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Executive Summary

Background

Wetlands in arid and semi-arid areas areseasonal in nature and often water-stressed during the dry period.
Biotic adaptations under such conditions are typically opportunistic, with critical life -cycle activities
synchronized with the seasonal variations in hydrology. Landscape features, hydrolgy and land-water
interactions are prime determinants for wetland ecosystem structure and function, influencing the nature of
ecosystem goods and services provided.

In India, the total value of ecosystem services, of around 13.1 million ha of wetlands, isestimated to be Rs
665 billion ($14 billion) annually. The Economics of Ecosystems and Biodiversityd India Initiative (TII),
launched by the Ministry of Environment, Forests and Climate Change (MoEFCC), aims to highlight the
economic consequences of the loss of biological diversity and associated decline in ecosystem services. The
TII effort is to make the hidden values of ecosystems explicit, so as to support their mainstreaming in
economic development policies and programmes. The present study seeks to ontribute to Tl by uncovering
the values of ecosystem services and biodiversity of wetland in the context of arid landscape of Gujarat.

Study focuses on the Little Rann of Kachchh (LRK)3 the largest wetland system of Gujarat 8 to understand
various ecosystem services and estimate their economic values that maybe relevant and useful in the context
of improved development policy. The specific objectives of this study are to:

1 Record key hydrological characteristics and thus the structure of LRK wetlands atlocal and
landscape levels, describing the key ecological functions and goods and services generated from
these;

1 Identify major developmental processes that affect the ecological structure and functions of LRK
wetland ecosystem;

1  Measure the economic valuesof key goods and services of LRK wetland systems; and
1 Evaluate key policy trade off areas for better LRK wetland management.

Ultimately, this study attempts to address following key research questions:
1 What are the landscape level changes in the catchmentareas of LRK wetland system?

1 How do landscape level changes influence the economic values of LRK wetlands in terms of prawn
fishing, salt production, tourism and migratory birds?

1 What are the key policy trade-offs for sustainable delivery of ecosystem sewices from LRK wetlands,
considering its PA status and landscape level linkages?
Study Area
The Little Rann of Kachchh (LRK), situated between Great Rann of Kachchh and Gulf of Kachchh, covers an
area of about 3,570 km2. It is a unique land mass with vas, flat topography and illustrates strong seasonal
hydrological as well as biological dynamics. Pal

Actually, during monsoon, several ephemeral Tete S N
rivers drain their water into LRK. Hydrological | Catchment Area °ﬁ'RKL_.

catchment of LRK is spread over an area of
about 11000 sq km of Gujarat and Rajasthan. J/
The freshwater mix with seawater, entered from
Surajbari creeks of Gulf of Kachchh. Such mixing
of fresh and saline water creates a large, shallow
brackish water lake. In subsequentmonths, the
water evaporates, transforming the Rann ino a
saline, dusty desert. Due to extreme weather
conditions the LRK is free from any permanent
human settlements. In administrative term, the
entire LRK is notified under Protected AreaWild
Ass Sanctuary.

e
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The LRK supports two major primary economic production systems - the salt production and prawn fisheries

duringnon-over | apping seasons.

Wh i

| e,

LRK is

responsi bl e

inland salt, it is the main source of export of Ginger Prawn (Metapaeneus kutchensis Agriculture and animal
husbandry are the two other major occupations in the upland areas.
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Approach & Methodology

In methodological terms, the study covers four major aspects (a) understanding of ecological and
economical settings o f -thle Bpkawns fishern rsateproduncign oand taurssm;s (b)
documentation of biodiversity values of LRK; (c) economic valuation of use and non use values of LRK
wetland, and (d) understanding of major drivers that are altering the key ecosystem goods and services. For
the purpose, study relied on (i) review of literature, analysis of secondary data and, meetings, consultations &
workshops with major stakeholder groups, and (ii) intensive primary data collection through focus group
discussions (FGD) and household samplesurveys. The primary surveys were undertaken mainly to ascertain
the economic values of four use and non-use values of wetlands of LRK: prawn fishing, salt production,
tourism and biodiversity. For the valuation of prawn fisheries and salt production we apply market value
approach, while for valuation of tourism we adopted travel cost approach. For non-use value of biodiversity,
however, contingent valuation method (CVM) was applied. Except, for salt, where secondary time series data
was used for valuation purpose, other values were determined by conducting primary household surveys. All
the primary survey was completed between July 2014 and March 2015.

Study Data/ Information Valuation Sample Size Sampling
Aspect Collection Approach Method of Primary Period
Applied Surveys
Bio-physical & socio- |Secondary data collection, review of literature and|- NA NA
economical consultations with subject experts
description of LRK
Description of|Secondary data, review of literature &|- 91 Farmer HH
landscape level drivergconsultations with subject experts;  Primary|
of change survey: Satellite imagery analysis of salt works; HH
survey of farmers
Economic Valuation &|Secondary data collection; Primary survey: FGlMarket value|13 FGDs JuyAug. d
Prawn fish and HH Surveys of fisher families assessment 62 FisherHH |SeptdOct . §
Economic Valuation d|Secondary data collection Market  value|4 FGD Jan. 0615
Salt Primary survey: FGD with Salt producers assessment
Economic Valuation d|Secondary data collection Travel cost 38 TouristHH |[Dec -d44d.
Tourism Primary survey: Interviews of tourists
Economic Valuation &|Review of literature; CVM 62 Fisher HH |Sep-Oc't .
Biodiversity Primary Survey: HH Surveys of fishers, sg 26 AgariyaHH (Jan. &6 |
producers, farmers and other general public 91 FarmerHH |Oct . 6 14
42UrbanHH |Jan. & 14§

Prawn Production

From LRK waters 11 species of prawns/shrimp and 20 species of fish had been reported. However, one
endemic prawn species M. kutchensis constitutes more than 90% of total fish/prawn biomass. Therefore,
fisheries of LRK wetlands essentially relate to the o
ecology and economics of this species. The prawn . J 6917+ 53.95 ¢
breeds in deep sea and their larvae reach to LRK during RE=0.425
monsoon through creeks and use LRK as a nursery £oo
ground. Once they grow to juvenile stage, they start €000 +

migrating back to sea water and at that time of their 4000 - /

Catch (Tons)

return journey, fishers capture them. In LRK, prawn 2000 . }{. ¢

fishing is conducted in temporary fishing settlements , e ‘ ‘
mostly by fisher families migrated from nearby vil lages 0 200 100 600 500 1000 1200
and towns. During our survey, number of fisher families Rainfall (mm)

varies between 1300 to 2000 families.

Needless to say, there is strongcorrelation between rainfall and production of M. kutchensis(as reflected by
total catch). However, the total average catch was about 3637 tons (over a period of 1992 to 2009 and 2013
& 2014). Prawn catch in LRKwas found determined by following factors:

1 Inflow of sea water and along with it seed and larvae of M. kutchensis and other species;

1 Inflow of rain water which bring s large quantity of nutrient and detritus materials essential food
items;

1 Micro-habitat heterogeneity in each fishing location due to slight topographical variations;

1 Customary institutional norms to provide access to fishing grounds having different degre e of
habitat quality for prawn production.
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We also estimate average per family catch of about 3.38 tons and 2.86 tons for 2013 and 2014 seasons,
respectively. Thus, each family generatel an income of Rs. 1.38 lakh for 2013 season (i.e. about Rs. 2300/
per day over 60 days of fishing season)

Salt Production

In LRK, slar evaporation of sub-s u r f l&icedis the main method used for salt production. Sub-surface
brine having salt density of 9-24 °B (degree Beume) is pumped from deep wells and spread over 8-10
condensers for evaporation. From there it moves from
one condenser to another and finally reach to
crystallizer. In the crystallizer, the highly concentrated
brine is allowed to settle and form salt crystals. This is
the traditional method of inland salt production in 8000 -

LRK In LRK, the salt production areas are actually the | 400 - _f&gﬂ;‘;ﬁoduwom
dry beds of wetland. Around 10,000 families from 4000 | (000 tons)
more than 100 villages are involved in this
occupation. Recently, (ketween 2008-09 and 2011-12)
on an average 30.8 lakh tons of inland salt was
produced from LRK, which had about 22% share in
the total salt production of Gujarat. However, this
traditional inland salt making is loosing out in the competition with large marine salt production sectors,
where large corporate houses like Td¢a and Reliance are engaged. Importantly, the sub-surface brine do not
form due to any existing ecological as or hydrological functions of LRK wetlands, rather it is highly
concentrated sea water which is trapped due to thousand years of geological processes.

14000 +
12000 -

Inland & marine salt production in Gujarat

10000 -

=== nland Production

2000

0 T T T
2001 2002 2003 2009 2010 2011 2012

Biodiversity & Tourism

LRKis considered a unique landscape due to its marked seasonal dynamics of dry and wet phase. Also, the
sheer size of the area (i.e. about 4,000 sq km) with particular reference to its flathess, makes it a distinctive
landscape in the country. In terms of understanding biodiversity, the landscape is very poorly studied and
researched. Nevertheless, it is reported having four major physiographical entities the saline flat Rann, small
islands (bets), fringe areas and tidal creeks These different areas support 11 vegetation types. Area also
support rich assemblage of species- more than 250 species of plants, 33 species of mammals, 180 species
of birds, 29 species of herpetofauna etc. Overall, following are considered as rich andunique biodiversity
values of LRK and its associated system:

1 Last remaining population of about 4000 Wild Asses (Equus hemionus khuy using different habitats
of LRK.

1 Good network of shallow wetlands and record of large assemblage of birds daquatic and semi-
aquatic, including many rare and threatened ones

1  Two of the total five nesting ground s of Lesser flamingos in the world
1 Large congregation of cranes and other migratory bird species
1 Fish and prawn diversity including endemic prawn speciesd Metapenaeus kutchensis
1 Unique assemblage of salt tolerant plants
R ) Tourist Flow in LRK
(halophytes) in the fringe and bet areas 15000 -
1 Large extent of saline grasslands mainly of 12500 1 Indian

Foreign

Urochondra setulosa& Aelurpus lagopoides 10000 |

Total

Ironically, most of the biodiversity values of LRK are 7500 1

threatened due to reasons that are emerged from direct
competition for resources in spatio-temporal terms. 2500 -
Livestock grazing, salt production, appropriation of o
fresh water of catchment and creek resources etc. are
some of those causes.

5000 -

Number of Tourists

02-03
03-04 |
04-05 |
09-10 |
10-11

11-12
12413
13-14 7

2001-02

Due to above described wilderness and wildlife values
and also presence of several sites ofcultural, archaeological and religious values the LRK attracts tourists
from different parts of country as well as from abroad. Tourism activities are restricted mainly to winter
season. Tourism as sector is picking its pace, recently. In the year 2013-14 total tourist inflow to LRK was
11587 including 1185 foreigners.
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Economic Valuation
Use Value- Prawn Production

In order to capture the total value of prawn fisheries of LRK (mainly the M. kutchensis), we covered three
potential biomass off -take areas viz. the LRK water, Gulf of Kachchh water and open sea waters. So basically,
we estimated prawn catch from two major sources- captured in LRK and captured of escaped animals at
different landing sites. Accordingly, the total cumulative annual catch of M. kutchensis from different
locations including within and outside LRK is at least about 6177 tons, of which about 60% is from LRK and
remaining 40% is from escaped zones.M. kutchensis goes to market in two forms- fresh and dry. The dry
prawn is done with some fraction of total prawn only in LRK sites. Following was estimated as value of prawn
fisheries:

1  The GrossMarket Values from prawn fisheries at LRK ¢onsisting of fresh and dried prawns) stood at
an estimated Rs 74 million and Rs 400 million during 2013 and 2014 respectively.

1  The cost for each ton of fresh prawn catch from LRKwas estimated asRs. 22183and Rs. 24417for
fishing seasons 2013 and 2014, respectively.

1  The cost of making one ton of dry prawn in LRK area is Rs. 1.04 lakh and 1.20 lakh for the fishing
seasons in 2013 and 2014, respectively.

1 Net Market Value of M. kutchensis(consist of fresh and dried) was estimated to be Rs. 613 million
and Rs. 320 million,during 2013 and 2014 fishing seasons,respectively.

Type | Fishing |Total Biomass| Gross Market Value | Cost per tons | Net Market Value
Season | Sold (Tons) (Million Rs.) (Rs.) (Million Rs.)

Fresh 2013 4474 671.10 22,183 571.9
2014 2398 359.70 24,417 301.2

Dry 2013 325 74.68 1,03,555 41.1
2014 174 40.05 1,20,149 19.1

1 Historical data (1992 § 2014), estimated an average annual catch of 3645 tons of M. kutchensisfrom
LRK.

1 At 2014 values of cost and price, the average net annual value of M. kutchensisfrom LRK wetland
was Rs. 307 million.

1 About 2540 tons of M. kutchensisis estimated caught from escape zone (outside LRK) every year.
We ascribed 72% of total biomass of M. kutchensiscaught from escape zone as contribution from
wetland function of LRK.

1 At current price (2014), the average gross annual value of M. kutchensis which are caught outside
LRK, was around Rs. 137 million.

1 After deducting the operational cost of prawn fishing (25% of total value)
average net annual market value of M. kutchensisis Rs. 103 milion.

in escape zone, the

Overall, LRK wetlands through its nursery ground for M. kutchensisby maintaining the food -chain, generate a
total net annual monetary value of Rs. 410 millions (Rs. 307 milliondirectly from LRK and Rs. 1@ million
attributed from escape zone).

UseValue -Salt Production

LRK produced an average of about 30.8 lakh tons of salt every year between 2008 and 2012. In 2014 the
landing site market price of salt was around Rs. 500 per ton (this is the price the traders sold to the industries
and other bulk purchasers). At this price, the gross market value of salt production in LRK is about Rs. 1539
millions. However, we estimated total cost of one ton of salt production as Rs. 274.50. At 2014 values of cost
and price, thus the average annual net value of salt production from LRK wetland was found to be
approximately Rs. 694 millions.

Use value Biodiversity: Tourism

The use value of biodiversity is estimated in terms of
include different fares and fuel charges, all the accommodation costs, food, entrance fee and purchase of
souvenir items. In addition to above, we also estimated opportunity cost of time (i.e. per capita household
income per day corrected for the days spent in LRK. Thus, we estimated per capita travel expensesas Rs.

7600/-, Rs.17576/- and Rs.53417/- for local, national and foreign tourists, respectively. Similarly,average per
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capita opportunity cost of time was estimated asRs. 3117, Rs. 3654 and Rs24493 for local, national and
foreign tourists, respectively.

Finally, the above per capita costswere extrapolated to number of tourists visiting LRK in 2013-14 seasons,
separately for Indians and foreigners. Thus, for the year 201314, tourists generated a total use value of
about Rs 276 millions for LRK.

Non Use value Biodiversity:Migratory Birds

Non-use value of biodiversity in LRK was estimated through contingent valuation method which elicits

househol dds wi | | i rfay nres-s o p-a—y

. . . Respondents Total Avg. Annual WTP | Total WTP
conservation of biodiversity elements of LRK, HH (Rs. per HH) (Million Rs.)
especially the habitats of migratory birds. A Rural 200489 348.98 1014
total of 218 local households from different Agariya 7500 68462 513
occupational groups (including farmers, Fishers 1300 226.13 0.29
fishers, salt producerg, angl urban dwgllers) Earmers & Others 281689 336.30 94.75
responded to ?uestlorkllnalre.h accordlngly,f Urban 54293 59643 324
average annual per nouseho WTP o Overall 344782 396.65 136.8

farmers, fishers and salt makers of rural
areas and other occupation from urban centers, in LRK landscape,are around Rs. 338-, 226/-, 685- and
596/-, respectively. Finally, we extrapolated these average WTP to the total households of respective
occupational groups. Thus, the total annual non-use value of biodiversity in LRK comes out & Rs. 137
millions.

Finally, the above described use and noruse values of LRK wetlands, estimatedan annual benefit of

approximately Rs. 1517 million . Net Annual NPV (in Million Rupees)
Furthermore, the Net Present Value (NPV) of | Functions Value 20 years Infinitum
these goods and services amount to be Rs. & Benefits (MillionRs.)| 2% DR | 4% DR | 2% DR | 4% DR
24732 & Rs. 20483 million for 20 years |Prawn Prod. 410 6685 5537 | 20507 10254
period and Rs. 75865 & Rs. 37932 million |salt Prod. 694 11317| 9375| 34715| 17358
for infinitum using 2% and 4% discount rate, |Tourism 276 4500 3727| 13803 6901
respectively. These edimations demonstrate  |gjogiversity 137 2230 1847 6840 3420
that the wetlands of LRK have a significant [yoeal 1517 24732| 20483| 75865 37932

economic value which is critical for the
survival of the local economy in such semi-arid regions of Gujarat.

Threats to Wetland Sustainability

Study estimated that LRK wetland had three man sources of water in different proportion and play different
ecological roles. These sources include: surface runoff from catchment area (21%), rainfall that landed directly
on LRK surface (52%), and saline sea water (27%). For sustainable flow of benefithese sources of water
need to be maintained. While study demonstrated high economic value of LRK wetland system providing
substantial benefits to local population, it also identifies some of the major threats to sustainable flow of
ecosystem goods and services. These threats include:

1 Increasing freshwater appropriation in the LRK catchment - a total of 16,858 million cubic feet of

total runoff is annually stored in dams and check-dams, curtailing the freshwater flow into LRK by
about 48%. Such reduced water flow amounts to an estimated rise of water column by about 29 cm.
Ultimately, these water could help providing additional habitats for many bird species and even
could help in restoring the flamingo nests, which the birds often abandon due to lack of water.

Degradation of fish habitat in creeks & the area under salt pans increased almost 6 times in Surajbari
creek region i.e. 7646 ha in 1977 to 44,655 ha in 2013. Local people also perceive many threats to
wetland ecosystem and associated flow of bendfits. Thus, it is also mapped that out of total 29 ,000
ha of potential area of 14 fishing grounds in Surajbari creek, about 18,250 ha area is totally lost due
to salt works. In other words, about 2/3rd of total fishing grounds were lost . Also, annually 455
million cubic meter of freshwater is harvested in 11 reservoirs, curtailing their flow in the creeks.

Once fully operational, the Narmada canal will provide irrigation water to about 5.5 lakh ha. of lands
in 621 villages of LRK landscape. Such massive igation intervention will certainly alter the agro -
ecological setting of LRK landscape.
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Policy Implications

Study identifies many important policy issues which need to be understood and addressed for wise-use of
LRK wetland system Some of the issues irclude:

1 Conflict between the production functions (comprising prawn and salt production) and protection
functions (comprising biodiversity and habitat conservation) .

1 Trade-off among the two major production functions (prawn and salt farming) to optimize both
systemsin sustainable manner. Currently, salt work is impinging upon the prawn production system
by altering habitats. Fishing population decline over the years.

1  Future trajectory of prawn production vis-a-vis changing ecosystem services as determined ly
hydrological flows and balance. Importance of surface run-off and tidal flows from creeks, is well
established.

1  Future trajectory of biodiversity values including wildlife habitats vis-a-vis changing ecosystem
services. Reduced freshwater flow in LRK dugo impoundments in the catchment area. Improved
water depth may create additional habitats for many more species including the nesting grounds
for lesser flamingo.

1  Tourism is a growing sector for LRK and need to optimize this with long term goals and obj ectives,
especially in view of its heavy reliance on biodiversity values which inrturn depend upon local as
well as landscape level processes.

1 Engagement of local communities as major stakeholder is possible as reflected by their WTP for
biodiversity conservation. However, it is important to find way for protecting traditional rights of
fishers and salt workers without serious harm to ecological services.

1  Study demonstrates the importance of freshwater runoff into the LRK system as a driver of its key
ecosystem services. However, competing demands mainly from agriculture sector need to be
balanced. Narmada canal may provide opportunities for some trade-offs.

