are located further from shore than fringing reefs and are
separated from adjacent land by a deep lagoon.

iv. Atolls are roughly circular reefs that surround a lagoon and arise from deep sea
platforms such as submerged volcanic seamounts. Atolls are low, ring-shaped,
limestone islands with a central lagoon.

Charles Darwin believed that the fringing reefs, barrier reefs, and atolls of volcanic
islands represented a successional series through geologic time. He hypothesized that
the transition from fringing to barrier reef to atoll could result from the upward growth of
coral on the edge of a gradually sinking (subsidence) volcano (Fig. 4.1). He believed that
barrier reefs represented an intermediate stage between fringing reefs and atolls, and
that the ring-like appearance of an atoll with a central lagoon represented an intermediate

stage resulted from the total submergence of the summit of a volcano.
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At global level, coral reefs
covers only about 0.2% of the
ocean floor, yet supporting an
estimated 25% of all marine
life. Of the 177 countries in the
world, about 44 per cent have
tropical coral reefs. Reefs cover
an estimated 284,300 km? or
just about 1.2 per cent of the
world’s continental shelf area
(Spalding et. al., 2001). Australia

and Indonesia are the two reef | Fig. 4.1: Successional evolution of different types of reefs
rich areas, each have about

50000 km? of reef and account for nearly 35 per cent of the world’s reefs.

The global status report on coral reefs in 2004 (Wilkinson 2004), clearly stated that there
is a continuing decline in coral reefs adjacent to the large human populations in Eastern
Africa, South, Southeast and East Asia, and the Caribbean. At the same time, most remote
reefs are still remaining healthy. The Status 2000 report indicated that approximately
16% of the world’s coral reefs had been effectively destroyed through unprecedented
coral bleaching during the major El Nino/La Nifia shifts in the global climate in 1997-98.
Since then approximately half of these reefs had shown encouraging rates of recovery,
especially those in well managed Protected Areas, or remote from human stresses. This
illustrates the inherent recovery capacity of coral reefs; provided that the major human
pressures of sediment and nutrient pollution from the land, over-fishing and especially
destructive fishing, and engineering developments are removed or controlled (Wilkinson
2004). Following are the key findings of the 2004 status report:

e Estimates in this report are that 20% of the world’s coral reefs have been effectively

destroyed and show no immediate prospects of recovery.

e Approximately 40% of the 16% of the world’s reefs that were seriously damaged in

1998 are either recovering well or have recovered.

* The report predicts that 24% of the world’s reefs are under imminent risk of collapse

through human pressures; and a further 26% are under a longer term threat of collapse.

e Analyses of coral reefs in the wider Caribbean region confirm major reef declines and
they do not resemble the reefs of 30 years ago. Coral cover on many Caribbean reefs

has declined by up to 80%; however there are some encouraging signs of recovery.
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e The coral bleaching in 1998 was ‘a 1 in a 1000 year event’ in many regions with no past
history of such damage in official government records or in the memories of traditional
cultures of the affected coral reef countries. Also very old corals around 1000 years
old died during 1998. Increasing sea surface temperatures and CO2 concentrations
provide clear evidence of global climate change in the tropics, and current predictions
are that the extreme events of 1998 will become more common in the next 50 years,
i.e. massive global bleaching mortality will not be a 1/1000 year event in the future,
but a regular event.

4.2 Indian Scenario

The subcontinent of India occupies a large area of the tropical Indian Ocean, but it has a
scanty growth of coral reefs along its coasts. Several factors limit reef development here,
chief among them being turbid waters stirred by monsoonal systems, fresh water runoff
from rivers, and a heavy human population and development pressure along the entire
coastline.

The total coral reef area in India is 5,790 km?, distributed between four major regions: the
Lakshadweep, Gulf of Mannar, Andaman and Nicobar Islands, and Gulf of Kachchh. Reef
structure and species diversity vary considerably between the areas due to differences
in the reef extent and geo-environmental conditions. Out of three major reef types, the
Indian coastal waters mostly supported fringing types (Box 4.1).

Lakshadweep is an archipelago of 12 atolls surrounded by deep water, on the northern end
of the Laccadive-Chagos ridge. In the Gulf of Mannar, coral reefs are found mainly around
21 islands between Rameshwaram and Tuticorin. The Andaman and Nicobar Islands
consist of 530 islands with extensive fringing reefs which are mostly in good conditions.
In the Gulf of Kachchh, there are shallow patchy reefs growing on sandstone platforms
that surround 33 islands. These reefs experience high salinity, frequent emersion, high
temperature fluctuations and relatively high sedimentation. Corals have also been
reported from Gaveshani Bank about 100 km. offshore from Mangalore, and several
areas along the eastern and western coast of mainland India, e.g. the Malvan coast near
Mumbai (Fig. 4.2).

Box 4.1: Fringing Reef

A Fringing Reef is a kind of coral reef that is located in the tropics generally near the shoreline.
This type of coral reef is the most common type of reef that is found. This type of reef grows the
best on some kind of hard surface, so it preferentially grows on areas with rocky bottoms. There
are two main components that make up a fringing reef: the reef flat and the reef slope.

Reef Flat

The reef flat is the flat, broadest area of the reef. This area is found in fairly shallow water and
uncovered during low tide. This area of the reef is only slightly sloped towards the open ocean.
Due to this part of the reef being found adjacent or nearly adjacent to land it maintains the most
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damage from freshwater runoff and sediments. Based on this there is few living corals found

here, though there are some.
Reef Slope (Fore reef)

The reef slope is found at the outer edge of the fringing reef, closest to the open ocean. This
area of the reef is often quite steep and may even be a straight vertical drop to the bottom of
the ocean. There is much more abundant coral growth found on this slope as well as a greater
number of different species than are found on the reef flat. This is mostly because there is not
much affect felt in this part of the reef from freshwater runoff and sediments, unlike the flat
which is nearer to the shore. This area of the reef also benefits and has much more growth due
to waves which carry nutrients to this area and take away sediments that could harm the corals.

The upper portion of this slope is called the reef crest. In this area the corals grow the best since
it is closest to the surface and gets the most sunlight. The base of the slope which receives the

least sunlight has the least growth out of the whole slope.

Indian reefs are subject to different bio-geographic influences, with predominantly Indo-
Pacific affinities and low levels of endemicity. There is a pronounced latitudinal gradient in
the number of coral species. The lowest values are reported from the Gulf of Kachchh and
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Gulf of Kachchh. At the other
longitudinal extreme, the Andaman and Nicobar reefs contain a high diversity of corals
characteristic of the south East Asian region. The marine biota here is strikingly Indo-
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Malaysian with some Burmese and Polynesian influences. The reefs here have been
unreliably surveyed and between 135 and 179 species of hard corals have been reported
from the Andaman Islands and about 116 species from the Nicobar Islands (Bakus et. al.
2000).

Stoddart (1971) reported that in Indian coasts the reef growth related to the present
sea level began about 5000 years ago. However, due to monsoonal runoff and resultant
siltation many continental coastal areas are devoid of coral species and thus the coral
reef systems. Remote sensing has unveiled the existence of the following coastal reef flat
areas: Gujarat 148 km?, Tamil Nadu 65 km?, Lakshadweep Islands 140 km?, Andaman-
Nicobar Islands 813 km?, and other lagoon knolls and reefs 50 km? (Menon & Pillai 1996).
Among the four major reef areas of India, Andaman and Nicobar Islands are found to be
very rich and Gulf of Kachchh is the poorest in species diversity.

Of the 793 coral species reported from the world, India has more than 208 species, which
is far less when compared to 581 species reported from the neighboring Indo-Pacific
centre of diversity. However, of the 111 genera reported from the world, India has only 61,
which is slightly less when compared to Indo-Pacific centre of diversity (82 genera). There
are 18 different families of corals reported from the world of which 15 are represented
in India. Pillai (1987, 1996) recorded a total of 199 hermatypic and ahermatypic coral
species, divided among 37 genera from the coral reef areas of India (Table 4.1).

Table 4.1: Coral reef area and coral species richness at different locations

Locality Total Reef Area No. of Species No. of Genera
(km?)

Gulf of Kachchh 460.2 68* 46*
Lakshadweep Islands 816.1 103 37
Palk Bay & Gulf of Mannar 94.3 96 36
Tuticorin 21 19
Andaman Islands 959.2 82 >31
Nicobar Islands 103 43
Sri Lanka 183 68
Mergui Archipelago (Myanmar) 77 36
Phuket Thailand 173 66
Andaman Sea 78 240 NA
Gulf of Thailand 75 90 NA
Maldives Islands 197 64
Bangladesh (Narikel Jinjira) 66 22
* based on the compilation of species list during this study

Large areas of coral reefs of India, with the exception of the Andaman and Nicobar Islands,
were severely affected by the 1998 coral bleaching event (Arthur 2000). Reef resources
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are heavily exploited, particularly in the Gulf of Mannar and Gulf of Kachchh and to a
lesser degree in the Lakshadweep and Andaman and Nicobar Islands.

Importantly, the coral reefs of the Indian subcontinent differ functionally from each
other based on their bio-geographic location, reef structure, and local oceanographic
and geographical factors (including the monsoonal system). As a consequence, reefs do
not proliferate on mainland India, and the fringing and patch reefs are poorly developed.
In general they support low reef-associated diversity but high net production. The coral
reef productivity of selected sites indicates coral-reef production ranges between 2.4 and
9.5 gC/m?/d which is typical for coral reefs throughout the world (Kinsey 1983). Gross
production in the Lakshadweep and Gulf of Mannar were about twice as high as of
Andaman Islands (Table 4.2). P/R ratios for Lakshadweep & Gulf of Mannar were high (6.1
& 3.2, respectively), and generally higher than the world average of 1.0 (Kinsey 1983). Ten
species of hard corals from Palk Bay & Gulf of Mannar had gross P/R ratios of 1.97 to 3.58
(Nair and Pillai 1972).

Table 4.2: Coral reef productivity at different sites in India

Locality Gross Production Respiration P/R Ratio
(g ¢/m?/day) (g ¢/m?/day)

Manauli Reef -Gulf of Mannar 7.3 0.3 -
Krusadai Reef- Gulf of Mannar 24 2.0 1.2
Palk Bay Reef- Gulf of Mannar 4.9-9.5 2.3-33 2.2-34
Andaman Reef - Andaman 3.9 17.1 4.4
Chiratapu Reef - Andaman 2.8 3.5 0.8-1.4
Minicoy Reef- Lakshadweep 9.1 0.1 91.0

4.3 Coral Reefs System in GoK

As described earlier, coral reef system of Gulf of Kachchh is one of the most northerly
reefs in the world (Kelleher et. al. 1995). The coral reefs in GoK are patchily distributed
due to varying geomorphological and environmental conditions. Thus, the reefs are
mainly located close to 42 islands situated along the southern lip of the GoK (Fig. 4.3).
Importantly, even within each site, coral reefs are found patchily distributed. The reefs that
fringe these islands are atypical fringing reef formations, found primarily in the intertidal
region. Actually, coral survives in shallow tidal pools within the vast intertidal flats and or
sub-tidal regions that characterize this coastline.

In a sense, coral reefs in GoK are quite distinct from those recorded in Gulf of Mannar,
Lakshadweep and Andaman & Nicobar Islands in terms of their prolonged exposure to the
air atmosphere mainly due to high tidal amplitude. Thus, in a general term, coral species
(both hermatypic and ahermatypic) are settled differently in the GoK. For example, coral

species are recorded on intertidal rocks; in shallow puddle (can considered as miniature
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of ‘atoll’); in knee deep lagoons and in sub-tidal waters. While, the corals in the first
three types are vulnerable to prolonged direct exposure with air and heat, the last type is
relatively safer due to continuous presence under water.

—rey

GULF OF KACHCRHMNT
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BTFUALA TRE FUBLES TRCY D0 D PN T

Fig. 4.3: Distribution of Coral reefs in Gulf of Kachchh

4.3.1 Coral Reef Formations

As stated above, the southern lip of GoK possesses many coral reefs. The coral reefs are
made up of sand, stones and calcareous shell fragments. They are flat in nature, having
gradual slopes. Generally, reefs are exposed during low tide whereas it is covered with
seawater during high tide. The exposed area in between the two tides is called ‘intertidal
area’ or ‘littoral area’ or ‘seaward flat’ or ‘reef flat’. Due to geo-morphological differences
of coastal areas, it varies in length and breadth. The shoreward point of intertidal area is
called ‘a shore’. It is about 50 to 100 meter in width. The seaward side of intertidal area is
called ‘fringe’ or ‘reef crest’ or ‘wave bank cut reef edge’ or ‘reef front’. It is about 25 to
50 meter in width and is subjected to continuous surf actions. In between ‘a shore’ and
‘a fringe’, there is another slightly elevated point which is referred to a ‘boulder zone’,
having about 50-100 meter width. It is characterized by dead corals, sand stones and reef
fragments, carried away and accumulated by the surfs. The area between ‘a shore’ and
‘a boulder zone’ is called inner flat. The inner flat have different variable habitats- sandy,
muddy, rocky and admixture of sand and mud. The rocky area contains innumerable rock
pools or ditches here and there with coral formations at inner flat. The area between a
boulder zone and a fringe is called ‘outer-flat’. The outer flat is slightly deep & forming
about 500 m wide ‘lagoon’ like structure, serving a convenient boat-channel for plying

small boats by local fishermen during high tide. It sustained hard corals of different colors,
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shapes & sizes. The only supra-littoral area of shore at Poshitra points has luxuriant coral
formation.

The seaward area adjoining to the intertidal area is termed as sub-littoral area or sub-tidal
area. It is always submerged in nature. The fringe is continued with steep or graded slope
& meets to the ocean floor. The reef slope also contains nice coral formations up to 100
to 250 m inward to the seafloor.

In GokK, the fringing reef formations are found in three distinct forms. These three types,
due to different locations and positional arrangements, carry out different functions and
generate different values. Each type is further divided into different sub-categories, based
on minor alterations in their positions and thus the inundation patterns.

i. Contiguous to Mainland
In GokK, this type can be found in three different forms:

e Shore area with broad inner flat; Coral reefs are recorded after around 2 km. of
mainland e.g. in Narara bet (Fig 4.4-A)

e Shore area with boat channels with large inner flat, coral reefs recorded after 2 km. of
mainland e.g. Dhani, Munde bet. Suitable for fisheries related navigation (Fig. 4.4-B)

e Coral reefs recorded on the shore and thus recorded close-by the main land
e.g. Poshitra (Laku) point, Okha, Adatra. This type is interesting because corals are
found on supra-littoral side to downwards. This situation is not found in first two
types. (Fig 4.4-C)

ii. Along the Areal Islands

This type is found away from the shore line. These islands are mostly found in exposed
conditions and only some part of the island is submerged during high tide (Fig. 4.5-A). In
GoK this type can be found in two forms:

e Therocky areal island with terrestrial vegetation. In this type coral reef formation start
immediately after the shore line of the island and following from rocky areas of the
island towards sub-littoral sides. The lagoons like structures are formed in the reef flat
area. For example, Lagamarudi, Manmarudi, Dabdaba islands. (Fig. 4.5-B).

e Muddy islands with mangrove vegetation. Due to muddy nature of the island, coral
reef formation is restricted and thus grows with mangrove vegetation. At the extreme

end of the muddy area, reef flat starts with coral formation. For example, Noru,
Chhank (Fig. 4.5-C).
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ili. Along the Submerged Islands

In this type, the islands are predominantly submerged under water and only some part of
this is exposed during ‘minus tide’ (i.e. lowest low tide) (Fig. 4.6-A). In the central elevated
area, due to wave actions, pieces of dead Acropora and other coral species and coralline
sand are accumulated. Immediately after the central elevated area, the submerged part
of the island is grown with coral reefs (Fig. 4.6-B), for example, Dona, Boria, Pashu etc.

f \ Patchy

Frmglng
\/ \J Reef
Central
Elevation Central
Elevation
Lagoon Lagoon Reef Edge
Reef Edge
LWL
Seaward
Slope - .
Sea Fl Reef Flat Reef Flat
earoor Dead Acropora/ Coralline B
Sand m— Area

Fig. 4.6: Cross Section of Coral Reefs along Submerged Islands

Fig. 4.6: Cross Section of Coral Reefs along Submerged Islands
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4.3.2 Extent of Coral Reefs

The coral formations of the GoK are mostly concentrated between 22°20’N and 22°40’N
latitudes and 69° and 70°E longitudes. Estimate of actual extent of coral reefs in GoK is yet
not final, mainly due to inadequate surveys of coral reefs in sub-tidal zone. Nevertheless,
satellite imagery based assessment delineated a total reef area of about 217 km?in 1975,
which declined to 118 km? in 1985 and 123 km? in 1986 (Nayak et. al. 1989). However,
using satellite imageries SAC (1998) recorded that out of a total 460.2 km? area of MNPS,
about 277 km? area was delineated under coral reefs which constitute reef flats, sand over
reefs and mud over reef (Table 4.3)* . Thus, in the context of present study the extent of
coral reefs in GoK was considered to be about 277 km?.

Table 4.3: Area under different reef structures within MNPS

Type Area (km?) %
Reef Flat 148.4 32.2
Sand Over Reef 11.8 2.6
Mud over Reef 117.1 25.4
Reef Vegetation 112.1 24.4
Sand Vegetation 17.0 3.7
Sparse Vegetation 24.6 5.3
Dense Algae 29.2 6.3
Total 460.2 100.0
Source: SAC, 1998

4.3.3 Coral Species Diversity

Because of the geographical isolation and the extreme environmental conditions
(temperature range 15-35°C, salinity range 25-40 ppt), strong tidal currents and heavy
sediment load, the diversity of coral species is low in GoK. Gulf of Kachchh forms almost
the northern limits of coral formations in the Indian Ocean but for the northern portions
of the Red sea. The coral fauna of Red Sea is found to have a total of 64 genera of which
56 genera occur in the Gulf of Agaba (Scheer and Pillai 1983). The GoK lying farther
south is known to have only 24 genera, while the Maldives still south, is reported to
have 75 genera of corals (Pillai and Scheer, 1976). This is an indication that the latitudinal
difference is not the major factor that restricts the genetic diversity in the GoK. Record
of relatively low number of coral species in GoK water is mainly determined, to a certain
extent, by the harsh environmental conditions and geographic isolation. The Persian Gulf-
a highly isolated coral province- is known to have only 15 genera of corals (Scheer 1985).
The paucity of coral genera in the Persian Gulf is mainly due to extreme environmental
parameters. GoK is one of the most isolated areas in terms of coral growth.

1SAC is currently engaged in a mapping exercise of coral reefs in GoK using high resolution satellite imageries. The
current extent of coral reefs in GoK is not available at the time of writing this report.
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The diversity of coral species in GoK is quite low compared to the other reef areas in
India. In terms of species diversity the coral reef of GoK ranks last among the four major
coral reefs of India. Researchers explored coral species diversity in GoK during different
period and thus adding new species to the lists (Pillai and Patel 1988, Patel 1976b, 1978,
Chhaya and Patel 1982, Pillai et. al. 1979, Pillai 1987, Chavan 1984, Scheer 1985, Wafar
1986, Venkatraman et. al. 2003, Subba Rao and Sastry 2005, Singh et. al. 2006). However,
compilation from existing literature could confirm a total of 68 coral species from the GoK:
45 hard corals and 23 soft coral species.

(i) Hard Corals

Patel (1976b), Chhaya and Patel (1982), Scheer (1985), Wafar (1986), Pillai (1987), Pillai
and Patel (1988), Venkatraman et. al. (2003), Subba Rao and Sastry (2005) and Singh
et. al. (2006) reported many species of hard corals (Scleractinian corals) from the Gulf
of Kachchh. In this study, we attempted to collate information about all those species
and prepared a comprehensive list of hard corals. Accordingly, 45 species of hard corals
are recorded from GoK. A consolidated checklist of Scleractinian coral species is given in
Table 4.4.

Table 4.4: Consolidated Check-list of Hard Coral Species in GoK

Family : ACROPORIDAE Family : FAVIIDAE
1 Acropora humilis* 22 Cyphastrea serailia
2 Acropora squarrosa* 23 Favia favus
3 Montipora explanata 24 Favia pallida
4 Montipora foliosa 25 Favia stelligera
5 Montipora hispida 26 Favia speciosa
6 Montipora monasteriata 27 Favites bestae
7 Montipora turgescens 28 Favites complanata
8 Montipora venosa 29 Favites halicora
Family : CARYOPHYLLIIDAE 30 Hydrophora exesa
9 Paracyathus stokesi 31 Goniastrea pectinata
10 | Polycyathus verrilli 32 Leptastrea purpurea
Family : DENDROPHYLLIIDAE 33 Platygyra sinensis
11 | Dendrophyllia minuscula 34 Platygyra daedalea
12 | Tubastrea aurea 35 Platygyra lamellina
13 | Turbastrea faulkneri 36 Plesiastrea versipora
14 | Turbinaria crater Family : MUSSIDAE
15 | Turbinaria mesentarina 37 Acanthastrea hillae
16 | Turbinaria peltata 38 Symphyllia radians
Family : PECTINIIDAE 39 Symphyllia recta
17 | Mycedium elephantotus Family : PORITIDAE
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Family : SIDERASTERIDAE 40 Goniopora minor
18 | Coscinaraea monile 41 Goniopora stutchburyi
19 | Psammocora digitata 42 Goniopora planulata
20 | Pseudosiderastrea tayami 43 Porites compressa
21 | Siderastrea savignyana 44 Porites lichen
45 Porites lutea

Source: Compiled from various sources (see text). * Dead and fossilized reefs of Acropora species
are found in many patches. But, records of live specimen reported by many need confirmation.

(ii) Soft Coral

Based on work of Hornell (1909), Patel (1976), Chhaya and Patel (1982), Subba Rao &
Sastry (2005) and Singh et. al. (2006), a consolidated list of alcyonaryan coral species (soft

corals) from GoK was prepared. Accordingly, a total of 23 soft coral species were reported
from GoK. Other than above records of coral species in southern lip of the GoK, Deshmukh
et. al. (2000) reported, for the first time, the presence of a couple of soft coral species
near the Mundra, Mandvi and Kandla coasts in northern side of the Gulf. They opined that
due to drastic decline in the sediment load by River Indus over the years (250 x10° tons
per year to 50x 10° tons presently); the northern side of GoK is providing suitable habitats
for some coral species to colonize there. The checklist of soft coral species in GoK is given
in Table 4.5.

Table 4.5: Checklist of Soft coral Species in GoK

Family: GORGONIIDAE Family: ELLISELLIDAE
1 Telesto rubra 13 Juncella juncea
2 Lophogorgia lutkeni 14 Plexauroides praelonga
3 Leptogorgia australiensis 15 Ellisella andamanensis
4 Gorgonella rubra 16 Nicella dichotoma
Family: ALCYONIDAE 17 Ellisella maculata
5 Lobophytum pauciflorum Family: PLEXAURIDAE
6 Sclerophytum polydactylum 18 Echinogorgia flora
Sinularia sp 19 Thesea flava
Family: PARAMURICEIDAE Family: NEPHTHEIDAE
Astromuricea stellifera 20 Dendronephthya brevirama
9 Echinomuricea uliginosa 21 Dendronephthya dendrophyta
10 | Pennatula sp. Family: SUBERGORGIIDAE
11 | Virgularia rumphii 22 Subergorgia sp
Family: MEANDRINIDAE Family: PTEROEIDIDAE
12 | Eusmilia fastigata 23 Pteroeides sp.
Source: Compiled from different sources (see text)
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As described earlier, GoK, especially the southern side of it, is dotted by 42 islands. Of these,
33 islands have presence of coral reefs. These reefs are mostly of fringing type along with
offshore platform reefs, patch reefs and coral pinnacles. Most of the reefs are narrow and
live corals are found at the edges of the seaward slope of the reef. Pillai and Patel (1988)
first reported the distribution of coral species in different locations (islands) of GoK. Also,
recent survey of GEER foundation recorded differential distribution of coral species at
different islands and other locations in GoK. Based on the above studies and interactions
with the researchers working on coral reef systems in GoK, the distribution of species of
hard and soft corals at different locations were ascertained. The above distribution of coral
species was further refined and presented separately for the three types i.e. contiguous
to mainland, along the areal islands and along the submerged islands. Table 4.6, 4.7 & 4.8
presents the distribution of coral species at different locations of GoK.