Key Recommendation

It is recognized that the large extent of LRK and its catchment area falls underseveral districts and having a
mosaic of private and common resources lying either in protected area system or open-production system.
In order to coordinate the planning and implementation for such a large area with several streams of flow of
ecosystems good and services, there needs an umbrella institution- say @ RK Landscape Authoritp The key
responsibility for such an authority would be to create an over -arching framework for governance, approve
sectoral plans and provide for the participation of dive rse stakeholders on the basis of evidence.

The Authority would (a) develop guidelines and frameworks for projects in the region; (b) publish status and

policy reports that seek to achieve a desired result; (c) expand highquality facilities to monitor crit ical
indicators; (d) provide a platform for sectoral plans to be discussed and approved. Some of the sectoral
plans/ policies are typically in the domains of fisheries, tourism, industry, conservation, agriculture and
irrigation etc.; (e) communicate with stakeholders on a periodic basis; (f) support specific research and
training programmes.

The BCRLIP Society, set up by the Government of Gujarat under a World Bank funded project, is ideally suited
to craft a tourism policy to promote LRK, conduct regular studies, initiate discussions with stakeholders and
ultimately evolve into the LRK Landscape Authority

XiX



1. Introduction

1.1. Background

Human well-being is dependent upon the continued flows of ecosystem goods and services
which are otherwise declining steadily in most parts of the world due to pressures from
competing uses. Deterioration or lossesin ecosystem goods and services mayberegarded as the
6cost of dSingerthe dllacatioroohdiferentially distributed and scarce natural resources
isatthecore of the problem, economic instrument
increasingly usedto measure these costs

Valuation & recognition and estimation of economic values of natural resources and various
environmental assets, goods and sewices 0 is a useful tool to formulate and appraise natural
resource-linked development projects and determine key trade-offs between economic
development and ecological securities. However, valuing natural resources and associated
services that are external to the market mechanism involves several techniques that are still
evolving (Singh and Shishodiya, 2007)

The Economics of Ecosystems and Biodiversity India Initiative (TlI), launched by the Ministry of

Environment, Forests and Climate Change (MoEFCC)aims to highlight the economic

consequences ofthe loss of biological diversity and associated decline in ecosystem servicesThe
effort is to make the hidden values of ecosystems explicit, so as to support their mainstreaming
in economic development policies and programmes (TEEB, 2010)The present study seeks to
contribute to TII by uncovering the values of ecosystem services and biodiversity of a wetland in
the context of an arid landscape of Gujarat.

1.2. Significance of wetlands
Russi et al (2013) summarized the significance of wetlands as follows:

1 The timely availability of water in appropriate quantity and quality is a fundamental
requirement for sustainable development. Water security is widely regarded as the key
natural resource challenge facing humanity.

1 Wetlands are crucial in maintaining the water cycle which, in turn, underpins all
ecosystem services and therefore sustainable development.

1 Wetlands provide vital water-related ecosystem services at different scales (e.g. clean
water provision, waste water treatment, groundwater replenishment), which are critical for
life and the economy.

1 Wetlands provide a network of important natural and man -made infrastructures that
deliver significant societal benefits like water supply, sewage treatment and energy.
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1 Wetlands are of importance to the livelihood and cultural identity of many diverse,
indigenous peoples.

Wetlands are highly productive ecosystems, providing several goods and services that are of
value to people. The open-access nature and the publicgood characteristics of wetlands are
often undervalued in decisions relating to their use and conservation. The range of services
provided by wetlands is related to geophysical processes such as sediment retention and the
provision of flood and storm bufferin g capacity. It also provides climatologic, biological, and
socio-cultural functions, including impacts on local and global climate change and stabilization,
preservation of biodiversity, and the provision of natural environmental amenities. In addition,
wetlands provide ecological processes enabling the extraction of goods and services in the form
of natural resources such as water, fish and other edible animals, wood, and energy, and they
provide the natural surroundings for recreational activities (Barbier, 1991, 1997; Brouwer et al.
1999; Woodward and Wui 2001).

Wetlands are reservoirs of biodiversity. As per Zoological Survey of India, Indian wetlands

harbour one-fifth of known faunal species. The floral diversity supported by these ecosystems

range from unicellular algae, bryophytes, mosses and ferns to woody angiosperms. As per a

conservative estimate, the number of plant species within Indian wetlands is nearly 1,200

(MoEFCC & GlZ, 2014). Wetlands are important breeding areas for wildlife and provide a refuge

for migratory birds. In many wetland areas of India, like Bharatpur Wildlife Sanctuary in Rajasthan,

and Little Rann of Kachchh and coastal areas of Saurashtra in Gujarat, many migratory species of

birds from western and European countries come during winter. According to certain estimates,

the approximate number of species of migratory birds recorded from India is between 1200 and

1300, which is about 24% of I ndiads total bird spe

Recognizing the importance of wetlands, signatories to Ramsar Convention (1971) agreed to
conserve and make wiseuse of these resources.The Convention identifies three major categories
of wetlands & coastalmarine, freshwater inland and man-made.

1.2.1. DEFINITION

Wetlands are areas where the water table isat or near the surface level, or the land is covered by

shallow water. For the purpose of the Convention, IUCN defined wetlands a s area®of marsh, fen,
peat-land or water, whether natural or artificial, permanent or temporary, with water that is static

or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide
doesnotexced si x. meter 60

Defining wetlands is difficult due to the complex spatio -temporal interactions of land, water and
vegetation that they exhibit. In ecological terms, wetlands are ecosystems that depend on
sustained inundation/ saturation of the substrate and the presence of physical, chemical, and
biological features reflective of recurrent, sustained inundation or saturation. Thus they are
mainly characterized in terms of:



9 Hydric soils: il that is saturated, flooded or ponded long enough favouring anaerobic

conditions;

1 Vegetation: hydrophytic, adapted to wet conditions; and

1 Inundation: presence of water, permanently or seasonally.

As defined above, wetlands are found in a range of forms and positions. In general, they function

as 06si nk

s i t e s éutrients and ehydrolegicab processes. Specifically, they are

positioned so as to respond to upstream water inputs, and to influence pattern s of downstream

flow (Ingram, 1991). Given these characteristics, wetlands support a large variety of plant and

animal species adapted to fluctuating water levels, making the wetlands of critical ecological

significance.
1.2.2. EXTENT

Globally and regionally, inla n d

wet |

ands

cover a

tiny fracti

estimates for global area of inland wetlands vary considerably 8 5.3 million km? (Matthews &
Fung, 1987), 5.6 million kn? (Dugan, 1993), 5.7 million kn? (Aselmann & Crutzen, 1989), 7.487.78
million km?2 (Ramsar Convention) and 12.8 millionkm? (Finlayson et al. 1999). Lehner and Doll

(2004) reported that wetlands occupy about 6-8 %

of

wor |

dds tot al |l and

Table 1.1: Extent of different wetland types

Wetland Type Area (‘000 km?) |% of Total Global Land Surface*
Lake 2428 1.8
Reservoir 251 0.2
River 360 0.3
Freshwater Marsh, Flood plain 2529 1.9
Swamp forest, flooded forest 1165 0.9
Coastal wetlands (mangrove,lagoon etc) 660 0.5
Pan, brackish/Saline Wetland 435 0.3
Bog, Fen, Mire 708 0.5
Intermittent Wetland/Lake 690 0.5
50-100% wetland 882-1764 0.7-1.3
25-50% wetland 790-1580 0.6-1.2
Wetland complexes (0-25%) 0-228 0.0-0.2
Total Lakes and Reservoirs 2679 2.0
Total Other wetland Classes 8219-10119 6.2-7.6
* Total area (excluding Antartica and Glaciated Greenland) 133 million km?

Source: Lehner & Doll (2004)
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Fig. 1.1: Global distribution of different types of wetlands.

India, with its varying topography and climatic regimes , supports diverse and unique wetland
habitats (Prasad et al., 2002)The first country-level survey of wetlands was undertaken in 1976 by
the Department of Science and Technology (Biswas, 1976vhich reported 39,045 km? area under
1,193 wetland units of different categories. Of these, 938 wetlands were freshwater and 134
brackish water. The second survey reported 5.83 lakh kn? area under wetlands (excludng rivers,
but including paddy fields), equivalent to 18.4% of the country area (Scott, 1989).

Recently, however, by using high resolution satellite imageries, under one of the most
comprehensive national level exercises, SAC (2011) reported a total of about 7.57 lakh wetland
units of more than 2.25 ha size covering a total extent of about 15.26 million ha (i.e. about 4.6%
of the total geographical area of the country). Out of these, about 10.56 million ha area (i.e., 69%
of the total area of wetlands) were under different categories of inland wetlands. Furthermore, 6.6
million ha (i.e. 62.5% of all inland wetlands)were natural, while the remaining were man-made
(Table 1.2).Coastal wetlands account for 27% of all wetlands, while other wetlands (smaller than
2.25 ha)account for only 4% (SAC, 2011).

Table 1.2Estimates of different types of Wetlands in India

Wetland Type No. of Wetlands | Total Area (ha) % of Total Area
Inland-Natural 45658 6623067 43.40
Inland-Man-made 142812 3941832 25.83
INLAND TOTAL 188470 10564899 69.23
Coastal-Natural 10204 3703971 24.27
Coastal- Man Made 2829 436145 2.86
COASTAL TOTAL 13033 4140116 27.13
Small Wetland (<2.25ha) 555557 55557 3.64
TOTAL WETLANDS 757060 15260572 100.00
Source: SAC (2011)




Gujarat supports a total of 23,891 wetlands (including wetlands <2.25 ha size) covering an

estimated extent of 3.47 million ha,i . e . about 17 . 6 9%f thdse, @.6bwiidnthay 6 s t o't
are categorized asinland (SAG 2011). However, Gujarat also has vast areas (about 2.2 million ha)

of saline depressions d the Great and Little Rann of Kachchhd which display characteristics of

both coastal and inland wetlands (Fig. 1.2).

Moreover, owing to pre-dominantly arid and semi-arid climate, most of the wetlands in Gujarat
are temporary and seasonal.Nevertheless, hese wetlands support large congregation of aquatic
birds, particularly during the

winters, as the state is on their
migratory route. About 19.5 lakh
waterfowls and other aquatic "’? ?
birds were reported from these €

wetlands during 2008, signifying TS

their overall conservation value @?;%ék _
(Anon, undated).

Some specific habitats like the
two Ranns support very large

populations of one or few — —

species like Flamingos and | =& e

Cranes. Also, many of the s & S

migratory bird species use these - o

wetland ecosystems for Fia. 1.2: Wetland Map of Guiarat State. Source: SAC (2011)

important phases of their life cycle, like breeding and nesting. In addition to birds, quite a large
number of wetlands in Gujarat also provide valuable grazing grounds for livestock and many
other wild animal species.

1.2.3. THREATS

Ironically, wetlands are facing continuous threats from different human activities, facing
shrinkage and degradation (Zedler and Kercher, 2005). Although wetland loss statistic are not
precise, a substantial portion of historical wetland area had been lost in recent decades. Some of
the striking observations are given below:

1 Between 1993 and 2007, inland wetlands have decreased by 6% globally (Prigent et al.
2012);

f In Asia alone, about 5000 km? of wetland are lost annually to agriculture, dam
construction, and other uses (McAllister, et al. 2001)

1 In USA, about 260,700 ha of wetland area was lost during 1986 and 1997 (Dahl, 2000)



1 In New Zealand, between 1840 and 1976 naturalwetlands declined from about 1,614 km?
to just 262 km? & a loss of over 90% (Finlayson and Moser, 1986);

1 In China, natural inland wetlands areadecreased by 33% between 1978 and 2008 (Niu et
al. 2012}

1 In Morocco, 25% of inland wetland area was lost in 20years in the late 20th century, with
losses of some types of wetland being up to 98% (Green et al. 2002).

Some of the major causes of wetland loss and degradation are summarized by Dugan (1990) as
presented in Table 1.3.

Table 1.3: Summary of major causéwetland loss and degradation

Causes Estua |[Open |Flood |Freshwater|Lakes |Peat |Swamp
ries |coasts |Plains |marshes lands |forest

Drainage for agriculture, * * * * X * *

Forestry and mosquito control,

Dredging for navigation *

Filling for solid waste disposal, roads * * *

Conversion for aquaculture *

Construction of dykes, dams for flood * * * *

control

Discharge of pesticides, herbicides, * * * * *

nutrients from domestic sewage

Mining of wetlands for peat, coal gravel, |x X X * * *

phosphate & other minerals

Ground water abstraction X *

Sediment diversion by dams, deep * * * *

channels

Hydrological alterations by * * * * *

canals, roads and other structures

Subsidence due to extraction of ground  |* X * *

water, oil, gas and minerals

Natural subsidence X X X

Sea level rise * * *

Drought * * * * X

Hurricane and other storms * *

Erosions * * * *

Biotic effects * * *

* Important cause of degradation and loss; x Present, but not a major cause of loss

Source: Dugan (1990)

Wetlands in India, especially those in the arid and semtarid regions, are particularly vulnerable
due to their strong seasonality. Across all categories of wetlands, the waterspread area from post
monsoon to the peak of summer reduces significantly indicating the uses and losses the wetlands
go through. This has major implications for the total water availability of these wetlands and the

various functions that they can perform in different seasons.

Overall, however, wetlands in most of the developing countries including India, are facing threats
from various proximate causes. Some of these include:



Agricultural conversion;
Hydrologic alteration ;

Inundation by dammed reservoirs;
Alteration of upper watersheds,
Degradation of water quality ;

Ground water depletion;;

=4 =4 =4 -4 -4 - -2

Introduced species and extinction of native biota .

1.3. Need of theStudy

Wetlands are an important component in the hydrological and bio-geochemical cycles because
they store and recycle large amounts of water and nutrients for long periods of time. Landscape
features, hydrology and land-water interactions are prime determinants for wetland ecosystem
structure and function, influencing the nature of ecosystem goods and servces provided.

Inland wetlands are commonly formed among depressions in the landscape, wherefreshwater
runoff can accumulate. As an open sink, hydrological characteristics are determined by rainfall,
surface run-off, groundwater conditions and, in the case of coastal wetlands, tidal movements in
the connecting channels. Hydrologic factors, such as depth, duration, amplitude and timing of

flooding, operate at different scales in the context of a landscape. As there are reciprocal
interactions between spatial patterns and ecological processes, wetland values depend on the
hydro-geomorphic location in which they situate (Turner et al., 1997,Mitsch & Gosselink, 2000Q.

Wetlands in arid and semi-arid areas areseasonal in nature and often water-stressed during the
dry period. Biotic adaptations under such conditions are typically opportunistic, with critical life -
cycle activities synchronized with the seasonalvariations in hydrology. The system exhibits a
production bloom at the onset of the wet period that trig ger different food -chains, uniquely
exploited by higher animals such as migratory birds that temporarily nest and breed in these
areas.

However, availability of water during this critical wet season is often further restricted due to
competing upstream dem ands. Landscape characteristicsin the catchment areas are influenced
by policies and programmes which, therefore, needs to be analysed for their impacts on the
wetland, particularly in arid and semi-arid regions.

Human use of seasonal wetlandsis also adapted in unique ways, often revealed through seasonal
fishing and seasonal tourism. Responding to seasonal and annual fluctuations through
appropriate deployment of time and resources is a traditional knowledge passed down through
generations of families in the same occupation, organized in India as castes.Typical caste groups
in traditional livelihood professions often pose challenges in development planning, particularly
where natural resources are seasonally available.



Ecologically insensitive developmert planning has often ignored or under -estimated the
importance of either traditional use values of such wetlands or, worse still, much more intangible

non-use values of various ecosystem services and biological diversity.For instance, declaring

wetlands as Protected Areas extinguishes traditional user rights if enforced, or else leads to open

access conditions if not enforced. Such policies and development plans inevitably forces a
6choiced between conservation and dswveaslstaiabe nt |, r
development pathway.

While effort is now being made to integrate the value of biodiversity and ecosystem services
from wetlands into development plans for the region , it is apparent that, along with various
structural changes, credible estimates for such values are a prerequisite.

1.4. Aims andObjectives

The overall idea is to assess the value of key wetland benefits such as (a) Provisioning€.g. fish/
prawn & salt production); (b) Supporting (biodiversity); and (c) Cultural (recreation/ tourism;
education). The study seeks toidentify threats to conservation as well asto provide management
options for wise-use of wetlands based on quantifiable trade-offs using insights from economic
valuation of ecosystem services and biodiversity.

This study focuses on the Little Rann of Kachchh (LRK) the largest wetland system of Gujarat &
to understand various ecosystem services and estimate their economic valuesthat maybe
relevant and useful in the context of improved development policy.

Some of the key researchquestions include:

1. What are the landscape level changes inthe catchment areas of LRK wetland system?

2. How do landscape level changes influence the economic values of LRK wetlands in terms of
prawn fishing, salt production, tourism and migratory birds?

3. What are the key policy trade-offs for sustainable delivery of ecosystem services from LRK
wetlands, considering its PA status and landscape level linkages?

This study aimsto understand the ecological-economic settings of a large, arid wetland system
which will inform resource users and managersfor improved conservation and management
mechanisms including effective trade-off mechanism. Ultimately, the study intends to help
formulate wise-use of wetland resources in LRK system.

The specific objectives of this study are to:

1 Characterize the wetlands of LRK, with particular reference to hydrological and salinity
regimes, and identify ecological functions that support key economic activities ;

1 Identify disturbances in LRK wetland system and its catchmat that affect above regimes
and impact on goods and services; and



1 Estimate the economic value of these services, evaluate tradeoffs and propose policy
and management options.

1.5. Structure of theReport

The report is organized into nine chapters, a reference and bibliography section and five
annexures. A brief description of the content of each chapter follows:

Chapter 1 explains why the study has been conducted, its need in the context of wetlands in
general and the specific aims and objectives for studying LRK wetlands.

Chapter 2 provides an overview of the various wetland ecosystem services and functions,
methods of valuation and a meta-analysis of the various valuation studies done till date, with

emphasis on studies in India. Methodological issues pertaining to valuation of biodiversity is also

discussed.

Chapter 3 is about the landscape of LRKJ its location, origin and physiography & and, from the
perspective of ecosystem services, details of hydrology and socieeconomic characteristics. The
legal and administrative set-up is discussed, along with recent development initiatives in and
around LRK, for their policy implications.

Chapter 4 provides details of the methodology used in the study. The focus is on primary surveys,
where standard practices have been considered, along with their strengths and weaknesses, and
adapted appropriately for the present study. Methodological issues in travel cost method and
contingent valuation method have been discussed.

Chapter 5 explores various production systems in LRK3 prawn fisheries, salt manufacturing and
tourism. Ecological variability, and associated differences in ecosystem services, have been
discussed in detail, given the sparse and fragmentary knowledge of LRK ecosystemnow.
Traditional livelihoods and linkages with modern markets help understand the relationship
between ecosystem services and economic subsystems.

Chapter 6 provides a complete overview of the biodiversity of LRK as is understood today. In
addition to geographic, physiographic and habitat leve | diversities, specific flora and fauna of
significance to LRK has been discussed. Major threats, along with current management initiatives,
have been identified and prioritised.

Chapter 7 attempts to calculate and present the economic value of biodiversity and various
ecosystem services. These include the use value of prawn fisheries, salt manufacturing and
tourism and the non -use value of biodiversity. The valuation is conservative, but the approach is
comprehensive. Gross revenues and net benefits have ben calculated as annual flows from each
of the values of LRK. The net present value of LRK, though of limited practical use, provides a

gross estimate for comparison.



Chapter 8 evaluates the major threats to the sustainability of LRK ecosystem. Landscapdevel
linkages in hydrology, including appropriation for other use as well as recent availability from
Narmada canals, is discussed in the context of its impact on various use and nonuse values of
LRK. Ecological changes within the LRK are also discussdd terms of their impact on habitat for
wildlife and prawn fisheries.

Chapter 9 discusses various implications of the findings for policy and action. Opportunities for
sustainable growth have been identified and recommendations have been made for integrating
ecosystem services into development planning. Both short and long term benefit flows have been
discussed in the context of the recommendations.
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2. Valuation of Wetland Ecosystem Services

Wetlands are among the most productive of all ecosystems, being generally associated with an
abundance of water, nutrients and sunlight. Natural variability of the same, both on spatial and
temporal scales, create conditions for high biological diversity as well. Wetlands, therefore,
provide array of benefits. These beneits could be grouped into three categories namely,
functions, values, and attributes (Russi et al, 2013:

1 Functions: e.g.,ground water recharge, groundwater discharge, flood control, shoreline
stabilization and erosion control, retention of nutrients, sediments and pollutants, water
storage and purification, storm protection.

1 \Values: e.g., water supply, fisheries, agriculture, grazing, timberproduction, energy
resources, wildlife resources recreation, and tourism opportunities.

1 Attributes: e.g., biological diversity and cultural heritage
2.1. Wetland Ecosystem Services and Functions

Ecosystem is the complex of living organisms and the abiotic environment with which they

interact at a specified location and biodiversity is the sum of organisms including their g enetic

diversity and the way in which they fit together into communities and ecosystems (TEEB).
According to Millennium Ecosystem Assessment ( MEA
people obtain fr opt heec otsg/rsm e dns @ o sigligiendechto smply thed c e s 6
contribution of nature to a variety of 0goods and
different categories (TEEB 2010):

i. Provisioning Services- Food (e.g. fish, game, fruit), Water (e.g. for drinking, irrigation,
cooling), Raw Materials (e.g. fiber, timber, fuel wood, fodder, fertilizer), Genetic resources
(e.g. for crop-improvement and medicinal purposes), Medicinal resources (e.g. biochemical
products, models & test-organisms).

i. Regulating Services - Air quality regulation, Climate regulation (including Carbon
sequestration, influence of vegetation on rainfall, etc.), Moderation of extreme events (e.g.
storm protection and flood prevention), Regulation of water flows (e.g. natural drainage,
irrigation and drought preve ntion), Waste treatment (especially water purification),
Maintenance of soil fertility (incl. soil formation), Pollination.

iii. Habitat Services- Maintenance of life cycles of migratory species (incl. nursery service),
Maintenance of genetic diversity (especially in gene pool protection).

iv. Cultural and amenity services opportunities for recreation & tourism, Spiritual experience,
Information for cognitive development.
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2.2. Methods of Economic Valuation of Wetlands

There are dfferent approaches to determining and p resenting the value of wetlands. These
include:

i. Qualitative analysis, based on qualitative information, describes values and benefits that are
not easily translated into quantitative information (e.g. landscape beauty, impacts on security
and wellbeing, cultural and spiritual values).

ii. Quantitative data, used to represent the state of, and the changes in, the ecosystems and the
services they provide using numerical units of measurement (e.g.tons of carbon per hectare
per year sequestered annually in wetlands; tons of fish produced per year). The value of
ecosystems can be demonstrated using physical stock and flow indicators as well as social
indicators (e.g. proportion of households benefitting from access to clean water).

iii. Geospatial mappingallows quantitative data to be linked with geographical information (e.g.
which community benefits from clean water provision from a given wetland). It can also be
the basis of modeling the outcomes of alternative land and water management decisions on
specific wetland sites.

iv. Economic valuation gi ves an i ndication of t he societyao:
understandable and communicable.

Economic ovaluationdé is the process of establishi
goods have the great advantage that markets establish prices through the process of buying and

selling. For environmental goods and services that are not exchanged in ordinary markets, a

variety of different valuation approaches may be required. Barbier (1994), Gren et al. (1994) and

Turner (195) have discussed functions in relation to costs and benefits in the context of a total

valuation of wetlands. Groot, Wilson and Boumans (2002) discuss the appropriate techniques for

valuing different ecosystem services.

In the absence of market prices, wo theoretically valid benefit estimation techniques would be

hedonic pricing and the travel cost method (Turner et al 1997). However, these are based on
preferences being 6revealedd through observable be
to where a functioning market exists, such as that for property, in the case of hedonic pricing, or

where travel to the site is a prerequisite to deriving benefit, such as with recreational visits, in the

travel cost method. Contingent valuation, basedonsuv ey s t hat el i cit o&stated p
potential to value benefits in all situations, including non -use benefits that are not associated

with any observable behaviour.

Non-market valuation techniques can be further divided according to whether they measure use
values (either for goods and services that are consumed or for goods and services like bird
watching whose enjoyment does not involve oO0consum
non-use values (where there is no actual contact or encounte with the resource). The values
associated with use are often revealed through the behavior of individuals, while non-use values

12



are such that economists tend to rely more on the stated preferences of individuals, such as can
be established through surveys. Though there are a few methods developed to measure
economic values of a wetland, in the neoclassical economic literature four important valuation
methods have been used to place money values on wetland resources. These methods are the
market based approach, contingent valuation method (CVM), the travel cost method (TCM), and
the hedonic price method (HPM). A good review of their definitions, computation procedures,
suitability for wetland evaluation, strengths and limitations is readily available Singh, Katar and
Anil Shishodia 2007) Figure 2.1 summarizes the general techniques available for assessing

Total Economic value

Use Value Non-Use Value
Direct Use Value Indirect Use Value Option, Quasi- Existence
(Functional Value) Option Value BequestValue

TCM, Hedonic Prices,| | Damage costs avoided,

. . ) CVM CVM
Market Analyis, I0G Preventive Expenditure,
IS, Replacement Cost, Value of Change in
CVM etc. Productivity, CVM

Source:Developed on the basis of information from Barbier (1997)

Fig 2.1: Franework of wetland values and valuation methods

different wetland values.

Economic valuation distinguishes between use values and noruse values, the latter referring to
those current or future (pote ntial) values associated with an environmental resource which rely
merely on its continued existence and are unrelated to use (Pearce and Warford, 1993). Typically,
use values involve some human 0i nt aseaauesdo nd
The framework of total economic valuation, as applied to wetlands, is illustrated in Table 2.1.

Use valuesare grouped according to whether they are direct or indirect. The former refers to
those uses, which are most familiar to us: harvesting of fish,collection of fuel wood and use of
the wetlands for recreation. Direct uses of wetlands could involve both commercial and non-
commercial activities, with some of the latter activities often being important for the subsistence
needs of local populations tho se depending on it.

13
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The various regulatory ecological functions of wetlands may have important indirect use values
Their values derive from supporting or protecting economic activities that have directly
measurable values. The indirect use value of an envonmental function is related to the change
in the value of production or consumption of the activity or property that it is protecting or
supporting. However, as this contribution is un-marketed, it goes financially unrecognised and is
only indirectly connected to economic activities.

Table 2.1: Different values of wetland systems

Use values Non-Use values
(in production and consumption) (relating to safeguarding the
existence of resources related
to actual use)

Direct Use | Indirect Use Value? Option and Quasi- Existence Value?
Value' Option Value
Fish Nutrient retention Potential future (direct |Biodiversity
and indirect) uses
Agriculture  |Flood control Future value of Culture, heritage
information
Fuel wood Storm protection Bequest values Value for

future generations

Recreation  |Groundwater recharge

Transport External ecosystem
support

Wildlife Micro-climatic
harvesting |stabilisation
Peat/energy (Shoreline stabilisation,
etc.

Source: Adopted from Barbier (1994); Pearce and Moran (1994)

In general, the value of marketed products (and services) of wetlands is easier to measure than
the value of non-commercial and subsistence direct uses. As noted above, this is one reason why
policy makers often fail to consider these non-marketed subsistence and informal uses of
wetlands in many development decisions.

Brander et al. described different sets of ecosystem function, goods and services of wetland
systemsand also appropriate valuation tools (Table 2.2).

1 Value of production and services
2Value of ecological functions
3Value of existence, independent of any use now or in future

14



Table 2.2: Key wetland functions, values and valuation approaches

670s,

Ecological function | Economic goods | Value type Commonly used
and services valuation method
Flood and Flood protection Indirect use Replacement cost
flow control Market prices
Storm buffering Storm protection Indirect use Replaement cost
Production function
Sediment retention Storm protection Indirect use Replacement cost
Production function
Groundwater Water supply Indirect use Production function, Net
recharge/discharge factor income,
Replacement cost
Water quality Improved water Indirect use CVM
maintenance/nutrient | quality
Waste disposal Direct use Replacement cost
Commercial fishing | Direct use Market prices, Net factor
and hunting income
Habitat and nursery Recreational Direct use TCM, CVM
for plant and animal fishing
species and hunting
Harvesting of Direct use Market prices
natural materials
Energy resources Direct use Market prices
Biological diversity Appreciation of Non use CVM
species existence
Micro-climate Climate Indirect use Production function
stabilization stabilization
Carbon sequestration | Reduced global | Indirect use Replacement cost
warming
Amenity Direct use Hedonic pricing, CVM
Recreational Direct use CVM, TCM
activities
Natural environment | Appreciation of Non use CVM
uniqueness to
culture/ herita ge
Source: Brander et al. 2005
2.3. Studies onEconomic Valation of Wetlands
Although economic valuation of wetlandsisbei ng done since the
from the 690s, a period that sabase(Table2.3yr adual
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Table 2.3: Global publications on economic valuation of wetlands

Authors | Year | Valuation | Measurement Result Country
Method units
Bateman et |1992 |CVM UK £ per person |Use values 78-105; non-use values of local UK
al. per year population: 14.7, non-use values of the rest of UK:
4.8
Bateman et |1995 |CVM UK E/ pa - UK
al.
Bergstrom et {1990 |[CVM US$ per user 360 USA
al.
Bergstrom et {1990 |[CVM and |US $ per annum |Estimated aggregate wetland protection related |World wide
al. TCA expenditures: $118 million;
Aggregate consumer 8s s
Broadhead et ({1998 |CVM FFhalyear Mean WTA for programme France
al. 1,373 FFha
Brouwer and |1998 |CVM Dutch Guilders |WTP. south Holland/ Friesland / Limburg/ total: |The
Slangen per year 131.4/ 113.6/ 64.5/ 124.5 Netherland
Copper and |1993 |TCA US$ per acre-  |0.93-20.40 (OLS), USA
Loomis foot additional  |0.64-14.05 (Poisson)
water supply
Copper 1995 [TCA US$ per hunter |55.41 USA
day and total for
kesterson
Cordell 1993 |CVM USS$ per 41.70-75.05 USA
Individual (>=12
year old) for
access to TVA
reservoirs peryr
Costanza et |1989 |MV US$ per acre |1 Presentvalue of the marginal product of an acre|USA
al. per year of wetland through production of five
commercial fishing products) is reported at 3%
DR 845
1 Estimated value of annual average product of
an acre of marsh and open water area
Costanza et (1989 |Production |US $ Commercial fishing, trapping, recreation, and USA
al. function, storm protection : $ 194 per annum/ acre.
revenue NPV:$ 24,29- $89,77D.R: 8%
accounting,
TC & WTP
Dalecki et al. |1993 |CVM US$/ person/ yr |1 Individual median WTP estimate for wetland USA
preservation of the first wave : 24.4& 6.54
de Groot, 1992 Converted to US| Total Economic value of the Dutch Wadden Sea [The Nether-
$ 2003 is 2,329,614,000 lands
Emorton and {2003 |CVM, TCM |Million Indian Rs| Total economic value of Muthurajawela Marsh, |Sri Lanka
Kekulandala Market per year Sri Lanka 726.49
approach,
Damage
cost
avoidance
and
Hedonic
method
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Foster etal. |1998 |MV UKE Per mailing [ Mean donation per mailing to raise fund for the UK
land purchase of maritime health habitat on
Ramseylsland. Average donation: £ 1.73
UKE 1 Total value of donation for the protection of
reed bed habitat for bittern in 1993 £ 268,430
Gren 1993 [RC SEK millions 1 Total cost of restoring wetlands that reduce the |Sweden
(LUS$=SEK 5.8)| load of nitrogen by 1194 tons. Cost reduction
SEK/kg N through restoring wetlands: 49
Gupta and 1975 |DC US $ per acre | Value represents averagebenefits from flood Jordan
Foster control per year acres :10
Heimlich 1994 |RC US$ per acre |1 Value is the high estimate of the marginal costs |USA
of 5 millio n acre of wetland reserve 1184
1 Value is the high estimate of the total average
cost (in US$/acre)that minimizes reserve costs
for wetland reserve of 1 million acres: 286
Klein and 1996 |CVM UKE/HH /year [ WTP fee (incl. zerebirds, in UK£) 1.58; WDP fegUK
Bateman or per visit; (excl): 2.22.
UKE per party | WTP tax (incl.) 48.15, WDP tax (excl§2.08
per annum
Kooten 1993 |OM USS$ per acre per{ Marginal value of waterfowl habitat as cropland. |USA
year Government subsidy of $ 4.50 per bushel of
grain and an average yield of 30 bushels/ acre
were assumed 37.97
Kosz 1996 |CVM Austrian 2a) 919.80; 2b) 329.25 Austria
schillings 3a) 694.9 3b)122.21;
1993/pa 4a) 689.85 4h)69.63
Kirkland 1988 [CVM 2003 US $ 1 Economic value of Whangamarino wetland, New
converted North Island such as Nonuse preservation, Zealand
Recreation, Commercial fishing and Flood
control: 9,881392
Kuriyamma 1998 |Choice Yen/Year/HH 1 Average WTP is 16,414 Yen/Year/ Household |Japan
Experiment and the aggregate WTP is 36 Billion Yen/Year;
Method when all the land around the wetland is
protected for the ecosystem
Loomis and |1994 |[CVM Uss WTP-$ 18 per household World wide
Larson
Mannesto 1991 |CVM Us$ la) 69.8Q 1b) 37.12; 1c) 37.85 USA
and Loomis 2a)59.27, 2b) 39.47; 2c) 33.14
25% increase or 50% increase of total delta
wetlands
Miyata and |1994 |HP Yen persq km |Total annual average cost of flood control for Japan
Abe CM and unit Chitose river (in million yen) : 84052.4/300.5
area The corresponding total cost is estimated as 310.4
billion yen and the total estimated benefit
computed from the land price variations is 84
billion yen.
Roberts and (1997 |CVM US$ peryear |Flood control total : $ 440; Water supply USA
Leitch per acre Conservation: $ 94; WTP regarding fish/ wildlife
habitat recreation and aesthetics: 1. $72. $8 3. $6
Schuijt and {1999 |- uUss Lake Chilwa Wetland total economic value per Malawi
Jansen year converted to 2002 US$ 21,056.392
Seild and 2000 |- Uss$ Total economic values 15,644.09 million (1994 Brazil
Moraes US$) per year
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Steever et al. (1998 |CVM Aus $/ person/

year for 5 years

1 Value represents medan WTP for the pooled
sample. Value from the pooled sample those
respondents who did not express WTP: 100.

1 Value represent aggregate value for wetlands in
new south Wales Australia

1 Assuming a WTP per household or AUS$ 17.10
and 2.23 million households in the state:38

Australia

Stevens et al.|1995 |CVM Us $per

Respondent

1 Value in the high and estimate of respondent
yearly WTP to protect New England wetlands
that provide food protection, water supply and
pollution control; 80.41;

1 Value is the low and estimated of respondents
yearly WDP to protect New England wetlands
that provide flood protection. Water supply and
pollution control:73.89

USA

Thibodeau
and Ostro

1981 |CVM US$ 2003

converted

Economic value of the CharlesRiver Basin
wetlands is 95,487,051

Massa
chusetts, US

2000 |Hedonic
Pricing,

CVM

Verma et al. Indian Rupees

Recreational value of Bhoj wetlandis
Rs. 4, 84, 68, 956 (as voluntary payment) and Rs.
59, 32, 922 (as Compulsory tax)

India

Whitehead 1990 [CVM US $/person/

year

Value measures mean WP for wetland
preservation estimated from log -linear from of
model: 6.31

USA

Whitehead (1991 [CVM US $/person/

year

A. Value is the average WTP per person/year in
the general sample for the preservation of the
clear creek wetland area assuming 15% of the
general population belongs to an environmental
interest group : 4.12 b. value is the average WTP
per person/year in the environmental

USA

Wills 1990 |CVM UK £/ha

Interest group for the preservation of the current
state of the clear creek wetland area: 42.83

a. Total use value: 44

b. Total non-use value: 807

UK

Source: Adapted from Turner et al 2008

2.4.

Meta-analyses olaluation of Ecosystemesvices

Through a meta-analysis of 66 values estimated for regulating services of wetlands, Brander

(2010), concluded that:

= =4 =4 =4

Values (per unit of area) are lower in larger wetlands
Ecosystem service values are lower in areas with abundant wetlands
Ecosystem service values are higher in areas with more peoplgand

Ecosystem service values increase withising incomes.

Similarly, de Groot et al (2012) presented various estimates of wetlands from different east and
south-east Asian countries (Table 24 & 2.5).
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Table 2.4: Summary of different values of wetlands in S-E Asia
Parameters South Korea South China Indonesia Japan
Asia region East Asia
Area 2 0.32 7 8 17 0.10
(Million ha)
Total Value 2252 231 2061 1338 896 193
(Million US$/year)
Value (US$/halyear)| 1126 722 295 168 53 1930
Source: de Groot et al. 2012
Table 2.5: Summary of different values of coastal and inland wetland
Wetland | Estimated Total of Total of Total of Total of Total of
Type numbers | mean values | St. Dev. of | median minimum | maximum
(TEV) means values values values
Coastal 139 193845 384192 12163 300 887828
Inland 168 25682 36585 16534 3018 104924
Source de Groot et al. (2012)

de Groot et al (2012) made the following conclusions:

a. The positive effect of the income variable (GDP per capita) indicates that most wetland

ecosystem services have higher values in countries with higher incomes. This indicateshat

the demand for wetland ecosystem services increases with income; in other words (most)
ecosystem

wetl and

b. The positive effect of population on the value of wetland ecosystem services reflects the

S e

rvices

ar e

not

6inferi

market size or demand for ecosystem services. A larger population in the vicinity of a wetland
means that more people benefit from the ecosystem services that it provides.

c. The positive effect of the area of lakes and rivers in the vicinity of a wetland indicates that
lakes and rivers are complementaryto wetland ecosystem services, i.e., he combination of

surface waterbodies results in higher value for ecosystem services. The negative effect of the

total area of other wetland sites in th e vicinity of the study site indicates substitution effects

between wetlands. The ecosystem services from a specific wetland will be of higher value if

there are fewer wetlands in the vicinity.

Another study (Brander and Schuyt, 2004) based on a sample of 89 casestudies, shows that
recreational opportunities and amenities, flood control and storm buffering are the highest

valued wetland services(Table 2.6).

Table 2.6: Median wetland economic values by functions (US$ per hectare per year, 2000)

Flood | Recreational Amenity/ Biodiversity | Habitat Water
Control Fishing Recreation Nursery Supply
Value 464 374 492 214 201 45

Source: Brander and Schuyt, 2004
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Brander et al. (2005) reviewed wetlands values from 190 studies, in order to present a moe
comprehensive meta-analysis To enable comparison, these values were standardized to 1995 US
dollars per hectare per year. The following emerged from this analysis:

1 The average annual valueof wetlands is just over US $ 2,800 per hectare. The median
value, however, is 150 US$/ ha/ yr, showing that the distribution of values is skewed with
a long tail of low values.

1 The average wetland values are highest in Europe, followed by North America,
Australasia, Africa, Asia, and finally South America.

1 It also shows that the un-vegetated wetland type sediment has the highest average value
of just over 9,000 US$ /halyr. Mangroves have the lowest average value of just over 400
USS$ ha/ yr.

1 The biodiversity service of wetlands has the highest average value 17,000 US$ ha/ yand
the use of wetlands for collecting fuel wood and other raw materials has the lowest
values 73 and 300 US$/ ha/ yr respectively.

1 The coefficient on the GDP per capita variable is positive and highly significant which
shows that a 10% increase in GDP per cpita results in roughly a 12% increase in wetland
value.