Table 4.6: Distribution of Coral Species in Different Contiguous to Mainland Locations

Coral Species Mitha- | Okha | Adat- | Laku | Pind- | Dha- | Nar- | Sik- | Mun- | Bala- All
pur ra Pos- ara ni ara ka de chadi | Sites
hitra

Hard Coral
Acanthastrea hillae X X X X 4
Coscinaraea monile X X X X 4
Cyphastrea serailia X X X X X X X 7
Dendrophyllia minuscula X 1
Favia favus X X X X X X X X X 9
Favia speciosa X X X X X 5
Favites bestae X X X X X X X 7
Favites complanata X X X X X X 6
Goniastrea pectinata X X X X X X X X 8
Goniopora minor 0
Goniopora planulata X X X X X X X X 8
Goniopora stutchburyi X X X X X X X 7
Hydrophora exesa X X X 3
Leptastrea purpurea X X X 3
Montipora explanata X X X X X X X 7
Montipora foliosa X X X 3
Montipora hispida X X 2
Montipora monasteriata X 1
Montipora turgescens X 1
Montipora venosa 0
Mycedium elephantotus X 1
Paracyathus stokesi X X 2
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Platygyra sinensis

Plesiastrea versipora
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Porites compressa
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X | X | X | X

X | X | X | X

Tubastrea faulkneri

Turbinaria crater

x

Turbinaria peltata

Soft Coral

Astromuricea stellifera

Dendronephthya brevirama

Dendronephthya dendrophyta

Echinogorgia flora

Echinomuricea uliginosa

Ellisella andamanensis

Ellisella maculata

Gorgonella rubra

Juncella juncea

Leptogorgia australiensis

Lobophytum pauciflorum
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Plexauroides praelonga

Sclerophytum polydactylum

Telesto rubra

Thesea flava

Virgularia rumphii
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Table 4.7: Distribution of Coral Species in Different Areal Islands Locations
Coral Species 1 (2345|6789 |10 (1112|1324 (15|16 |17 (18|19 | 20|21 22|23 |24 |25 26 |All
Site

Hard Coral
Acanthastrea hillae X X x | x x | x X X
Coscinaraea monile X X X X | x X

8

6
Cyphastrea serailia X X | x X | x x | x X X |9
Dendrophyllia minuscula 0
Favia favus x | x X x | x| x x | x| x| x
Favia speciosa
Favites bestae X X X X | x
Favites complanata X X
Goniastrea pectinata X | x X X | x| x X | x| x| x
Goniopora minor
Goniopora planulat
Goniopora stutchburyi X X x | x
Hydrophora exesa X
Leptastrea purpurea
Montipora explanata X X x | x x | x X X
Montipora foliosa X
Montipora hispida X x | x X X
Montipora monasteriata X
Montipora turgescens
Montipora venosa
Mycedium elephantotus X
Paracyathus stokesi X
Platygyra sinensis X X X | x x | x | x [ x X
Plesiastrea versipora
Polycyathus verrilli
Porites compressa
Porites lichen
Porites lutea
Psammocora digitata X
Pseudosiderastrea tayami X X x | x| x| x
Siderastea savignyana X X
Symphyllia radians x | x X
Tubastrea aurea x | x
Tubastrea faulkneri
Turbinaria crater X | x X | x X
Turbinaria peltata X X | x| x| x X | x| x x [ x x| x [ x| x| x [ x| x]17
Soft Coral
Astromuricea stellifera X X X X
Dendronephthya brevirama X x | x
Dendronephthya dendro- X X X | x
phyta
Echinogorgia flora X
Echinomuricea uliginosa
Ellisella and is
Ellisella maculata
Gorgonella rubra
Juncella juncea
Leptogorgia australiensis
Lobophytum pauciflorum
Lophogorgia lutkeni
Nicella dichotoma
Pennatula sp. X
Plexauroides praelonga X
Sclerophytum polydactylum X
Telesto rubra X
Thesea flava X
Virgularia rumphii X
Total Species 0(2]33]o0jof5([1]1]1]0([4]|2]|6]0f[0([0]|15]16]7[7([33]|23]8]2[6]15
Locations: 1: Islets opp to Adatra; 2: Samiani; 3: Bet Island with Bet Balapur; 4: Sone Mova; 5: Islets opp. Kiu island; 6: Kyu island;
7: Langha Marudi; 8: Man Marodi; 9: Dholiyo; 10: Dholani; 11: Lefa; 12: Ashaba Gugar; 13: Dhabdaba; 14: Devdi; 15: Kimra kot;
16: Sanbeliya bet; 17: Ajad; 18: Bural reef with island; 19: Panera tapu; 20: Gandhiya kado; 21: Kalumbhar; 22: Jindra; 23: Pirotan
swamp (chhad bet); 24: Pirotan island; 25: Roji bet; 26: Mungra reef
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Table 4.8: Distribution of Coral Species in Different Submerged Islands Locations

Coral Species Chin- | Dona [Bo- |Savaj | Man |Paga |Pa- [Vudda | Goose |Sri | Bhens | Mitha | All
dri ria gunda shu | Kudda bid dhora | Site

Hard Coral
Acanthastrea hillae X X X X X X X X 8

Coscinaraea monile X X X X X X X X X 9
Cyphastrea serailia X X X X X X X X X 11
Dendrophyllia minuscula 0

x
x

Favia favus X X X X X X X X

Favia speciosa

Favites bestae
Favites complanata
Goniastrea pectinata

X | X X [X |Xx
X | X |IX [X | X

Goniopora minor

Goniopora planulata

X X |IX | X |X |X
x

X | X X [ X | X

X | X |X | X |X |Xx

Goniopora stutchburyi
Hydrophora exesa X
Leptastrea purpurea X

X | X IX |X |X |X |X [|X [|X
x
[N
N

x
x

Montipora explanata X X

Montipora foliosa

Montipora hispida X
Montipora monasteriata
Montipora turgescens
Montipora venosa
Mycedium elephantotus X

X | X | X | X

X | X | X |X | X [X
x

x

Paracyathus stokesi

Platygyra sinensis X X X X X X X X

Plesiastrea versipora X
Polycyathus verrilli
Porites compressa

Porites lichen

X | X |xX |x
x

X | X |X | X

X | X | X | X

X | X |IX | X

Porites lutea

Psammocora digitata

Pseudosiderastrea tayami X
Siderastea savignyana X X X
Symphyllia radians X X X X X X

x
x
x

Tubastrea aurea X X X

Tubastrea faulkneri

Al |lO|lW|[A|O(||V|N|FP|O|IO|(R[IN|FRP|W|IN]|W

Turbinaria crater X

X | X |X |x
x

x

x | x
x

x | x
[y

[N

Turbinaria peltata X X X X X
Soft Coral
Astromuricea stellifera

Dendronephthya brevi- X X X
rama

o

o

w

Dendronephthya dendro- X X 2
phyta

Echinogorgia flora X X
Echinomuricea uliginosa
Ellisella andamanensis

Ellisella maculata

Gorgonella rubra X X

Juncella juncea

NI|O|IN|ININ|IO|N

Leptogorgia australiensis X X
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Lobophytum pauciflorum X X X 3
Lophogorgia lutkeni (0]
Nicella dichotoma X X 2
Pennatula sp. 0
Plexauroides praelonga X X 2
Sclerophytum polydac- X X X X 4
tylum

Telesto rubra 0
Thesea flava X X

Virgularia rumphii (0]
Total Species 29 16 25 10 19 23 20 10 24 21 23 3

Accordingly, amongst the contiguous to mainland locations the Narara and Poshitra are
relatively better in terms of coral species diversity. Similarly, Pirotan, Kalumbhar, and
Bet Balapur amongst the areal islands, and Chindri, Boria, Goose and Paga amongst the
submerged islands support good coral species diversity (Table 4.9).

Table 4.9: Summary of Coral Species diversity in three reef types

Parameters Contiguous to Mainland Areal Island Submerged Island

No. of Sites 10 26 12

Total Genera 32 35 30

Hard Coral 21 19 20

Soft Coral 11 16 10

Total Species 43 48 45

Hard Coral 31 30 33

Soft Coral 12 18 12

Important Laku (Poshitra), Okha, Narara, | Kalumbhar, Bet Balapur, | Chindri, Boria, Goose,

Locations Mithapur, Sikka, Munde Pirotan Island, Jindra, Paga, Bhens bid
Asaba Gugar

Many of the world’s coral reefs are severely degraded as a result of regional pollution, over
fishing, land-based development activities and the climate change (Hughes et. al. 2003). In
addition, the incidence of widespread coral bleaching is rapidly increasing (Wilkinson 2000,
McWilliams et. al. 2005, Stone et. al. 1999). The evidence linking high sea surface temperatures
(SST) to coral bleaching is clear (Glynn 1993, McWilliams et. al. 2005). Unusually high
temperatures during the summer months result in the expulsion of symbiotic dinoflagellate
algae from the coral hosts (resulting in characteristic whitening). Literature suggests that Sea
Surface Temperature (SST) greater than 1°C above the seasonal average are sufficient to cause
significant bleaching of most corals (Brown 1997). If thermal stress is severe and prolonged,
most of the corals on a reef may bleach, and many may die. For example, an estimated 16%

of the world’s coral reefs were severely damaged or killed as a result of exceptionally high
Sea Surface Temperature during the strong 1997-1998 El Nino event (Wilkinson 2000). It is
important to highlight that at regional level, bleaching generally found patchily. Consequently,




Gujarat Ecology Commission

bleached and unbleached corals are often encountered side by side. This indicates absence
of any single bleaching threshold for all locations, times, or species. While the source and
mechanism of these differentiations are poorly understood, they are mainly attributed to
extrinsic environmental heterogeneity (e.g. temperature, light, sedimentation), as well as
intrinsic differences (phenotypic and genetic) among corals and their microalgal symbionts
(Berkelmans & Willis 1999, Coles & Brown 2003, Hughes et. al. 2003).

Coral mortality in the Gulf of Kachchh is mainly due to siltation, bleaching and diseases. While,
there is no information available about the diseases related mortality of corals in GOK, the
siltation and bleaching related information are scantly present. Increased developmental
activities and altered tidal currents (due to rise in temperature) could be major causes for
coral mortality. In addition, although southern lip of GoK receive lesser amount of silts from
natural sources (like Indus River) than the northern lip, they are sufficiently enough to cause
mortality of large number of coral colonies. Most corals in this area were almost buried under
silt. Inter-colonial space between coral colonies in Paga reef revealed silt deposition of few
mm to some centimeters in thickness (Singh et. al. 2006).

With special reference to global bleaching effect during 1998, an assessment of coral bleaching
in GoK (and other coral sites of country) was attempted by Arthur (2000). Accordingly, only
about 10.7% of coral colonies were found bleached in GoK. While, in the Gulf of Mannar and
Lakshadweep islands, the effect of bleaching was enormous (89.2% and 81.8%, respectively).
Clearly, the coral reefs in GoK were not much affected by bleaching. Temperatures in the
intertidal reefs of the GoK commonly reach 36°C and higher in reef areas during summer
(Arthur 1995), thus the bleaching could well be attributed to normal summer bleaching
related to seasonal temperature rise. It is conceivable that coral species in these intertidal
reefs are adapted to such seasonal temperature fluctuations (Gates 1990). SST anomalies in
GoK may not be as significant a disturbance because wide temperature variations are quite
common at these latitudes. Arthur (1995) estimated about 1.2 - 1.4% of bleached coral in
summer months before the monsoons. This suggests that despite having better resistance
compared to other regions, corals in GoK are also vulnerable to bleaching events. Some of the
causes of coral mortality in different part of GoK are also summarized in Table 4.10.

Table 4.10: Causes of coral mortality in different locations of GoK

Area Location Period Species Causes of mortality
Vadinar Reef flat Aug.96 | Favia sp. Bleaching
Vadinar Reef flat Aug.96 | Pseudosiderastrea sp. Bleaching
Vadinar Reef flat Aug.96 | Favia sp. Sedimentation
Vadinar Reef flat Aug.96 | Pseudosiderastrea sp. Sedimentation
Vadinar Reef flat Aug.96 |P lutea Sedimentation
Manguda Reef flat Sep.97 | Dead reef Sedimentation
Page reef Reef flat Sep.97 | Dead reef Sedimentation
Source: Ravindran et. al. 1998
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5. Coral Reefs Valuation - Review

It is important to mention here that, techniques for valuing ecosystem goods and services
are still not full-proof and not well-tested. Therefore, the results of such estimations
must be used with utmost care. Nevertheless, putting a monetary value to ecosystem
services could help in suggesting policy makers why its survival is important (IUCN/TNC/
World Bank 2004, Turner et. al., 2003). In the context of coral reefs, despite many studies,
however, there is no single agreed total value for their different goods and services. Values
vary according to location of coral reefs; time period for which valuation is estimated;
beneficiaries of the services, and the method used and assumptions made.

Coral reefs are highly productive, diverse, and attractive ecosystems which provide
a valuable range of goods and services for mankind. Valuation of goods and services
generated by coral reef system had widely been attempted by researchers in different
parts of the world. Thus, according to an estimate, the total net benefit per year of the
world’s coral reefs is $29.8 billion. Tourism and recreation account for $9.6 billion of this
amount, coastal protection for $9.0 billion, fisheries for $5.7 billion and biodiversity for
$5.5 billion (Cesar et. al. 2003). However, at regional levels the values ranged widely,
mainly due to the variations in type and extent of the coral reef systems and also the
underlying socio-economic state of the beneficiaries. Accordingly, in the South East Asia,
the total potential sustainable annual economic net benefits per km? of healthy coral
reef is estimated to range from $23,100 to $270,000 arising from fisheries, shoreline
protection, tourism, recreation, and aesthetic value (Burke et. al. 2002). In the Caribbean,
the annual net benefits provided by coral reefs in terms of fisheries were estimated to be
about $300.0 million (Burke and Maidens 2004).

At site specific level, utility values associated with coral reef biodiversity was estimated
at Phi Phi, Thailand. The mean Willingness to Pay (WTP) per visit was estimated at $7.17
for domestic visitors and $7.15 for international visitors or $147,000 a year for domestic
visitors and $1.2 million a year for international visitors. The study also calculated the mean
WTP of vicarious domestic users at $15.85. The total value of the reefs was estimated
to be $497.4 million per year, or $15,118 per hectare per year (Seenprachawong 2004).
Similarly, the Total Economic Value for Guam’s reefs was estimated at $127.3 million
per year, with tourism accounting for approximately 75% of this value ($94.6 million per
year), diving and snorkeling for $8.7 million per year, fisheries for $4.0 million per year,

biodiversity for $2.0 million per year, and coastal protection for $8.4 million per year (Van
Beukering et. al. 2007). The Total Economic Value of coral reefs in Indonesia’s Wakatobi
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National Park in Southeast Sulawesi was estimated to be $308,000 or $12,100 per km?
(Samonte-Tan and Armedilla 2004).

In the above context, it is strongly realized that before venturing into the valuation of coral
reef systems in GoK, a thorough understanding of values of different good and services
of coral reef systems in different parts of the world, is highly desirable. The following
sections present a review of valuation of various goods and services of Coral Reef systems.

Value measured | Value estimate | Location Reference Comments
in the study for 2007

58 S/ha/year ~100 S/ha/year | All coral reef | Costanza, 1997
ecosystems

58 S/ha/year ~75 S/ha/year | Galapagos De Groot, 2002 | replacement cost method
(artificial purification)

58 S/ha/year ~ 75 - 100 S/ha/year (2 studies)

Value measured | Value estimate Location Reference Comments
in the study for 2007
2750 S/ha/year ~4500 $/ha/year All coral reef Costanza,
ecosystems 1997
22 Bn$ - Philippines MacAllister, | Replacement costs method
(100 M$/ha) 1991 (tetrapods over 22 km?)
14000 $/ha/year | ~40000 $/ha/year |Indonesia Cesar, 1996 | productivity change
(9000-260000 S/ | (~25000-700000 S/ method (loss of productive
ha/year) ha/year) functions)
65 MS - Jamaica, Gustavson, productivity change method
Montego Bay 1998 (npv) applied to real estate
market information
77-1540 S/ha/ ~100-2000 $/ha/ Philippines White, 2000
year year
61 S/ha/year ~100 S/ha/year Indonesia Burke, 2002
125 S/ha/year ~160 $/ha/year Philippines Burke, 2002
55-1100 S/ha/ ~80-1500 $/ha/ South East Asia | Burke, 2002
year year
2460-8360 S/ha/ | ~3500-12000 $/ha/ | Sri Lanka Cesar, 2003
year year
1140 $/ha/year ~1180S/ha/year France, French | Charles,

Polynesia, 2005
Moorea atoll
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8.4 MS/year (1860 | ~8.3 MS$/year Saipan Van avoided damage method
S/ha/year) Beukering,
2006
4 MS/year (250 $/ | ~4 MS/year Sainte-Lucia WRI, 2006
ha/year)
5.4 MS/year ~5.7 MS/year Tobago, WRI, 2006
Caribbean
55-14000 $/ha/ ~ 80 - 40 000 $/ha/year (8 studies)
year
Value Value estimate | Location Reference Comments
measured in for 2007
the study
45 MAUS/year 106 MS$/year Australia, Hundloe, [ contingent valuation method (4
(2 S/ha/year) (3 $/ha/year) great barrier | 1987 AUS/ visitor for maintaining the
reefs ecosystem in its present state) -
evaluation limited to the Australian
population who has not visited the
coral reef site
19.6 MS - Jamaica, Spash, contingent valuation method (1,17 $
Montego Bay | 1998 a 2,98S/visitor/year for an improve-
ment of 25% of the conservation
state of coral reefs)
120 S/ha/year ~ 160 $/ha/year | Galapagos De Groot,
2002
<1 MS/year <1,3 MS/year Philippines Arin, contingent valuation method
Kramer,
2002
2-120S/ha/ ~ 3 —160 S/ha/year (2 studies)
year
Value measured | Value estimate Location Reference Comments
in the study for 2007
12 $/ha/year ~20 $/ha/year All coral reef Costanza,
(habitats) ecosystems 1997
4.9 S/ha/year ~6.4 S/ha/year Galapagos De Groot, Shadow price, considered
2002 equal to 10% of the market
price of all biodiversity
conservation activities
0.55 $/ha/year ~0,7 $/ha/year Galapagos De Groot, Conservation expenditures
2002
7.0 $/ha/year ~9,2 $/ha/year Galapagos De Groot, 10% of fisheries income
2002 depends on the ecosystem
regulation functions
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50.0 $S/ha/year ~52 $/ha/year France, French Charles,
Polynesia 2005 (MSc)
Moorea atoll
3 MS$/year ~3 MS/year Saipan Van contingent valuation
(ecological (660 S/ha/year) Beukering, method (1S to 10S fee for
services) 2006 accessing existing marine
(660 S/ha/year) parks)
330000 $/ha ~ 340000 $/ha France, Raboteur & | contingent valuation
(75 S/ha/year) (~80 $/ha/year) | Guadeloupe, Rodes, 2006 | method (willingness-to-pay
Pigeon area of 12.7 $/visitor/year for
conserving the site in its
present state)
1- 660 S/ha/year |~ 1-660 S/ha/year (7 studies)
Value measured | Value estimate | Location Reference Comments
in the study for 2007
150000 S/year ~230000 S/year Belize Spurgeon, 1992 | Investment cost of a
research centre
2.5 MS/year ~3.4 MS/year Panama Spurgeon, 1992 | Investment cost of a
research centre
2.73 $/ha/year ~6.2 $/ha/year Galapagos, park | De Groot, 1992 | Investment cost of a
research centre
581000 $/year ~600000 S/year France, French | Charles, 2005
(117 $/ha/year) (~120 $/ha/year) Polynesia,
Moorea atoll
0.8 MS/year ~0.7 MS/year Saipan Van Beukering, | Investment cost of
(186 $/ha/year) (184 S/ha/year) 2006 research organizations
2—-186 S/ha/year |~ 6—184 S/ha/year (3 studies)
Value measured | Value estimate Location Reference Comments
in the study for 2007
3008 S/ha/year ~5000 $/ha/year | All coral reef Costanza, 1997
ecosystems
8295 S/ha/year ~37000 $/ha/year | StJohns Posner, 1981
144 MAUS/year Australia, great | Hundloe, 1987 | Transport cost method,
(41100 AUS/ha/ barrier reefs consumer surplus for
year) national and foreign tourists

106 MAUS/year

Australia, great

barrier reefs

Hundloe, 1987

Transport costs method,
consumer surplus for

national and foreign tourists
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6 MAUS/year

Australia, great
barrier reefs

Hundloe, 1987

contingent valuation
method consumer:8 AUS/
visitor/year

- - Galapagos Edwards, 1991 | Hedonic price method
312S/visitor/day
- - Key Largo, Leeworthy, Transport cost method:
Florida 1991 285S to 426 S/visitor/day
(taking into account the
opportunity cost of time)
325000 $/year ~300000 S/year Bonaire Marine | Dixon, 1993 contingent valuation
(diving) 23.2 MS/ | ~21.6 MS/year Park, Barbados method 27.4 S/visitor/year
year income from tourism
8.8 MS/year ~8.2 MS/year Bonaire Marine | Pendleton, income from tourism
(diving) 19.2 MS/ | ~17.8 MS/year Park, Barbados | 1993 transport costs method
year
45 S/ha/year ~100 $/ha/year Galapagos De Groot, Income loss (productivity
1992 change method)
5 MS/year ~16 MS/year Jamaica Wright, 1995 | contingent valuation
~25.5 M$/year method
31 S/visitor/year (1)
49 $/visitor/year (2)
1.Maintaining the coral
reefs in their present state 8
MS$/year
2. Coral reef restoration to
« excellent » state)
30-4820 S/ha - Indonesia César, 1996 Income loss from tourism
(productivity change
method) due to coral reef
destruction
315 M$ Jamaica, Gustavson, Income loss (productivity
Montego Bay 1998 change method): net
present value
769 MAUS Australia, great | Driml, 1999 Income loss (productivity
barrier reefs change method)
97 MS/year ~110 MS/year Hawai Cesar, 2002 Transport cost method

231-2700 S/ha/
year

~325-3700 S/ha/
year

South East Asia

Burke, 2002

390000 S/year Malaisie, Pulau | Yeo, 2003 contingent valuation
Payar MPA

6243 S/ha/year ~7300 $/ha/year | Thailand Seenprocha- Transport cost method

wong, 2003

1654 $/ha/year ~2000 $/ha/year | Caribbean Chong, 2003

51.6 M$/year ~53.6 MS/year France, French | Charles, 2005

(10320 S/ha/ (10320 $/ha/year) | Polynesia, atoll

year) de Moorea

184 S/visit ~190 S/visitor/ | meta-analysis Brander, 2006

year
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74.4 MS/year ~74.4 MS/year Caribbean, WRI, 2006
Sainte-Lucie
20.4 MS/year ~20.4 M$/year Caribbean, WRI, 2006
Tobago
42 MS/year ~42 MS/year Saipan Van Beukering, | Consumer surplus
2006
0.82 MS/year ~0.82 M$/year Caribbean, WRI, 2006
Sainte-Lucie
0.2-1 MS/year ~0.2-1 MS/year Caribbean, WRI, 2006
Tobago
45-8295 S/ha/ ~100 — 37000 S/ha/year (9 studies)
year
Value Value Location Reference Comments
measured in | estimate for
the study 2007
1.72-7.55 M$ - Jamaica, Montego | Point, 2001 Marginal value equal to
(1225-5385 $/ Bay the profits generated
ha) by developing an active
compound that can be
marketed as a drug
70.09 M$ - Jamaica, Montego | Ruitenbeek, Net present value (benefits
(50000 S/ha) Bay Cartier, 1999 calculated based on a
hypothetical bio-prospecting
programme)
240 $/ha/year ~250 $/ha/ France, French Charles, 2005 Benefit transfer (based on
year Polynesia, atoll de Ruitenbeek, Cartier, 1999)
Moorea

Value measured in | Value estimate Location Reference Comments
the study for 2007
220 S/ha/year ~365 S/ha/year | all coral reef Costanza, 1997
(fisheries) ecosystems
0.40 $/ha/year ~0.90 $/ha/year | Galapagos De Groot, 1992 productivity
(ornamental fish) 0.70 ~1.60 $/ha/year change method
S/ha/year (crustacean)
47-777 Bn $ (fisheries) Indonesia Sawyer, 1992 productivity
change method

80 MS/year (fisheries) | ~205 MS/year Philippines MacAllister, 1988 productivity
(32 S/ha/year) change method
10 MS/year ~25 MS/year Philippines MacAllister, 1988 | productivity
(ornamental fishes) 10 $/ha/year change method
(4 S/ha/year) (10 5/ha/year)
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9-17 BnS (fisheries) Philippines Dixon, 1988 productivity
change method
(net present
value)
143 MAUS (fisheries) Australia, great Driml, 1999 productivity
barrier reefs change method
1.31 MS (fisheries) Jamaica, Montego | WRI,1999 Productivity
Bay change method
(net present
value)
239 $/ha/year ~ 380 $/ha/year | Indonesia Burke, 2002
(fisheries)
238 $/ha/year ~ 305 $/ha/year | Philippines Burke, 2002
(fisheries)
120-360 $/ha/year ~170-500 $S/ha/ | Asie du sud-est Burke, 2002
(fisheries) year
699 S$/ha/year ~ 880 $/ha/year | Caribbean Chong, 2003
(fisheries)
61 S/ha/year ~ 63 S/ha/year | France, French Charles,2005
(aquaculture) Polynesia, Moorea
atoll
84 S/ha/year ~ 87 S/ha/year | France, French Charles, 2005
(fisheries) Polynesia, Moorea
atoll
1.3 M$/year (fisheries) | ~ 1.3 MS/year Saipan Van Beukering, surplus
(290 $/ha/year) 2006
32-700 $/ha/year 80- 900 S/ha/year (fisheries) (8 studies)
(fisheries)
1-4 S/ha/year 1- 10 S/ha/year (ornamental fish) (2 studies)
(ornamental)
61 S/ha/year 65 S/ha/year (aquaculture) (1 study)
(aquaculture)

Other Services (Building Material, Cultural, Regulation, Carbon Sequestration &

Landscape Amenities)