2.4.1. ECOSYSTEM SERVICE VALUES OF INDIAN WETLANDS

The total value of ecosystem services from wetlands in India is estimated to be R65 billion ($14
billion) annually, and the average is Rs38,000 ($800) per hectare (Mani, 2014). Although many of
the sites have a per hectarevalue greater than that, the largest sites have much lower values.

India has, according to a very conservative figure, around 13.1 million ha of wetlands, including
inland, coastal, mangroves and rivers. Total intangible service values of these ecosystems, using
the global average as reported by Costanza et al. (1997), would be around Rs. 7,151.08 billion per
year. Including the ecosystem service values of the 55.1 million ha of paddy felds in the country,
the total values go up to Rs. 14,396.80 hillion per year. In other words, if we just protect and
maintain the country's wetlands as they are today, we get indirect services/ benefits worth Rs
14,396.80 billion. It is to be noted that this is much higher than the annual receipt shown in the
national budget (Rs. 5,639.91 billion) for 2007- 2008.

2.5. Valuation of Biodiversityg Methods and Key Issues

People from the poorest nations are mostly dependent on biodiversity; such as direct reliance on
natural resources for food, fuel, natural medicines etc. Hence a better understanding of the role
of biodiversity is fundamental for securing the livelihoods and well -being of people in developing
countries. For example, while the value of forest senices such as fresh water, soil nutrients, and
non-timber forest products was only around 7% of national GDP, it amounted to some 57% of
the |livelihood incomes of I ndiads rural poor .

20



Economic valuation of biodiversity is important since it provides a useful channel to highlight and
guantify the range of benefits provided by biodiversity. Placing monetary values on biodiversity
and its ecosystem services allows biodiversity benefits to be directly compared with other
development scenarios. Ecosystems requires a minimum quality (e.g. abundance and diversity of
species) to maintain the ecosystem functioning that allows for many important ecosystem
functions. Below critical thresholds levels, uncertainty and irreversibility define the functioning of.
Also the restoration of such ecosystems is likely to be very difficult and costly.

Missing markets, Imperfect markets and Market failures are important points in evaluating the
role of biodiversity in economic valuation. Also uncertainty involving demand and supply of
natural resources is likely in the future to affect the sustainability and choice of development
alternatives. Loss of biodiversity wills result in loss of functioning, and consequently, loss or
degradation of these ecosystem services.

The travel cost method is widely used to value amenities as recreational opportunities through

expenditures incurred on visits to particular areas. In other words, approximate economic value of

biodiversity of any givenareai s ref |l ect ed i n t he ouidtsrtocavisiethe areao st 6 i n
Bergstrom et al (1990) employed travel cost method to estimate recreational value of wetlands

and found that aggregate estimated value were at approximately $118 million and aggregate

consumer 6 s sur pl us a7 milliop pnnually.iSiméatlyeCbsyanz& et al (1989) followed

travel cost approach to know the recreation value of coastal wetlands (Louisiana) and found that

recreational value was $194 annual/acre.

Woodward and Wui (2001) summarized various economic tools to value different biomass and
biodiversity related functions of wetlands (Table 27).

Table 2.7: Key biodiversity related functions of wetland and their valuation approaches

Function Economically valuable Technique used to quantify
Goods and Service value of the service
Habitat for aquatic species |Improvements in commercial and/or |Net factor income, replacement
recreational fisheries either on or cost, travel cost or contingent

offsite. Nonuse appreciation of the valuation
species (habitat)

Habitat for ter restrial and Recreational observation and hunting |Travel cost or contingent
avian species of wildlife (bird watch & bird hunt). valuation

Nonuse appreciation of the species

(habitat)
Biomass production and Production of valuable food and fiber |Net factor income

export (both plant & animal) |for harvest
Source: Woodward and Wui (2001)

For economic valuation, biodiversity and ecosystems are considered as part of natural capital and
the flow of ecosystem services is the interest on that capital that society receives (Costanza and
Daly, 1992). Costanza efal. (1997) estimated that wetlands are 75% more valuable than lakes and
rivers, 15 times more valuable than forests, and 64 times more valuable than grasslands and
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rangelands. In 1997, the global value of ecwmsystem services was estimated to average $33
trillion/yr in 1995 $US ($46 trillion/yr in 2007 $US). Costanza etal. 2014 updated estimate based
on updated unit ecosystem service values and land use change estimates between 1997 and
2011. Using the same mehods as in the 1997, the estimate for the total global ecosystem

services in 2011 was $125 trillion/yr (Table 2.8). The resultindicates that the value of wetlands is

increased by US$119770halyr during the period of 1997 and 2011.

Table 2.8: Global estimated unit values of ecosystems
Ecosystem Unit value (1997) Unit value (2011) % Change
$/ ha/ yr $/ ha/ yr 2011-1997
Estuaries 31509 28916 -2593
Wetlands 20404 140174 119770
Lakes/rivers 11727 12512 785
Forest 1328 3800 2462
Grassland 321 4166 3845
Source:Costanza et al.2014
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3. Study Area

3.1. Location

The Little Rann of Kachchh (LRK) is situated between 25 56 N©93t500 N2 4 at i Pu@ée tamd 7
71°4586E |l ongitude and “amca @arsar e &.2014).THe ndtivOstera part

of LRK is inked to the Great Rann of Kachchh (GRK) while its south western corner is connected

with the Gulf of Kachchh (GoK) (Fig. 3.1).

The climate of the LRK landscape is tropical monsoonal type (the Tropic of Cancer passes right
through the LRK), but is characteized by very high variations in rainfall. The mean annual rainfall

varies between 325 mm in Rapar taluka in west to 533 mm in Dhrangadra taluka in south east.

The evaporation rate in the region is considered to be one of the highest in the country. The area

is prone to natural disasters like droughts, cyclones and earthquakes.

3.2.  Origin of LRK

The Ranns represent the uplifted floor of a former sea that existed around 2,000 years ago. The
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lyenger et al. (2008), Bisht (1989) and Agarwala (1953) suggsted that in the ancient Vedic times
the Rann of Kachchh (including both GRK and LRK) was known akina. lyengar and Radhakrishna
(2007) also propose that in the Rigvedic times Irina was located slightly north of the present day
Ranns.
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Historians aver that during the invasion of Alexander the Great (i.e. 325 BC) the Rann was a large

navigable lake. Sivewright (1907) carried out engineering surveys of the Kutch region and

constructed a map showing the probable shoreline two thousand years before present. He felt

that the present 100 feet (i.e. 33 m) contour on land could be treated as the shoreline around 100

BC. Accordingly, the northern shores almost coincided with the 25th parallel, supporting the view

that the Rann was navi gaRemmantdobiarpornsguctédré fom thenldter 6 s t i n
century in Zhinjuwada village inside the present-day LRK lends further credence to the

navigability of the Ranns, or at least parts of it, in the historical past.

While the contiguity of the present day LRK with the sea was well established among early
geologists (Frere 1870), some believed it wasa delta of rivers like Indus, rather than an uplifted
seafloor, given the monotonous ground character of the Ranns (Wynne 1872).

Recent geological studies provide a much clearer understanding of the origin of the Ranns. Merh
and Malik (1996) state that both the Great and the Little Rann were parts of the Arabian Sea
during the Mesozoic period i.e. 248 to 65 million years ago. During the last Holocene
transgression, whenthe sealevel was high, the present day location of the LRK was an extension
of the Gulf of Kachchh.

Gradual recession of the sea changed the area to an estuary. Malik (1999), like Wynne (1872),
believed that a few thousand years ago, the area was a deltacomplex, where water and
sediments from several Himalayan Rivers like the Indus, Sarasvati and Shatadru (Prot&utluj)
drained.

It is now understood that tectonic activities from post tertiary to recent periods have resulted in
the uplitment of the basin and

diversion of river courses, such asthose
of the Indus and the Saraswati, with
simultaneous increase in aridity of the
region. The vast deposition of water and
sediments have now given way to only a
few smaller ephemeral rivers and
streams that currently drain into the
LRK.

LEGEND

. Fringe Area
= Wet Rann
== Dry Rann

N 0 10 20 30 40 Miles == Bet/Island

LRK is a unique land mass with vast, flat Fig. 3.2: Key geo-morphological regions of LRK

topography and seasonal dynamics, a result of evolutionary changes over an intricate interplay of

3.3. Physiography of LRK

tectonic activities, oceanic dynamics, hydrologic regimes and climate change.

Gupta and Ansari (2012) identified four key geomorphic regions, based on geomorphic and
ecological feature: (a) low-lying saline dry Rann, covering the eastern and central parts of LRK;(b)
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wet Rann, including creeks and coastal alluvial wet plainsin the western parts; (c) bets or islands;
and (d) fringe area of ephemeral rivers that flow NE-SW towards the LRK and their watersheds
(Fig. 3.2).

3.3.1. THE RANN Dry Dusty LRK

4 s N
Fresh water inflow
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the sense that it has characteristics of both Saline Tidal water
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deserts and wetlands. It is alow-lying area
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During the monsoon, several ephemeral

rivers drain their water into the Rann, which
) . Fig. 3.3: Seasonal dynamics of LRK
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at the same time, saline seawater from the Gulf of Kachchh enters the south-western part of the
Rann through the Hadakiya and Chhachh Creeks (commonly known as Surajbari creek). Seasonal

inflow of water transforms the Rann into a large shallow wetland (Fig. 3.3). Further, mixing of

saline seawater and fresh rainwater create brackish conditions, with a gradient in salinity.

In subsequent warmer months, however, the floodwaters evaporate, transforming the Rann
gradually into a saline, dusty deseat. Excessive salinity and long dry spells create conditions
inhospitable for most life forms during the greater part of the year. It is, therefore, free from any
permanent human settlements, providing high wilderness value.

-
.
.!,

3.3.2. THE BETS

Bets are slightly higher grounds (or islands) interspersed in the vast matrix of Rann. There are
about 70 bets in LRK, the size of which varies from about 5 to 3,000 ha and cumulatively extends
to a total area of about 185 km?2. The altitude of bets varies between 25 and 55 meers asl.

25



Edaphically, bets are of two types & with rocky outcrops, like in Jilandhar and Mardak bets, or
sandy deposits.

While Nanda is the only bet with permanent human habitation, human presence is substantial
also in Wasraj Solanki bet due to the presence of a temple. Jhilander bet on the other hand is

covered under special grazing rights for {/‘1/
local people of Zhinjuwada village. i

These raised lands are low in salinity |~
compared to the surrounding Rann and ;
support good vegetation cover including
grasslands and thorny-scrubs. Better green
cover and availability of forage materials
attract many wild animal species to the

bets. The bets provide critical breeding
habitat for highly threatened wild ass during the monsoon. They also offer good denning sites for
many carnivores like wolf, striped hyena and Indian fox. Houbara bustard is considered as a
flagship species for these bets.

Being islands of higher productivity within the LRK and their significance to wildlife conservation,
bets occupy central focus in the biodiversity conservation of the landscape. Many of the centrally
located bets like Pung, Dhut, Mardak, Khijadiya etc. effectively function as important breeding
areas for many wild species in the LRK landscape.

Conservation of wildlife on the bets is, however, challenged by excessive grazing by local
livestock and migratory pastoral herds from Kachchh and Rajasthan. Also, invasion ofProsopis

juliflora in the bets significantly
downgrade the quality of habitats of
many floral and faunal species.

3.3.3. THE CREEKS

This region, exposed to diurnal tidal
activities, forms a transitional zone
between the Gulf of Kutch (GoK) and the
LRK. There are five major creeks that
connect GoK with LRK, viz. Kandla, Nakti,
Hansthal, Chhachh and Hadakiya creeks. Of these, Hadak& and Chhachh are directly linked with
LRK. The total length of the creek channels in the area is around 40 km.Collectively, the area

connecting LRK to the GoK is commonly known as the Surajbari creek (Fig. 3.4).
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Fig. 3.4: Network of Surajbari creeks. There are marked changes in the overall physiography of creek system as
reflected from Toposheets of 1953 (left) and recent satellite imagery (right). The large whiter area near
Kandla port in 1953 is not seen in recent imagery. Also, the Chachh creek was seen much shorter in 1953.

Overall many alterations are visible in the orientation and length of creeks.

While the western parts of LRK is regularly kept wet by the daily tidal waters, the creeks within
the LRK receives seawater for a short period during the southwest monsoons (when it also
receives freshwater inflows from ephemeral rivers).The creek area receives nefigible freshwater
inflow during the dry season. Hence, the evaporation exceeds precipitation leading to salinities
higher than that of typical seawater (35836 ppt).

There have been major alterations in the creek systems over the past 5060 years, both natural as
well as man-made. Presently, there are extensive salt pans along both the banks of Surajbari
creek.

3.3.4. RIVERS AND WATERSHED AREAS

The fringe areas effectively form transitional zones between slightly elevated mainland and the

saline desert area of Ram . Due to the O6edged effects, fringe al
and include long stretches of short, saline grasslands and dense thickets ofProsopis juiflora The

dense thickets of Prosopis julifloraprovide ideal shelter ground for wolf, jackal, blue bull and even

the wild ass. The ground layer, dominated by salinetolerant grass and herbaceous species like

Aeluropus lagopoides, Suaeda fruticosa, Cressa cretica, Scirpus littoradite. provide high forage

value for large number of wild herbivor es including the wild asses.

In wildlife conservation context, the fringe area
i mportantly, fringe aweéderahedpanteas 4L éphemer a
Rupen, Brahmani, Kankavati, Pblku etc. that drain into the Rann. The draining of water is

important in maintaining hydrological and nutrient dynamics of the Rann and thus support rich

aquatic faunal diversity of prawn, fish and birds. The fringe areas also possess many important

seasmal water bodies that support large number of waterfowls. However, this ecologically

important zone is threatened by intense grazing pressure from the local and migratory pastoral

herds and invasion of Prosopis juliflora.
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The natural resources of fringe areas are vital for overall biodiversity conservation of the
landscape. Also, being located between Rann desert and village areas, the resources of fringe

areas have central roles for

Rajasthan

the dependent rural
communities.

Great Rann of Kachchh

3.4. Hydrology of LRK
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in arid and semi-arid Fig. 3.5 : River and drainage pattern in and around LRK landscape. Small blue dots
and areas are checkdams & reservoirs.

Large wetlands, particularly

regions, are also dependent
upon the amount and frequency of precipitation. In such regions, wetlands are usually dvetddue
to the presence of an impermeable layer in the soil, such as a heavy clay soil or an iron pan which
prevent water from leaving the wetland basin.

The LRK ecosystem is grossly characterised by its seamal patterns of inundation and drying.
Several ephemeral rivers, like the Machhu, Godadhoroi, Brahmani, Kankavati, Umai
Chandrabhaga, Fulku etc. from the south; the Rupen and Saraswati from the east; and Banas from
the northeast, drain monsoonal waters into the Rann (Fig. 3.5), which is spread over a large area
due to its nearly flat topography. Gupta and Ansari (2012) reported that the three rivers, Banas,

Rupen, and Saraswati, alone carry
annually 140 million cubic meter T

(MCM) water to the LRK. e
P
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talukas of 7 districts and covers an

area of about 10,500 sg km. In |Fig. 3.6 : Gujarat & Rajasthan parts of catchment area of LRK (Dark
red line). Adopted from GSWMA prepared by BISAG

addition to that, some parts of

Banas Rver in Rajasthan side also form the catchment area of LRK (Fig. 3.6).
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Conesa et al (2014) examined the spatial monsoonal inundation pattern of LRK using satellite

i mageri es. They explained that the Omean el evati
gradually decreases to 2m towards the south-western part (Maurya et al, 2009). This gentle,

regional slope drives the monsoonal spill and the post-monsoonal run-off from the coastal

alluvi al fans to the oceané. I n subsequent weeks
many relatively higher areas and water remain only in some deeper areas and channels. Ironically,

however, despite the key roles these large scalehydrological processes play in shaping the

ecology of LRK, nosystematic study has been conducted so far to understand these, especially in

the view of natural stochastic rainfall conditions its catchment.

For this study, where the understanding of floodi ng and thus wetland formation is critical, we
used satellite imageries to determine the movement and flooding pattern runoff water.
Accordingly, it is quite clearly seen that majority of water is drained into LRK through about 10
major river/stream mouths (Fig. 3.7).

Maximum flow is coming from Banas river in the northern most part of LRK, which then flow
southward through deeper channels, encircling first the Nanda bet and then the Mardak bet.
From Mardak, the water flows further south. However, slightly higher grounds can be seen clearly
between Mardak and Keshmara bet and between Keshmara bet and western edge of LRK. Due to
these higher grounds, water course shift slightly eastward and flow along with Keshmara,
Bhangarwa, Ratadiya and Saheblana bets

Samaswati and Rupen rivers drain their water near Kordha village at north-eastern boundary of
LRK. From here the water flows in a southwesterly direction and spreads in LRK by encircling
Wasraj solanki and Khijadiya bets.Finally,it merges with Banas watersnear Ratadiya & Saheblana
bets and creates most extensive water pool. The water of ephemeral rivers like Phalku, Kankavati
and Brahmni also drain near the Southern boundary of LRK, mixing with the large water pool
created after the merging of Banas, Sarasvati and Rupen river channels.

Tidal waters enter LRK from the Surajbari creek during high tide and mix with the available
freshwater pool forming a salinity gradient along the south and south -western part of LRK The
tidal influence is strong near the seas where only a few species can survive saline conditions.

“Normal satellite imageries, often not able to capture the flooding pattern of LRK mainly because during the
flooding period, heavy cloud cover obscure the ground picture. After scanning through hundreds of freely
accessible LANDSAT imageries for the last 40 years, we found 25 & 26 September 1977 cloud free imageries
where flooding can still be seen for larger part of LRK.
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Fig. 3.7: Mosaic of satellite imageries of LRK (Landsat MSS-Sept. 1977) showing water channels through which rivers
drain their water in LRK. Numbers indicate river/streams draining into LRK. 1 & 2- Banas; 3- Saraswati; 4-
Rupen; 5-Bajana; 6- Phalku; 7-Kankavati; 8-Brahmni; 9-Godhadharoi; 10- Machhu

3.5. Socieeconomic Characteristicsf dwellers in and around LRK
3.5.1. DEMOGRAPHY

As per the 2011 census, the landscape of LRK supports a human population of about 17.5 lakhs in
the ten surrounding administrative blocks (talukas). It is predominantly a rural landscape,
withonly seven small towns & Bhachau, Rapar, Radhanpur, Maliya, Dhrangadhra, Halvad and
Kharaghoda.

Human populations which register about 14.8% growth during last decade. In the landscape,
urbanization is yet not picking up as the contribution of urban population was found increased
from 12.2% in 2001 to 14.9% in 2011 (Table 3.1).

The LRK landscape support about 10.6% SC population. ST population is quite small. hliteracy
rate has increased from 41.8 in 2001 to 55.2% in 2011. In economic terms, however, main and
mar gi nal workerds population had declined by
overall poor economic employment opportunities in the LRK land scape mainly due to
constrained natural resource situations.
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Table 3.1: Key demographic characteristics of LRK landscape
Taluka Population %GI:‘C;‘;aI Sex Ratio | Literates (%) Mwof:(:::;;:; al
2001 2011 (2001-11) | 2001 | 2011 | 2001 | 2011 | 2001 2011
Vav 193260, 243528 27.4 931 921 33.3] 495 51.6 46.0
Bhachau 147891 186035 25.8 932 900] 39.2] 50.0 40.5 35.6
Rapar 198000, 217315 9.8 928 938| 324 447 40.6 36.5
Radhanpur 120177 144266 20.0 935 947 41.6) 54.2 42.5 40.4
Sami 164705 182805 11.0 947 944| 39.2] 54.9 46.3 44.6
Santalpur 109487 128791 17.6 935 930 30.6) 48.3 45.8 42.2
Maliya 83471 78692 -5.7 945/ 947| 49.3 61.8 38.5 38.5
Dasada 169123 180641 6.8 922 933 50.00 65.3 46.3 41.7
Dhrangadra 195085 218041 11.8 908 913] 55.00 65.0 41.9 40.9
Halvad 144305 171000 18.5 932 941| 49.2 62.7 43.3 40.6
Total LRK  |1525504 (1751114 14.8 41.8| 55.2 44.0 40.8

3.5.2. LIVELIHOOD SYSTEM

The LRK, as discussed earlier, had two distinctly separated production areathe vast saline
seasonally wet flat land of LRK and slighty elevated, well drained watershed area under different
village boundaries. The LRK area, although looks dry and barren, supports two of the major
economic production systems of the region - the salt production and prawn fisheries having non-
overlapping sea s o n . The LRK is responsible for the produ

inland salt. The upland area predominantly
supports rain-fed agriculture, but in some
pockets where Narmada canal reaches, they
are irrigated. Cotton, Jeera (cumin), castor
and pulses (like mung and math) are the
major crops. Animal husbandry, both the
settled and transhumant, are very common
in the region and generate economy mainly
through milk, wool and meat. Industrial
development in the region is poor and

mainly based on salts and cotton. LRK based
tourism is there and recently get picked-up by engagement of private players. However, majority
of population is still earning their livelihood through farm and non -farm wage labor.