Value measured | Value estimate Location Reference Comments
in the study for 2007

27 S/ha/year ~ 45 S/ha/year all coral reef Costanza, 1997

(building materials) ecosystems

5.20 S/ha/year ~11.7 S/ha/year Galapagos De Groot, 1992 productivity

(building materials) change method

273 S/ha/ ~ 750 $/ha/year Indonesia, Lombok | Cesar, 1996 Benefits (costs-

year (mining income).

exploitation over a

10-year period)
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Montego Bay

Ruitenbeek,
1999

266 S/ha/year ~ 276 $/ha/year France, French Charles, 2005
(building materials) Polynesia, atoll de
Moorea
0.20 $/ha/year ~0.50 S/ha/year Galapagos De Groot, 1992 expenditures
(Cultural activities)
0.52 $/ha/year ~1.20 S/ha/year
(donations)
2750 $/ha/ ~ 4500 S/ha/year | All coral reef Costanza, 1997
year (Regulation ecosystems
function)
90 $/ha/ ~93 S/ha/year French Polynesia, | Charles, 2005 Estimate based on
year (Carbon atoll de Moorea the market price of
sequestration) 1t CO2
9.6 MS/year ~9.5 MS/year Saipan Van Beukering, Hedonic price
(2100S/ha/ 2006 method
year) (Landscape
amenities)
5-270 S/ha/year 10 — 270 S/ha/year (building materials) (3 studies)
(building materials)
Value Value Location Reference Comments
measured in estimate for
the study 2007
375 Bn S/year ~620Bn S/ All coral reef | Costanza, 2% of the value of marine
(6075 S/ha/year) | year ecosystems 1997 ecosystems Coastal protection
(~10000 $/ha/ (45%), water purification (1%),
year) fisheries (5%), recreational
activities (49%), biodiversity (g).
22.68 MS/year ~49.2 M$/year | Jamaica, Cited by Small-scale traditional fishing

(1%), recreational activities and
tourism (76%), ecological services
(7%), coastal protection (15%),

bioprospecting (1%)

30 Bn $/year ~36.7Bn S/ All coral reef | Cesar, 2003 Fisheries (19%), coastal protection
797.4 BnS year ecosystems (30%), tourism and recreational
(50 years, 3%) activities (32%), biodiversity(19%).
15118 S/ha/year | 17000 S/ha/ Thailand, Seenproch- Contingent valuation

year Andaman Sea | awong, 2003
85.5 MS$/year ~88.7 M $/year | France, Charles, 2005
(17100 S/ha/ (~17700 $/ha/ | French
year) year) Polynesia
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3.1-4.6BnS/ ~3.5-5.2Bn S/ | Caribbean Wilkinson, From WRI. Surplus from
year year Souter commercial fisheries, market
Fisheries :0.3 (IUCN), 2005 | recreational water activities, and
Bn $/ year; coastal protection. Cost of inaction
Tourism:2.1 Bn estimated at 140-420 MS/year.
S/year; Coastal
protection : 0.7-
2.2 BnS/year
3.5 Bn AUS/year |~2.8 BnS/year | Australia, Great Tourism, commercial fisheries,
great barrier | Barrier Reef | recreational and cultural activities
reefs Parine Park (non market values not estimated)
Authority
2005
61 MS/year ~ 60.5 MS/year | Saipan Van Commercial fisheries (3%),
(8000 S/ha/year) | (7900 $/ha/ beukering, recreational (9%), tourism (68%),
year) 2006 research (2%), ecological services
(5%), coastal protection (13%)
1000-6000 S/ha/ | ~1050-6300 S/ | All coral reef | PNUE, 2006 | - 1400-75000 S/ha/year, Sri Lanka

year

ha/year

ecosystems

(Berg and al, 1998)

- 1430 $/ha/year, Samoa islands,
USA, (Spurgeon et al, 2004)

- 8/500/10000 S/ha/year
(depending on the main economic
activities made possible by

the existence of coral reefs:
agriculture, coastal protection and
habitat provision, tourism).

1000 — 17100 $/

1050 — 17700 $/ha/year (5 studies)

ha/year

Values Range Range in 2007 % of total Value
Marketable
Recreational values 45 — 8295 S/ha/year ~100-37000 S$/ha/year |30-75
(including non market)
Fisheries 32 —700 S/ha/year ~80-900 S/ha/year 1-25
Ornamental fish 1-4S$/ha/year ~1-10 $/ha/year
Aquaculture 1-60 S/ha/year ~ 1- 65 S/ha/year €
Building materials 5-270 S/ha/year ~10-270 S/ha/year €
Non-marketable
Coastal protection 55 - 14000 S/ha/year ~80-40000 $/ha/year 15-50
Education and research | 2 —186 $/ha/year ~6— 184 $/ha/year 0-2%
Biodiversity 1-660 S/ha/year ~1-660 S/ha/year 1-20
Water purification 58 S/ha/year ~75-100 S/ha/year 1-5
Existence value, option | 2—120 $/ha/year ~3 —160 $/ha/year €
value

Total economic value

1000- 17100 $/ha/year
(Costanza : 6075 $/ha/
year)

~1000- 17700 $/ha/year
(Costanza : ~ 10000 $/ha/year)
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6. Approach/ Methodology

This work mainly focuses on fringing reefs of GoK that are lying in both intertidal and sub-
tidal areas. As per existing knowledge, a total of about 277 km? area of coral reefs exists
in GoK, especially along the coasts of Jamnagar District. Therefore, in the present context,
the coral reefs of Jamnagar district were considered for valuation purpose. Furthermore,
almost entire extents of coral reefs in GoK are covered under Marine National Park and
Sanctuary.

6.1 Valuation Approach

Review of literature highlights many valuation methods for different functions of coral
reefs (Table 6.1). Also, approaches that are used by other workers in the valuation of coral
reefs in different parts of the world and have relevance to this study are summarized in

Table 6.2.

Table 6.1: Environmental valuation techniques

Type Name of | How they are applied Applicability to Coral Reefs
Tech- in GoK
[EEE Appli- | Area of Application
cability
Market Price | Market Based on the assumption that the value of Yes 1. Market value of
Based Values a good is based on its price in the market medicine based on
place. Value of the good is taken as the biodiversity/ gene pool
market price, less the cost of production & of the Corals of GoK. 2.
any transfer payments made, such as taxes Market value of items
& subsidy. collected in curio trade
Change in | Primarily for the marketable goods like Yes 1. Fisheries catch over a
productiv- | fisheries. Assumptions is that the changes period of time. 2. Catch/
ity in environmental quality can lead to cost per effort (cost of net,
changes in productivity and production diesel, boat, labor etc.)
costs, which in turn lead to changes in the
volume and price of goods. For example,
a decline in coral reef quality will lead to
decline in artisanal fishery catch and hence
loss of market value.
Damage Under this approach, the value of an envi- Yes 1. Increase in agriculture
Costs ronmental asset, such as coastal or flood productivity due to pre-
avoided protection, is taken to be represented by vention of land and water
the saving made by avoiding damage to degradation.
assets it protects. For example, the value 2. Increase in ground
of coastal defense provided by a beach or water recharge
coral reef would be considered to be equal
to the cost of repairing or replacing infra-
structure and buildings damage by erosion
and flooding.
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Defensive
or pre-
ventative
expendi-
ture

Defensive expenditures, such as the provi-
sion of extra-filtration for purifying water,
are considered as minimum estimates of
the benefits of environmental improve-
ments. Such an increase in quality must
provide a benefit to the individual at least
as great as the cost of the defensive equip-
ment, because otherwise the individual
would settle for lower quality and avoid
spending the money.

Depends

Cost-based

Replace-
ment cost

Value of an environmental asset or func-
tion it performs can be given a proxy value
based on the cost of replacing the function
with an alternative. For example, the
value of a coral reefs shoreline protection
function can be estimated based on the
cost of providing an equivalent man-made
shoreline protection scheme.

Yes

1. Cost of building Band-
haras, tidal regulators,
sub-surface dykes etc.
along the coastline.

Revealed
Preference/
surrogate
market (uses
market-based
information
to infer a
non-market-
ed value)

Travel
cost
method

This technique revolves around the ex-
penditure incurred by households or indi-
viduals in order to reach recreational sites.
The sum of the cost of travelling, including
the opportunity cost of time and any en-
trance fee, gives a proxy for market prices
in estimating demand for the recreational
opportunity provided by the site under
investigation. By observing these costs
and the number of trips that take place at
each of the range of prices, it is possible to
derive a demand curve and hence overall
value for the particular site.

Yes

1. Calculate value of Eco-
tourism

Hedonic
price

This approach seeks to isolate the contri-
bution that environmental attributes make
to the total market value of an asset. For
example, the proportion of the price dif-
ferential between two otherwise identical
houses accounted for by being within a
protected area or overlooking a healthy
coral reef reveals an individual purchaser’s
valuation of the importance of that at-
tribute.

No

Stated
Preference/
construed
market ap-
proach (ques-
tionnaire
surveys to
ask people’s
direct willing-
ness to pay)

Contin-
gent valu-
ation

This is a carefully constructed and analyzed
questionnaire survey technique asking a
representative sample of respondents how
much they are willing to pay (WTP) for an
environmental benefit or what they are
willing to accept (WTA) in compensation
for a loss. The questionnaire format thus
stimulates a hypothetical (contingent)
market for a particular good.

No

1. Education and R&D
Values can be captured
directly.
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Choice
experi-
ments

As above, however, respondents are
presented with several short descriptions
or a composite good (e.g. a good, such as
a diving destination, described in terms
of a number of valuable characteristics,

health, and price to pay). Each description
is treated as complete package and differs
from the other packages in respect to

one or more of the good’s characteristics.
Respondents then select their preferred
package (pair wise comparison) based en
their personal preferences. It is then pos-
sible to isolate the effects that variation in
individual characteristics has on the price.

such as fish diversity, fish abundance, coral

No

Benefit
(value)
transfer

Transfer of
values

This uses the transfer of economic values
estimated in one context and location in
order to estimate values in a similar or
different context and location. The values
should ideally be adjusted based on key
criteria and variations that a-pply in

the different context and locations. This
technique is increasingly being used when
it is not feasible to carry out primary data
collection-

Yes

Area: Carbon sequestra-
tion role of the coral reefs.

Table 6.2: Overarching Approaches for Coral Reef Valuation
Methods Practiced

Approach

Fundamental Objective

Examples

Welfare economics
(encompassing total
economic value)

How to allocate the
resources optimally among
the competing uses for
maximization of human
welfare

Market and Constructed
Market Valuation
techniques

Benefit (value) Transfers
Method

Total economic value
Cost-benefit analysis

Spurgeon et. al. (2004)
calculated an annual TEV of
around US$10 million for
America Samoa based on
fishery, recreation, coastal
protection and non-use values
and compared future TEV
under different management
scenarios

Economic impact
analysis

To assess contribution

to, and/or the effect on,
local, regional and national
economies (e.g. in terms of
expenditures and jobs)

Input-output models
Expenditure surveys
Benefit Transfer
methods

Hazen and Sawyer (2001)
estimated that the coral reefs
of southeast Florida generate
USS4.4 billion worth of local
sales and USS 2 billion of
income, and support 71300 jobs

Socio-economic
analysis

To understand and
quantify the social,
cultural, economic and
political aspects of
individuals, organizations
and communities

Qualitative and

quantitative

Focus groups Surveys

Interviews

Visualization techniques
Stakeholder analysis

Hoon (2003) identified 24
different types of socio-
economic benefits from coral
reefs on Agatti Island (west
of India). She also found that
12% of poor households on the
island depended on coral reefs
for 100% of their incomes, &
59% of poor households relied
on reefs for 70% of their-
incomes
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Financial analysis

To determine the financial
viability and sustainability
of enterprises and
organizations, by focusing
on transaction /market-
based costs and benefits

Budget forecasts

Profit and loss accounts
Cash Dow analysis
Balance sheets
Business plans

Coastal Zone Management
Authority and Institute of Belize
(2003) undertook a financial
analysis to assess financing
options for planned marine
park and coastal management
in Belize. They estimated
potential revenues from
Belizeans and non-Belizeans of
over BZS5 million and identified
a financing gap of BZ$322000.

Other non-monetary
‘value’ - based
approaches

To highlight the relative
importance of biodiversity
and of her natural and man-
made assets and features

Environmental

and Social impact
Assessments
Sustainability indicators
Index of captured
ecosystem value
Multi-criteria Analysis
scoring and weighting

Fernandes et. al
used multi-criteria
to determine the relative
importance of various
ecological, economic, social and
global objectives and indicators
amongst different stakeholders
for Saba Marine Park. The

(1999)
analysis

techniques Energy- approach also  highlighted
based approaches the fact that enhanced
education and enforcement

were commonly agreed by the
stakeholders to be the best
means of improving upon all
four objectives

Based on preliminary surveys and discussions with various stakeholders, many values
of coral reefs, with specific reference to GoK, were identified. However, to ascertain the
Economic Value of coral reefs in GoK, special attention had been given mainly to four
types of goods and services provided by coral reef systems:

e Fisheries

e Tourism

e Coastal Protection

e Biodiversity
Notably, in the context of GoK, the above goods and services were selected for valuation
purpose mainly because of their importance to local economies.

6.2 Benefit Transfer Method

Benefit Transfer Method (BTM) is used when values derived and used in other comparable
studies are transferred and adjusted to find and estimate the values in the current study.
The logicis that a study carried out in the similar circumstances and location can be used as
a substitute and a proxy for another area, especially if the data is inadequate for the study
site and the time for the study is also restricted. The BTM estimates the net benefit of a
similar environment from an existing study and transfers it to a new context assuming that
existing values can be used as an approximation. It offers a means of estimating monetary
values without having to carry out time consuming and expensive primary data collection.

To reduce the transfers errors, the adjustments and scaling up and down of the data have
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to be done with regards to site specific characteristics like socio-economic variables like
per capita income and geographical differences etc. at the macro level. It is mostly used
for site to site transfers of values and cannot be applied to the whole ecosystem.

In the present context of valuation of goods and services of coral reef systems in Gok,
BTM is considered to have much relevance. Thus, in this study, attempts are being made
to apply benefit transfer approach for valuation of tourism, biodiversity, fisheries, coastal
protection and ground water quality maintenance (control of salinity ingression). While,
the outcomes of studies in differ parts of globe provide sufficient information that can be
used in BTM approach, the results of those coral reef systems which are geographically
and socio-economically closer to GoK, actually provide greater power for value transfer
(Table 6.3).

Table 6.3 : Values (in US $) of Different Good and Services of Coral Reefs that are close

to GoK

Site Study Tourism Fisheries Coastal Bio-diversity | Total Benefits
Year Protection
Phi Phi Island, | 2004 6243/ha/yr - = - 15118 /ha/yr
Thailand
Wakatobi 2004 1320/km?/yr | 10340/ |473/km?/yr - 12100/ km?/yr
National park, km? /yr
Indonesia
South 2004 - - - - 266112/ km?/
China Sea, yr
Philippines
Olango Island, | 2004 - - - - 38300-63400/
Philippines km?/yr
Rekawa, Sri 2005 - 493/ha/ | 300/ha/yr - 1088/ha/yr
Lanka yr
Bohol Marine | 2004 202-1471 / | 405/ha/ - 166-319/ 2228/ha/yr
Triangle, ha/yr yr ha/yr
Philippines
South East 2004 - - - - 23000-
Asia $270000/km?/
yr

In the above context, following results are considered important for applying BTM

approach in GoK:

i.  Philippines- Case study of Apo Island- An investment of $75000 to protect 1 sq.
km. of coral reefs was found to return $31900- $113000 annually in increased fish
production and tourism.(2000)

ii. Costa Rica- Tortugeoro National Park — estimated spending of $255 per visitor (2004)

iii. Venezuela— Moorrocoy National Park - $135 per trip by each visitor (2007)
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iv.  Sri Lanka — Tourism- $150000/ sq. km./yr (1998)

v. Jamaica-Portland Bight-0.8 million tones of fishery /sq. km. /yr

vi. Malaysia — Matang — Fishery worth $250000/sq. km. /yr (2006)

vii. Gulf of Panama- fishery worth $95000/sq. km. /yr

viii. Sri Lanka- Rekawa Ecosystem- Fishery worth $1088/ha/yr (2005)

ix. Sri Lanka- Muthurajawela- Fishery worth $2700/ha/yr (2003)

x.  Coastal protection- Average cost varies between $246000- 836000/km.

xi.  Sri Lanka — Maximum sustainable yield for coral fisheries- 10 tonnes sq. km./yr

xii. SriLanka- 1 sg. km. of coral reefs protects 5-km. of coastline against erosion etc. Cost
of building structures to avoid degradation of coast- average cost $246,000-836,000
per km. length. Thus economic consequence for replacing the coastal protection will
vary from $1230,000 - 4180,000/ sq. km./yr

xiii. Global average- coral reef recreation is $184 per visit (2000)

xiv. Average total quantifiable benefits of coral reefs: $ 607500/sq. km./yr. by Costanza
et. al. (2000)

In order to apply various tools (including BTM) to ascertain economic values of identified
goods and services of coral reef system in GoK, relevant data were collected from secondary
sources as well as through primary surveys (Table 6.4).

Table 6.4 : Key data collected from different sources during the study

Valuation Assumption Data Requirement Source of Data
Theme

Fisheries Fish diversity and | ¢ Time series data on fish | Secondary Sources: State and
production is positively production in 17 centers or 23 | District level Fisheries Dept.,
correlated with the extent villages of Jamnagar district. Reports from CMFRI, Veraval;
and health of Coral Reefs. | ¢ Species wise quantity of fish that | NIO; Junagadh Agri Univ. (Okha
As per Government records are being exported and their | Centre); State and District level
more than 65000 tons of price in Jamnagar district Forest Dept.; Local NGOs like
fish are landed in Jamnagar | ® Listing of fish species likely to be | Setu, Gramin Vikas Trust (GVT)
district, majority are caught associated with Coral Reefs in

Primary Surveys: Sample
survey of different fishing
villages and meetings with
fishermen of different
categories (pagadias, boat
owners etc.). Survey of Fish
traders and market middlemen

from Gulf of Kachchh. Gok.

e Socio-economic profile of coastal
fishing villages which include
average per family catch, net
return and income level in
Jamnagar District.

Tourism As per current | Number of tourists visiting Marine | Secondary Sources:
understanding, coral reef | National Park and coral reefs sites in | Marine National Park office at
oriented tourism are not | Jamnagar district over the years. Jamnagar; Tourism Dept. office
well developed in GoK. at Jamnagar

However, considering
the presence of major
religious centre like Dwarka
and industrial  houses
like Reliance, ESSAR etc.,
potential of promoting
tourism are quite high

Expenditure pattern; cost of travel,
total expenditure and boat rental; | Primary survey:

collection of entrance fees etc. Sample surveys among the
tourists visiting the corals in
protected area (i.e. MNP)
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Control Coral reefs (especially Well monitoring (ground water Secondary Sources:
Salinity those which are salinity) data in Coastal villages Geology and Mining dept.;
Ingression contiguous to mainland) of Jamnagar district. Crop /Land DRDA office of Jamnagar
problem formed impervious rocky productivity data. Watrshed District; SIPS Circle of
in coastal layer along the shoreline projects (like No. of Bandharas, sub- | Irrigation Dept., Jamnagar;
aquifers preventing saline water to | surfae dykes, tidal regulator etc) in GWRDC, Rajkot District
ingress in mainland. coastal villages of Jamnagar District. | Agriculture Dept.;
Coralline limestone (found The. budget aIIocatl'ons for these Primary Survey:
mainly in Okha mandal) is projects and benefit drawn. Sample villages to understand
considered to be one of the problem and to
the best aquifer for ground understand the loss of crop
water recharge. productivity due to salinity
ingression.
Protection Coral reefs cut the wave Identification of vulnerable areas | Secondary Sources:
against coastal | energy substantially and along the coast of Jamnagar district | Irrigation Dept.;
erosion thus protect the coast Technical and financial details of | Gujarat Maritime Board, Port
against its erosion. Thus, various schemes of Irrigation Dept to | authorities
it protect productive lands | arrest the coastal erosion problem
near the coastal
Coral reef Listing of all the species associated | Secondary Sources:
Biodiversity with Coral reefs in GoK with GEER Foundation; MNP;

conservation status

Listing of Sea weeds associated
with Corals, their production and
key chemical products derived with
their market price

University Depts.; CSMCRI;
Junagadh Agri Univ.
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7. Coral Reef Fisheries in GoK

7.1 General

Out of total coastal stretch of 1600 km. of the entire State, Jamnagar coast consists of 342
km. While, most of the Jamnagar’s coast line is streched along the Gulf of Kachchh, some
parts, near Dwarka and Okha, are also facing the Arabian Sea. The physical features of the
southern Gulf of Kachchh favour fishing. A cluster of mangrove-forested islands near the
southern coast of the Gulf generates nutritive detritus which nurtures prawns and fish
in large numbers. The rich algal vegetation associated with the reef islands contributes
to raising the level of dissolved oxygen in these waters. Its vast inter-tidal mud-flats are
conducive to traditional fishing with indigenous crafts and gears; a relatively even seafloor
supports trawling operations for demersal species.

While the marine fishing is a key economic activity for large number of people living along
the coast, its operation took place in 26 fishing centres of the district. Catch of Prawns,
Jew fish, Thread fin, Pomfret, Mullet and Crabs is dominating form of fishing from GoK. In
addition to this, large numbers of fishermen are also engaged in molluscan shell fishing
that includes pearl oyster, window pane oyster, chank and bivalves. It is important to
mention here that while collection of shells is banned after the notificatin of MNPS, they
were very lucrative and high value catch. However, collection of smaller bivalves and other
shells is still in practice.

In socio-cultural terms, fishing activity is adopted by communities belonging to different
castes. Thus, among the Hindu communities, Bhadela, Kharva, Koli, Machhi, Khalasi,
Tandel, Mangela, Navik, Kahar, Vaghri etc. are actively engaged in fishing and allied
activities. Among the Muslim communities, Miyana, Vagher, Machhiara and Ghoghaliya
are key fishing castes. According to recent statistics of Fisheries Department, a total of
about 10000 active fishermen extract their livelihood from the fishing activitiesin Jamnagar
district, by using about 2500 mechanized and non-mechanized boats (Table 7.1).

A range of fishing practices is found in the region: mechanized and non-mechanized. Non-
mechanized fishing includes pagadia fishing. Pagadias wade into the waters at low tide,
driving stakes used to string low stake nets, into the seabed. They also practice hook-and-
line fishing and often catch crabs and other crustaceans in mangrove swamps areas (Biswas
2006). The hodi (plank boat) is used to transport the catch. Non-mechanized fishing craft
would also include the machawa or the sailboat where gillnets and bag-nets are used as
gears. Mechanized fishing crafts include the motorized sailboat and the motorized tony

(fiberglass boats) which may be fitted with an outboard or inboard engine. These use
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gillnets, bag-nets and seine nets as gear. Then there is the trawler that uses trawl nets for
demersal fishing operations. The fishing grounds for fishing by both mechanized and non-
mechanized crafts often overalp in many areas, but their fishing operations is at different
depths. Thus, while pagadias venture up to 2 m depth, the motorized machawa, hodi or
tony may fish at depths between 10 to 15 m.

Center No. of Fishermen No. of Boats
Fully Active Partly Active Mechanised Non Mechanised

Armbhada 41 15 15 0
Balachadi 46 11 0 0
Balmbha 61 4 0 0
Bed 208 12 19 24
Bedi 853 40 175 31
Bet-balapur 622 73 144 3
Bharana 242 0 24 66
Bhogat 37 0 29 1
Chudeshvar 59 9 0 15
Dwarka 1261 73 713 3
Gurgadh 0 63 0 0
Harshad 156 20 117 0
Jamnagar 51 0 0 0
Jinjudi 58 16 0 0
Jodiya 625 35 34 2
Navdra 93 10 80 0
Nana Ambla 173 21 29 17
Nana Mandha 59 7 3 4
Okha 394 11 39 46
Poshitra 0 24 0 0
Salaya 2175 83 427 96
Sachana 816 30 155 10
Sarmat 72 8 1 11
Sikka 903 32 161 40
Vadinar 248 41 13 20
Varvala 59 10 3 1
TOTAL 9312 648 2181 390
Source : Singh et. al. 2006

The Gulf of Kachchh is known for its potential to support marine and estuarine fisheries.

The Gulf of Kachchh and Arabian Sea waters support rich fishery of commercially
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important species. The coral reefs [ 120000
y =-149.61%+ 5549.3x + 14643

and mangrove forest in the GoK 1000004 R = 0.4907

. . . w
constitute important breeding E 80000/
as well as nursery grounds for | = go000-
the large varieties of fishes and % 40000/
s O
prawns. A total of 144 fishes, 27 20000 Jamnacar
prawns, 4 shrimps, 21 crabs, and 0 R ,g o N
one lobster species are reported 8 8 85 8 3 8 8 5 8 5 g8 8
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from the GoK waters (Singh et. al. & 8 &8 8 8 8 8 8 8 2 ] §
2004). In addition to these, the GoK year
are also known for its molluscan Fig. 7.1: Trends of Fish Catch in Jamnagar district

catch, especially of Pearl Oysters,

Window Pane Oysters and Chanks. All these make the fishing a very lucrative economic
sector, which are totally depends upon the ecological health of the GoK and surrounding
water of Arabian Sea.

Although, fisheries in GoK are mainly covered under Kachchh, Rajkot and Jamnagar
districts, in the context of coral reef associated fisheries, this study limits its focus on
fisheries of Jamnagar district (Kachchh and Rajkot parts of GoK do not support major coral
reefs). On an average, the fish catch of Jamnagar district contributes about 10% of total
fish catch of the Gujarat State. The fish catch data from 1982-83 to 2005-06, recorded a
mean annual fish catch of about 53500 tons, with values fluctuating between 25238 and
102846 tons (Fig. 7.1). While, on an overall basis, the total fish catch has shown increasing
trend over the years, but there are drop in total catch in recent years. Similarly, while
the total fish catch data recorded an increasing trend, discussion with the fishermen
revealed a sharp decline in ‘catch per unit effort’ in recent years. This mainly owes to
overall environemntal degradtion of fishing areas due to rapid industrial develpment and
construction of breakwaters for ports and jetties, Single Point Mooring (SPM) stations
and existence of navigational channels. These severely affected artisanal fishermen who
carryout fishing operations using country crafts.

The fish species/group wise catch data from 2002-03 to 2005-06 indicate that species

group like Dhoma, Pomfret, Dhol, Bagpatti. Khaga-Khagi are the major catch in the district
(Table 7.2).

Table 7.2 : Species /group wise fish catch (in Tons) in Jamnagar district

Local Name English Name 2002-03 2003-04 2004-05 | 2005-06
Vichuda White pomfret 4952 3215 1827 3903
Halava Black pomfret 2542 1050 782 805
Bumla Bombay duck 1454 124 0 517
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Dara Thread fin 3124 1446 1160 1752
Ghol Jew fish 4045 1928 2092 5708
Palla-Chaksi Hilsa 0 0 30 34
Palli Other Clupeids 5589 1232 1544 4003
Medli Coilia 32 0 151 0
Maghara Shark 1162 1879 1084 1957
Boee Mullet 1434 811 885 903
Khaga-Khagi Catfish 6929 4008 6806 5973
Vam Eel 1143 394 361 227
Sag Leather jacket 1522 760 950 2516
Surmai Seer fish 6354 2213 2840 3124
Ravas Indian salmon 382 247 128 193
Bagapatti Ribbon fish 1790 802 2899 4319
Lapdi Silver bar 2918 848 722 886
Perch Perch 1135 1568 2366 2789
Dhoma Small sciaenids 11212 3155 5472 9766
Kolmi Shrimp 2078 2263 4766 3471
Medium Prawn Prawns (med) 838 1787 1450 1950
Jumbo Prawn Prawns (jumbo) 297 724 283 574
Tintan Lobster 62 36 51 211
Karachala Crab 779 312 352 329
Levta Levta 0 0 0 2
Narsinga/Dedka dedki | Cuttle / sq.uids 1968 840 2491 4049
Others Miscellaneous 38806 5925 4149 6507
Total 102548 37566 45638 66469

There are 16 fish landing centres in Jamnagar district. The catch in these centres are
widely fluctuating. Among these sites, Okha is the largest one, followed by Bet Balapur
and Dwarka (Table 7.3).

Site 2002-03 2003-04 2004-05 2005-06 Average
Jodiya 829.7 858.7 564.2 843.3 773.9
Sikka 1045.0 769.6 705.7 624.6 786.2
Bed 340.5 309.9 431.6 416.2 374.6
Bedi 1610.5 1407.6 868.2 1305.7 1298.0
Bet Balapur 33512.1 6177.3 7858.7 8096.3 13911.1
Nana ambala 157.6 144.1 162.8 161.0 156.4
Sachana 1501.3 1309.1 816.5 1063.1 1172.5
Salaya 3720.1 2070.9 2127.5 2840.4 2689.7
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Sarmat 211.1 89.0 53.2 52.5 101.4
Bharana 201.4 160.7 212.1 192.6 191.7
Balachadi 104.6 89.0 94.4 99.8 96.9
Vadinar 586.6 172.0 242.6 184.7 296.5
Okha 44452.8 19462.5 27730.4 43203.0 33712.2
Navdra 2113.4 1093.9 844.4 1370.2 1355.5
Harshad 1930.3 950.9 484.8 1846.1 1303.0
Dwarka 10231.7 2500.8 2440.5 4169.8 4835.7

Export of various products of marine fish is one of the key revenue generators for the
State of Gujarat. A range of fish products are exported to different countries and regions

(Table 7.4).

Species Common | Local Product | Pack- | Form | Form for | Countryto | Export | Domestic

English Name ing for Domes- | Export or Rate Rate (Rs.)

Name Export | tic Domestic usD

per kg
Pisces
Protonibea | Jew Fish Gol / Whole, 20 kg | Frozen | Fresh Non Europen |2 to4 | 250-300
diacanthus Ghol Gutted, - IWP Country
Fillet

Polynemus | Threadfin Dara Whole 20 kgs | Frozen | Fresh Non Europen |1to2 |[100-110
indicus - IWP Country
Oto- Rock perch | Koth Whole, 20kg | Frozen | Fresh Non Europen | 0.5to | 100- 150
lithoides Gutted, - IWP Country 1.2
biauritus Fillet
Otolithus Rosy Jew Dhoma | Whole, 20 kg | Frozen | Fresh - Non Europen | 0.6to | 30-45
ruber fish Pan ready - Block | Retail Country 1.5
Otolithus Banded Dhoma | Whole, 20 kg | Frozen | Fresh - Non Europen | 0.6to | 40-45
argenteus | Jew Fish Pan ready - Block | Retail Country 1.5
Pampus Silver Vichu- | Whole 20 kg | Frozen | Fresh & Non Europen | 3to 10 | 150-410
argenteus | pomfret da - IWP Retail Country
Pampus Chinese Pathn Whole 20 kg | Frozen | Fresh & Non Europen |3to 8 |200-400
chinensis pomfret - IWP Retail Country

White

pomfret
Formio Black Halva/ | Whole 20 kg | Frozen | Fresh & Non Europen |3to7 | 100-150
niger pomfret Adadio -IWP Retail Country
Mugil Grey mullet | Bodki/ | Whole - - Fresh & Local market |- 10
cephalus Boyee Dry
Liza dis- Mullet Boyee | Whole - - Fresh & Local market | - 4-8
sumieri Dry
Liza tade Mullet Gan- Whole - - Fresh & Local market |- 4-8

dhiyo Dry
Liza parsia | Mullet Gan- Whole - - Fresh & | Local market |- 4-8
dhiyo Dry

Cybium Seer Fish Surmai | Whole 20 kg | Frozen | Fresh & Non EU, 4to6 |100-140
commer- / Chapri - IWP Retail Domestic,
soni Local
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Indocybium | Seer Fish Surmai | Whole 20 kg | Frozen | Fresh & Non EU, 4to6 | 100-150
gattatum / Chapri - IWP Retail Domestic,

Local
Callyodon Parrot Fish | Popat Whole 20 kg | Frozen | Fresh Non EU, 0.5to |45
harid - IWP Domestic, 1.2

Local
Acanthopa- | Black Timro Whole 20 kg | Frozen | Fresh & Non EU, .75to |40
grus berda | bream - Block | Retail Domestic, 1.3

Local
Argyrops Red bream | Kissi / Whole 20 kg | Frozen | Fresh & Non EU, .80to |40
spinifer Ratado - Block | Retail Domestic, 14

Local
Gerrus fil- Silver Biddy | Faradi/ | Whole - - Fresh & Local market | - 4.-5
amembrus Kitto Retail
Variola Coral trout | Vekhli Whole 20 kg | Frozen | Fresh & Non EU, 7to 10 | 60-130
louti - IWP Retail Domestic,

Local
Opisthop- Razor edge | Katti Whole 20 kg | Frozen | Fresh & Non EU, 1.5 50 -75
terus - Block | Retail Domestic, to2
tardoore Local
Chirocen- Silver bar Dai Whole 20 kg | Frozen | Fresh & Non EU, 1.05to | 20-30
trus dorab - Block | Retail Domestic, 1.2

Local
Murae- Eel Vam Whole 20 kg | Frozen | Fresh Non Europen | .90to | 100- 150
nesox tel- - Block Country 1.5
abonoides
Murae- Eel Vam Whole 20 kg | Frozen | Fresh Non Europen |.90to |[45-85
nesox - Block Country 1.55
cinereus
Tachysurus | Catfish Khaga Whole, 20 kg | Frozen | Fresh & Non EU, 0.5to |25
cealatus Fillet - Block | Dry Domestic, 1.2

Local
Trichiurus Ribbon fish | Pathi Whole, 10 kg | Frozen | Dry Non EU, 0.80 25-70
savala Steak - Block, Domestic, to2

IWP Local

Chorine- Leather Sag Whole - Frozen | Fresh - Local market |1to2 |20-30
mus lysan fish Dry and Srilanka
Coilia dus- | Anchovy Man- Whole - - Dry Non EU, 0.5to |10
sumieri deli Domestic, 1.2

Local
Tenulosa Hilsa Chaksi | Whole 20 kg | Frozen | Fresh & Non EU, 2to3 |200-250
ilisha Retail Domestic,

Local
Tenulosa Hilsa Palwa Whole 20 kg | Frozen | Fresh & Non EU, 2to3 |150-170
toli Retail Domestic,

Local
Elether- Indian Rawas | Whole - Chilled | Fresh & Non EU, 0.6to | 150-200
onema Salmon Retail Domestic, 1.5
tetradacty- Local
lum
Epinephe- | -do - Vekhi Whole 20 kg | Frozen | Fresh & Non EU, 2to3 |40-60
lus fascia- Retail Domestic,
tus Local
Epinephe- Reef cod Vekh- Whole 20 kg | Frozen | Fresh & Non EU, 2to3 |40-60
lus fario arn Retail Domestic,

Local
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Prawn
Penaeus Jumbo Jumbo | HO, HL 2 kg Fro- Fresh & EU, Non EU, 12 to 120 -200
indicus / White block |zen & Retail Domestic, 37
prawn Chilled Local
Penaeus Banana Jumbo | HO, HL 2 kg Fro- Fresh & EU, Non EU, 12 to 60 -80
merguien- | prawn block | zen & Retail Domestic, 40
sis Chilled Local
Penaeus Jumbo / Tiger HO, HL 2 kg Fro- Fresh & EU, NonEU, |12to |[400-600
monodon King prawn block | zen & Retail Domestic, 46
Chilled Local
Penaeus Jumbo Tiger HO, HL, 2 kg Fro- Fresh & EU, NonEU, |12to 150 -200
semisulca- PUD block |zen & Retail Domestic, 40
tus Chilled Local
Metap- Jinga Samdi HL, PUD 2 kg Fro- Fresh & EU, NonEU, |5to8 |60-80
enaeus block | zen & Retail Domestic,
affinis Chilled Local
Metap- Jinga Son- HL, PUD 2 kg Fro- Fresh & EU,NonEU, |5to8 |60-80
enaeus dhia block |zen & Retail Domestic,
monoceros Chilled Local
Metap- Jinga Son- HL, PUD 2 kg Fro- Fresh & EU,NonEU, |5to8 |60-80
enaeus dhia block | zen & Retail Domestic,
brevicornis Chilled Local
Metap- Jinga Son- PUD 2 kg Fro- Fresh & EU,NonEU, |3to7 |20-30
enaeus dhia block | zen & Retail Domestic,
kntchensis Chilled Local
Parap- Jinga Son- PUD 2 kg Fro- Fresh & EU,NonEU, |3to7 |[50-60
eneopsis dhia block |zen & Retail Domestic,
hardwickii Chilled Local
Parap- Jinga Son- PUD 2 kg Fro- Fresh & EU,NonEU, |3to7 |[50-60
eneopsis dhia block |zen & Retail Domestic,
sculptilis Chilled Local
Parap- Jinga Kolmi PUD 2 kg Fro- Fresh & EU, NonEU, |3to7 |50-60
eneopsis block |zen & Retail Domestic,
stylifera Chilled Local
Solenocera | Jinga Kolmi PUD 2 kg Fro- Fresh & EU, NonEU, |3to5 |[20-30
indica block |zen & Retail Domestic,
Chilled Local
Hippolys- Jinga Kolmi PUD 2 kg Fro- Fresh & EU, NonEU, |3to7 |20-30
mata block |zen & Retail Domestic,
ensirostris Chilled Local
Hippolys- Jinga Kolmi PUD 2 kg Fro- Fresh & EU, NonEU, |3to7 |20-30
mata block |zen & Retail Domestic,
vittata Chilled Local
Lobsters
Panulirus Lobster Titan Live, 5 kg Cooked | Fresh & EU, NonEU, |7to 100 -700
polyphagus Whole, IWP Fro- Retail Domestic, 9.5
Tail zen & Local
Chilled
Panulirus Lobster Titan Live, 5 kg Cooked | Fresh & EU, NonEU, |7to 100 -700
homarus Whole, IWP Fro- Retail Domestic, 9.5
Tail zen & Local
Chilled
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Crabs
Portunus Crab Kara- Whole, 5 kg Frozen | Fresh & Non EU, 4t020 | 15-50
pelagicus chalo Cut, Meat | IWP Retail Domestic,

Local
Scylla ser- | Crab Dhebo | Live, 5 kg Live Fresh & Non EU, 5to8 | 60-100
rata Whole IWP Retail Domestic,

Local
Source: Compiled from MPEDA annual reports

7.3 Coral Reefs & Fisheries

While the above description highlights the overall fish catch in the entire Jamnagar district,
it is understood that in order to estimate the total fish catch from Coral Reef areas, two
levels of data corrections are essential:

i. The fish catch in all the landing centers are not associated with the coral reef areas
and are mostly catch the fish from open sea waters. Thus, while centers like Harshad,
Navdra and Dwarka are catching fishes from Arabian Sea, in Okha centre only about
20 percent of total catch could be associated with coralline areas. In order to estimate
the total fish catch from coralline areas, the catch from these centers need to be
excluded.

ii. Itis understood that the entire fish species group reported in the Jamnagar fish catch
record, may be associated with the coralline areas at varying proportions and thus
need to be adjusted. As a matter of fact, fish species group used various habitats
differently, which need to be appropriately weighted. In this exercise, therefore,
efforts had been made to provide suitable weightages to each species group vis-a-vis
five different habitats viz. mangroves, sandy, muddy, rocky and coralline areas (Table
7.5). These weightages were subjectively assigned by fishermen during primary
survey and focused group discussions with fishing communities and substantiated by
fishery and coral experts.

Table 7.5: Weightages assigned to each species group for use of different habitats

Local Name English Name Weightages (Out of Total 100)
Mangrove | Sandy | Muddy | Rocky | Coralline/
off-shore/
sub-tidal
Vichuda White pomfret 20 0 0 0 80
Halava Black pomfret 50 0 25 0 25
Bumla Bombay duck 10 10 60 10 10
Dara Thread fin 0 0 0 0 100
Ghol Jew fish 0 0 0 0 100
Palla-Chaksi Hilsa 60 20 20 0 0
Palli Other Clupeids 0 10 20 20 50
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Medli Coilia 10 10 60 10 10
Maghara Shark 5 5 5 15 70
Boee Mullet 50 0 50 0 0
Khaga-Khagi Catfish 0 0 0 40 60
Vam Eel 0 0 0 0 100
Sag Leather jacket 0 0 0 0 100
Surmai Seer fish 0 0 0 0 100
Ravas Indian salmon 0 0 0 0 100
Bagapatti Ribbon fish 0 0 0 0 100
Lapdi Silver bar 0 0 0 0 100
Perch Pearch 0 0 0 10.6 89.4
Dhoma Small sciaenids 0 0 0 0 100
Kolmi Shrimp 10 10 60 10 10
Medium Prawn Prawn (medium) 10 10 60 10 10
Jumbo Prawn Prawn (jumbo) 10 10 60 10 10
Tintan Lobster 0 0 0 20 80
Karachala Crab 40 30 10 10 10
Levta Levta 80 0 20 0 0
Narsinga/ Dedka | Cuttle / squids 0 0 10 90
dedki

Others Miscellaneous 5 5 5 25 60

After adjusting the fish catch data with above concerns, the fish catch and their monetary
values were estimated for the area of concerns for the period between 2002-03 and 2005-

06. Accordingly, average annual catch value for entire Jamnagar district was about Rs.

3138 millions. For the coral associated fishing areas, the fish catch value was about Rs.
1431 million (Table 7.6). Out of this, coralline areas contributed annual fish catch worth of
about Rs. 1019 millions (i.e. about 71.25 % of total value).

Value of Fish Catch (in Million Rupees)
Year Entire Jam. Coral Associated
fishing area Mangrove | Sandy | Muddy | Rocky Coralline
nagar (study area)
2002-2003 4353.05 2230.06 200.20 54.41| 172.57| 212.40 1590.47
2003-2004 2095.89 992.38 104.02 21.84| 109.76 75.88 680.88
2004-2005 2285.24 1007.75 76.58 23.43| 108.21 95.14 704.38
2005-2006 3817.33 1491.96 100.79 33.71| 153.22| 102.73 1101.51
Average 3137.88 1430.54 120.40 33.35| 135.94| 121.54 1019.31
% of Total Value from study area 8.42 2.33 9.50 8.50 71.25
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7.4 Fish Value

In the context of present study, the value of coral reef-associated fisheries was estimated
using a financial analysis approach and involves calculating the revenue generated from
fisheries of Jamnagar district within the limits of GoK. Three major streams of fisheries
related revenues were considered. They include: (i) net revenue of fisheries at the landing
centre (major part of this revenue is distributed among the fishermen) (ii) the revenue
generated from value added fisheries i.e. the export based revenue (major part of this
revenue is distributed among fish traders and fish processing units) and, (iii) net revenue
generated from subsistence fisheries (majority of this revenue is distributed among the
Pagadia fishermen).

(i) At fish landing centres, the gross revenue of fisheries was estimated based on species
wise fish catch and their sale price. From this, the net revenue was also estimated by
subtracting operating costs. Literature suggests that on an average the operating cost
(including the labor and non labour) in marine fisheries is around 25% of the gross revenue
(Burke et. al. 2008). During the primary survey of fishing villages and interaction with local
fishermen and fisheries experts, a similar range of value was emerged as cost of fishing,
in the present case. Thus, for the purpose of present study, we used 25% of gross revenue
as cost of fishing. Thus, while average annual gross revenue of 1431 million rupees was
generated from commercial fisheries (between 2002-03 and 2005-06), the net revenue
from this was estimated as Rs. 1074 million per year.

In addition to above overall fish valuation, the valuation specifically focuses on fisheries
that depend directly on coralline area for at least a portion of their life-cycle. Thus, out
of 27 groups of fisheries from GoK, 24 are associated with coralline areas (Table 7.5). In
monetary terms, out of total 1431 million rupees of revenue generation, Rs. 1019 million
(i.e. about 71%) is associated with coralline habitat. Therefore, any positive or negative
changes in coral reef health (e.g. coral bleaching, as discussed earlier, see Fig. 7.1) will
have significant impact on fish productivity and total revenue generation.

(ii) In terms of export values of fisheries, first the total volume of fish export from study
area (i.e. Jamnagar district within GoK limits) were estimated and, second the actual value
addion through fish processing for export purpose. Since, fish processing and export units
in the region did not share specific data on processing volumes and revenue, the cost of
value addition is not available. Similarly, the export volume is not avaiable at disaggregated
level. Therefore, these values were approximated based on available information and
expert knowledge.

According to Gujarat Fisheries Statistics (2005-06), between the year 1997 and 2006,
average annual marine fish production in the Gujarat State has been estimated at 6.44
lakh tonnes (Table 7.7) which is about 92% of the total fish catch (i.e. marine and inland
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together). Further, it is estimated that during the same period, annually on an average
105020 tonnes marine fish and fish products were exported to foreign countries. Thus,
about 16% of total marine fish catch was exported. Through these exports, State has
obtained average annual revenue of Rs. 5782.4 million. Further, for the state as a whole,
while average marine fish market price (landing price) was valued around Rs. 26 per kg,
the export value was found to be Rs. 55 per kg. Thus, value addition in per kg of marine
fish for export was Rs. 29 (say Rs. 30).

Table 7.7: State of catch & export (in tons) and value of fisheries products in Gujarat State

Year Marine | Inland Catch | Total Catch | Total Export | Total Export Value | Unit Value
Catch (Million Rs.) (Rs./kg.)
1997-98 702355 70450 772805 125561 6378.5 50.80
1998-99 551660 80068 631728 70432 3674.6 52.17
1999-00 670950 70330 741280 74618 3893.8 52.18
2000-01 620474 40591 661065 124159 6156.5 49.59
2001-02 650829 50774 701603 132175 6257.2 47.34
2002-03 743638 34267 777905 134047 7603.6 56.72
2003-04 609136 45436 654572 108386 6144.1 56.69
2004-05 584951 50628 635579 119951 7045.9 58.74
2005-06 663884 69936 733820 136485 9348.8 68.50
Average 644209 56942 701151 113979 6278.0 54.75

Between 2002 and 2006, annually about 28600 tons of fish were produced from study
area (i.e. Jamnagar district within GoK). Like for the entire marine fish export from the
state, it is assumed that 16% of total fish catch is also exported from study area. Thus
approximately 4500 tons of marine fish were estimated to be exported from the study
area. Total volume multiplied by Rs. 30 (i.e. value added per kg of fish for export) gives
total annual revenue of Rs. 135 million, as value addition for export.

(iii) The pagadia fishing literally means the practice where the fishermen ventures into
the intertidal areas on foot and do fishing by using small gears. The pagadia fishermen
do not own boats. In strict sense, this kind of fishing is subsistence fishing. Importantly,
the pagadia fishing is very closely associated with coral reefs of intertidal zones. By the
very nature of fishing, it is a poor man’s fishing practice and is highly vulnerable to various
coastal development projects. Thus, over the years it becomes more and more unviable
as a single source of livelihood.

While the Pagadia fishing is a common practice along the Jamnagar coast, no study has
been conducted so far on their socio-economic and livelihood systems. Information is even
lacking about their population. During the census of fishermen by Fisheries Department,

no information is being collected specifically on pagadias. Recently, however, Gramaya
Vikas Trust (GVT), a NGO based at Dwarka did a household survey of all the fishermen. By
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the time of writing this report, GVT completed the survey in three coastal talukas (viz. Okha,
Khambhaliya and Kalyanpur) of Jamnagar district. According to their survey, there were
a total of 574 pagadias in these three talukas (GVT unpublished data). The population of
pagadias in other three talukas of Jamnagar district (viz. Jamnagar, Jodiya, Lalpur) are not
available. However, discussion with local fishermen suggests that in these three talukas
800-900 pagadias are operating. Thus, in the Jamnagar district, approximately 1500 active
pagadia fishermen are operating.

In the context of present study, during the field survey, concerted efforts had been made
to understand the pagadia fishing in slightly detailed terms. Thus focused group discussion
was organized with many pagadia fishermen at different sites. The brief description of
those discussions is presented in Annexure 1. During the discussion pagadia fishermen
reported that best season for their kind of fishing is limited to the months between June
and July (i.e. about 60 days of monsoon season). However, due to tidal cycle, fishing
operation is not possible for all the days. Thus, only about 50 days of June and July months
can be considerd for pagadia fishing purpose. During winter and summer, however, the
fishing activity is limited to about 50 days in each season. Thus in a year about 150 days of
pagadia fishing is in operation. Fishermen also reported that on an average each pagadia
could earn a net income of Rs. 500 per day during monsoon season (Importantly, during
the monsoon, large scale commercial marine fishing is banned. Thus, during this period
fish catch by pagadias are in high demand in local markets which could fetch them better
price). In winter and summer, however, the net income is reduced to Rs. 250 per day
(Table 7.8). Finally, it is estimated that each pagadia earn a total annual net income of
Rs. 50000. Multiplying this income by 1500 number of pagadias in Jamnagar district, a
total fish catch value of Rs. 75 million could be associated with Pagadia fishing.

Table 7.8: Net income of Pagadia fishing

Season Total Fishing Days Net Income Total Income
(Rs. Per Day) (Rs. per pagadia)
Winter 50 250 12500
June-July 50 500 25000
Summer 50 250 12500
Total 150 50000
Source: Field Survey, present study

The above three streams of fish values, accounted in this study, is summarized in Table 7.9.
Accodingly, a total annual fish value of Rs. 1284 millions could be linked to coral reefs and
its associated systems in GoK. The above value is also defined in terms of value per unit
area of coral reefs in GoK. In the GoK, extent of coral reefs is about 277 km?2. Thus, coral
reef associated fish value in GoK was found to be Rs. 4.64 millions per year per sq. km. of

coral reef area. Compared to other nearby areas, it was found that in Sri Lanka, the value
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of coral reef associated fisheries was about Rs. 2.46 million per sg. km. per year. Similarly,
in Indonesia and Philipines, the fisheries values were about Rs. 0.5 million and Rs. 2.02
million per sg. km. per year, respectively. According to an UNEP report, however, the reef
fisheries are worth between USS 15000 to USS 150000 per sg. km. per year (UNEP-WCMC
2006).