LRK landscape is bound by two culturally distinct regions i.e., Kachchh and Saurashtra and
supporting distinct religious and caste groups. Kolis are numerically the largest group, yet they
have very poor political voice and mostly engaged in small farming practices. Due to harsh
working conditions, tradit ionally only the Kolis undertake the salt work in the Rann. Darbar and
Patel are the most powerful communities in terms of social organization, economic affluence and
political connections. Rabarisand Bharwadsare the two traditional pastoralist communiti es in the
landscape and in local parlance known asMaldharis. Miyana and Wagher Muslims are in the
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business of fishing. After the fishing season is over, majority of them moves into nearby cities and
towns and work in various sectors.

3.6. Legal and Administrive Setup
3.6.1. UN-SURVEYED LAND

In the context of present study, it is very important to understand the overriding legal and
administrative arrangements wunder which LRK®s
di scussed earlier, t h éve disRi&td §Vhildy the villdges lgcatdd onutleeh e s
fringe areas are under the administrative control of one or the other district collector, the entire
geographical area of Rann is included with Kachchh district. Interestingly, the area of about 4500

sg km has yet not surveyed for revenue land records, mainly because of its stark barrenness and
presence of no human habitations. The entire 4500 sq km area is, however, grouped under
revenue survey number &6zerod. B e c a the past, éandtldasee |
for salt production works were given in | ands
confusion because, unlike in other areas where each land survey number is unique identity, here
there is no fixed location (as all the area having same survey number). Thus it is up to the leased
holder to decide where he wants to set-up his salt pans.

3.6.2. PROTECTED AREA: WILD ASS SANCTUARY

In 1973, the entire Rann along with all the bests and some part of fringe areas were notified as

Wild Ass Sanctuary, a Protected Area, under the erstwhile Gujarat Wild Animals and Wild Birds
(Protection) Act, 1963f. A total of 4840.90 km? area was notified under PA. Later, in 1978,
additional 112.81 km? area was included in the sanctuary, although from Great Rann of Kachchh

side. These two notifications include mainly three types of areas: (i) the LRK & bets (ii) the forest
lands in the fringe areas, and (iii) government wastelands of 108 surrounding villages of five

districts. In total, the Wild Ass Sanctuary extends in 4953.71 kn? area.

Although created in 1973 and 1978, the process of settlement of boundaries and rights and
privileges of local communities had yet not been completed, causing lots of problems for the
management of PA. As a matter of fact, h recent years, resource use related conflicts with salt
producer and fishing communities are escalating.

3.6.3. COASTAL REGULATION ZONE

The surajbari creek is considered to be a critical coastal area and is governed under theCoastal
Regulation Zone Notification (1991) issued under the Environment Protection Act, 1986 The CRZ

>Wild Ass Sanctuary notification dated 12.01.73. Gujarat adopted WLPA on 1st Feb. 1973, vide GSR 62 (E).
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notification ® declares the coastal stretches as the Coastal Regulation Zone (CRZ) and regulates
the activities that may or may not be allowed in a manner as provided under the said
Notification. The Coastal stretches of seas, bays, estuaries, creeks, rivers and backwaters which are
influenced by tidal action (in the landward side) up to 500 meters from the High Tide Line (HTL)
and the land between the Low Tide Line (LTL) and the HTL are saitb be the Coastal Regulation
Zone.

3.6.4. ECO-SENSITIVE AREA

It is important to understand that the LRK function as estuarine system in one season and as
saline desert during other. During its estuarine phase, it receives rainwater from its catchment
area as wel as tidal water from Gulf of Kachchh. These external input systems, which are
otherwise beyond any jurisdictional control of LRK management, are major controller of ecology

of LRK. It is understood, that both these systems are increasingly disturbed due &nd use changes
in creek area and water resource appropriation in upper catchments. In such situations, the
recently enacted EcoSensitive Area notification around PAs may provide some regulatory

instruments for sustainable flow of benefits from ecosystem services and better conservation and
management of resources.

3.7. Major Development Initiatives
3.7.1. IRRIGATION INFRASTRUCTURE

Traditionally, the LRK landscape support lowinput, rain-fed agriculture system. The irrigation was
mostly by ground water or to some ext ent by small ponds etc. In addition to the above, many
irrigation dams had also been constructed in on many rivers that are flowing into LRK. Some of
these reservoirs are operating since 1950s. Dantiwada and Sipu in Banas and series of reservoirs
on Machhu and Brahmni rivers create huge irrigation potential in the areas. Also, under different
watershed development programs large number of check-dams had been created to further
enhance the irrigation potential of landscape.

Importantly, most part of the LRK landscape is planned to be covered under command area of
Narmada canals. The irrigation canal network is spreading rapidly in the landscape. As per plan,
once done it will provide irrigation water to about 5.5 lakh hectare of cultivable lands covering a
total of 621 villages of LRK landscape. Needless to say such massive intervention will significantly
alter the entire setting of LRK landscape by rapid land-use changes.

6 Under Section 3(1) and Section 3(2)(V) of the Environment Protection Act, 1986
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3.7.2. LINEAR DEVELOPMENT INFRASTRUCTURE

The LRK landscape is falling in the junction of three major economically vibrant regions of
Guijarat- the Kachchh, the Saurashtra and the north Gujarat. Thusmany infrastructure projects
are passng either through LRK or along the boundaries of LRK. Highways, railway lines, electricity
lines, water pipelines etc. are expanding very rapidly along the LRK landscape.

3.7.3. INDUSTRIAL SETTINGS

The |l andscape is very close the emerging hub of
Sanand and Suzuki plant in Hansalpur had already setup their plants. However, there are many

other companies in pipeline to set-up their plants in these areas. With these, and other small
manufacturing units, the landscape is going to get major employment generating units. Area

around Maliya and Surajbari are flourished and expanding with salt industries. Tourism is also

picking up fast with the investments of many private players in developing hotels and resorts to

cater services to tourists visiting LRK
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4. Research Methodology

4.1. Background

This chapter provides details of various methods adopted in four major aspects of the study (a)
understanding ecologi cal and economic séprawnngs of
fishery and salt; (b) documentation of biodiversity values of LRK; (c) economic valuation of use

and non use values of LRK wetland, and (d) understanding of major drivers that are altering the

key ecosystem goods and services. Importantly, this is the first attempt to examine and
understand above elements of ecological-economic interfaces in the context of LRK wetlard.

For achieving different objectives we attempted multi -pronged methodological approach, which
embodies two broad classes of investigations:

1 Desk reviews of literature, secondary data collection and meetings, consultations &
workshops with major stakeholder groups to recognize and understand key ecological,
hydrological and socio-economical characteristics and their interconnectedness including
the major drivers of change.

1 Intensive primary data collection through focus group discussions (FGD) and houselold
sample surveys and essential statistical treatments to collected data mainly to estimate
various use and non use values of LRK wetlands.

4.2. Literature Survey, Secondary Data Collection & Consultations

Keeping in view the objectives of the study, two different sets of literature were collected to

derive better comprehension of the subject. First, the theoretical understanding about the

ecological-economic aspects of natural ecosystems with special focus on wetlands. For this,
relevant global as well as Indan literature was accessed from libraries of universities and research
institutions. The internet search also helped in gathering relevant materials on ecological
economics of wetlands including valuation methodologies and economic values of different
wetland systems of the world, using different methodologies. Second, the ecologicaleconomic
settings of LRK and understanding of development trajectories in the surrounding landscape. For
this, existing published and unpublished literature such as research aticles, technical reports,
mimeographs and Ph.D. theses were accessed fromresearchers,universities, colleges, institutions
and relevant Gowt. Departments.

Review of these collected literature formed the foundation for detailed understanding of
ecological-economic issues of wetlands in general and economic valuation approach for LRK in
particular. While the global and Indian literature on ecological -economics is summarized in
Chapter 2, the LRK related information is recapitulated in Chapter 3 (study ared and also in other
relevant places (like Chapter 5production system; and Chapter 6- biodiversity value).
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Furthermore, at LRK level, data on demography and land use pattern; livelihood systems in terms
of time series data on fish/ prawn and salt production and their extent; number of dams/
reservoirs and checkdams and their water storage capacity; floral and faunal diversity and
distribution etc. were collected from relevant Government departments such as Forest, Revenue,
Fisheries, Irrigation, Salt, Difrict and Taluka panchayats, District Statistical Office etc.Many of
above data were accessed through RTI applications. In addition to above, we also used multiyear
freely available digital imageries of LANDSAT satelliteto obtain synoptic views of wetland and
analyze growth of salt work around Surajbari creeks. A brief description of secondary data
collection under this study is presented in Table 4.1.

Table 4.1: Summary of secondary data & information collected from different sources

Source Details of the information Remarks
Forest Dept. 1 Management plan of Wild Ass Sanctuary
1 Floral and Faunal diversity
1 Wildlife census data
9 Time series dataof tourists
FisheriesDept. 9 Site specific fish production data of Since 2004,Fshery Dept is not
different years recording fish catch data in LRK
Revenue Dep Salt lease area District & taluka level offices

Salt
Commissioner
Irrigation Dept.

Time series data on salt production
Annual reports

River catchment wise details of reservoirs |Also collected information from
Rajasthan irrigation department

=A =4 =4 |1

District 1 Watershed development activities under

Panchayat different schemes including number of
check-dams

LANDSAT 1 Area under salt work around Surajbari

Imageries creeks for years between 1977 to 2013

As discussed above, h addition to above data collection approach , efforts had also been made in
meeting and consulting key government officials, NGO representatives, researchers, subject
matter experts and local communities to understand various issues relaied with ecological &
economic aspects of LRK (Table 4.2).

Table 4.2: Summary of various meetings and consultations

Source Details of the information Remarks
NGOs 1 NGO working on issues related with fishing and
salt making like SEWA, Agariya Hitr&shak Manch,
SETU; Aanandi etc.
Subject Experts |1 Fishery scientists from CMFRI & CIF&t Veraval; |For feedbackwe presented

Salt scientists from CSMCRI, Bhavnagar; our data and preliminary
Biodiversity experts of GEER Foundation; analysis with concerned State
Hydrology Scientists/ Professors from Hyderabad |Forest Department officials;
& MS University, Baroda CMFRI & CIST scientists
Local barefoot | Fish and Salt traders; Individual salt producers ancFish traders shared their
experts/ fishers; travel and tour operators; hotel and resort |multi-year prawn catch data
practitioners/ owners; local naturalists working in the landscape;|from different sites
traders frontline staff of Forest Department
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4.3.

Primary Data Collection

In the context of primary data collection, th is work mainly focuses on economic valuation and

associated socio-economic drivers associated with wetlands of LRK. Review of literature

highlights many valuation methods for different functions of wetlands (Table 4.3).

Table 4.3: Environmental valuation techniques relevant to present study

Type Name of How they are applied Applicability to
Technique LRK Wetlands
Market Market Based on assumption that value of good is based on |1. Fisheries catch
Price Values its price in the market. Value of the good is taken as |over a period of
Based the market price, less the cost of production & any  |time. Catch/ cost
transfer payments made, such as taxes & subsidy. per effort (cost of
Change in Primarily for the marketable goods like fisheries. net, diesel, boat,
productivity |Assumptions is that the changes in environmental labor etc.)
quality can lead to changes in productivity and 2. Salt production
production costs, which in turn lead to changes in the
volume and price of goods. For example, a decline in
wetland quality will lead to decline in artisanal fishery
catch and hence loss of market value.
Damage Under this approach, the value of an environmental |Not applicable in
Costs asset, such as flood protection, is taken to be the case of LRK as
avoided represented by the saving made by avoiding damage {the wet | an
to assets it protects. For example, theland protection |outlet is in creek
value provided by wetland would be considered to area
be equal to the cost of repairing or replacing land
values and other infrastructures damage by flooding.
Defensive or |Defensive expenditures, such as the provision of Not applicable in
preventative |extra-filtration for purifying water or waste the case of LRK as
expenditure |assimilation capacity of wetland, are considered as |at present there is
minimum estimates of the benefit s of environmental |no pollution load
improvements. Such an increase in quality must in LRK.
provide a benefit to the society at least as great as
the cost of the defensive equipment, because
otherwise the society would settle for lower quality
and avoid spending the money.
Cost-based |Replacement|Value of an environmental asset or function it Not applicable
cost performs can be given a proxy value based on the
cost of replacing the function with an alternative.
Revealed Travel cost |This technique revolves around the expenditure Used to estimate
Preference/ |method incurred by households or individuals in order to value of tourism in
surrogate reach recreational sites.The sum of the cost of LRK
market travelling, including the opportunity cost of time and
(uses any entrance fee, gives a proxy for market prices in
market- estimating demand for the recreational opportunity
information provided by the site under investigation. By
to infer a observing these costs and the number of trips that
non- take place at each of the range of prices, it is possible
marketed to derive a demand curve and hence overall value for
value) the site.
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Hedonic

This approach seeks to isolate the contribution that

Not applicable as

price environmental attributes make to the total market wetland formation

value of an asset. For example, the proportion of the |in LRK is quite

price differential between two otherwise identical seasonal

houses accounted for by being closely located to a

healthy wetland reveals an individual purchaser's

valuation of the importance of that attribute.
Stated Contingent |This is a carefuly constructed and analyzed Used to estimate
Preference/ |valuation guestionnaire survey technique asking a value of
construed representative sample of respondents how much biodiversity and
market they are willing to pay (WTP) for an environmental habitat for
approach benefit or what they are willing to accept (WTA) in migratory birds in
(questionnair compensation for a loss. The questionnare format LRK
e surveys to thus stimulates a hypothetical (contingent) market
ask people's for a particular good.
direct Choice Same as above butrespondents are also presented  |Not applicable for
willingness |experiments |with several short descriptions or a composite good |LRK wetlands

to pay)

(e.g. a good, such asa destination having number of
valuable characteristics, such adish diversity, fish
abundance 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) basedon
their personal preferences. It is then possible to
isolate the effects that variation in individual
characteristics has on he price.

Transfer of
values

Benefit
(value)
transfer

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

Not Applicable as
LRK wetland has
unique
characteristics and
thus difficult to
find similar sites

As discussed in introductory chapter and spelled out in study objectives, to ascertain the
economic value of wetlands of LRK, four types of goods and services provided by LRK wetlands
were measured: (i) Prawn fishing (i) Salt production (iii) Tourism, and (iv) Biodiversity.

For the valuation of fisheries and use and nonuse values of biodiversity, we conducted
household surveys. For salt, however, secondary time series data was used for valuatio purpose.
In addition to this, the study also conducted households ur vey t o understand farm
about water harvesting practices and Narmada canal irrigation induced land use changes in

catchment area of LRK and their implications on wetland system of LRK.

The entire primary survey was completed between July 2014 and March 2015.
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4.3.1. PRAWN FISHERIES

In LRK,except in a few locations, prawn fishing activities are seasonal in nature. Fishers from
nearby villages and many of their relatives from other parts of Gujarat, with the onset of
monsoon migrated to the margins of the
Rann and settled for 2-3 months in
temporary settlements in slightly raised
areas (local people called such areas as
6 d h a Fheindmber of settlement varies
over year to year depending upon the

goodness of monsoon season. During our
survey year (2014), there were only 9 fishing [

7 S TR

O0d$sd s6 along the Ranj
capture fishing practices in LRK, their key
socio-economic characteristics, prawn catch
and marketing etc. we collected both qualitative and quantitative information through Focus
Group Discussin (FGD) and household (HH) surveys.

4.3.1.1.Focus Group Discussion

FGDs were conducted in migrant fishing settlements. To collect overall settlement level
information, we have conducted 13 FGD in9 fishing Dhassis (temporary settlements) with the
help of an open ended questionnaire (see Annexure 4.1). Thisaims to get macro-picture of the
fishing practices in LRK and thus collect quantitative as well as qualitative information on number
of fisher families/ population, active fishers, labour, native place occupational asset (like boats,
nets etc), basic amenities in settlements (like water, sanitation) fishing history, fish catch, market
and institutional arrangements; conflicts and opportunities, perception on key issues etc. Table
4.4 gives details of FGD conducted for the study analysis.

Table 4.4: Summary of Focus Group Discussion conducted with Fishers in LRK

Fishing settlement & | Approx. Number of Fisher | No. of FGDs | Approx No. of Fishers

villages Families Present in 2014 Conducted | Presented in each FGD

Koparni 17 1 5
Moravadar (Navu 145 2 10-15
Hanjiyasar)
Hanjiyasar 300 2 10-15
Nangavadi 50 1 10
Cherawadi 300 2 7-10
Mandarki 70 1 10
Venasar 83 1 15
Kharaghoda 150 1 8
Tikar 150 2 20

39



4.3.1.2.Household Survey

It is important to mention here that our survey year(2014)is consideredd b e | ow &veemsage 0
of fishing operations (due to untimely and lessrains) and thus many fishing locations were not in
operations. However, we covered all the 9

operational fishing settlements for household
survey.

We conducted a random sampling approach
for HH survey in each of the 9 settlements.
For the purpose of recording of HH level data
and  information, we  undertook a
guestionnaire based survey. A structured
schedule was used for the survey purpose
(See Annexure 4.2). The questionnaire was

developed and pre-tested in one settlement,
modified and finally employed in all the fishing settlements. The study has collected information
on HH Demography, income from different sources,fishing assets, fishing methods, quantity of
fish catch (this was collected for two years- 2014 and last year i.e. 2013), valueaddition, cost of
fish catch and value addition, marketing of prawn, perception s about fisheries related issues

A total of 62 fisher families were interviewed for recording above information. The broad
characteristics of sampled households are presented in Table 4.5.

Table 4.5: Sample Household Characteristics
Name of Avg. Age of Avg. years of
Dhassi N Respondent | fishing experience

Cherowadi 2 47.5 35.0
Enjar 2 53.0 22.5
Gadhaboard 3 41.7 33.4
Koparani 8 40.3 33.5
Mandaraki 7 32.1 33.6
Murvadar 8 41.5 36.3
Nangavadi 4 34.5 26.0
Setudi 2 30.0 21.0
Tikar 20 39.6 27.4
Tundi 2 55.0 25.0
\Venasar 4 50.5 7.5
Overall 62 40.4 29.5

4.3.2. SALT PRODUCTION

In the context of salt production from dry bed of LRK wetland, we conducted 4 FGDs to
understand the brine quality and salt production in unit area; cost of production and value
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addition; market price realized for inland salt; and perception about various issues related to salt
production. We also had several round of meetings with salt traders and recorded various costs
incurred and bore by them (e.g. transportation cost, labor, pilferage loss, iodization cost etc.). The
overall salt production data, as discussed earlier

4.3.3. USE AND NON-USE VALUE OF BIODIVERSITY

One of the important objectives of the study is to estimate use and non-use values of bodiversity

in LRK.In terms of use-value, we measured tourism value of LRK and for that Travel Cost

Approach was adopted to measure non-consumptive use value of biodiversity. However, for non-

use value of biodiversity, we employed Contingent Valuation Method (CVM) to estimate
Willingness to Pay (WTP) for conservation and mana

4.3.3.1.TravelCost Approach

To understand the tourism values of LRK, we conducted interviews of tourists to collect
information on total travel cost with the hel p of structured schedule (see annexure 4.3). The
schedule was pretested and modified and then employed.

During the study, we undertook on -site interviews of 38 tourists (families or individuals) who at
the time of our survey were present in LRK. Out of 38sampled tourists, 3 were foreigners, 7 were
from different parts of Gujarat and 28 were from other parts of country.

For interview purpose, priority was given to those tourists who had completed at least one round

of visit inside LRK, so that they can gve their
views on tourism value of LRK and level of their
satisfaction. In order to capture variations in the
expenditure pattern of tourists, we chose our
sample tourists from six different resorts’. We
recorded i nf or madge, place o
origin, education, occupation and income; tour
details like mode of travel, days spent, total cost
of trip, their preferences, suggestions etc.

Additionally, r espondent 6s pe |
importance of conservation of biodiversity, geographical, cultural and | andscape features were
also been collected. It is important to mention here that to avoid issues associated with multiple
site visit, we have carefully collected travel cost associated with visit to LRK only.

7 The resorts include: Desert Courser at Jainabad, Rann Riders at Dasada BhavnaFarm at Patdi, Royal Safari at
Bajana Flamingo Acropolis at Dehgam and Eco Tour-Jogad
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4.3.3.2.Contingent Valuation Method

The present study at t empt s t o val ue L REKdeialin thé cogtéxicd |
congregation of large number of migratory aquatic birds. For this, we applied contingent

valuation method (CVM) and recorded
willingness to pay (WTP) of households
belonging to local communities and are part
of stakeholder groups. For the purpose, we

prepared a questionnaire, pre-tested, modified
and finally employed (see annexure 4.4).

We surveyed a total of 221 randomly selected
households, belonging to different
occupational groups (viz. fisher, farmer, salt

producers and public), from rural as well as
urban centers surrounding LRK (Table 4.6). The survey schedule covered following key aspects,
necessary for contingent valuation: the demographic, educational and economic details of
households; their knowledge and understanding about values of and threats to biodiversity
element of LRK (especially the migratory birds); their willingness to conserveand willingness to
pay for biodiversity conservation.

Table 4.6: Summary of household survey for CVM purpose
Respondent No. of HH Sample Location
Group Sampled
Fishers 62 9 fishing temporary settlements along the southern border of
LRK
Farmers 91 20 villages from 10 talukas surrounding LRK
Salt producers 26 Southern and eastern parts of LRK
Other Urban public 42 4 towns near LRK Dhrangadhra, Halvad, Patdi and Bajana

4.3.4. FARMERS’ PERCEPTION

Considering that the farmers, although not directly dependent upon LRK, had strong presence in

t he LRKOGs c ahugihfloeace its e@logy by changing agricultural practices, including
water harvesting, use of chemicals etc. Thus, as part of assessment of drivers of change, we
exclusively conducted a household level survey using a structured schedule (see Annexure 4.5).
The key issues coered under that survey include, present agricultural activities, change in
irrigation source and extent, especially in terms of use of Narmada canal changing land use,
application of chemicals and perception about impact of these extensive alteration on LRK
ecology, mainly the wetland system.

A summary of data collection schemes, valuation methods and sample size with respect to
different aspects of study is presented in Table 4.7.
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Table 4.7: Summary of data collection approach
Study Data/ Information Valuation Sample Size Sampling
Aspect Collection Approach Method of Primary Period
Applied Surveys

Bio-physical & Secondary data collection, review of - NA NA

socio-economical |literature and consultations with subject

description of LRK|experts

Description of Secondary data collection, review of - 91 Farmer HH

landscape level |literature and consultations with subject

drivers of change |experts;

Primary survey: Satellite imagery analysis of
salt works; HH survey of farmers

Economic Secondary data collection Market value |13 FGDs July-Aug. 2014

Valuation 8 Prawn|Primary survey: FGD and HH Surveys of assessment |62 Fisher HH  |SeptdOct. 2014

fish fisher families

Economic Secondary data collection Market value |4 FGD Jan. 2015

Valuation 0 Salt |Primary survey: FGD with Salt producers assessment

Economic Secondary data collection Travel cost |38 Tourist HH |Dec.2014- Jan.

Valuation & Primary survey: Interviews of tourists 2015

Tourism

Economic Review of literature; CVM 62 Fisher HH  |Sep- Oct. 2014

Valuation & Primary Survey: HHSurveys of fishers, salt 26 Agariya HH |Jan.2015

Biodiversity producers, farmers and other general public 91 Farmer HH |October 2014
42 Urban HH  |Jan. 2015

4.4. Addressing Key Methodological Issues

4.4.1. TRAVEL COST

Despite being used widely in different studies, travel cost estimation has a few inherent issues

which need to be recognized and addressed.Chopra (1997) opines that, ot
revealed preference of people interested in deriving tourism, education and ecological values
from ito. It suggests travel cost incurred by the

price of the site. In this method the first step is to collect data from the tourists to a recreation
site. The simplest method assumes that individuals ke a trip for a single purpose d to visit a
specific recreational site. Thus, if a trip has more than one purpose, the value ofthe site may be

overestimated.

In the context of our study, we address this problem by asking tourists to provide the cost they

have incurred only for visit to LRK. Accordingly we have collected their total travel cost. Moreover
defining and measuring the opportunity cost of time, or the value of time spent travel ling, can be
problematic. Because the time spent travdling could have been used in other ways, it has an
"opportunity cost." This should be added to the travel cost, or the value of the site will be

underestimated. However, there is no strong consensus on the appropriate measurdi the
personds wage
effect on benefit estimates. Thus we have taken opportunity cost of time as per capita HH income

per day corrected for the days spent in the LRK (see Chopra, 1997).

r at e the wage rated and thd valaecchosen nan bafe a larg
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It is important to note here that stan dard travel cost approach provides information about
current conditions, but not about gains or losses from anticipated changes in resource
conditions. The travel cost method is limited in its scope of application because it requires user
participation. It cannot be used to assign values to on-site environmental features and functions
that users of the site do not find valuable. It cannot be used to value off -site values supported by
the site. Most importantly, it cannot be used to measure non -use values. hus, sites that have
unique qualities that are valued by non-users will be undervalued.

4.4.2. CONTINGENT VALUATION

Despite being widely used in different studies, CVM approach has afew inherent issueswhich
need to be recognized and addressed. In order to address some of the known issues, ve
developed and used an open-ended WTP questionnaire so that responders would not be
restricted by defined values, as in binary choice or closed-ended questions (Venkatachalam,
2004).

In addition, we finalized the WTP questionnaires and the pre-testing process with expert
guidance to validate and make the questionnaire clearer for the respondents. People are
generally conversant in making choices with market goods, so their purchasing decisions in
markets are likely to reflect their true willingness to pay. CVM assumes that people understand
the good in question and will reveal their preferences in the contingent market just a s they would
in a real market. However, most people are unfamiliar with placing monetary values on
environmental goods and services. Therefore, they may not have an adequate basis for stating
their true value.

We have addressed this issue in the questionnaire with a few warmup questions regarding their

understanding of biodiversity of LRK. Rather than expiessing value for the good, the respondent

might be expressing their feelings about the scenario or the valuation exerdse itself. For example,

respondents may express a positive willingness to pay because they feel good about the act of

giving forasocillgood (referred to as the owarm glhewo effe
good itself is unimportant. Respondents may state a positive willingness to pay in order to signal

that they place importance on improved environmental quality in general. Alternatively, some

respondents may value the good, but state that they are not willing to pay for it, because they

are protesting some aspect of the scenario, such as increased taxes ortie means of providing the

good.

In the present study we have elsewhere mertionedthat our respondentsd WTP is
the fact that they are concerned about biodiversity , as is reflected from their norms to provide
grains on a daily basis to local avifauna.

It is important to select a realistic payment vehicle (i.e., howrespondents pay the WTP amount) in
CVM. Taxes and donations are often used as payment vehicles associated with conservation
values. However, donations are more useful payment vehicles for contingent valuation because
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they provide a reasonable approach for estimating the economic value, while respondents may
object to mandatory payment schemes (i.e., entrarce fees or taxes), Champ et all997. Therefore,
we used donation as the payment vehicle in this study.

Many early studies attempted to prompt respondents by suggesting a starting bid and then
increasing or decreasing this bid based on whether the respondent agreed or refused to pay such
sum. However, it has been shown that the <choice
willingness to pay response. h the current study this problem has already been addressed by
providing open ended questions. Strategic bias arises when the respondent provides a biased
answerto influence a particular outcome. If a decision to preserve a stretch of river for fishing, for
example, depends on whether the survey produces a sufficiently large value for fishing, the
respondents who enjoy fishing may be tempted to provide an answer that ensures a high value,
rather than a lower value that reflects their true valuation. It is important to mention here that for
valuing use of LRK for fisheries we have employed direct market approach. The study has
employed CVM for the valuation of non-use values (biodiversity, especially migratory birds)
provided by LRK ecosystem.
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5. Use of LRK Wetlands

As discussed in earlier chapter,LRKwetlands show very strong seasonal dynamicswhich in turn
generate various goods and services. Local people depend upon these goods which include
prawn fisheries, salt production and tourism for recreation and education purpose.

5.1. Production of Prawn Fish

A lucrative monsoon fishery, especially of prawn species (mainly the Metapaenus kutchensi}
flourishes and provides livelihoods to severalfishermen families belonging mostly to the Miyana
Muslim and Koli communities. Fshing activities are mostly concentrated in the southwestern part
of the LRK. With the onset of rainy season, there is an upswing of tidal water in the creeks of Gulf
of Kachchh that facilitate movement of juveniles of different species of fishes and crustaceans
from the Gulf of Kachchh, into the Rann. After the first spate of heavy rains, freshwater influx from
the mainland inundates the Rann and mixes with saline tidal water to create suitable nursery
ground for M. kutchensis The fishermen keeptrack of entry and growth of juvenile (post larva) of
prawns. During this period, the fishermen, along with their families, leave their villages in
caravans and set up camps on raisedsandy areas (locally known asdhasis). Kuda, Koparni, Jogad,
and Tikar are important dhasison the southern side of the LRK On an average, fishing season in
LRKis between JulAug to Sep-Oct, which depends upon the rainfall.

GEER (1999)eported 11 species of prawns/ shrimp (Metapenaeus kutchensis, M. brevicornis, M.
affinis, Parapenaeopsis sculptilis, P. hardwickii, P. stylifers, Trachypenaeus pescadorensis, Solenocera
crassicornis, Acetes indicus, Palaemon styliferus and Hippolysmata ensirostriand about 20
species of fishes €.g. Coilia reynaldi, Chirocentrus dorah Labeo rohita etc.) from LRKlandscape.
However, Rao (1983), Dash et al. (2012) and Ghosh et al (2012) reported thaM. kutchensis
constitute more than 90% of the total biomass among all the fish and prawn species captured.
Therefore, for all practical purposes, fisheries of LRK wetlands essentially relate to the ecology of

a single, endemic prawn speciesd M. kutchensis

In the context of the present study, it is important to understand (i) w hich ecological factors
determine the biomass production of M. kutchensisin LRK? and (ii) which socio-economic factors
determine the catch of M. kutchensisin LRK?

5.1.1. ECOLOGICAL UNDERSTANDING OF PRAWN- M. KUTCHENSIS

M. kutchensisis a catadromous species thatmigrate to the deep seas for spawning. Deshmukh
(2006) suggested that the 40-80 km wide continental shelf off the northwest coast of India
(including Gujarat and Maharashtra) is used for the purpose. Joseph and Soni (1990) reported
brooding females near Okha, at the mouth of the Gulf of Kachchh (GK). The spawning period
extended between December and August when it lays eggs at bimonthly intervals (Deshmukh
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2006). However, the spawning period between May and August is considered critical for the
maintenance of its stock.

The pre-larval and larval stages of M. kutchensis especially those spawning during May-August,
drift northwards towards the mouth of GoK , aided by the south-west monsoon winds. The
nearshore currents, especially during the spring tides, transport the larvae further towards the
interior s of GoK. Inside GoK, the larvae use vast stretches of mudflats and creeks, which provide
them suitable habitats for growth and survival till the monsoon sets in. During spring tide, and
with the onset of monsoon, the larvae are transported into LRK waters (Ghosh et al. 20D).
Connectivity between GoK and LRKis enforced by tidal waters during the entire course of the
monsoon.

During monsoon, LRKis flooded with fresh water that mixes with the tidal water from the sea.
This creates brackish water habitas, ideal for post-larvae of M. kutchensis which utilize the
nutrient, detritus and other food resources brought mainly by fresh-water runoffs. In subsequent

weeks and months, post-

larvae grow to the juvenile Open Sea / Shelf Water
stage and head back to the _ (Spawning ground)

Spawning Sub-adult
GoK, and from there to the Larvae Drift & Adult

open sea aress in the shelf

Gulf of Kachchh

region. They continue to :
(Nursery & Breeding Ground

grow in GoK and shelf waters

Post Larvae Juvenile
and form sub-adults and | Transportation Advances
adults, ready again for Little Rann of Kachchh
spawning. This cycle (Nursery Ground)

continues every year.
Deshmukh (1975) and Naik
et al (1991) reported that percentage contribution of M. kutchensisin the total catch is maximum

Fig. 5.1: Life-cycle stages of M. kutchensisn LRK & other systems

in the inner part of GoK. In the context of LRK, the key life cycle stages ofM. kutchensisvis-a-vis
its spatio-temporal use of different areas (e.g. deeper open sea water, mudflats and creeks of
GoK and brackish water wetland d LRK) is schematically presented in Fig5.1.

It is evident that the LRKplays a critical role for the maintenance of M. kutchensispopulation, a
species endemic to GoK,by providing the largest nursery ground for its post-larvae. At the same
time, it also emphasizes the larger ecological role of the head-end of GokK, including the Hadakiya
and Chhachh creeks (commonly known as Surajbari creeks) and adjoining mudflats.

5.1.2. ROLE OF FRESHWATER

Rainfall affects the growth of M. kutchensis(and other fish/prawn species) in two major ways:
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1. Maintaining t he salinity regime of LRK water; and

2. Supporting the food chain by bringing enough nutrient and organic matter along with
runoff water.

Rainfall is the most critical parameter that determines the quantity and quality of prawn
production in a particular season. Strong correlation is observed (Fig. 5.2 between rainfall and
production of M. kutchensis(as reflected by total catch). Ramamurthy (1967) remarked that the
success of shrimp fishery in the LRKconsisting almost entirely of the juveniles of M. kutchensis
depended on the rainfall. Deshmukh (1975) also noticed that the success or failure of recruitment

of larvae and juveniles

influenced the abundance of - y=6.917x+ 63.98 .

shrimp in the GoK. But, 1o R®=0.425

rainfall  and  consequent | I **

lowering of salinity of the L:g 6000 *

creek water were more | O 4000 . ® /

important ~ factors  that 5000 . ,o'{ P

affected the shrimp landing 0 _ | | | |

in the LRK. Deshmukh (2006) 0 200 400 600 800 1000 1200
further highlighted the direct Rainfall (nm)

relationship between rainfall
P Fig. 5.2: Relationship between rainfall and prawn catch in LRK

and shrimp fishery in LRK. It is
obvious that good rainfall ensures flooding and large-scale immigration of post-larvae to LRK
waters, where under estuarine conditions they grow rapidly to juveniles and thus support huge
seasonal fishery during JutSep.

It is important to mention here that since the prawn production in LRK is highly dependant upon
the rainfall, its production remains vulnerable to the climate change related anomalies in rainfall
patterns.

5.1.3. AVAILABILITY OF FOOD FOR M. KUTCHENSMSLRK

Zingde et al. (1988) and Paulinose et al. (1998) explained that the rains lower the salinity of creek
waters and produce a salinity gradient within LRK during JutSep. Tidal inflows also bring in zoo-
planktonic crustaceans, polychaetes, cepalopods and algae that show prolific growth in | ow
salinity but nutrient-rich waters of the LRKcreating, in the process, acongenial feeding (nursery)
ground for M. kutchensisand other shrimps, which grow to remarkable size within three months.

Analysis of food items of mature M. kutchensisreveal that Polychaetes, Acetes sps. and other
smaller crugaceans constitute about 45%, 20% and 13% of the bulk, respectively (Deshmukh,
2006). Detritus, mud and sands were also found mixed with food items, contributing another
8.6%, suggesting their possible importance in nutrient assimilation. Ramamurthy (1967) and Rao
(1983) observed algae, detritus and crustaceans as the major food items of juveniles of M.
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kutchensisin LRK.It is evident that the speciesforage on a wide range of food items and detritus
materials.

It is important to mention here that Polychaetes, Acetes are crustaceansare marine (sea water)
organisms, whose larvae should also be entering LRK through the Hadakiya and Chhach creeks
(=Suarajbari creeks) along with larvae of M. kutchensis Paulinose et al. (1998) clearly established
that during pre-monsoon and monsoon months, the density of larvae of Acetes M. kutchensi$
and other crustaceans are quite high in the creeks of GoK that are linked with LRK. However, it is
also important to understand that tiny larvae of these invertebrates also ne ed to grow for their
own life-cycle. In terms of growth and biomass accumulation in M. kutchensis the volume and
growth of these other invertebrates are very critical. Similarly, growth of M. kutchensisis also
affected by the algal growth, which is mainly dependant on the quantity of different nutrients in
run-off waters.

Reduction in growth of juvenile panaeid prawns due to lack of monsoon is reported by Staples
(1980). Actually, poor monsoon means higher salinity level in creek and other water andalso low
availability of food / detritus materials. This affects the growth of prawns.

In sum, the growth of all the essential food items of M. kutchensisdepends upon the quality and
quantity of nutrient, organic matter and detritus matters which in -turn depend upon the volume
and quality of runoff water that reach LRK.

5.1.4. OTHER FACTORS

As understood above, the production of M. kutchensisin LRK is highly influenced by the
ecological health of LRK itself and also the ecological condition of and connectivity with Surajbari
Creek and GoK.

Based on the review of literature and discussions with fishermen and actual visits of fishing
grounds, it was found that that the production of M. kutchensisin the LRK landscape is the result
of many ecological and climatic factors. Since most of these factors are dynamic in nature, the
prawn biomass production also varies spatio-temporally. Dixit et al. (2008) summarizes the key
natural factors that broadly determine the prawn biomass production in LRK (Table 5.1).

8 Paulinose et al. (1998) describe two species of Metapenaeus M. kutchensisand M. affinis in the Hadakiya and
Chhacch creeks and found M. affinis to be the dominant species. This is in contrast to all other studies that
suggest domination of M. kutchensis It seems there is some confusion in identification of M. kutchersis
Discussion with CMFRI scientists at Veraval, Gujarat, indicate the confusion about identification.
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Table 5.1: Factors affecting the production of M. kutchensis inside & outside LRK
Area Eco-climatic Factors for M. kutchensis Biomass Production
Within LRK Amount of rainfall ; Freshwater runoff, Duration of water
availability; Tidal water inflow; Water quality; Water depth &
Availability of food items

Outside LRK Amount of rainfall ; Wind direction for drifting of larvae ; Spawning
ground in open sea; Availability of residual habitats of mud flats,
creek etc.

5.1.5. PRAWN FISHING PRACTICES

Dixit et al (2008) described in details the fishing operations in LRK and identified many fishing
areas in the LRK landscape. Accordingly, following arethe key fishing sites: Kharaghoda,
Kanachar, KudaDhaka, Tundi, Koparni, Enjar, Jogad, Boda, Tikar, Banth, Venasar, Mandarki,
Karadiya, Hanjiyasar, Cherowari, Surajbari, Kajarda and Adesar. However, depending upon the
rainfall and possibilities for higher catch, a few other sites can also be used for fishing camp
purpose. The approximate locations of these fishing points are presented in Fig. 5.3.