Table 7.9 : Summary of coral associated fisheries values in GoK

Parameter Value
(in Million Rs.)
Commercial Fisheries — Gross Revenue (A) 1431
Operating Costs (25% of Gross Revenue (B) 357
Commercial Fisheries — Net Revenue (i.e. A- B) (C) 1074
Fish cleaning and processing / value addition (i.e. Export) (D) 135
Pagadia Fishing (E) 75
Total Net Value (C+D+E) 1284
Total coral reef area (km?) 277
Coral Reef Associated Fish Value (Million Rs. / km? /year) 4.64
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8. Coral Reef Tourism in GoK

Globally, tourism and recreation are one of the most highlighted values of the coral reef
systems. The key tourism activities associated with coral reefs include the SCUBA diving,
snorkeling, reef walking etc. They are the direct use values attributable to coral reefs and
are usually estimated by accounting for the tourism revenue generated by a particular coral
reef destination. Most of the studies focused on coral reef recreation/tourism estimate
consumer surplus using a travel cost method (TCM) or Contingent Valuation Method
(CVM) (See Chapter 5), while only a few take gross revenue approaches [like Driml (1999)
for Great Barrier Reef; Cesar (1996) for Indonesia, and Hodgson and Dixon (1988) for
Bacuit Bay]. Like in any other systems, major problem in extracting tourism value of coral
reefs lies with the packaging of different vacation destinations in one tour-trip, where for
a tourist coral reef is one of the many such destinations. Logically, when a coral reef is just
one constituent of the bundle, tourism revenue cannot be solely attributable to the coral
reefs (Cartier and Ruitenbeek 1999). However, in order to account and include the above
factor during valuation, a systematic survey of tourists and service providers is required,

which indeed require more time for survey.

Therefore, in the present context, economic value of tourism and recreation related to
coral reefs in GoK was assessed by using a simplified “financial revenue” approach and
focused on the gross revenue transaction (mainly the expenditure pattern of tourists)
associated with the coral tourism. Also, in the present case, the expenses incurred by
students who attend nature education camps in the MNPS was also considered and
included as educational tourism. While, the estimate of numbers of tourists in the MNPS
was provided by park managers, to record expenditure pattern of tourists who visits
different coral reefs locations of MNPs, a questionnaire based primary survey of tourists
was also conducted.

8.1 Tourist Flow

In the context of GoK, however, the tourism of coral reefs areas are yet not promoted
to the level from where it can generate good revenues. The extent to which tourism can
develop depends on expansion of infrastructure, basic amenities and marketing linkages.
Although, last few year’s data suggest that the total number of tourists visiting MNPS are
gradually increasing (Table 8.1), yet compared to other nature/wildlife tourism sites in the
state (like Gir National Park where more than 1.5 lakh tourists visit the park every year)

these numbers are quite low. According to records of Forest Dept., in the year 2007-08 a
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total of 14272 tourists visited the Marine National Park. Of these only 141 were foreign
tourists and all others were Indian (Table 8.1).

Table 8.1: No. of tourists visited MNP in different years

Years Indian | Foreigner Total Years Indian | Foreigner Total
1995 - 96 2052 48 2100 2002 - 03 8154 3 8157
1996 - 97 2622 52 2674 2003 - 04 7922 7 7929
1997 - 98 3317 28 3345 2004 - 05 5235 31 5266
1998 - 99 3858 34 3892 2005 - 06 7878 39 7917
1999 - 00 6026 2 6028 2006 - 07 9817 78 9895
2000 - 01 5728 5 5733 2007 - 08 14131 141 14272
2001 - 02 3345 0 3345

It is important to mention here, that most of the tourists are visiting different parts of
MNPS, bundling different places of tourism interest, including some of the approachable
coral reef areas (mainly the Narara, Pirotan and Poshitra; Table 8.2). Thus, as discussed
earlier, it is not appropriate to attribute all these tourists to coral reefs related tourism.
Nevertheless, tourists visiting Pirotan island and Narara can be linked to coral reef and its

associated biodiversity.

Table 8.2: Number of tourists visiting different sites of MNP

Year Pirotan Khijadiya Narara Poshitra# Other Total Tour- | Total Fees
Islands ists Collected
(Rs.)

2004-05 3403 297 751 0 202 4653 127075
2005-06 5401 204 2459 0 373 8437 269506
2006-07 6443 769 2239 0 423 9874 447705
2007-08 4940 188 3676 0 108 8912 355603
2008-09* 0 0 582 0 117 699 44069
*Data upto November 2008;
# In case of Poshitra, tourists are visiting coral reefs. However, most of them not seek any
permission from MNP officials. Thus there is no record of tourists for Poshitra site.
Source: Marine National Park Office.

Nature education in MNPS is facilitated by Marine National Park authorities and
implemented by various NGOs, agencies & institutions. The camps are organized regularly
ever since the MNPS was created and recorded a growing trend over the years. In last two
years, more than 100 nature education camps were organized in different parts of MNPS
which were attended by more than 6000 students (Table 8.3). Winter (i.e. Novemebr to

February) is the main season of tourism as well as to organize nature education camps, as

reflected from the month wise tourist inflow data of year 2008 (Fig. 8.1).




Gujarat Ecology Commission

Table 8.3: Number of nature education camps and participant students in MNPS area

Years No. of Camps Students Year No. of Camps Students
1984 — 85 31 1794 1996 - 97 65 3760
1985 - 86 8 359 1997 - 98 53 3059
1986 — 87 28 3300 1998 - 99 75 3898
1987 — 88 31 1631 1999 - 00 75 4182
1988 — 89 18 751 2000-01 35 1790
1989 - 90 11 568 2001 - 02 43 2287
1990 -91 46 3390 2002 - 03 35 1844
1991 -92 61 3497 2003 - 04 41 2160
1992 -93 78 4374 2004 - 05 35 1860
1993 -94 78 4063 2005 - 06 45 1801
1994 - 95 75 3730 2006 - 07 116 6323
1995 - 96 60 3458 2007 - 08 126 6830
Source: MNPS Office

600 Fig. 8.1: Seasonal tourist flow in MNPS
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8.2 Survey Design

During the study, it was well understood that, applying a comprehensive tourism valuation

approach (e.g. Travel Cost Method or Contingent Valuation Method) was not feasible, due

to constraints of time. Nevertheless, effort has been made to take opportunisticinterviews

of some of the tourists who visit the MNPS for coral viewing, during the course of study.
Accordingly, in the first week of January 2009, interview was conducted of 20 respondents

(5 foreigners and 15 Indian). The profile of respondents is given in Table 8.4.
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Table 8.4 : Profile of respondent tourists (total no. 20)

Native Place No. of Occupation No. of
Respondents Respondents
Local (Jamanagar) 9 Business 3
Local (Other part of Gujarat) 4 Hotelier & Travel Agent 3
Other Indian States 2 Foreign Student 2
Foreign 5 Service 7
Self Employed 3
Others 2

Based on the feed back from the respondents at different sites, their expenditure pattern
during the stay at Jamnagar to visit coral reefs was recorded. The expenditure was broadly
classified into three major categories namely lodging, transport, food and official entery fees.
Visitors were also differentiated as foreigners, domestic and local tourists. In addition, students
visiting MINPS for viewing coral and other marine lives as part of their environmental/nature
education program were also considered in this exercise, separately. The calculation was also
done separately for two main sites, Pirotan (an areal island) and Narara (an intertidal area with
coral reefs, contiguous to mainland). It is important to mention here that while Pirotan Island
can only be accessed by boat, Narara (about 50 km. from Jamnagar) can be reached by car.
However, accessibility to corals in both the sites is controlled by duration of intertidal periods
and coral walk is the predominant tourist activity. Routine coral related tourism activities like
swimming, snorkling and SCUBA diving are not practiced in the study area (i.e. GoK).

The result of the above survey highlight that the per person expense related to coral associated
tourism varies in different site. Also, the expense pattern varies between Indian and foreign
tourists. Accordingly, based on the feedback from the respondents and assuming that each
tourist visits the site once a year, per head expenses for Pirotan was estimated to be Rs. 1144
per year. While for Narara, the same was estimated to be Rs. 982 and Rs. 3672 for Indian and
Foreign tourists, respectively (Table 8.5). In addition, students who visit the MNPS as part
of nature education camps, incurred per head expense of about Rs. 300 for one day camp.
Thus, by applying expenditure method, annual value of tourism and recreation in GoK was
estimated to be around Rs. 17.8 millions.

Table 8.5: Tourism related expenses for different coral reef sites in GoK

Type of Tourist Site Total Tourists Per person expenses Total Annual
(2007-08) incurred (Rs.) Value (Rs.)

Indian Pirotan 8278 1144 94,70,032
Indian Narara 5853 982 57,47,646
Foreign Narara 141 3672 5,17,752
Total (Tourism) 14272 157,35,430
Nature Education 6830 300 20,49,000
Grand Total 21102 177,84,430
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The above values were used to estimate the tourism function value in terms of per
unit area of coral reefs in GoK. Considering the total coral reef area in entire GoK is about
277 sq. km., the coral reef associated tourism/ recreational values in GoK were found to
be Rs. 64,203 per sq. km. per year (or USS 1284 per sg. km. per year). However, coral reefs
of Pirotan Island and Narara bet, supported a very high tourism values of Rs. 9.47 lakh
(or US S 18940) per sq. km. per year and Rs. 2.09 lakh (or USS 4177) per sq. km. per year
(Table 8.6).

Table 8.6: Total annual tourism value of coral reefs in GoK

Parameter Entire GoK Pirotan Island Narara Bet
Coral Reef Area? (sg. km.) 277 10 30
Value of Coral Reefs 64,203 9,47,003 2,08,847
(Rs./sq. km./year)
Value of Coral reefs (USS/sq. 1,284 18,940 4,177
km./year)

Global literature on tourism and recreational values of coral reefs, that have used
different valuation techniques, estimated a wide range of values i.e. from a USS 1 to USS
370 per sg. km. per year (see desriptions in Chapter 5). In neighbouring Sri Lanka, Berg
et. al. (1998) estimated a tourism value of about USS 150,000 per sq. km. per year, using
financial revenue approach. However, using contingent valuation survey, the net value
of tourist-attraction function of Hikkaduwa reef in Sri Lanka was estimated to be USS
2,14,000 per sq. km. per year (Vaartjes and Witvliet 1995).

Comparedtothe above values, the present study estimated substantially low values of coral
reef associated tourism in GoK. However, contrary to the general belief, a substantial value
was recorded for coral reef associated tourism, recreation and education values. Actually,
the value of tourists attraction function is dependent upon basic tourist infrastructure
presentinthearea.Inthe present context, inspite of lack of basicinfrastructure, beuracratic
hassels in getting permissions and almost no publicity, number of tourists visiting the
coral sites is increasing over the years. On one side, this strengthens the case for coral
preservation in GoK and serves the reminder to the authorities to develop the coral sites
which can become extremely attractive and economically viable eco-tourist destination.
On the other side, it is important to highlight that in all the coral sites, ‘reef walking’ is the
only tourist activity. Needless to say, such activity damages coral polyps, and even causes
deaths of coral reefs. Thus, in the wake of poor tourism facilities, the increasing flow of
tourist may degrade the overall health of the coral reef systems. This in turn may have
negative impact on the tourism values.

2Total area of coral reef in GOK was adopted from SAC (1998) and Singh et. al. (2006). The coral reef areas
of Pirotan and Narara were extracted from the descriptions given in Singh et. al. (2006).
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9. Coral Reef Biodiversity in GoK

9.1 Background

It is well recognized that biodiversity and the community structure, to a larger extent,
controlled ecosystem functioning. Also, diversity at all hierarchical levels like genetic
diversity, species diversity, community diversity, and ecosystem diversity support each
others. Furthermore, it is also understood that high diversity leads to greater community
stability and productivity and makes the system less vulnerable to external pressures
and eventualities. Diversity enhances the resilience power of the system. In general,
the competition, the heterogeneity and the predation are the key determinants of
biodiversity in any systems, including the marine ones (Box 9.1). Importantly, while the
above determinants are critical for all the systems, the high spatio-temporal dynamics of
marine systems, as controlled by various physiographic and oceanographic factors, play
crucial role in shaping up the biodiversity.

Box 9.1

Marine Biodiversity-Key Determinants

In the marine environment, competition and community structure are mainly relied on
nutrient levels. It is well established that with increasing level of nutrients in sea water more
seneralist species start dominating and thus diversity declines. Actually, in eutrophic food
webs, the number of trophic levels shortened resulting into the decline in overall biodiversity
of the system (Lalli and Parsons 1997). Heterogeneity in terms of the physical structuring of
the habitat (like depth and light availability) and the chemical and nutrient environment has
@ strong role in determining biodiversity, through the process of resource partitioning. Coral
reefs provide a three dimensional highly complex physical structural heterogeneity, by virtue
of the variety of shapes and sizes of coral species and the small holes and cracks found in
them. Predation often exerts a ‘top-down’ control on biodiversity. A top predator species
controlled the other dominant competitor species from reaching a competitive equilibrium
and thus allows other species competing for the same resource to coexist. This resulted into
increasing diversity.

Being repositories of ancient phyla as well as more recent specialized taxa, coral reefs are among
the most spectacular, productive, diverse (per unit area), and threatened ecosystems on earth.
Despite the biological, cultural, and economic value of coral reefs and at the same time wide
range of threats at their global decline, it is realized that little knowledge exists about the patterns
of diversity on coral reefs (‘diversity’ will be used equivalently to species richness). Accordingly,
species diversity for several marine taxa (fishes, corals, lobsters, and snails) reaches a global

maximum in the ‘East Indies triangle’ (i.e. Malaysia, Indonesia, New Guinea, and the Philippines) of
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the Indo-Australian Archipelago, declines in the Indian Ocean (with heightened diversity in some
parts of the western Indian Ocean for many taxa), declines eastward across the Central Pacific, and
peaks again in the Caribbean (Steli & Wells 1971, Briggs 2000, Briggs 2003, Briggs 2007, Belwood
& Hughes 2001, Hughes et. al. 2002, Roberts et. al. 2002, Mora et. al. 2003, Belwood et. al. 2005).
One of the recently published articles of Kiessling et. al. (2010), suggest that the reef systems are
actually the ‘cradle’ of evolution and ‘source’ of biodiversity for other regions (Box 9.2)

Box 9.2
Reefs as Cradles of Evolution and Sources of Biodiversity

Systematic differences in evolutionary patterns are well documented among marine
environments. On the largest environmental scales these differences are manifested in
onshore-offshore patterns, where higher taxa tend to have originated preferentially in
nearshore environments and expanded offshore later in their evolutionary history, and
tropical-extratropical patterns, where more origination took place in the tropics and tropical
genera expanded toward extra-tropical latitudes. Both patterns suggest that shallow water
and tropical marine environments are not only evolutionary cradles, but are also more prolific
at exporting diversity than deeper-water and extra-tropical habitats and thus represent net
sources of biodiversity. The underlying mechanisms of these patterns presumably involve
physical disturbance regimes, energy availability, and biotic interactions.

Using fossil occurrence data of benthic marine invertebrate genera from the Paleobiology
Database we tested the cradle and source hypotheses for biogenic reefs. These largely shallow
water and tropical ecosystems are known for their amazing biodiversity, but it is disputed
whether diversity is mainly generated within reefs or if reefs rather act as ecological attractors
for and evolutionary refuges of biodiversity that originated elsewhere.

...... analysis demonstrates that reefs are important evolutionary cradles independent of
their preferred habitat in shallow, low-latitude, calcium carbonate environments...Per-genus
origination probabilities are about 45% greater in reefs than outside reefs. This pattern applies
to individual higher taxa as well: The higher probability of reefal origination seen in theraw
data is maintained in corals (i.e. Anthozoa), and the sparse reefal originations in bivalves and
gastropods are higher than outside reefs.

To test if particular environments have also been sources of biodiversity for other
environments,we computed the proportions of genera that originated in one environment
and are subsequently found in another one.The proportions of these exporters were generally
greater for genera originating in Reef, Calcareous, Tropical, and Shallow water than those
originating in Non-reefal, Siliciclastic, Extra-tropical and Deep water. The pattern is most
prominent in reefs, which have thus been the most significant net exporters of biodiversity.
Reefs were ~25% more likely to have exported diversity in the Phanerozoic to non-reefs than
were non-reefs to reefs. This is in marked contrast to the Shallow water-Deep water pair,
for which shallow water environments show a pronounced cradle signal but exported only
slightly more of their new genera to deep-water environments than they imported.

Excerpt from: Kiessling, Simpson & Foote (2010). Reefs as Cradles of Evolution and Sources
of Biodiversity in the Phanerozoic. Science 327, 196 (2010); DOI: 10.1126/science.1182241.
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Tropical coral reefs are increasingly threatened by shifts in the world’s climate, overfishing
and declining water quality (Knowlton 2001; Wilkinson 2002; Hughes et. al. 2003). High
levels of genetic diversity within populations of corals are likely to be an important element
in evolutionary responses to climate change. Populations at high latitudes may be more
vulnerable to climate change because they are typically at the margins of geographical

ranges, and are likely to be small and isolated (Hughes et. al. 2002a).

9.2 Coral Associated Biodiversity in GoK

As discussed earlier, Coral reefs are considered to be one of the most biologically diverse
systems in the world. GoK is also considered as one of the biodiversity hotspots of India.
Specifically, the southern coast of Gulf is known for its rich biodiversity mainly owe to
presence of coral reefs, mangroves and other associated habitats like sea grass bed, roacky
intertidal areas etc. The description of different habitats in GoK is presented earlier (see
Chapter 2).

No comprehensive and authentic list of flora and fauna is available for GoK in general and
for the coral reefs, in particular. Compilation of flora and fauna from different sources
were attempted on many occasions but the species list associated with coral reefs are still
based on conjectures rather than systematic surveys. Noteworthy associated ecosystems
are the mangroves and algal beds. While, the mangroves occur in dense strands in most of
the islands and as stunted patches along the coast, the algal beds are recorded in most of
the intertidal regions and also in the subtidal zones. Accordingly, coral reefs and associated

habitats are the home for more than 1440 species of flora and fauna.

Intricate network of 42 islands with their coral reefs, mangroves, creeks, mudflats and
sandy beaches are endowed with a rich array of marine life. Out of 42 islands, 33 have coral
reefs and 20 islands are fringed with mangroves. Bural-Chank, Kalumbhar, Paga, Chindri,
Narara and Pirotan are the islands with rich coral reefs. The habitat diversity support rich
biological diversity in the Gulf of Kachchh. Thus, it support, 174 species of algae, 10 species
of mangroves, 365 species of fishes, 129 species of aquatic birds, 8 species of reptiles,
5 species of marine mammals, 69 species of sponges, 102 species of coelentrates that
include 68 species of corals, 357 species of molluscs, 115 species of arthropods including
71 species of crabs and 33 species of prawns, 35 species of echinoderm including 10
species of sea cucumber and 6 species of star fish, and 58 species belonging to minor
phyla (Table 9.1). Thus, colourful sponges, corals, reef fishes, prawns, lobsters, pearl
oysters, window pane oysters, sea horses, giant sea anemones, sea hares, puffer fishes,
sharks, cat fishes, ray fishes, star fishes, sea urchins, Bonellia, Sabella, dugong, sea turtles,

dolphins etc. are the species having high conservation values, both locally and globally.
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Category / Group No. of Source
Species
Plankton
Phytoplankton 89 Singh et. al. (2004, 2006), NIO (2002), Gopalkrishnan
(1972), Bhaskaran & Gopalkrishnan (1971)
Zooplankton 40 NIO (2002), Patel (1975,1976), Bhaskaran &
(Genera) | Gopalkrishnan (1971)
Plant
Mangroves 10 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005),
NIO (2002)
Algae 174 Srinivasan (1969), NIO (2002), Singh et. al. (2004,
Green algae 52 2006), Joshi & Krishnamurthy (1970), Subba Rao &
e e 79 Sastry (2005), Gopalkrishnan (1970)
Brown algae 40
Blue Green algae
Sea Grass Singh et. al. (2004, 2006), NIO (2002)
Animal
Vertebrate 508
Urochordata (Ascidian) 1 Singh et. al. (2004, 2006)
Fishes 365 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005),
MPEDA (2008)
Aquatic Birds 129 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005),
Anon (1991)
Reptiles 8 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005)
Marine mammals 5 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005)
Invertebrate 687
Porifera (Sponges) 69 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005),
Hornell (1909, 1916), Gopalkrishnan (1970)
Coelenterate 102 Singh et. al. (2004, 2006), Subba Rao & Sastry
Jelly fish 4 (2005), Hornell (1909, 1916). Pillai & Patel (1988),
Sea anemone 6 Gopalkrishnan (1970)
Hard coral 45
Soft coral 23
Zoanthid 7
Hydrozoan 17
Platyhelminthes (Flatworm) 4 Singh et. al. (2004, 2006)
Molluscs 357 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005),
Gastropod 136 Hornell (1909, 1916), Gopalkrishnan (1970)
Bivalve 100
Cephalopod 237
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Nudibranch (sea slug) 9
Amphineura 4
Arthropod / Crustacean 115 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005),
Shrimp 4 Gopalkrishnan (1970)
Crab 71
Prawn 33
Lobster 1
Isopod
Barnacle 5
Annelids (Polychaeta) 4 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005)
Echinoderms 35 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005)
Brittle Star 13
Feather Star 3
Sand dollar
Sea cucumber 10
Sea urchin
Star Fish 6
Bryozoan
Minor Phyla 58 Singh et. al. (2004, 2006), Subba Rao & Sastry (2005)
Brachipoda 1
Bryozoa 21
Echiura 17
Phoronida 1
Sipuncula 18

While the entire floral and faunal diversity of GoK is quite important and critical in maintaining the
food web of the entire Gulf and coral reef system, they also had very high use value for human
society. Although, after the notification of MNPS, there is a complete ban in extracting both
biological as well as physical resources (like limestone, coralline sands etc.) from the Gok, yet
available information clearly suggests that diversity of various floral and faunal groups had great
economic potential, too. Key use values of coral reef associated flora and fauna, in GoK is given in
Table 9.2.

Species Group Key uses

Mangrove Traditional Medicines, Fodder

Sea Algae (Sea Weeds) | Harvested for industrial products

Hard Corals Calcium extraction for medicine and cements
Fishes Catch for commercial and subsistence purpose
Crabs/ Prawns Catch for commercial and subsistence purpose

Gastorpods (Molluscs) | Pearl Oyster, Window-Pane Oyster, Chanks and many more species
are collected for curio trade purpose and medicinal purpose
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IUCN Red Data list categorize both floral and faunal species according to their current status of
threats but the list is not very comprehensive and updated mainly due to lack of global data for
many species. In the context of GoK, we reviewed IUCN Red List for the all the major faunal groups
recorded in GoK. However, except for coral and fish species, the conservation status of other
faunal groups is not available. The list of threatened, endangered, and vulnerable species of coral
and fish species is presented in Table 9.3.

Near Threatened & Vulnerable Least Concerned Data Deficient
Endangered

Coral
Acropora humilis, Goniopora Coscinaraea monile, Acanthastrea hillae,
Favia stelligera, planulata, Cyphastrea serailia, Acropora sq.uarrosa,
Favites bestae, Turbinaria Favia favus,Favia pallida, | Dendrophyllia
Favites complanata, mesentarina, Favia speciosa, Goniastrea | minuscule, Goniopora
Favites halicora, Turbinaria peltata | pectinata, Leptastrea stutchburyi,

Goniopora minor,
Montipora foliosa,
Montipora venosa,
Platygyra lamellina,
Psammocora digitata,

purpurea, Montipora
hispida, Montipora

monasteriata, Montipora

turgescens, Mycedium

elephantotus, Platygyra

Hydrophora exesa,
Montipora explanata,
Paracyathus stokesi,
Polycyathus verrilli,
Tubastrea aurea,

Pseudosiderastrea daedalea, Platygyra Turbastrea faulkneri,
tayami sinensis, Plesiastrea Turbinaria crater
versipora, Porites
compressa, Porites lichen,
Porites lutea, Siderastrea
savignyana, Symphyllia
radians, Symphyllia recta
Fish
Carcharhinus Hippocampus Epinephelus merra Alopias vulpinus
dussumieri trimaculatus Mugil cephalus Epinephelus
Carcharhinus macloti | Nebrius sexfaseatus
Chiloscyllium griseum | ferrugineus Hippocampus
Chiloscyllium indicus | Rhinoptera guttulatus
Dasyatis zugei Jjavanica
Gymnura poecilura Rhynchobatus
Carcharhinus limbatus | djeddensis
Carcharhinus Stegostoma
melanopterus fasciatum

Scoliodon laticaudus

Endangered

Pristis microdon
Aetobatus flagellum
Aetomylaeus
maculatus
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Interestingly, it is also reported that, prior to notification of MNPS, GoK used to be a good source
of supplying floral and faunal specimens for education and research purpose in different parts of
the country. The supply used to make in the form of preserved specimens of different marine life
forms and also by supplying specimens for dissection purposes. The Gujarat Fisheries Aquatic
Science Research Institute, of State Fisheries Department at Okha used to supply those specimens
of different species on payment basis. Thus, specimen of more than 150 species belonging to
different faunal groups used to be supplied (Table 9.4). Although, the price of specimen of different
species varies significantly, from this the relative value of different species can be inferred. For
example, the rare species like Bonnelia and lkedosoma (Rs. 50 per specimen), Pinctada with pearl
(Rs. 40 per specimen), Amphitrite, Aspidosiphen, Phoronis (Rs. 25 per specimen) etc. fetch higher
prices. Although, it is well recognized that the specimen rate is not the correct way of valuing the
biodiversity value of the system, it just provides a relative importance of the species in terms of
their rarity and conservation significance.

Type No. of Species Rate
Supplied (Rs. Per speciemen)

Lab Specimen
Sponges 1 2to4
Coelentrates 21 3to 18
Annelida 7 1to 25
Arthropoda 9 2to 8
Mollusca (with animal) 33 2to 40
Mollusca (empty shell) 14 1to5
Echinodermata 11 3to 10
Fish 53 2to 20
Minor Phyla 8 5to 50
TOTAL 157
Dissecting Specimen
Annelida 1 7t09
Arthropoda 6 6 to 36
Mollusca 8 6to 12
Echinodermata 3 10to 24
Fishes 6 6 to 36

Source: Compiled from different brouchures of Fisheries Dept.

Scientific research that looks for a useful application, process, or product in nature is called
biodiversity prospecting, or bioprospecting. In many cases, bioprospecting is a search for
useful organic compounds from various life forms that grow in extreme and inaccessible
environments, such as hyper saline and arid deserts, hot springs, marine system etc. It

is suggested that the marine biodiversity is recognized for its importance in developing
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countries in marine biotechnology applications such as aquaculture, marine natural
products chemistry, bio-remediation, bio-film and bio-adhesion, cell culture, biosensors
and terrestrial agriculture (Zilinskas and Lundin, 1993). However, the cutting edge
technology used in marine bioprospecting and the vast capital investment it demands
puts marine bioprospecting out of reach of most public institutions, particularly those
from developing countries®.

Bio-prospecting involves searching for, identifying, and collecting appropriate
bio-specimens and develop genetic material from these specimens that exhibit

characteristics desirable in a
commercial product (e.g. a
drug). As a matter of fact, it is

x Million
Marine Species

the genetic material, not the X 0000

bio-specimen as such, that is Collected

of interest in bio-prospecting.

The manner, in which new x 000 Tested
Per Screen

genetic material enters the
production process, differs

x 00 Initial
according to the industries. Activity
Nevertheless, this is is a long Chance
and tedious process with very Hot Leads —> of

Success

small probability of getting <10 Enter Drug
success. Contextually, Evans-| Development
lllidge & Murphy depicted the

magnitude of sample sizes and

Fig. 9.1: Order of magnitude in drug discovery

the research effort required to produce a small number of drug development candidates,
and the corresponding shift in costs and risks as the process progresses (Fig. 9.1). They
suggested that “...there is no question that a primary objective of ‘drug discovery’
is to discover drug ‘leads’, or compounds which may become drugs through ‘drug
development’. However, in general, less than 10% of samples come through the primary
screening process. At least 99% of these then drop out of the ‘drug lead’ race because the
compound/activity combination turns out to be known, or further mechanistic studies
show that the activity is not selective or not useful as a pharmaceutical. This means we are
left with less than 0.1% of original samples actually becoming ‘drug leads’ and entering
the ‘drug development’ phase, a process which itself has a high attrition rate. It is for this
reason that natural products drug discovery has been likened to ‘looking for a needle

3UsuaIIy, even in the richer countries the bioprospecting happens through joint-venture arrangements and thus operate
under effective patent and intellectual property laws. India is explicitly excluded from the TRIPS agreement and thus is
less likely to attract complex JV partnerships of the sort needed for marine bioprospecting.
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in a haystack’. It relies on a high throughput philosophy (large numbers of biodiverse
samples being put through a large number of different screens) to maximise the chance
of ultimately achieving just one new drug”.

The value of preserving a species for pharmaceutical use is based on the potential value of
an unknown or untested species in the production of a new drug. However, in this context,
one of the critical aspects is ‘hit rates’, or the basic probability of success in developing
a commercial drug from some randomly sampled species, natural product, or extract.
While it is often assumed that such hit rates are exogenously determined, they are in
fact themselves an endogenously determined variable within pharmaceutical screening
processes (see Box 9.3).

Box 9.3
Success Rate Determinants in Pharmaceutical Bio-prospecting

For a prospecting program as a whole, a high success rate is desirable. However, given the fact that R&D
costs per extract increase with each phase, low success rates in the individual screening phases may be
desirable to reduce the costs associated with ultimately unsuccessful leads. To some degree, prospecting
firms can manipulate the success rates of the early R&D phases by specifying the composition of the
collection, and by adjusting the technical parameters of the screens. In general, success rates can be
manipulated by: (i) Using prior information (ethnobiological, ecological, biomedical) to collect extracts
for testing against specific therapeutic targets (ii) Reducing the chemical similarity of extracts within a
collection by increasing the taxonomical diversity of that collection. (iii) Adjusting screening parameters
to affect the number of extracts that proceed through to the isolation and dereplication phase of the
program (iv) Using new sources of biological material for those therapeutic targets that have been the
subject of many prospecting programs.

The prospecting strategy for the collection may be random selection, using little or no prior species
information; or it can be rational selection, using prior ethnobiological, ecological, or biomedical
information. There may be numerous therapeutic targets against which the extracts are tested; or
there may be as few as one target. There is some empirical evidence that programs utilizing prior
information to find leads for a small number of therapeutic targets have higher success rates in the
exploratory stage, than programs using no prior information. Success rates can also be increased by
using a taxonomically diverse collection for investigation. Generally, a diverse collection is more likely
to be chemically dissimilar, and will consequently yield a greater number of novel compounds; hence
the discovery of one will not severely reduce the probability of discovering another within the same
collection.

Through the treatment of the extracts, the phase-specific success rates are manipulated. Screening
sensitivities can be adjusted to obtain relatively low or high hit rates from a given collection. Since R&D
costs per extract increase with each phase, reducing the cost of a screening program means identifying
and dropping ultimately unsuccessful leads (false positives) as soon as possible. Low success rates in
the screening phases would achieve that end. For example, adjusting the screens to identify common
compounds early would permit only extracts with relatively rare compounds to proceed to a subsequent
isolation and dereplication phase, thereby increasing the success rate of this more costly phase of
R&D. However, setting the screens to achieve low success rates will also mean foregoing potentially
promising leads (false negatives).
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A factor beyond the control of the individual prospecting firm is the amount of existing research
that has been conducted involving the particular therapeutic targets. More is the existing research,
more likely that relatively rare compounds, reactive with the targets, have already been discovered
and investigated. However, a different bioassay of the same extract may prompt bioactivity revealing
previously missed compounds. Furthermore, a collection consisting of biological material drawn from
under-investigated sources (such as marine ecosystems) is more likely to yield a novel compounds than
material drawn from more studied sources (such as tropical forests).

The Artuso (1997) model allows for phase-specific success rates which could reflect the prospecting
strategy and the screening parameters of an individual prospecting program. A complication to the basic
model also allows for a declining rate of success in the isolation and dereplication phase to account for
the probability of increasing chemical similarity between the extracts of a given collection. Chemical
“similarity” or “redundancy” is the focus of Simpson et. al. (1996). Related to chemical similarity is
the issue of “medicinal” or “therapeutic” redundancy, discussed by Simpson et. al. (1996), and Artuso
(1997). This type of redundancy refers to the situation wherein different chemical compounds from
different species produce similar therapeutic effects. (Source: Cartier and Ruitenbeek 1999).

This is further complicated by secrecy agreements or other data gathering constraints.
Cartier and Ruitenbeek (1999), however, reviewed the global values of bioprospecting in

different terrestrial and marine systems (Table 9.5).

Ecosystem & Original
Study

Valuation Results

Remarks

Genetic Resources - Terrestrial Systems

Value of Plants Used in
Pharmaceutical Industry
(Farnsworth & Soejarto
1985)

$203 million/successful species/yr;
based on 1980 US gross drug sales;
survey data showing that 25% of all
prescriptions contain one or more
active plant-based agents; 40 plants
account for those agents.

Extended by Aylward (1993): $1.6
million/untested species/yr based
original study's stated success rate
of 1:125.

Value of Plants Used in
Pharmaceutical Industry
(Principe 1989a b)

$1.5 trillion/yr total value of plant-
based drugs (US & OECD); based on
value of a statistical life (S8 million,
1983S); percentage of lives saved by
anticancer drugs (15%); and percent-
age of drug-based anticancer drugs
(40%).

Extended by Aylward (1993):
$37.5 billion/ successful species/
yr given 40 plants responsible for
all plant-based drugs; $18.8 mil-
lion/untested species/yr based on
original study's stated success rate
of 1:2000.

Value of Research Dis-
covery in Korup Park,
Cameroon (Ruitenbeek
1989)

$7500 annual expected value of ge-
netic discoveries to Cameroon; based
on average patent values;10 patenta-
ble discoveries/yr; & ability to capture
10% of the rent from the discoveries.

Extended by Aylward (1993): $150/
untested species/yr assuming 500
species inhabit the Korup forest
area and a success rate of 10:500.

Value of Tree Species
Used in Pharmaceuti-
cal Industry (McAllister
1991a)

$250,000/yr gross value of a tree-de-
rived pharmaceutical; based on global
sales of plant-based drugs; % of tree
species likely to contain marketable
pharmaceutical (3%).

Extended by Aylward (1993):
$7500/untested species/yr (1990S)
based on original study's stated
success rate of 3:100.
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Value of Discovery in
Costa Rica (Harvard Busi-
ness School 1992)

$253,000 expected NPV/research dis-
covery; based on net drug sales, and a
5% royalty on revenue to host country
(Costa Rica).

Extended by Aylward (1993): An-
nual Value $253/untested species
based on stated success rate of
1:10,000.

Value of Plants and Land
to the Pharmaceutical
Industry, Rainforest Flora
(Pearce & Puroshotha-
man 1992a b)

$390 million/successful plant species/
yr based on 1990 US gross drug sales;
S7 billion/yr based on the value of

lives saved ($4 million/life). Rainforest
values: $0.01-S21/ha for success rates
1:1000 and 1:10,000; a 5% royalty;

and 10% rent capture by host country.

Aylward (1993): Annual global
value per untested species: $819
using drug sales; $1.5 million us-
ing value of lives saved. Based on
original study's 5% royalty & 10%
rent capture rates; success rates
1:10,000 and 1:1000

Value of Biotic Samples
(Reid et. al. 1993)

$52,500 NPV to supply 1000 biotic
samples; based on 3% royalty, 5%
discount rate, $10 million annual net
sales after 10 yrs development, 15 yrs
patent protection, & cumulative suc-
cess rate of 1:40,000.

Aylward (1993): NPV $52.50/un-
tested species. Based on "sample to
lead" success rate of 1:10,000.

Net Private & Social
Returns to Biotic Samples
& Biodiver. Protection in
Costa Rica (Aylward 1993)

Net return per biotic sample: $21.23
(private) to $33.91 (social). Social cost
model includes costs of biodiv protec-
tion & publicly provided taxonomic
information. Success rate is 1:10,000.

Estimates PV of net returns gener-
ated by a protected area contain-
ing 10,000 species; all species are
submitted to a single screening
program and there is one success in
the first year.

Net Private and Social
Returns to Biotic Samples
Costa Rica (Aylward 1993)

Total Net return on 10,000 biotic sam-
ples: $.98 million (social) to $4.91 mil-
lion (private); based on net revenue to
a new drug source; 2% royalty, private
& social costs as in above model. Suc-
cess rate is 1:10,000.

Above model is modified to calcu-
late the PV of net royalty returns on
a collection of 10,000 species.

Net Private & Social
Returns to Biotic Samples
under Various Distribu-
tion system (Aylward
1993; Barbier & Aylward
1996)

Net Returns: S5 million (private);
-$240 million (social); based on
throughput of 2000 samples/yr, pro-
tection for 5 lakh species over 6 lakh
ha, $233/sample royalty, $213/sample
in collection & classification fees, 40
prospecting years, & 10% discount
rate.

Models the investment choices
faced by a developing country.
Choices pertain to investment in
pharmaceutical prospecting: (i) bio-
diversity protection; or, (ii) capac-
ity expansion to produce species
information.

Value of Plants and Land
to Pharmaceutical Indus-
try (Mendelsohn & Balick
1995, 1997)

If all potential drugs are discovered:
$449 million NPV/successful species
for a total $147 billion NPV or $48/ha
tropical forest; based NPV of a new
drug source, and 328 plant-based
drugs yet to be discovered and devel-
oped.

Extended by Artuso (1997): $1.2
million/tropical forest plant species
given 125,000 plant species.
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Value of the Marginal
Plant Species to the
Pharmaceutical Industry
(Simpson et. al. 1996)

Value of marginal species: $9,000
based on 250,000 species to test, suc-
cess rate of 1:83,333 and revenue to
cost ratio of 1.5. Sensitivity analysis:
A success rate less than 1:12,500
reduces value to zero; revenue/ cost

ratio of 1.10 reduces value to $2.20.

Models the private pharmaceutical
value of the in situ "marginal spe-
cies", which is valued on the basis
of its incremental contribution to
the probability of making a com-

mercial discovery.

Value of Marginal
Threatened Habitat to the
Pharmaceutical Industry
(Simpson et. al. 1996)

Maximum private value for endan-
gered habitat: Estimates range from
a low of $0.20/ha (California Floristic
province) to high of $20.63/ha in
Western Ecuador (where there is high

concentration of endemic plants).

Uses theory of island biogeogra-
phy, marginal species value results
(above), and data from Myes (1988,
1990) 18 biodiversity "hot spots".

Social Value of Marginal
Species (Simpson & Craft
1996)

Value of marginal species to consum-
ers: $33,000; value of loss of 25% of
all world's species: $111 billion; based
on the existence of 10 million species
available for screening, & global phar-

maceutical sales and cost estimates.

Uses a model of product differenti-
ation which accounts for consumer

surplus.

Social Value of Marginal
Threatened Habitat to the
Pharmaceutical Industry
(Simpson & Craft 1996)

Value of marginal ha: Estimates range
from a low of $29/ha (California Flo-
ristic province) to high of $2,888/ha in

Western Ecuador.

Uses theory of island biogeogra-
phy, marginal species value results
(above), and data from Myers
(1988, 1990) 18 biodiversity “hot

spots”.

Value of Marginal Species
when Research Intensity
is Optimal (Simpson &
Sedjo 1996b)

Value of marginal species when there
exist 250,000 species: $2600; when
there exist 1 million species: $0.0.
Calculations based on 500 therapeutic
objectives, $125 million/new product;
5 yr testing period; and a 4% discount

rate.

For each period the model maxi-
mizes the value of the collection

by choosing the optimal collection
size, given the number of species
remaining to be tested and the vari-

able costs of testing.

Net Private and Social
Value of Biotic Extracts
(Artuso 1997)

NPV per biotic extract before taxes:
$487 (private) to $7671 (social); based
on NPV of new drug sources, and
success rates which vary with differ-
ent stages the of R&D process. The
cumulative success rate of the process
is1:111,111.

Model treats R&D as a series of
phases, each with specific rev-

enues, costs, and success rates.

Genetic Resources - Marine Systems
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Value of Pharmaceuticals
from Coral Reefs (Ruiten-
beek & Cartier 1999)

Value of Montego Bay coral reef
based on model incorporating drug
values, local bioprospecting costs,
institutional costs, discovery suc-
cess rates for marine extracts, and a
hypothetical bioprospecting program
for the area using National Cancer
Institute sampling protocols. Model
highlights role of revenue sharing
arrangements and ecosystem yield in
deriving total benefits and marginal

Authors note sensitivity of results
to assumptions in ecosystem yield
and species-area (SA) relationships,
which relied on SA estimates by
Reaka-Kudla (1995) for global coral
ecosystems. In base case S=cAz,
z=0.265. Within potential range of
z=0.2 to z=0.3, NPV shifts from $85
million to $54 million and marginal
benefit shifts from $72,500/ha to
$698,000/ha.

benefits.

Average Net Social Value of species in
base case is estimated to be $7775.
Based on base case sampling pro-
gram, total social NPV of Montego
Bay reef area is US$70.09 million. First
differential of the benefit function
yields US$225,000/% or US $530,000/
ha coral abundance.

Source: Cartier and Ruitenbeek, 1999

9.3.1 Bioprospecting in GoK

In the context of present study in GoK, the bio-prospecting value of genetic diversity of
marine flora and fauna was ascertained in qualitative terms by compiling the results of
screening of various organisms for different biological activities. While going through
literature, it was found that not enough biological materials from GoK were screened for
bioprospecting. Thus, during the compilation of information material for entire coastal
marine areas of India was considered. The effort, although limited in scope, had specifically
recorded the biological activities in marine algae found in Gujarat and in other Indian
coasts (Table 9.6), important coral and associated faunal species of Indian coasts (Table
9.7). In addition, compilation was also done for the bio-dynamic substances derived from
the marine fauna of Indian coasts (Table 9.8). It is important to mention here that these
compilations are not comprehensive and just provide indicative lists. It needs substantial
resources to collate and review the entire bio-prospecting work undertaken by different
laboratories across the country. Nevertheless, this review strongly suggests that there are
serious gaps in coordinated efforts and knowledge.

Table 9.6: Biological activities recorded from different Algal species from Gujarat and other

Indian coasts

Group Species Location Recorded Biological Activity

Gujarat Coast

Chlorophyceae | Bryopsis plumosa Okha Antifertility/Anti-implanta-
tion; Diuretic

Chlorophyceae | Caulerpa taxifolia Porbandar Cardiovascular effects, Diu-
retic
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Chlorophyceae | Chaetomorpha antennina | Diu Diuretic
Chlorophyceae | Codium dwarkense Veraval Anti-implantation, Diuretic
Chlorophyceae | Codium elongatum Porbandar Cardiovascular effects

Chlorophyceae

Ulva fasciata

Okha, Bharuch

Antiviral
(Encephanomyocarditis virus)

Chlorophyceae | Ulva lactuca Veraval Hypoglycaemic, Diuretic,
Antifertility

Phaeophyceae | Cystoseira indica Okha Diuretic

Phaeophyceae | Dictyota atomaria Okha Cardiovascular effects

Phaeophyceae | Levringia boergensenii Okha Anti-implantation, Diuretic

Phaeophyceae | Padina gymnospora Dwarka Diuretic

Phaeophyceae | Rosenvingea intricata Okha Effect on isolated ileum, Anti-
inflammatory

Phaeophyceae | Sargassum merrifieldii Okha Cardiovascular effects

Phaeophyceae | Sargassum swartzii Okha Antiviral
(Encephanomyocarditis virus)

Phaeophyceae |Sargassum johnstonii Okha Diuretic

Rhodophyceae | Amphiroa anceps Veraval Diuretic

Rhodophyceae | Gracilaria corticata Diu Diuretic

Rhodophyceae | Grateloupia indica Okha Cardiovascular effects,
Diuretic

Rhodophyceae | Halymenia venusta Okha Cardiovascular effects

Rhodophyceae | Scinaia hatei Okha Diuretic

Other Indian Coasts

Chlorophyceae

Enteromorpha intestinalis

Chilka Lake, Orissa

Antiprotozoal, Cardiovascular,
Diuretic

Nadu

Rhodophyceae Galaxaura oblongata Corbyns Cove Cardiovascular effects, Diuretic
Andman

Rhodophyceae | Gracilaria edulis Kavaratti, Diuretic
Lakshadweep

Chlorophyacae Halimeda gracilis Kavaratti, Cardiovascular effects, Diuretic
Lakshadweep

Chlorophyacae | Halimeda opuntia Jollybouy, Cardiovascular effects, Diuretic
Andamans

Chlorophyacae Halimeda tuna Jollybouy, Diuretic
Andamans

Rhodophyceae Halymenia porphyroides NA Hypotensive, Diuretic

Cynophycea Lyngbya confervoides Kalpeni, Hypoglycaemic
Lakshadweep

Phaeophyceae Padina commersonii Ross Hypoglycaemic, Diuretic
island,Andamans

Phaeophyceae Sargassum plagiophyllum Pamban, Tamil Antifertility (antiimplantation),

Diuretic
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Phaeophyceae Turbinaria conoides NA Hypotensive
Chlorophyceae | Valoniopsis pachynema Keerakarai, Tamil Hypoglycaemic
nadu

Sea Grass Thalassia hemprichii Pamban, Tamil Diuretic

Nadu

Source: Compiled from Bhakuni (1994), Lakshmi et. al. (2006), Abad Faroogqi et. al (1990), Doshi et. al.
(??), Bhanderi & Trivedi (1975), Chauhan & Krishnamurthy (1968), Rao et. al. (1964)

Animal Species Location Recorded Biological Activities
Group
Sea Slug Aplysia sp. Tuticorin, Tamil Nadu Antibacterial (Streptococcus
faecalis)
Soft Coral Heterogorgia Kanyakumari, Tamil Nadu Antiviral (Encephalomyocarditis
flabellum virus)
Soft Coral Lobophytum Havelock, Andaman Diuretic
pauciflorum
Molluscan Thais North Bay, Andaman Diuretic
hippocastanum
Hard Coral | Acropora corymbosa | Kadmal island, Lakshdweep | Cardiovascular effect
Hard Coral | Acropora formica NA Diuretic, Toxic
Hard Coral | Acropora humilis Kadmal island, Lakshdweep | Antiviral (Ranikhet disease)
Hard Coral | Montipora Krusadal island, Tamil Nadu | Hypoglycaemic
divaricata

Paracondylacts sp.

Chandipur, Orissa

Anti-fertility /Anti-implantation

Coelentrata | Zoanthus sp. NA Cardiovascular effects, Hypotensive

Coelentrata | Zoanthus sp. Veraval, Gujarat Toxic

Bristle Eurythoe complanta | Chandipur, Orissa Diuretic

worm

Star fish Pentaceraster Rameshwaram, Tamil Nadu Effect on isolated rat uterus,
regulus Diuretic

Sea urchin Temnopleurus Manddapam, Tamil Nadu Antiviral (Encephalomyocarditis
toreumaticus virus), Diuretic

Molluscan Acmaea stellaris North Bay island, Andaman | Cardiovascular effects

Molluscan Bullia vittata Berhampur, Orissa Diuretic

Molluscan Ischnochiton Bharuch, Gujarat Anti-fertility/ Anti-
camptus implantation,Toxic

Molluscan Modiolus striatulus | Krishnapuram, Orissa Diuretic

Molluscan Terebralla palustris | Corbyn's Cove, Andaman Cardiovascular effects, Hypotensive

Sponge Axinella Red skin island, Andaman Cardiovascular effect, Hypotensive
andamanensis

Sponge Callyspongia Rameshvarm, Tamil Nadu Antiviral (Ranikhet disease virus,

spinosissima

Encephalomyocarditis virus)
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Sponge Heteronema erecta | Red skin island, Andaman Antiviral (Ranikhet disease virus),
Cardiovascular effect
Sponge Phyllosponia Red skin island, Andaman Hypoglycaemic
follascens
Sponge Sigmadocia pumila | Rameshvarm, Tamil Nadu Cardiovascular effect, Diuretic,
Anti-fertility/ Anti-implantation
Sponge Spirastrella Krusadal island, Tamil Nadu | Diuretic
inconstans
Sponge Spirastrella Rameshwaram, Tamil Nadu | Antiviral
inconstans (Encephalomyocarditis virus)

al (1990)

Source: Compiled from Bhakuni & Silva (1975), Bhakuni (1994), Bhakuni & Jain (1990), Abad Farooqi et.

Isolated substances

Source Animal

Biological Activity

Steroids: Insect Molting
Hormones

Crayfish (Jasus lalandei), Female
marine crab Callinecles sapidus

Molting hormone of Crayfish and
other crustaceans

Steroids: Reproductive
Hormones

Gonads and plasma of various
fish

NA

Steroids: Sterols

Sea anemone, sponges,
Barnacles, Molluscan,
Echinoderms, Gorgonian (sea-
fan), coral

Reduce blood cholesterol levels

elismobranch fish, Hag fish
(Eptatrctus stoutii)

Steroids: Saponins Sea cucumber (Stychopus Antifungal
japonicus, Bohadschia koellikeri)
Steroids: Bile alcohol & Bile acids | Shark (Scymnus borealis), other | NA

Terpenes

Extract of Gorgonians (sea
fan) coral (Pseudopterogorgia
americana), Horny coral
(Pseudoplexaura crassa and
Pseudoplexaura wagenaari)

Antibiotic activity

Isoprenoids: Furanoterpenes

Sea fan (Gorgonia ventalina,
Spongia nitens)

NA

Non-Isoprenoids: Prostaglandis

Mammalian tissue, Gorgonian
(Plexaura homomalia)

Fertility control, labour induction
& renal physiology

Non-Isoprenoids: Butenolides Gorgonian (Pterogorgia anceps NA
and Pterogorgia guadalupensis)
Quinones Sea urchin (Echinothrix diadema) | NA

Brominated compounds:
Prostaglandins

Sponges (Dysidea herbacca,
Verongia cauliformis, Verongia
cauliformis), Sea slug (Aplysia
kurodai)

Anti-biotic & anti-microbial

Nitrogen- Sulphur Heterocyclics:
Nereistoxin

Annelides (Lumbriconnereis
heteropoda)

Toxic in nature having insecticidal
properties
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Nitrogen- Sulphur Heterocyclics: | Star fish (Asterias rubens and Venomous and contain toxic
Asterubin Asterias glacialis) substances

Nitrogen- Sulphur Heterocyclics: | Horse shoe crab (Limulus Toxic to human
Aergothionenine polyphemus)

Source: Compiled from Bhakuni & Silva (1975), Bhakuni (1994), Bhakuni & Jain (1990)

9.4 Coral Reef Biodiversity Valuation

In terms of economic valuation, biodiversity is potentially the most significant value of
marine products. However, in term of its application, there are two schools of thought.
While, the first school of thought demonstrates that either on a theoretical or empirical
basis, global biodiversity valuation should not or can not be conducted in any meaningful
manner (e.g. Perrings 1994; Spash and Hanley 1995; Ruitenbeek 1990; Tacconi and Bennett
1995). The second school of thought either explicitly or implicitly accepts that some form
of valuation is desirable or possible, and many methodologies have been developed to
attempt to isolate these values (e.g. Aylward et. al. 1993).