1=Kharaghoda; 2=Kuda Dhassi; 3=Tundi; 4=Koparni; 5= Ejar; 6=Jogad; 7=Boda; 8=Tikar; 9=Venasar;
10=Mandarki; 11= Karadiya; 12= Kajarda Talav; 13=Nangavadi (Hanjiyasar); 14= Cherovari
(Surajbari); 15=Shedava Bet; 16= Nanda Bet

Fig. 5.3: Location of important fishing centers in LRK

Based on physiography, inundation and drying pattern s, and fishing practices, four distinct types
of fishing grounds are recorded in the LRK landscape:

a. Extensive prawn fishing, restricted during monsoon, along the southern border of
LRK- what generally termed as Rann Fishing

b. Extensive prawn fishing in and along the Surajbari and other creeks, mostly during
the monsoon period, what generally termed as Creek Fishing. However, limited
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fishing is extended even during the winter. In such area water level fluctuates

diurnally due to tidal effects.

c. Extensive fishing around Nanda and Shedwa bets near Adesar what generally termed

as Winter Fishing. The prawn fishing is extended over winter season.

d. Small scale, monsoon fishing near Kharaghoda inthe eastern parts of LRK

The broad characteristic of these four fishing grounds is given in Table5.2.

Table 5.2: Major Characteristics of Fishing grounds in LRK landscape

Karadiya, Kajarda, part

of Hanjiyasar

# | Fishing Ground Key Fishing Sites Fishing |Scale of Operation| Catch Type
Period
1 |Along the western |Kuda, Tundi, Koparni, |August 61 Covering very large|Mostly Prawns
fringe of Rann Enjar, Jogad, Tikar, Week of area with intensive
(Rann Fishing) Venasar, Mandarki, October catch in each site

2 |Along the Cherovari, Part of August @ Last |Covering large area|Mostly Prawns
Surajbari creek Hanjiyasar, Week of with intensive catch
(Creek Fishing) October in each site

3 |Near Nanda and |Surrounding waters of [August- Last |Covering small aregMostly Prawns
Shedwa bets Nanda and Shedwabets [Week of with intensive catch|and sufficient
(Winter Fishing) November in few location fish catch

4 |Near Kharaghoda |Khara-ghoda, Kanacha |August- Localized and very |Mostly fish
(KharaGhoda September low intensity catch |catch
Fishing)

Source: Dixit et al., 2008

5.1.6. METHOD OF PRAWN CAPTURE

Dixit et al (2008) describethe detail modus operandiof prawn capture within the above different

fishing typologies. They

described that in the LRK fishing

sites, fishermen used long
barrier nets (locally called Katar)
for driving and concentrating
the prawns into their fishing

ground and later by using long

bag nets (Gunja) catch the
prawn. The arrangement of
Katar nets in LRK is

Katter Nets

Inundated

Prawn
Movement

schematically presented in Fig.

5.4. In a fishing site, there are

Fig. 5.4: Schematic diagram showing arrangement of Katar nets in Rann

many lines of Katar nets. While, there are no fixed norms for leaving open space between two

adjacent lines of Katar, yet in most of the cases a distance of about 100 to 200 meters separates

them.
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The setting-up of Katar nets is a specialized joband each fisherman has an informal right over
the fishing space where they setup their Katar every fishing season. It is important to mention
here that the right s over fishing space is strictly followed in the near-shore, deeper water areas (in
local term most of these deep-water drainages are known asver). But, in the shallow water areas
farther from shore, such strict rights over fishing space are not followed (since such areas are

least preferred for fishing purpose).

Katarnet s are placed in 6Vd shaped manner and
For example, while some fishermen place about 20 kg of nets, some othes place 40 or 60 kg of
nets. Obviously, more the weight of nets the larger the coverage area ard thus in each site one
can find different sizes of Katar (a reflection of the economic condition of the fisherman). Upper

part of the net is fixed by rope while
bottom part of the net is fixed by " N’E;g
wooden hooks. Between two poles 3- N
4 hooks are fixed which protect the s:\\ %;;icollected
net from the water current and | pchhaNet ‘i\\ 9‘;\\ - Prawn
prevent prawns and fishes from § s\ég small
escaping the net. The height of Katar \:= H ‘Gunja
nets varies between 3and 5 feet, and 4 & net
fishermen use the nets according to N Prawn Chatti Net
the water depth i.e. as water depth z‘?‘KatarNe'tV'O"emem
increases fishermen stretch the net

Prawn Movement
upto six feet height and optimize the
catch. Fig. 5.5: Schematic diagram of setting of Katar& Chattinet

Of late, the fishermen are making a separate storage area of approximately 20 feet x 6 feet at the
end of Katarnet , | oc al IPychhtbe r nfehde aPsu cdum af two martsniia theelarge
storage areamade up of mosquito nets having very small mesh size (locally known aschatti) and
(ii) a small fixed gunja net to direct the prawn movement from Katar to Chatti. The gunja net
does not allow prawns to turn back, getting trapped in the chatti net to be collected by fishermen
periodically (Fig.5.5). It is important to mention here that while the use of Puchhanet is a recent
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phenomenon (according to local fishermen, the technique was introduced to them by some
Bihari fishermen) but as it saves the fishermend s | aubstantially (the local traditional practice
is using hand held Gunja within the Katar area), most of the fishermen are now adopting this
method of prawn catching. Many of the local fishermen, however, consider this method as a
highly unsustainable practice as it does not allow even the smallest (juvenile) fish and prawnsto
escape the final catch.

The modus-operandi of prawn fishing in most locations of LRK can be summarizedas follows:

1 At the beginning of fishing season, fishers set their barrier nets (Katar net) and
appropriate the prawn stock exists within the limits of Katar net.

1 Within the limits of Katar nets, prawns moved in one direction and finally trapped in
long-tapering stake net (i.e. Gunja net) and finally collected in a chatti net (fine mesh -
mosquito net)

1 The prawn movement is diurnal in nature and thus is collected in the chatti mostly during
dusk to dawn period. In the morning fishermen goes and collect all the captured catch.

5.1.7. WATER DEPTH: MICRO-TOPOGRPHICAL VARIATION

Dixit et al. (2008) suggested the important role of water depth in prawn production and catch.
According to them, even after good monsoon rainfall water depth varies in different locations of
the LRK due to topographical variation. For prawn fishing, fishermen se-up their nets only upto
certain depth (ideally 3-4 feet of water depth is good). The higher grounds with lower water
depth are normally avoided. FHshermen have very good understanding of the dynamics of
inundation and drying , as well asthe network of water channels (ver) of varying depths in LRK,
especially along its southern border. The area around Tikar has maximum coverage with
sufficient depth of water, and is considered the best fishing ground in the landscape (Fig. 5.6).

Fig. 5.6: Schematic diagram of water depth in
LRK (Source: Dixit et al, 2008)
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Satellite pictures cleaty distinguish important water channels and major fishing grounds in the
LRK landscape (see Figh.7). Although images show large waterlogged areas, all these areas are
not suitable for prawn fishing, mainly because of water depth and to a lesserextent due to the
long operating distances. Images also highlight breaking up of water connectivity in the
landscape as it stars to dry up. While water tends to stay around Nanda bet, areas along the
northern corner and entire eastern fringe dries up early. Keeping all these factors into account,
fishing areas are mainly restricted to certain areas (Fig5.6).

Fig.5.7: Important prawn fishingareas in LRKandscape. Dotted orange lines indicate important
fishing area. Imagery showed dryiAgp phase of LRK.
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5.1.8. FISHER POPULATION

Rao (1983) quoted Lakumb (1960) that in 1960 there were many fishing camps along the
Suarajbari creek,some of which were abandoned later. Rao (1983) recorded that in 1980 about
2,770 active fishermen, representing approximately 500-600 families, were engaged in the prawn
fishery in LRKwith 307 boats. Later, Dixit et. al. (2008) reported engagement of between 1,100 to
1,300 families in prawn fishing with about 1,500-1,700 boats. Evidently, fishing operations in LRK
have scaled-up during the period.

It is important to mention here that no permanent fishing base exists in the LRK landscape. With
the onset of monsoon and once the Rann is inundated, fishermen families from different parts of
the landscape and even from far off places, setup their transit camps on most of the dhassis to
remain there with their entire family till the end of the fishing season (i.e. September or mid
October). Fistermen reported that people from far -off places like Dhrangadhra, Surendranagar,
Maliya, Morbi, Ahmedabad, Surat, Veraval, Porbandar, Jamnagar, Rajkot etc. are regularly joining
the local fishing families during good fishing seasons. In the case of Nanda/ Shedwa site, fishing
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labours from other states like Bihar and Uttar Pradesh are actually catching the fish on behalf of
some local people.

5.1.9. MARKETING MECHANISM

In the LRK, catch ofM. kutchensisgoes to the market via two product streams & fresh and dry. In
case of fresh produce, local traders generally purchase high grade prawns. In local parlance the
grade of prawn i s me a%and teedprice of prawa camls varee$ as Pec thay nt 6
(200Bnawrpas tedt ¢ hmi n"ed fley ed
landing centre of LRK.In 2006, the price of one kg prawn varied between Rs. 55 for <150 count

to Rs. 30 for 300-350 counts. Thus, the overallecological health of a fishing zone is reflected, to

large extent, by thep r a wn  6Atso, most ob the fishers in LRK boil and dry some fraction of

their total catch, generally ones that are smaller in size. Thus, fishers realize the prawn value

6count so. Di xi t et al

through selling of both fresh and dry prawn s. The key characteristic of prawn maketing is
presented in Table 5.3.

Table 5.3: Summary of Prawn marketing system in LRK
Product| Basis of price Marketing Channels Value Chain and Current
Type realization Price (2013-2014)
Fresh  |Quantity: Dabba  |Local traders collect prawn from fixed |Fishers get: Rs. 350400 per
Prawn |(each measure fishing location s; they havedemarcated|dabba; i.e. Rs. 2530 per kg
around 13-14 kg  |areas of operation. For each location  [from traders.
prawn) traders are fixed and with long term Traders get: Rs. 125150 per kg
Quality: Count relationship with fishers. Traders supply from processing companies.
(number of the collected fish to processing units at|Fish processing company
individual per kg of |Veraval, Porbandar, Jamnagar etc. export: $ 6-10 per kg
fresh weight) Sometimes, traders sell to other trader s
from Mumbai, Kerala, Hyderabad etc.
Dry Quantity: Mund Mostly outside traders collect dry Fishers get: Rs. $00-5,000 per
Prawn |(one mund is 20 kg)prawns and sell to other traders from |mund i.e. Rs. 175250 per kg (7
Quality: Dryness of |different parts of Gujarat and even kg fresh catch is converted
prawn from other far flung states like Benagal,|into 1 kg of dry fish)
Orissa, Bihar, Kerla etc
Dry Quantity: Bori (one |Not sold but donate the entire volume |No idea what mosques
Dust bori is about 30 kg) {to some fixed Mosque as part of their |ultimately do with the
Quality: Not an contribution to various religious collected dusts. Seems they
issue causes. sell to some company who
make poultry feed and also to
some chitin making unit.
Source:FGD and HH SurveysPresent Study

Quality of

catch (i.e.
individuals in one kilogna of fresh weight. Thus a catch of young prawns have large counts than the mature ones. Fish

the size

processing companies prefer taking prawn catch less than 350 counts.
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5.1.10. SOCIO-ECONOMIC ASPECTS OF FISHERY

Primary surveys during 2014 revealed the presence of about 1,265 fisher families in nine fishing
locations. In the same locations, however, there were morethan 2,000 fishing families in year
2013 (Table 5.4) Fishers reported that 2013 was relatively better fishing season than 2014.

Table 5.4: Key aspects of prawn fishing in year 2013 & 2014
Fishing Approx HH | Approx HH Native Place and Number of Families
Settlement (2013) (2014)

Koparni 300 17 Kuda-15; Drangadra-2; Surendranagar 1

Moravadar 150 145 Kajarada50; Morbi-20; Vad Vinjya15;

(Navi Hanijiyasar) Maliya-20;Patti-5; Bhimasar5; Hanupalar-5;Khirak
5; Dhrangadhra-5; Halvad-10;Rajkot5

Hanjiyasar# 150 300 Kajarda 150; Hanjiyasar 150 (750 daily up &
down)

Nangavadi 250 50 Maliya-5; Juna Hanjiyasar30; Nava Hanjiyasar10;
Morbi-2; Dhrangadra-3

Cherawadi 300 300 Cherawadi 150; Surajbari 150

Mandarki 150 70 Kajarda 30; Maliya-15; Morbi-20; Surendranayar-
2; dhrangadra-2; Kuda1

\Venasar 83 83 Morbi-15; Dhrangadra11; Maliya-15; Hanjiasar
26; Kuda5; Surendranagar5; Nava hanjiyasar9

Kharaghoda 150 150 Kharaghoda-150

Tikar 500 150 Maliya-20; Viramgam-12; Dhrangadra-25; Kajarda
20; Surendranagar15; Tikar-10; Sara8; Morbi-10;
Hanjiyasar6

TOTAL 2033 1265

Source:FGD,Present Study

5.1.10.1. Demographic Characteristics

Of the total 1,265 families, 62 fisher families {.e. 5% of total HH) were surveyed, and details of
422 family members was obtained. 54 families (i.e. 87% of the sample) migrated with all their

family members to these fishing locations
(Dhassig. Thus almost 95% of all the family
members were present in the fishing areas,
while only 5% members were left behind in
their native places. So,those families who are
engaged in LRK fishing had nearly complete
engagement in this seasonal activity.

Out of 402 family members who were present
in nine dhassisduring the 2014 fishing season,
265 members (.e. 66% of the total surveyed)
were reportedly engaged in various fishing and associated activities like boiling, drying, sorting

etc. About 75% of the total non -engaged members were either children or elderly persons (Table
5.5).
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Table 5.5: Key demographic characteristic of sample fisher families
N Sex Education Age (in Years)
Type of Fishing Avg. Upto
Members M F llliterate | Schooling 12 12-35|36-55| >55
Years

Members presentin | 155 | 52,7 | 47.3 | 808 5.0 308 | 48.3 | 157 | 5.2
Dhassis
Members engaged in | o5 | 5,31 457 | 811 5.5 87 | 649 | 21.9 | 45
fishing & allied activit y
Active Fishermen 141|943 | 5.7 71.6 55 4.3 70.9 | 21.3 3.5
Source:FGDand HH Survey,Present Study

Interestingly, while women constitute about 45% of total work force in all the fishing related

engagements, among the active fishermen members their numbers are limited to just about 6%,
indicating that fish capture is dominated by men
and there is gender disparity in fishing related

decision making. Among all the members who are
present in dhassis48.3% members are in 1235 year
of age group, while the proportion of same age

group is about 71% among active fishermen. More
than 20% of total active fishermen are in 36-55 year
age group. Only 3.5% active fishers are older than
55 years.

About the education status, almost 81% of total
member engaged in fishing and allied activities
were illiterate and those who are literate, they have
an average of 5.46 schooling years. Among the
active fishermen, however, illiterate population is
about 75% and those who are literate they have an
average of 5.47 schooling years.

Importantly, out of 265 members, 141 members (i.e.

54%) are engaged in direct fish capturing activities
in other word almost 35% of total members present in all the dhassisthis season, only 35% were
active fishermen. Average age ofthese active fishermen was 34.7 years (min 10 & max. 65).

5.1.10.2. Fishing Assets

In the context of LRK fishing, four major physical assets are considered importantdthe wooden
boats and three types of nets viz. Katar, Gunja and Chatti. Unlike other fishing areas where boats
are used mainly to tap large and diverse fishing grounds, use of boats in the LRK fishingsites are
limited to transporting captured prawn from a fixed net location. About 79% of total fisher

58



families own boats (Table 5.6) Those who do not own boats normally borrow from others for
transportation of catch.

Dixit et al. (2008) raised the issue of excessive fishing and thus concerns of sustainable prawn
fishing in LRK landscape. It is reported that during last many years, fishing activities inthe LRK
landscape have increased many folds. One of the important indicators of this is the changing
number and size (in terms of weight) of Katar nets. Based on series of Focus Group Discussions
that compared earlier years, the number of nets under higher weight categories have been

increased substantially (Table5.7), indicating more intense fishing activities in some sites.

Table 5.6: Distribution of different types of fishing assets in sample households in LRK

Type No. of families | Total Number | Avg. per family Avg. Years of
own (or kg) possession Possession
Wooden Boat 49 (79%) 54 1.1 6.6
Fibre Boat 01 (02%) 1 1.0 25.0
Gunja Net 56 (90%) 108 1.9 3.6
Katar Net# 52 (84%) 3575 68.8 4.1
Chhatti 45 (73%) 51 1.2 2.9

# Katar net possession is reported inKilogram. More the kg of Katar net, more the fishing
area a fisher family appropriate
Source: Present Study

Table 5.7: Change ikatar size in different fishing locations

Weight of Venasar Nangawadi Kajarda Nanda/Shedwa
Net (Kg) Past | Present| Past | Present| Past | Present| Past | Present
Upto 20 25 10 1000 35 215 0 225 0
20-50 40 55 0 500 40 40 0 60
>50 0 10 0 500 15 415 0 60
Source: Dixit et al., 2008

The present study observes 38.5% of total households to be using Katar nets of 51-80 kg size,

while another 20% fisher families used
- ‘ ‘ i t

21to 50

nets above 80 kg size(Fig. 58).

5.1.10.3. Occupation and Income 30.0

It is important to understand the overall 200

livelihood profile of the fishing families

% of total Household

and the contribution of fishing income in
their total economic status, especially

0.0

during non-fishing season. Other than

upto 20 51to 80 81to 100 >100

fishing, the families are engaged mostly Katar Weight Class (in ke)

in farm labor and salt work. Importantly,

o Fig. 5.8 Frequencyuse of Katar nets of varying sizes in LRK
these activities are started once the LRK

fishing season is over. Out of total sample households, only few (8%) reported their engagement
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in fishing activities in areas other than LRK. Surprisingly, only about 13% of total fisher families
reported their engagement in farming (most of the households are landless)

In terms of income, on an average each fisher family earn approximately Rs. 2.05 lakh per annum

from varied sources. It is recorded that,

LRK related fishing and LRK based salt Table 5.8: Family level income from various sources
) i . No.of | % of | Avg. annual Gross
work generated maximum income to Occupation HH total HH income (Rs.)
those who are engaged in these |FishingInside LRK 62 | 100.0 138302
activities i.e. Rs. 1.38 lakh from fishing |Farm Labor 39 62.9 33031
(i.e. about Rs. 2300¢ per day for a total [Salt 28 | 452 60089
of 60 days of fishing season) and Rs. Agriculture 8 12.9 NA
60 th qf it K (Table 58 Self Employed 8 12.9 20600
| o.usa.n rom sa. .WOI? (Table 58). Fishing Outside 5 8.1 27920
This highlights the criticality of LRK for Livestock 5 8.1 11100
livelihood generation for fisher |Non-farm Labor 5 8.1 84600
families. It is important to note that [Service 5 8.1 73600
LRK fisheries also provide important [TOTAL 204780
Source: Present study

source of protein and other nutritional

values to fisher families and improve their overall health.
5.1.11. PRAWN CATCH

5.1.11.1. M. kutchensis Catch in LRK

In the LRK landscape, the Surajbari Creek is known as traditional prawn fishing grounds. The
Miyana Muslims are the main fishing community. Fisheries Demartment records suggest that in
the early 1950s Fisheries department used to give license to the fishermenand also collected
some tax on total fish catch. During those days, prawn fishing was restricted only to the Surajbari
(Cherowari) creek areas. However, there are no records that suggest prawn fishing from current
fishing sites like Tikar, Koparni etc. duing the late 1960s or early 1970s°. In most of the fishing
locations, prawn (M. kutchensig is the main catch.