Realizing the fact that the limited knowledge exist about the biodiversity pattern of
GoK, its economic valuation is considered a difficult task. However, during the present
study, maintenance of biodiversity function of coral reefs in GoK was valued by applying
Benefit Transfer Method (BTM). For the purpose, we used already estimated biodiversity
value of coral reef systems in two of the major coral reef bearing oceanic regions- the
South-East Asia and Indian Ocean. In the South-East Asia, values were adapted from three
countries viz. Indonesia, Malasia and Phillipines and in the Indian Ocean region values
were adapted from the Sri Lanka. These values were adjusted at two levels. Accordingly,

in 2003 the biodiversity values in the two region were estimated as 458 and 199 million
USS, respectively. These values were adjusted to 2007 price, using ‘GDP Deflator Index’ of
World Bank. This estimates that the value of coral reef biodiversity in the region of South
East Asia and Indian Ocean are USS 6696 and 5574 per sq. km., respectively (Table 9.9).

Table 9.9: Biodiversity Values in South-East Asian and Indian Ocean Countries

Parameters Unit South-East Asia | Indian Ocean
Estimated Biodiversity Value (2003) Million USS 458 199
Adjusted Biodiversity Value (2007) Million USS 596 301
Adjusted Biodiversity Value (2007) USS per sq. km. 6696 5574

Second level of adjustement (value transfer) was applied using different ecological and
economic parameters. Thus for the present purpose, we considered (i) ratio of reef flat

to coastal margin, (ii) population density (iii) per capita income and (iv) contribution of
agriculture product in GDP (Table 9.10).
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Table 9.10: Parameters and their values used for applying Benefit Transfer Method

Parameters Unit South-East | Indian Ocean | Gujarat (Gulf of
Asia Kachchh)

Reef Area sq. km. 79680 680 277
Length of Shoreline km. 95680 1340 342
Ratio of Reef Area to Sqg. km./km. 0.79 0.51 0.81
Coastal margin (shoreline)
Population density No. per sg. km. 159 307 258
Per Capita Income uss 2250 1540 1334
Value Added in Agricul- % of GDP 12 17 12
ture

Accordingly, using different parameters, that are considered to have influence in defining
the value of coral reef associated biodiversity in two regions (S-E Asia and Indian Ocean),
we estimated the values of Biodiversiy for GoK. Thus, estimated values ranged between
USS 3970 to USS 10865 per sg. km. (Table 9.11). Also, on overall basis, we recorded two
values for GoK—one with respect to SE Asian regions (USS 7234 per sq. km.) and other with
respect to Indian ocean country of Sri Lanka (USS 6122 per sqg. km.). Finally, for present
purpose, an average of these two values i.e. USS 6678 per sq. km., can be considered as
biodiversity value for GoK. Considering the total coral reef area in entire GoK is about
277 sq. km., the total annual biodiversity value of coral reefs would be around Rs. 88.79
million (1 USS= Rs 48). In per unit area terms, the biodiversity value of Coral reefs in GoK
would be estimated as Rs. 3.205 lakh per sq. km.

Table 9.11: Estimated Biodiversity Value of Coral Reefs in GoK (US
Parameters Used for Benefit Transfers#

per sq. km.)

Transferred Values from
Indian Ocean Region*

Transferred Values from
S-E Asian Region*

Ratio of Reef Area to Coastal margin 6866 8853
Population density 10865 4684
Per capita income 3970 4828
Average 7234 6122

6678

# For values of different parameters in SE Asian and Indian Ocean regions and GoK see Table 9.10
* |n 2007, the estimated biodiversity values for SE Asia and Indian Ocean Regions were, USS 6696 and
USS 5574 per sg. km., respectively (see Table 9.9).
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10. Coastal Protection

In different parts of the world, coastal protection function of coral reefs was rated among
the top most values. In the context of GoK, however, efforts are being made to collect
information regarding two major coastal protection functions of coral reefs. These include
(i) the prevention of salinity ingression in the coastal ground water and (ii) the prevention
of land erosion from the coastal areas.

10.1 Salinity Ingression

Salinity ingress is the ‘lateral subsurface intrusion’ of seawater as a result of lowering
of groundwater levels (about 3m below mean sea level), and percolation of seawater. It
means the penetration of seawater or the shift of ‘freshwater-seawater divide’ far within
the inland region, due to over-withdrawal of freshwater from the land adjoining coastal
strip. Prerequisite for this is the presence of geological continuum of permeable formations
that are the repositories of groundwater (i.e. aquifers). If the groundwater draft, by any
means, exceeds the rate of freshwater replenishment (through rains), seawater seeps in
to fill the void created by the extraction, thus turning it saline. Once the salinity sets-in,
it is difficult to wash-it-off. In natural condition, however, the problem is controlled by
some form of physical barrier (like thick, impervious rocky layers) which restrict the lateral
movement of saline water towards mainland aquifers.

Along the Gujarat coast, the problem of salinity ingression into ground water aquifers is
a major issue in Kachchh and Saurashtra regions. On the Saurashtra coast, the problem
of salinity ingression was first acquired serious dimensions in 1970s (after the exhaustive
use of engines to withdraw ground water for irrigation purpose). The State Government
sponsored a survey to investigate the problem of salinity in ground water in coastal tracts
of Saurashtra. The survey highlighted high level of salinity in ground water due to the
intrusion of sea water and vertical percolation of saline water along the creeks. This fact
finding survey of 1970 was followed by setting up of Recharge Committee in 1972, High
Level Committee-l in 1975 and High Level Committee-Il in 1978. While, the HLC-I as well
as HLC-Il suggested a three-pronged strategy consisting of management techniques,
recharge techniques and salinity control techniques, over the years only the salinity
control works was undertaken by Salinity Ingress Prevention Circle (SIPC) of Gujarat
Irrigation Department.

The coastline of Saurashtra is about 765 km. and of these Jamnagar has the longest
coastline of about 342 km., mainly along the Gulf of Kachchh. A recent study reported
that out of 250 villages in coastal talukas of Jamnagar district, in 127 villages (i.e. almost
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50% of total villages) the ground water turned into fully saline (Table 10.1). This highlights

the gravity of problem of salinity ingression in the coastal tracts of Jamnagar district.

Table 10.1: Status of Salinity in Ground Water in Jamnagar District

Taluka No. of Villages
Total Fresh Water | Partially Saline Fully Saline

Jamnagar 59 34 10 15
Jodiya 41 0 4 37
Kalyanpur 41 7 12 22
Khambhaliya 41 15 8 18
Lalpur 22 18 3 1

Okha Manadal 46 0 12 34
Total 250 74 49 127

Fresh Water: TDS < 2000 mg/I through out the year; Partially Saline: TDS > 2000 mg/I in summer months
and Fully Saline: TDS > 2000 mg/| through out the year
Source: SIPC, 2005. Quoted in Hirway and Goswami, 2006

Fig. 10.1: Salinity Ingression in Coastal Villages of Jamnagar District. Fully Saline (red);
Partial Saline (blue) & Prone to Saline (green). (Source: CSPC Website)

Itisin the above context, we attempt to explore the ‘role of coral reef health on preventing
salinity ingression’. Considering the physical processes involve in causing salinity ingression,
the coral reefs which are located close to mainland and form rocky layers along the coast

assumes greater significance in restricting the lateral movement of saline water and thus
controlling the problem of salinity ingression. The function of the coral reef in this case
is just a separation between the ‘freshwater groundwater lenses’ in coastal aquifers from
the saline groundwater in the seabed. In other words, coral reefs create distance from the
deeper slope or shelf, and are thus a buffer for the subsurface freshwater lens.
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Interestingly, the function can well performed by dead coral reefs. So, while it does not
necessarily give much argument for maintaining the ‘coral reef health’, the logic of coastal
area conservation still holds true for not allowing large scale mining or dredging of age-
old, dead coralline rocks. As there is no literature available on this aspect, the extent of
this effect cannot be assessed without systematic long-term field observations.

In the context of this study, therefore, it is hypothesized that those coral reefs, which
are located along the coast line of Jamnagar district, play some role in restricting the
ingression of saline sea water into the freshwater aquifer by causing physical barrier to
lateral movement of saline sea water. Theoratically, however, this aspect of valuation
guestions that ‘what incremental value does coral reefs provide to preventing saline
intrusion in coastal areas?’ Thus, we measured the costs of intrusion in two terms: (i)
decreased land productivity and (ii) increased preventive expenditures (through salinity
control measures). Finally, we attributed some portions of these costs as a proxy for coral
value within this function.

In order to explore this aspect of benefits from the coral reef systems along the GoK,
relevant data about the status of ground water salinity in coastal villages of Jamnagar district
was collected. The Gujarat Water Resource and Development Corporation (GWRDC) along
with Salinity Ingression Prevention Scheme (SIPS) of Irrigation Department, collect data
on ground water salinity from their fixed monitoring wells, twice in a year- pre monsoon
and post-monsoon months. Based on this data, SIPS monitored the progress of salinity
ingression along the coastal tracts of Jamnagar district (Fig. 10.2 a & b). It is recorded
that during the last many years, the rate of progression of salinity ingression is varying at
different sites. Certainly, various protection measures adopted by Government agencies
and NGO, contributed to this effect.

Fig. 10.2: The progression of salinity ingression along the Jamnagar coast of GoK.
(A) From year 1998 to 2002; (B) from year 2003 to 2007. Source: Office of GWRDC, Jamnagar.
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We identified 57 villages from Jamnagar district which border Gulf of Kachchh. Out of
these 57 villages, GWRDC monitor the salinity in 36 villages and thus provided ground
water salinity data for the year 1980 & 2008. Also, using existing maps and reports, and
discussions with experienced farmers, fishermen and foresters, the current status of coral
reefs and mangroves (i.e. presence/absence and their extent) were determined for each
of these 36 villages. Subsequently, this ecological information was used in conjunction
with the ground water salinity data. The information about the change in ground water
salinity between 1980 and 2008 and the status of coral reefs and mangroves in 36 coastal

villages is presented in Table 10.2.

Table 10.2: Ground water Salinity in Coastal villages vis-a-vis coral reefs and mangroves

Taluka Village TDS (in ppm) TDS Change Coral | Mangrove
May-1980 | May-2008 | ppm % Status | Status
Okhamandal Arambhada 3480.0 2280.0 | -1200.0 -34.5 0 0
Jodiya Badanpar 3100.0 4373.3 1273.3 41.1 0 2
Jodiya Balachadi 1840.0 3160.0 1320.0 71.7 2 2
Jodiya Balambha 4080.0 1720.0 | -2360.0 -57.8 0 0
Jamnagar Bed 1190.0 1932.5 742.5 62.4 4 4
Khambhaliya Beh 790.0 890.0 100.0 12.7 0 1
Jodiya Bhadra 760.0 2065.0 1305.0 171.7 0 0
Khambhaliya Bharana 1260.0 2052.5 792.5 62.9 0 0
Khambhaliya Chudeshvar 3246.7 3030.0 -216.7 -6.7 2 9
Jamnagar Dhinchda 1910.0 1230.0 -680.0 -35.6 4 0
Jamnagar Gagva 1300.0 1220.0 -80.0 -6.2 0 1
Khambhaliya Goinj 1380.0 3045.0 1665.0 120.7 0 0
Okhamandal Hamusar 1070.0 2420.0 1350.0 126.2 0 0
Jamnagar Jambuda 2470.0 4497.5 2027.5 82.1 0 0
Lalpur Jogvad 870.0 795.0 -75.0 -8.6 0 0
Khambhaliya Kalawad simani 1540.0 3550.0 2010.0 130.5 0 0
Jodiya Keshiya 1240.0 2026.7 786.7 63.4 0 0
Jamnagar Khijadiya 6120.0 6420.0 300.0 4.9 0 4
Khambhaliya Kotha visotri 613.3 986.7 373.3 60.9 0 0
Khambhaliya Mota Ambla 625.0 777.5 152.5 24.4 1 0
Khambhaliya Nana Ambla 1180.0 900.0 -280.0 -23.7 0 0
Khambhaliya Nana Ashota 3643.3 1550.0 -2093.3 -57.5 0 1
Khambhaliya Nana Mandha 1050.0 14140.0 | 13090.0 | 1246.7 0 0
Jamnagar Nani Khavdi 630.0 1085.0 455.0 72.2 0 0
Jamnagar Nava Nagna 3200.0 5260.0 2060.0 64.4 0 0
Okhamandal Padli 1780.0 9040.0 7260.0 407.9 0 0
Kalyanpur Pindara 2006.7 1860.0 -146.7 -7.3 0 0
Okhamandal Poshitra 2406.7 2543.3 136.7 5.7 9 2
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Khambhaliya Salaya 2040.0 7780.0 5740.0 281.4 0 3
Jamnagar Sarmat 1150.0 3630.0 2480.0 215.7 0 5
Okhamandal Shamlasar 8800.0 4410.0 -4390.0 -49.9 0 0
Jamnagar Sikka 2040.0 1470.0 -570.0 -27.9 3 1
Khambhaliya Sodasala 3060.0 820.0 -2240.0 -73.2 0 0
Khambhaliya Vachlabara 1200.0 2405.0 1205.0 100.4 0 0
Jamnagar Vasai 500.0 1730.0 1230.0 246.0 0 3
Lalpur Zankhar 730.0 1365.0 635.0 87.0 0 1
Source: GWRDC, Rajkot

A simple analysis of above data suggests that the ground water salinity has increased by
about 123% in those villages where both coral reefs and mangroves are absent. However,
in those villages where both corals and mangroves were present, there was just marginal
increase in ground water salinity (21%). Similarly, in the two villages where only coral
reefs are present the salinity increase is only about 5.6% (Table 10.3). The above findings
indicate, although not conclusive, that fringing coral reefs (mainly the dead ones) located
near or along the coast line had some role in protecting the ground water aquifer from the
salinity ingression in coastal villages®*.

Table 10.3: Change in Ground Water Salinity (ppm) in Coastal villages (1980 -2008)

Type of Village Salinity Increase % Change Number of Village
Coral & Mangrove Absent 1184.4 122.74 20
Coral & Mangrove Present 282.5 21.04
Only Mangrove Present 1065.0 91.67
Only Coral Present 263.8 5.60

Keeping the above preliminary findings in view, salinity ingression prevention as ecosystem
function of coral reefs is valued by two measures: (i) by measuring agriculture productivity
loss in six salinity affected villages and, (ii) by analyzing preventive expenditure by Govt.
Agencies (mainly by SIPS circle of Jamnagar district) to control the salinity ingression
problem.

10.1.1 Loss of Agriculture Productivity

A sample survey of six salinity affected coastal village of Jamnagar district was conducted
and data on two variables were collected through focused group discussion with farmers.

(i) Loss of agriculture productivity of groundnut (a traditionally grown, cash crop of
Saurashtra region including the Jamnagar district). According to official data, average
productivity of groundnut in normal, irrigated land of Jamnagar district is between 3800
to 4400 kg/ha. The surevy recorded a decline in productivity of groundnut crop in all

41t is strongly felt that in order to ascertain the correlation and causality between coral reefs and salinity ingression, long
term study is required.
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the six sample villages. Farmers correlated this loss in productivity to rapid increase in
groundwater salinity. Thus, on an average basis, a loss of 2108 kg per ha of groundnut crop
was recorded in the six sample villages (Table 10.4).

Table 10.4: Change in Groundnut Productivity in Sample Villages

Taluka Village Productivity (kg/ha)

At Present 10 years earlier
Jamnagar Gagva 750 2500
Jodiya Khiri 100 3125
Khambhaliya Chudeshwar 2500 4375
Khambhaliya Goinj 375 3125
Khambhaliya Kalawad Simani 1250 2500
Khambhaliya Nana Mandha 500 2500
Average 912 3020
Source: Focused Group Discussion during this study

(ii) As per landuse data between 1991 and 2001 (as presented in the Census reports of
Jamnagar district), in 23 salinity affected villages (as identified by Jamnagar office of SIPS
Circle), there was a decline of about 1350 ha (i.e. about 36%) in groundwater irrigated
area. Compared to this, there was loss of only about 694 ha (i.e. about 10%) in ground
water irrigated area in all the 56 coastal villages (Table 10.5). This clearly suggests that due
to salinity ingression problem, farmers lost irrigation potential in substantial terms.

Table 10.5: Loss of Groundwater Irrigated Area in Salinity Affected Villages

Concernd Area Groundwater Irriagated Land (in ha)# | Loss of Ground Water Irrigated
Area
1991 2001 Area (ha) %
56 Coastal villages in Jamnagar 7129 6434 694 9.7
District
23 Salinity Affected Villages 3752 2402 1350 36.0
(see Table 10.2)

# Data source: Jamnagar District Census data (1991, 2001)

(iii) Based on the above, a monetary loss due to decline in productivity in Groundnut crop
in 23 salinity affected villages was estimated, as follows:

Land loss (ha) x Productivity loss (kg/ha) x Market price of Groundnut (Rs./kg)
= 1350 ha x 2108 (kg/ha) x 20 (Rs. /kg)
= Rs. 56916000 i.e. Rs. 56.9 million per year

It is also important to note that the entire estimated value of monetary loss can not be
attributed to the health of coral reefs. Thus for the present purpose, we used a conservative
value of ‘15% as the linkage between coral health and value of land productivity’. The

15% contribution of coral reefs is just a notional value (as no empirically derived value
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is available)® . Thus in monetary terms, the annual value of coral reefs in controlling the
salinity ingression will be in the nature of Rs. 8.54 million per year.

10.1.2 Preventive Expenditure on Salinity Control

As discussed earlier, salinity ingress in ground water of coastal areas is a growing problem
in terms of huge monetary loss in agriculture production. Realizing the magnitude of this
problem and to tackle this problem, SIPS circle in Jamnagar (under Irriagation Department)
is incurring expenditure on various schemes. Between, 1999 and 2008, a total expenditure
of about Rs. 120 million was made in the coastal villages in Jmanagr district (Table 10.6).
Thus, annually average Rs. 12 million was spent on various physical structures to prevent
the salinity ingression problem along the Jamnagar coast.

However, all of the above ‘mitigative expenditures’ can not ascribed to replacement for
coral reef function, because as such most of the mitigation measures are simply to deter
excessive pumping of ground water and facilitate ground water recharge. Considering that
the value of coral reefs in preventing the salinity ingression was 15% (see earlier section),
an annual value of Rs. 1.8 million of total preventive expenditure can be attributed to coral
reef systems.

Table 10.6: Expenditure (in Lakh Rs.) made for Salinity Control Measures in different talukas

of Jamnagar District (1999 to 2008)

Name of Scheme | Okhamandal | Kalyanpur | Khambhalia | Jamnagar Lalpur Total
Bandhara - - 955.82 24.61 980.43
Reclamation - - 114.48 - 114.48
Recharge Reservoir - - 52.59 - - 52.59
Recharge Tank - - - 15.19 - 15.19
Checkdam 10.38 - 11.67 - 15.09 37.14
Total 10.38 Nil 64.26 1085.49 39.70 1199.83
Source: Salinity Ingression Prevention Schemes (SIPS) Circle, Jamnagar

By adding monetary loss in agriculture productivity and amount spent for mitigating
problem of salinity ingression, we can assign some monetary values to the health of coral
reefs towards their function in preventing salinity ingression. Thus, in the present case,
the presence of coral reefs along the coast would have produced additional crop output
of Rs. 8.54 million per year and would have save annually Rs.1.80 million in preventive
expenditure cost. This implied an annual net worth of Rs. 10.34 millions, assigned to
coral reefs, annually, for the function of controlling salinity ingression in coastal areas of
Jamnagar district. In per unit area terms, the salinity ingression prevention value of Coral
reefs in GoK would be estimated as Rs. 37,329 per sq. km.

° It would have been more appropriate to characterize the value as a type of incremental impact i.e. “xxx value change
for every 1% change in salinity impacts” rather than asserting a fixed value of 15%. But, to reach to that level of
understanding, clearly more research is warranted.
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10.2 Coastal Erosion

The landward displacement of the shoreline caused by the forces of waves and currents
is termed as coastal erosion. Actually, it is the loss of sub-aerial landmass into a sea due
to natural factors such as currents, waves, winds and tides. Other factors that trigger
coastline erosion include: relative sea level, geomorphological characteristics of the shore
and many man made changes such as construction of artificial structures, mining of beach
sand, offshore dredging, mangrove cutting etc. Above defined physical processes make
the coastline a spatio-temporally dynamic entity.

In the presnt context there are several pockets along the Gujarat coast where waves and
tides cause severe erosion of land. However, most of these locations are found along the
coast line of Gulf of Cambay and some parts of Suarashtra coast. However, the value of the
coastal protection varies with the level of development along the shoreline, population
density, and presence of a tourism industry. Attempts to stabilize these vulnerable lands
at one location often aggravate problems at adjoining locations. Nevertheless, considering
the high property values, efforts to stabilize the coast and protect its features are critical
for sustainable development of coastal areas. The process of stabilization of the coast is
very expensive and if not tackled properly, usually provides temporary solutions.

In GoK, literature on the issues related to coastal erosion is almost non-existent. Also,
discussions with key stakeholders like MNPS officials, Port authorities, Gujarat Maritime
Board and local farmers, suggested that at present, there is hardly any stretch in GokK,
where the problem of coastal erosion is conspicuous. Thus, most of the stakeholders
informed that the problem, even if exist in southern lip of GoK, it may be of very low
intensity and magnitude. However, it is generally felt that due to vast intertidal area, rocky
shores and presence of mangroevs and coral reefs (although quite patchily distributed),
the southern side of GoK is well protected form the problem like coastal erosion.

Keeping the above in view, and also in wake of paucity of data related with coastal erosion
in GoK, the coastal protection prevention function of coral reefs was valued by applying
Benefit Transfer Method (BTM). In addition, efforts had also been made to analyze
preventive expenditure by Govt. Agencies to control the coastal erosion problem.

10.2.1 Value of Erosion Prevention Using BTM

Realizing the fact that the limited knowledge exist about the coastal erosion in Gok, its
economic valuation is considered a difficult task. However, during the present study, like
in case of biodiversity valuation, coastal erosion control function of coral reefs in GoK was
valued by applying Benefit Transfer Method (BTM).

For the purpose, we used already estimated coastal protection (erosion control) value of

coral reef systems in two of the major coral reef bearing oceanic regions- the South-East
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Asia and Indian Ocean. In the South-East Asia, values were adapted from three countries
viz. Indonesia, Malasia and Phillipines and in the Indian Ocean region values were adapted
from the Sri Lanka. These values were adjusted at two levels- first by applying GDP Deflator
Index. Accordingly, in 2003 the coastal erosion prevention values in the two region were
estimated as 5047 and 1540 million USS, respectively. These values were adjusted to 2007
price, using ‘GDP Deflator Index’ of World Bank. This estimates that the coastal erosion
prevention value of coral reef in the region of South East Asia and Indian Ocean are 71269
and 44666 USS per sq. km., respectively (Table 10.7).

Table 10.7: Coastal Erosion Prevention Values in South-East Asian and Indian Ocean

Countries

Parameters Unit South-East Asia Indian Ocean
Estimated Coastal Erosion Million USS 5047 1595
Prevention Value (2003)
Adjusted Coastal Erosion Million USS 6596 2412

Prevention Value (2007)

Adjusted Coastal Erosion USS per sq. km. 71269 44666
Prevention Value (2007)

Similar to the biodiversity exercise, the second level of adjustement (value transfer) was
applied using different ecological and economic parameters (see Table 9.10). Thus for
the present purpose, we considered (i) ratio of reef flat to coastal margin, (ii) population
density (iii) per capita income and (iv) contribution of agriculture product in GDP.

Accordingly, using different parameters, that are considered to have influence in defining
the value of coral reef associated coastal erosion prevention in two regions (SE Asia and
Indian Ocean), we estimated the values of coastal erosion prevention function for GoK.
Estimated values ranged between USS 31529 to USS 115644 per sq. km. (Table 10.8). Also,
on overall basis, we recorded two values for GoK — one with respect to SE Asian regions
(USS 75560 per sq. km.) and other with respect to Indian Ocean country of Sri Lanka
(USS 44674 per sq. km.). Finally, for present purpose, an average of these two values i.e.
USS 60117 per sq. km., can be considered as coastal erosion prevention value of coral
reefs in GoK.

Considering the total coral reef area in entire GoK is about 277 sq. km., the total
annual coastal erosion prevention value of coral reefs would be around Rs. 799.31 million
(1 USS= Rs 48). In per unit area terms, the coastal erosion prevention value of Coral reefs

in GoK was estimated as Rs. 28.86 lakh per sq. km.
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Table 10.8: Estimated Coastal Erosion Prevention Value of Coral Reefs in GoK (US$ per

km?)
Parameters Used for Benefit Transferred Values from Transferred Values from
Transfers# S-E Asian Region* Indian Ocean Region*

Ratio of Reef Area to Coastal 73073 70940

margin

Population density 115644 37537

Per capita income 42255 38691

Value Added in Agriculture 71269 31529

Average 75560 44674

60117

# For values of different parameters in SE Asian and Indian Ocean regions and GoK see Table 9.10
*In 2007, the estimated coastal protection values for SE Asia and Indian Ocean Regions were, USS 71269
and USS 44666 per sq. km., respectively (see Table 10.7).

10.2.2 Preventive Expenditure on Coastal Protection

Irrigation Department had recently completed a central government aided National
Coastal Protection Project (NCPP). The project was implemented in the different stretches
of the coastal areas of Gulf of Cambay. The project had undertaken various engineering
measures to control the coastal erosion mainly in Gulf of Cambay. The experience of these
schemes will be of great help in understanding the cost of coastal erosion, which will be
used in the present study. The NCPP Report will provide the costs incurred on different
types of structures and the benefits drawn from those structures.

To analyze the economic contribution of shoreline protection services provided by coral
reefs in GoK, the study estimated the value of the shoreline protection services provided
by these reefs, based on the costs required to replace them by artificial means. According
to a rough estimate provided by concerned engineers, two major type of schemes are
undertaken: earthen bund and gabions. The cost of earthen bund (with Pitching) is Rs.
50000 — 60000 per meter length while for the Gabion, cost would be Rs. 1 lakh per meter
length®. However, we relied on estimates of expenditures for artificial replacement of
coastal protection in different parts of Gujarat under NCPP (Table 10.9). It is important to
mention here that out of 35 projects under NCPP, only two are in Jamnagar coast (i.e near
Dwarka and Bet Dwarka). In these two sites, the total cost of coastal protection was about
Rs. 556 millions i.e. about Rs. 65400 per meter length of coast line’.

5 According to civil engineers, the most stable structure to protect the coast would be Tetrapod. Cost of Tetrapod,
however, would be 5-6 times more than gabion structures i.e.about Rs. 5-6 lakhs per running meter.

7 For GoK, data is lacking on lengths of vulnerable coastline. However, based on discussion with local people and
concerned marine engineers, a notional value of 5% of total coast line (i.e. about 17 km) can be considered vulnerable.
Thus, to address coastal erosion problem along the Jamnagar coast, protection (or mitigation) cost would be ranged
between Rs. 1112 millions (for gabion) to Rs. 9350 millions (for tetrapods). Due to such large variations, these values
were ignored in the final valuation.
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Table 10.9: Proposed Sea Erosion Control Schemes in Gujarat Coast under NCPP

District Village Proposed Cost Proposed | Cost Rs. per
Length (m) (Lakh Rs.) Meter
Valsad Umbergaon 1100 719 65364
Valsad Nargol 1000 654 65400
Valsad Maroli 900 588 65333
Valsad Fansa 800 523 65375
Valsad Kalai 1000 654 65400
Valsad Kolak 1200 784 65333
Valsad Umarsadi Machhiwad 2000 1308 65400
Valsad Kosamba 2120 1386 65377
Valsad Moti & Nani Danti 2550 1667 65373
Navsari Mehdhar 615 193 31382
Navsari Onjal Macchiwad 1590 900 56604
Navsari Dandi 2040 1105 54167
Navsari Borsi Machhiwad 2460 1166 47398
Navsari Samapor 900 502 55778
Navsari Danti 600 392 65333
Navsari Movasa 1350 736 54519
Navsari Wagrech 2000 1308 65400
Navsari Bhat 2730 1437 52637
Navsari Dholai 1740 246 14138
Navsari Goyandi Bhatla 1500 981 65400
Surat Bhimpor, Sultanabad & Dumas 2500 460 18400
Surat Budia 600 61 10167
Surat Suvali Damka 1100 719 65364
Surat Bhandut Lavachha 1500 981 65400
Surat Dandi 900 588 65333
Surat Mora, Bhagva & Kundiana 2500 1635 65400
Surat Nesh Pardi 1200 785 65417
Bharuch Nahar 1000 654 65400
Jamnagar Dwarka 5000 3270 65400
Jamnagar Bet Dwarka 3500 2289 65400
Bhavnagar | Gopnath 500 327 65400
Bhavnagar | Gopnath & Mathala 8000 5232 65400
Amreli Bherai 1000 654 65400
Amreli Rampara & Kovaya 1500 981 65400
Junagadh Velan 300 196 65333
TOTAL 61295 36081 57992

Source: Narmada, Water Resource, Water Supply and Kalpasar Dept., 2008.
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11. Summary

The discussions in the previous chapters outlined various goods and services provided by
coral reef system in Gulf of Kachchh. Based on the existing scientific knowledge, available
socio economic information and designed field surveys, the study estimates the economic
values of following five services — three provisioning and two regulatory- of coral reefs in
GoK:

i. Fisheries

ii. Tourism and Recreation

iii. Biodiversity

iv. Prevention of Coastal Salinity Ingression
v. Prevention of Coastal Erosion

The estimated values of above services of coral reef systems in GoK are summarized in
Table 11.1.

Table 11.1: Total Estimated Annual Value of benefits from Coral reefs in GoK

Goods & Services Method Total Annual Value | Value Per unit Area of

(Million Rs.) Coral reefs in GoK (Rs.
per sq. km. per year)

Fisheries Financial Revenue Analysis 1284.00 46,40,000.00

Tourism & Recreation Financial Revenue Analysis 17.80 64,203.00

Protection against Productivity Change & 10.34 37,329.00

Salinity Ingression Preventive Expenditure

Measure

Protection Against Benefit Transfer Method 799.31 28,85,628.00

Coastal Erosion (BTM)

Maintenance of Benefit Transfer Method 88.79 3,20,530.00

Biodiversity (BTM)

Total 2200.24 79,47,690.00

Accordingly, in terms of above goods and services, coral reefs in GoK provide an annual
benefit of approximately Rs. 2200 million. In other words, the estimated value of one
sg. km. area of coral reefs in GoK was in the tune of about Rs. 7.95 millions. The Table
also suggests that for the corals of GoK, the maximum value is for fisheries followed by
benefits of coastal protection and biodiversity benefit. Later two benefits are usually
hidden from the mainstream economic analysis. The tourism and recreational values

associated with coral reefs are quite limited in GoK. The value of coral reefs in preventing
salinity ingression along the coastal aquifer is reported for the first time. On overall basis,
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therefore, any decline in the ‘coral health” would essentially entail loss in the values and
subsequent decline in societal well being.

In terms of annuity benefits of coral reefs, using discount rate of 2% and 4%, the values
turned out to be 35974 & 29704 million Rupees for 20 years time horizon, respectively.
However, the benefit for infinitum (i.e. perpetually) varies between 110011 & 55006
million Rupees, respectively (Table 11.2). These estimations demonstrate that the coral
reefs of Gulf of Kachchh have a significant economic value which is critical for the survival
of the local economy of the coastal belt of Jamnagar (located in the semi-arid zone of
Saurashtra in Gujarat, where agricultural productivity is low and is totally dependent upon
monsoonal rainfall).

Table 11.2: Net Annual Benefit and Net Present Value (NPV) (in Million Rs.) of Different

Ecosystem Functions of Coral Reefs in GoK (2007)

Coral Functions/ Benefits Net Annual 20 Years Infinitum
Benefit (2007) | 2% DR | 4%DR 2% DR 4% DR

Fisheries 1284.00 20993 17334 64200 32100
Tourism 17.80 291 240 890 445
Biodiversity 88.79 1452 1199 4439 2220
Protection against Salinity 10.34 169 140 517 258
Ingression
Protection against Coastal 799.31 13069 10791 39965 19983
Erosion

Total 2200.24 35974 29704 110011 55006
DR= Discount Rate

It is important to mention here that there are many conceptual and empirical problems
inherent in producing such an estimate, yet this exercise is important in order to (i)
establish at least a first approximation of the values of ecosystem services of coral reefs of
Gulf of Kachchh and (ii) identifying critical research needs for robust valuation of various
ecosystem services of coral reefs. The recorded estimates present minimum values, which
would improve and increase by adopting better data gathering system considering spatio-
temporal dynamics of coral reef systems in GoK. Thus, on the basis of problem confronted
and identified gaps in knowledge, we strongly feel that future research must attempt to
focus on some of the following issues:

i. Carry out a comprehensive condition and trend of coral reefs ecosystems in the
region

ii. Develop the dose —response relationship for major ecosystem services of coral reefs

with respect of dominant drivers of change
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iii. Develop the realistic scenarios analysis in view of prevalent industrial and economic
policies in the region

iv. Conduct comprehensive economic valuation in marginalistic framework

v. Explore the promising response options based on economic intervention which
would help the sustainable management of corals in the region

Quantifying various benefits under this study is a starting point for conservation of coral
reefs because they feed policymakers a guidance to do cost—benefit analysis of proposed
actions. As mentioned earlier, the valuation done here is only a benchmark guide to the
economic values of coral reefs. This is the case due to several factors like not all benefits
are amenable to quantification and monetization. Also, due to inadequacies of necessary
database, the estimates are more or less back of the envelope estimates. However,
any coastal planning in the context of apparent drivers of change in the region must
acknowledge, above derived economic significance of Coral reefs in GoK.

It is also important to mention here that while in this study we presented the different
values of coral reefs as stand-alone values, in reality many of them are closely interrelated
and thus influence the values of each others. Thus, possibilities of overlapping and
double counting of values cannot be ruled out entirely. However, in the context of Gok,
considering the poor understanding of various ecological interactions within and among
different functions and services, it becomes more or less beyond the scope of this current
study to delineate those values which are overlapping and resulting into double counting.
A follow up study with greater span of time would certainly attend the issue and provide

more robust estimates.
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Annexure-1

Notes on Fisheries in Coral Areas of GoK (Based on site visits and interaction with fishermen)

Date: 24 November 2008  Site: Sikka
Key Informants: Abu bhai (Mandli Pramukh) & Mohd. Imbrahim

Mandli (Cooperative) was constituted about 50 year’s back, mainly to get diesel and other subsidies
from Government for fishing purpose. Site had about 10000 litres of diesel requirement
every day, but there is no diesel pump in the site.

Currently there are about 200 small boats (not trawlers) — doing off-shore fishing

Earlier (15 yrs back) for fishing purpose boats used to go upto 2-4 km. distance but now
due to decline in fish catch and also by laying of SPM by major oil refinery companies in
the near shore areas, they had to go to as far as 20-25 km., this significantly increases the
diesel consumption.

Equipments:

Different nets are used for different types of fish:

Species Net use in a boat Rate Life of Net
Titan (Lobster) |50 kg Rs. 300/kg 10-15 days
Gholdara 80-90 nets of total 350 kg Rs. 300-400/kg 2-3 years
Surmai 80-90 kg Rs. 300/kg 1 year
Gal net Total cost of Rs. 20000-25000 | 3 months
Kaphdi 50-60 kg Rs. 300/ kg 2 months

Major Catch:

Species Main Season Approx. Catch Rate
Titan July-Aug 80-90 kg in 7 days Rs. 500-600 /kg
Pomfret Sep-Oct 300-400 kg in 6-7 days Rs. 100-300/kg
Gholdara Dec-Jan 6-7 individuals of 70-80 kg each in 6-7 Rs. 200-300/kg

days
Singhara Nov- Dec 300-400 kg per day Rs. 30-35/kg
Surmai Dec-Jan 20-25 kg per day Rs. 120-125/kg
Kaphdi Jan-Feb 8-10 kg per day Rs. 300-400/kg
Expenses:
Species Diesel Use per trip Ice Expenses per Labour man days per
trip (Rs.) trip

Titan 150 lit - 5-6 for 7 days
Pomfret 300-400 (long distance); 50-60 1200-2000 5-6 for 4-5 days

lit (Short distance)
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Gholdara | 60-70 lit 1000-1200 5-6 for 4-5 days
Singhara 60-70 lit 400-500 5-6 for 2-3 days
Surmai 250-300 lit 1000-1200 5-6 for 2-3 days
Kaphdi 50-70 lit 1000-1200 5-6 for 2-3 days

Other than above, expenses on food & water for entire group would be around
Rs. 300-400 per day per boat

Catch Trend:
Total production is declined significantly due to increasing industrial pollution and trawler
fishing practices

Current Employment Status:

e About 25% fisher families had agriculture lands

e Some members of about 25% fisher families are serving in big-ships/trawlers

* In almost all the fisher families people are dependent upon wage labour

e  Only about 5% of total women members are engaged in wage labour

e Only about 5-10% of total families had some other self-employment avenues

e A total of about 40-50 male members migrated to Gulf countries for some
employment

e About 25% of total children are going to schools

Date: 24 November 2008  Site: Sikka
Key Informants: A few Pagadia Fishermen

Total of 250-300 pagadia fisher families with about 600 active pagadia fishermen. Mostly
Kachchhi muslims.

Expenses:
Items Details
Torch Rs. 400 for six month
Cycle Only about 30% pagadias own cycle.
Nets Net of 3-4 kg — Rs. 500/kg. All pagadias have nets
Main Catch:
Species Season Approx Catch/ Expenses
day/ family
Boi June-Aug 7-10 kg Sold by women in local markets, took 3-4 | Ice: Rs.
hrs. 10-15
Kekda June-July 3-5 kg Rs. 30-35/kg by traders and Rs. 10-15 per | Ice: 2 kg

kg in local market
Jhinga | June-July 3-5 kg Rs. 35-40 /kg all sold in local market Ice: 2 kg
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Current Employment Status:

* No pagadia fisher families own agriculture land

e About 30-35 persons from pagadia fisher community are engaged in wage labout
every day

* About 3-5 families migrated out in search of better livelihood.

e Only about 10% of total children are going to schools

Future Aspirations:
e Aboat to every fishermen
e Secured fishing rights in coastal waters, especially in view of industrial development

Date: 25 November 2008  Site: Vadinar
Key informant: Siddique Younus (Fish trader)

Catch Trend:

Over all 50% decline in total fish catch
Total 9 fish traders selling the fish into Jamnagar market

Aroti Rs. 30 per kg Commission Rs. 1-2 per kg Phala Rs. 18 per kg
Seli Rs. 50-60 per kg Commission Rs. 2 per kg Datiya Rs. 20 per kg
Charoti Rs. 5-6 per kg Commission Rs. 1 per kg Kekda Rs. 22 per kg

Date: 25 November 2008  Site: Vadinar
Key Informant: Talib Aman Suja

Total 100 families engaged in Fishing : 10-15 families with boat & 80-85 families are
Pagadias with about 200 active fishermen

Major Fishing grounds:

Narara Bet: 80%; Singhaj salt Area: 10% & Kandla Port jetties: 10%
Between 100-150 species of fish, prawns, crabs etc. are recorded from these waters.
Marketable Fishes from Narara site: Seli, Aroti/ Boi, Charoti, Phala, Datiya, Kekda, Jhinga

Non Marketable Fishes from Narara site:

Khetar Chhaliya | Karochi Rupadi Kaku Khabu Buknu
Khakhhar | Sher Bodki Mengariyo | Sikodar Bangdo Maral
Kasar Chao Khaga Patro Sarvan (Octopus) Magara Pupedo
Bapat Lada Lod Kachua Manged Koi Talamiyo
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Fishing Gears/ Equipments:

Cycle or | For going 10 km. distance for fishing

Moped
Nets 2 angariyo (two finger gap in net); 2 Kg; Rs. 580 per Kg; 2 to 2.5 months of life
4 angariyo; 2 Kg; Rs. 370 per Kg; 2 to 2.5 months of life
1 to 1.5 Kg; Rs. 650 per Kg; 2 to 2.5 months of life
Dor 2-3 dors per person; Thick Rs. 40 per dor; Thin Rs. 30 per dor & very thin Rs. 20 per

dor; Life of these dors is about 2 to 2.5 months.

Kanta 10 — 15 kanta per day; Rs. 5 per Kanta

Fish Catch:

June — July is the best season for Pagadia fishing

Sps Quantity Selling price (landing site)
Seli 1-2 fish in 10-15 days i.e. ~10 kg | Rs. 100 per kg
Aroti 20-30 kg Rs. 30 per kg
Charoti 50-60 Kg Rs. 8 per kg
(Nov-Dec)
Phala 10-15 kg Rs. 15 per kg
Datiya 10-15 kg Rs. 15 per kg
Kekda 5-10 kg Rs. 10/ kg for small; Rs. 40-45/ kg for large
Jhinga 10-15 kg Rs. 70-80 per kg

Total income:
Winter: Rs. 200-250; June-July: Rs. 400-500 & Summer: Rs. 200-250 per day per person
Catch Trend:

About 90 percent decline, mainly due to industrial pollution

Current Employment Status:

e Almost all the families are going for wage labour especially in winter
* No family owns agriculture land

e Only 2-3 families are self employed (has pity shops etc.)

Community:
e  Mainly the Lodhi community
e 75% families are engaged in fishing; 10% are in service and15% are in wage labour

Future Aspirations:

e Permanent Service; Education to children & Bigger fishing boats and sufficient nets
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Date: 25 November 2008  Site:  Salaya
Key Informants:

Total 100 fishing families. All are fishing by boats (about 2000 boats and 400-500 trawlers).
Major Fishing Grounds:

e Area within 6-7 hours of traveling.

e Bets : Gandhya kada, Panera, Ajad, Gadu; Okhari (i.e. towards Poshitra bay area)

e  Mostly muddy with mangroves

Fishing Gears/ Equipments:

Net 2 angdi / 1 angdi nets 8 kg net costs Rs. 1000/kg; 3 months of life of
nets
Boat Engine (OBM) Rs. 15000 to 60000 per boat; 3 to 4 years of life
Qil (per trip) 3-4 litrs Rs. 120 per litre
Diesel (per trip) [ 50-60 litrs in a trip Subsidy for permit holders
Ice (per trip) 5 ladda Rs. 120 per ladda
Labour (per trip) | 5-6 persons x 6 days per
Food and water Rs. 1000-1200
(per trip)
Fish Catch:

One fishing trip is of about 6-8 days; maximum 2-3 trips in a month.

Fish Sps. Catch Rate Major area

Boi 200-400 kg per trip | Rs. 20 per kg in Muddy and mangrove
Jhinga 100-150 kg per trip [ Rs. 75-100 per kg | -do-

Ghandiya |100-200 kg per trip | Rs. 10 per kg -do-

Kekda 150-200 kg per trip [ Rs. 20-40 per Kg reef

Important Reef fishes include:

Seli, Boi, Kekda, Raja, Ghandiya etc.

Catch Trend:
Kekda 75 % loss
Boi 50% loss

Jhinga 50-75% loss
Overall  50% decline in Catch per unit effort (CPUE)

Problem:
e Infishing reef area from Pirotan to Okha many fishermen use DDT or other chemicals
for fish poisoning.

e |0C jetties and other industrial wastes
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Current Employment Status:

* No families own agriculture land; 100- 200 persons in wage labour

e 200-300 persons in trawler boats as Khalasi (earning Rs. 1200-1500 per month)
¢ No family have self employment

e No women are working

e No family had insurance cover

Future Aspirations:

e Bigger boats and trawlers
e Shops and trades

e Education

Migration:

Most of the fishermen migrate to other fishing centre like Okha, Jhakhau, etc in search of
more fish & jobs.

Date: 26 November 2008 Site: Poshitra
Key Informants:

Total 25-30 fishing families and 30-35 active fishermen. Only 2-3 families have small boats
but most are doing Pagadia fishing.

e Kharva 10-12 families; Gameti 20-22 families
Major Fishing Grounds:

All fishing sites are in coralline areas including Divdi; Dabdaba; Okhari; Kuruchali

Major Fish catch:
e Jeth to Bhado is the best season for pagadia fishing. In winter catch is declined.
e Total 15 fishing days per month (as determined by lunar calendar and thus tidal

position)
Species Rate (Rs. Per Kg) Export
Bodki 40 yes
Karochi 35
Boi 25-30
Chaya 50 yes
Kudchal (kekda) 60 (big), 10 (small) yes
Masungi 35-40
Dangri 80
Selvi 120 yes
Raja 75 yes
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Ghandiya 10-20
Kaku
Sarvan (octopus)
Dedka/ Makul 135 yes
Dada 250-500 yes
Pharadi 20
Kassi 15
Seri 45-50 (small), 200 (big) yes
Chhapri 60 yes
Aroti 40
Fishing Gears/ Equipments:
Moped For going up to 3-5 km. for fishing area
Petrol 2 litre per day
Chhakda Hiring one chhakda among 8 families. Hiring costs Rs. 400 from fishing ground
to Okha
Aad Net 30 Mann (each Mann of 20 kg); Rs. 5000 per Mann; 2 years of life
Zar Net 3-4 kg; Rs. 500 per Kg; 2-3 months of life
Ice 2 silli of ice and its transporation; Ice costs Rs. 300 per day
Income:
In good season
Big net use Total catch of R. 2000 per day Rs. 1000-1200 of net profit
Small net use Total Catch of Rs. 500-900 per day Rs. 250-400 of net profit
In bad season
Big net Rs. 500 per day of net profit
Small net Rs. 200 per day of net profit

Current Employment Status:

e Except 2-3 families all have agriculture lands (avg. 5 Acre)

e Almost all families are engaged in Prosopis juliflora (locally known as ganda baval)

wood cutting for charcoal (5-6 mann of wood per day per family- getting Rs. 25 per

mann (1 mann = 20 kg)

e Many families are getting 1-2 months of farm labour in and around village

e Literacy/ education status almost nil among the community
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Date: 27 November 2008  Site: Fish Market, Jamnagar
Key Informants: Mohd. Salim

Major Landing Centres from where fishes are coming to Jamnagar market
e Sikka ; Sachana; Jodiya; Bedi; Sarmat; Salaya; Bharana; Vadinar; Ambla; Okha

Mostly, Pagadia, Choti hodi and Machhva types are bringing their fish to Jamnagar market
Shallow water fishes (coexisting with coral reefs)

Species \ET (S

Mullet
Mangad, Bodki, Chhodi, Gandhiya, Bhurkula Not Exported
Kokad (Dhoma) Exported
Chhota surmai Exported
Phala Not Exported
Popat Not Exported
Chota Sher Within India
Chota Kund Exported
Chota Pomfret Exported
Prawn
Small white (Jumbo) Exported
Tiny Exported
Lobster Exported
Kekda (crab)
Blue Exported
Green 75% catch is exported
Red Found in deeper water
Chota Eel Exported

All export fishes mentioned above give on an average Rs. 2 per kg of profit margins over
landing site price

Of all the fish catch:

e 20% are exported;

e 80% sold in local or other Indian market like Ahmedabad, Mumbai etc
0 20% Local in Jamnagar
o 60% within India

Catch Trend:

e 10-15 years back, daily 4-5 truck loads of fish turnover from Jamnagar market. Now,
maximum 40-50 box of turnover (1 box=50 kg)

e At present, approximate of Rs 2.5 lakh of fish turnover every day from Jamnagar

market
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Date: 8 December 2008 Site: Fish Market, Jamnagar
Key informant: Jusuf Bhai (President, Dariyai Utpadan Sahkari Mandli, Jamnagar)

Landing sites from where fish are coming to Jamnagar market

Fishing Centre Ranking of Total Fish Landing
Sikka

Vadinar
Barana
RasoolNagar
Sarmat

Bedi
Sachana
Balachadi
Jodiya 5

Salaya Only 25% fish are coming to Jamnagar, rest are sold to Veraval/ Porbandar
Ranking values given after site indicate the ranking of contribution to total fish turnover of Jamnagar

OlIRr|IN|O (AN |W

market, so Sachana is contributing maximum fish to this market while Balachadi contributes least

Fish from Jodiya to Bharana are exporting from Jamnagar market (Salaya is excluded)

Coral Reef Fishes:

Species Common Catch Size

Ghol 11-25 kg size

Dara 8-15 kg size

Pomfret 700 to 1100 gm size (in Arabian sea upto 800 gm size)

Surmai ~15 kg size

Vekhli ( Selvi) upto 100 kg size (but 5-7 kg size is fetching good price) Mostly found below

coral stones n also feed on corals

Karchala (crab)
Sarvan (Octopus)
Bapat

Kaku

Lobster better than those found in open sea
Boi

Coral is better for fishes as they feed on some juices released by corals (probably talking
about coral wax etc.)

Fish catch:

4t to 13* days of | 1to 1.5 tons per day
lunar calendar
14* to 3™ days of | 2.5 to 3 tons per day (earlier it was about 10-15 tons per day)
lunar calendar

Near Vadinar, about 18 yrs ago fishing between 10 pm to 5 am caught
1100 individual pomfret of 800 gm size. Now, hardly 10 individuals are
caught. Industrial development and pollution is the main cause for such
decline




Diverse marine life associated with Coral Reef System in Gulf of Kachchh
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