Further, number of fishing days is one important determinant of total prawn catch. Among all the

fishing sites, while amount of rainfall mainly determine the number of fishing days, the local
micro-topography and inundation and drying -up patterns have a major influence. Rao (1983)
recorded 50 to 70 fishing days at different locations. Dixit et al. (2008) used daily records of fish
traders and suggested while fishing season may be large, the actual fishing days are quite limited

10 Actually, Dhrangadra based prawn trader Mr.Kanuba Jadeja informed study team that till 1970s, the prawn
fishing was quite limited and unorganized in most parts of the Rann and only with their business interests and
initiatives the practice of prawn fishing was established in the Rann
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and mainly determined by tidal pattern and wind direction and speed. Overall, fishermen
describe the length of fishing season in terms of how frequently the Rann is inundated. In their
definition, good fishing year will be the one when Rann gets inundated regularly (Dixit et al.
2008). While no site-specific time series prawn production data for LRK landscape is available,
Dixit et al. (2008), based on available literature andpersonal records of fish traders, presented site
specific catch data of M. kutchensis(Table 5.9).

Table 5.9: Summary of Prawn catch data in different fishing sites of LRK
Fishing Fishing Approx. Prawn | Year of Catch Source
Ground Site Catch (Tons)
Ram Koparni 300 1980 Rao (1983)
Fishery 57.4t0 275.7 1990 to 2001 Kanuba Jadeja (Pers. Record)
14 2007 Hasan Mohd. Movar (Pers. Comm.)
Kuda 126 1980 Rao (1983)
8.810193.1 1990 to 2001 Kanuba Jadeja (Pers. Record)
Tikar 128 1980 Rao (198)
9.1 1990 to 2001 Kanuba Jadeja (Pers. Record)
275 2006 Karim bhai (Pers. Comm.)
165 2007 Karim bhai (Pers. Comm.)
Mandarki 160 1980 Rao (1983)
Venasar 56 1980 Rao (1983)
Kajarda 512 1980 Rao (1983)
Tundi 15.4to0 138.2 1990 to 2001 Kanuba Jadeja (Pers. Record)
Enjar 39.7 1990 to 2001 Kanuba Jadeja (Pers. Record)
Creek Surajbari 688.7 1980 Rao (1983)
Fishery Lakhiyasar 103.3 1980 Rao (1983)
(Hanjiasar) 224.65 2006 Bandhani bhai (Pers. Record)
Nangavadi 192 1980 Rao(1983)
(Cherowari) (381 1973-74 Sarvaiya (1981)
Adesar Sukhpar 11.2 1973-74 Sarvaiya (1981)
Fishery  |Nanda/ 80 2006 Gafur bhai/ Amir Bhai (Pers. Record)
Khara Kharaghoda |32.5 1980 Rao (1983)
ghoda 2.0t05.0 2005 to 2007 Umar bhai (Pers. Comm.)
Fishery  |Kanachar 13 1980 Rao (1983)
Source: Dixit et al., 2008

At LRK landscape level, some studies reported annual prawn catch data for different years.
Accordingly, the prawn catch showed very high inter-year variation with a minimum of 176 to a
maximum of 10,925 tons (Table 5.10), which is directly correlated with the total annual rainfall
(Fig. 5.2). Thus, in LRK, there is huge spatigemporal fluctuation in prawn catch, mainly
determined by amount of rainfall and inundation pattern s, which is again determined by micro-
top ographic variations.

5.1.11.2. M. kutchensis Catch outside LRK

To estimate, with some approximation, the total catch of M. kutchensis available catch data
outside LRKwas also collected. Multi-year M. kutchensiscatch data is available from Surajbari,
Kandla, Navlakhi, Okha and Mumbai representing the three key habitats of species viz. Surajbari
creek, GoKand open seas.On an average 2,694 tons of M. kutchensiswas captured
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outside the LRK (Table5.11). However, the above estimated value (of 2,694 tons) does not
represent total catch of M. kutchensisbecauseit is also known to be caught at other locations of
GoK and open seas, but for those sites catch datais not available. In fact, the estimated value of
2,694 tons of catch outside LRK is only a fraction of

total catch (and thus the total prawn biomass escaped |12ble 5.10: Prawn caf‘h in different years
from LRK). Nevertheless, it clearly indicates the Year Rf;:;" Tz;a:.szgh
minimum M. kutchensiscatch available outside LRK. 1992 422 5969
1993 137 1777
5.1.11.3. Contribution of LRK in Outside Catch of 1994 1019 10925
kutchensis 1995 276 4086
1996 336 2935
1997 719 4730
Keeping in view that LRK is the largest and main 1998 345 4297
nursery ground of M. kutchensis it is interesting to 1999 277 176
L , 2000 324 2260
know the contribution of LRK to the total biomass of 2004 428 1589
the catch outside LRK One way of measuring the 2005 591 2256
contribution of LRK to the M. kutchensiscatch outside 2006 848 4162
) _ ) N o 2007 686 2721
LRK is toestimate the marginal addition (gain) in the 2008 491 1970
body length (and thus the biomass) of M. kutchensis 2009 421 1740
Source: Deshmukh 2006; Ghosh et al 2012

during the period when it leave s the LRK and reache
the open sea where normally their mature stages only are found. The catch data of Surajbari and
Cherowari (i.e. at the mouth of LRK) as recorded by Sarvaiya (1981) and Rao (1983) reported the
length of M. kutchensisin the range of 37 to 115 mm. Interestingly, Joseph and Soni (1990)
presented 1986-1988 M. kutchensiscatch data of Okha coast and found the size ranged between
106 to 160 mm. Although there is difference between male and female size, at very crude level
the above recorded differences in size at LRK mouth andopen sea area indicate that there is only
about 28% additional gain in the length (and biomass) of M. kutchensisonce it leave LRK waters.
In other words, the LRK contribute 72% of the total growth of individual M. kutchensis (as
reflected by length of pr awns) even before they leavefor GoK and open sea areas.Thus, we can
safely assumethat nursery ground of LRK contributes 72% of the total biomass of mature M.

kutchensisthat are caught outside LRK.

Table 5.11: Average catch of M. kutchensis from inside and outside LRK waters
Fishing Data Data Avg. catch Remark
Location Source Year (Tons)
Surajbari |Rao, 1983 1980 688.7 Actual M. kutchensiscatch data
Parvez, 1990 1977-1987 648.3 Actually reported total prawn catch and
Fisheries Dept. 2008-2010 67.2 for the present study we estimated the
Kandla [Fisheries Dept. 2008-2013 103.2 catch of M. kutchensisby its proportion
Navlakhi |Fisheries Dept. 2008-2013 72.2 in total prawn/shrimp catch
Okha Joseph & Soni, 1990(1986-1987 1263.0 Actual M. kutchenrsis catch data
Mumbai |Deshmukh, 2006 1990-2000 566.4
Total Catch Outside LRK 2693.5
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5.1.12. LIVELIHOOD FROM PRAWN FISHERIES IN LRK

During present study, we estimated total prawn biomass catch for 2013 and 2014 fishing season

by sampled fisher families. Accodingly, in the 2014 season, on overall basis, average per family
prawn catch was estimated to be about 2,860 kg (Table 5.12). Among the fishing sites, Nangavadi

and Enjar registered very low per family prawn capture (455 Kg and 544 Kg, respectively), while
Murvadar Dhassiin Hanjiyasar registered very high per family prawn catch of about 8,417 Kg

(Table.5.12.). Comparative to this, in 2013 per family prawn catch was about 600 kg more with an

average catch of 3479 kg.

Table 5.12: Average Prawn catch in 2013 & 2014 years across fishing locations
. No. of Average Per HH Fresh Biomass Capture (in Kg.)
Name of Dhassi Sample HH 2013 2014

Cherowari 1 1583.4 1037.6
Enjar 2 1266.7 543.7
Gadhabet 5 2081.6 2319.5
Koparani 7 2156.4 1225.1
Mandarki 6 2463.1 1565.1
Murvadar(Hanjiyasar) 8 8761.5 8416.7
Nangavadi 2 1372.3 455.0
Setudi 2 4222.4 2952.3
Tikar 18 2721.1 1953.8
Tundi 2 3061.2 3819.7
Venasar 2 5278.0 4315.0
Overall 55 3478.9 2859.5

It is interesting to record from the household level catch data that there is marked inequality in
terms of resource appropriation. In 2013, about 60% of total fishing families captured only about

o . .
30% of total prawn biomass, while Distribution of Prawn Catch (2013) among Househalds
20% families appropriated about 100.0

50% of the total catch of the /
80.0

season (Fig 59). In 2014, the /
inequality in prawn biomass 60.0 S

40.0 //
200 //
/
poor fishing season in 2014 seems 0.0 200 40.0 60.0 80.0 100.0
Cumulative Proportion (%) of Households

appropriation is more pronounced

as only 20% family captured 60%

of the total prawn biomass

Cumulative % of Prawn Catch

resources (Fig. 5.10). Relatively 0.0 |

to have influenced disparity in
capture of biomass resources. Fig. 5.9: Distribution of prawn catch across families in 2013

In LRK number of fishing days varies depending upon rainfall. In agood rainfall year, the fishing
seasoncan operate up to 90 days which reduces drastically in low rainfall years. Therefore, fishing
days are not pre-defined and it is essential to estimate per day catch (and income). According to
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fishers, 2013 and 2014 fishing years were not good compared to normal. Despite this, average
prawn catch per family were 3.5 and 2.9 tons, generaing an income of Rs. 1.38 lakh for 2013
season Gee Table 58). This indicates that during 2013, when actual fishing days was about 60
days, each family earred at a rate of Rs. 2300 per day from LRK fishing alone.lIt suggests that
LRK fisheries generate substantial livelihood for the fishing communities that depend on it,

especially in view of the fact that majority of fisher families are landless migrants. It is important

to highlight that wetland s in arid region like LRK could sustain livelihood of about 2,000 landless
families, even in below normal monsoon year (such asin 2013).

Livelihood based on seasonal fishing in LRK, although lucrative, isquite uncertain in term of

production and catch and thus
Distribution of Prawn Catch (2014) among Households

fluctuates extremely in short run. 100.0

80.0 //
60.0 /
40.0

200 /

Further, it is also established that

among the fisher families there is

huge inequality in incomes from
fisheries (Fig 5.9 & 5.10). Still, in
combination with salt work, it

Cumulative % of Prawn Catch

generates good income for o L
predominantly landless societies in 00 200 200 €00 800 100.0
the LRK Iandscape. POVEfty Cumulative Proportion (%) of Households

however, is also defined by many |Fig. 5.10: Distribution of prawn catch across families in 2014

other systemic factors that deprive

fisher families various services such as health andeducation; housing and safe drinking water;

rights over land and water resources; and, continuous fear of losing occupation dueto PAds | egal
settings. Most importantly, the imperfect and exploitative market sysem further constrains their

income generating abilities.

The above factors pose serious policy challenges in consenving and enhancing fishery resources
in LRKfor not only generating revenues but also supporting livelihoods of fishing communities
on a sustained basis

5.1.13. UNDERSTANDING THE ECOLOGY AND ECONOMICS OF PRAWN FISHERIES
EcologicalFactors affectingM. kutchensiscatch
Based on discussions inthe above sections, the following facts are evident:

1 In terms of fishing operations, fishing in LRKmaybe considered along four typologies, with
monsoon Rann fishing and creek fishing being the predominant ones.

9 Production of M. kutchensisin LRKis largely dependant upon rainwater inflow which brings
nutrients and other detrit al materials to support its food -chain.
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1 Creek waters bring the seeds and larvae of M. kutchensisas well as its many food organisms
(zoo and phyto-planktons).

9 Spatio-temporal variation in prawn catch is quite pronounced. Thus, while different years
produced different levels of M. kutchensiscatch, there are also variations across the sites in a
same year.

It is important to note that geographically separate zoneshave different potentials to produce M.
kutchensis biomass within the LRK. Although no previous studies have discussed this aspectof
prawn production in LRK, there is awarenessamong the fishers about better production areas. It
appears that the prawn production areas are mainly controlled by two major factors:

9 Proximity to creek water, so that the area is continuously connected with GoK, which bring
new seeds and larvd stock to LRK area

9 Proximity to the opening of river / stream mouth where the rainwater drains into LRK and in
turn brings rich feed of nutrients and detritu s materials. Although the river/ streams are
ephemeral in nature, the large catchment areas provide enough weathered rock materials
and agri-wastes which flows into LRK and spread in nearby areas. Thus they function like
micro-estuaries, although for a very short duration.

Realizing the importance of above factors in prawn production, for the purpose of present study,
we grouped all the sample fishing locations into one of the four types (Table 5.13).

Table 5.13: Distribution of sample location across different ecological conditions

Proximity to Proximity to Creek Water
River Mouth No Yes
No Tundi, Koparni Cherowari
Sample HH : 9 Sample HH : 1

Gadehdabet, Murvadar (Hanjiyasar),
Nangavadi, Satedi
Sample HH : 17

Enjar, Tikar, Mandarki, Venasar

Yes Sample HH : 28

Interestingly, as expected, average prawn biomasscapture (a reflection of total production)

revealed that locations near the river mouth opening s recorded significantly higher biomass
capture compared to those sites where river mouths do not open. More importantly, the sites
which are close to the creek, and also had nearby river mouth, the prawn biomass capture was
found to be the highest (Table 5.15). The site like Koparni, which has neither creek connectivity
nor river mouths, reported catch of smaller size prawns (Rao, 1983) This further corroborates the
role of creek and river mouth opening in prawn production cycle.
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Table 5.14: Average prawn capture (kg) at different fishing sites in two sample years
Proximity to Proximity to Creek water Overall
River Molilth 2013 2014 2013 2014

No Yes No Yes
No 2358 1583 1802 1038 2280 1725
Yes 2745 5393 1938 5044 3745 3112
Overall 2650 5182 1905 4821 3479 2860

The above data further substantiate the view that in the context of prawn fishing in LRK, the
rainwater discharge into LRK and continuous connectivity with sea water through creeks are
playing important roles in biomass production.

M. kutchensisis a@& u r y h apledies i@.faving a wide range of salinity tolerance. In other words
its adult does not have any problem in living in either saline sea water or in less saline (brackish)
LRK wetland water.Then, it is interesting to question the key function of saline water inflow from
creek and also the discharged runoff water in LRK? Based on literature review presented in earlier
sections and the prawn production related evidences generated under this study, we can
construe that:

a. The main role of sea water in prawn production system of LRK is to bring seeds and
larvae of both M. kutchensisand its diverse zooplanktonic food items.

b. The main role of freshwater runoff flow into LRK is to transport nutrient and detritus
which are necessary for the growth of both M. kutchensisand its food items.

Although there are serious gaps in knowledge about the ecology of M. kutchensisin LRK, this
study is able to assert that for the ecosystem services of prawn production to continue, some
minimum freshwater flow is essential (i.e. eflow) from catchment areas. However, it is clearly
observed that in order to increase the prawn production more and more freshwater fl ow should
reach to LRK.

5.1.13.1. Economidactors affecting M. kutchensis catch

The volume of fish catch at family level is generally assessed against the quantum of effort.In the

present study, factors like use of fishing gears (like nets and boats), availability of number of

active fishermen in family and their fishing experience were examined to understand their

relationship with prawn catch during the 2014 fishing season. Surprisingly, no any such
correlations were recorded between family level prawn capture and (a) quantity of Katar net used

(Fig. 5.11),(b) number of active fishermen in family (Fig. 5.12) and, (c) averageyear of experience
of active fishermen (Fig. 5.13).

This absence of correlation with fishing effort is interesting and further highlights th e difference
of LRK fisheries with other, stable, openaccess fisheries (such as in the open seaskish catch in
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LRK is dependant ontrapping, rather than catching, which relate primarily to the site, rather than

the effort.

As discussed in the previous section, sites within the LRK are the prime determinants for the

catch, and this is known to the fishermen communities who have traditional norms for occupying

these sites. Fishermen families allocate fishing rights every season for areas in LRK accordinig

these informal institutional

arrangements.

Furthermore, as discussed earlier, due
to slight topographical variations, in

each of the fishing locations there is
heterogeneity in fishing areas which
ultimately provide different quality of

micro-habitats for prawn fishing. Thus,
for example, in each location, there
will be some fisher families which
have fishing rights in good fishing
habitats; others may have traditional
rights in poor quality fishing habitats.

It is also interesting to recognize that

unlike other marine fishing areas, in
LRK there is no diversity in catch (all
are capturing M. kutchensig and thus
no diversity in fishing tools (like nets

and boats to exploit different habitats

and different species). Importantly,
such fishing does not require any
specific skills and knowledge. In other
words, in

multi-species  fishing

operations, use of appropriate
technology as well as skilled human
resources is pre-requisite to extract
marginal benefits from fish/ prawn
catch. While in the present context of

LRKthese factors are quite redundant.
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This is quite evident with the fact that quite a large number of families and their members are

engaged in fishing related activities in LRK for just 223 months and thus acts like floating

(migratory) fishing popul ation.
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Theoretical understandings of open access fishing system also suggest that once the fishing
efforts are more, system sooner or | ater reach to
resource equilibriumd (CPRE) .leveDthereewil fbe reotmargimpl r e ac h
benefits in putting extra fishing efforts. In LRK, poor rains in 2013 and 2014 seasons seems to set

up CPRE like situations and thus even bigger net may not be able to provide marginal gains in

prawn production, as reflected by poor correlation between net quantity and prawn catch.

Considering above fishing characteristics of LRK, it can be inferred that for day to day fishing
there is no marginal benefit of having more boats or engaging more labour with more years of
fishing experience. In a practical sense, after setting the nets etc, the prawn capture in LRK runs in
doauftwncti on maithentore fisEingeefforts, as reflected by the use of more nets
covering more fishing areas, do not bring marginal gains in prawn catch. This is because the
volume of prawn catch is determined by where actually a family gets its traditional fishing right
(where he can setup his Katar net). If he gets better fishing micro-habitat it is more likely that he
would get better catch, if access of poorer habitat then naturally the catch will be low.

In nutshell, the prawn production and catch in LRK is determined by following factors:

1 Inflow of sea water and along with it seed and larvae of M. kutchensisand other species,
1 Inflow of rain water which brings large quantity of nutrient and detritus materials ;
1 Micro-habitat heterogeneity in each fishing location due to slight topographical variations ;

9 Customary institutional norms to provide access to fishing grounds having different degree
of habitat quality for prawn production.

5.2. Salt Production in LRK

Traditionally, salt is collected as salt precipitate from saline soils. Over a period of time, the

process of collection of salt evolved into a sort of farming through solar evaporation of seawater

(marine salt) or subterranean brine (inland salt). In 2012, global salt production was about 276
million tons, of whwasgahb oluntd i 9a% s( Choi nnt era® abawtt22&M)r i but i o
Within India, Gujarat alone contributes about 77% to the total production, followed by Tamil

Nadu (11%) and Rajasthan 10%).

Within Guijarat, there are two major natural sources of salts 8 marine and inland (mainly from
LRK).lt is estimated that about 55,000 salt workers (ocally known as Agariyas) are engaged in the
salt making process in the State. Around 10,000 Agariya families are involved in inland salt
farming in LRK between the month of September and May. Kolis are the numerically
predominant community (60%) who are engaged in salt manufacturing, followed by Mu slims
(35%) and other communities. The literacy rate among the salt workers in LRK isquite low at
22.8%. This is mainly because children also migrate to thesaltpans with their parents and thus
drop-out from schools. Although recently state government wit h the help of NGOs provide
education at the salt-pan sites, yet the response is quite inadequate.
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For a very long time, LRK was the leading salt producing area of the country.Various historical

documents suggest that salt production is an age old activity in the LRK. Early history of salt
making is not known but according to government records, salt production in LRK is carried out

since 1874 However, it is believed that large scale salt making had been going on in the areas of

Patadi, Jhinjuwada and Khaaghoda since 10th century (Campbell, 18878 cited in Bharwad and

Mahajan, 2008).

People from more than 100 villages are involved in salt making activities in LRK Every yearduring
late October, when Rann started drying Agariyas migrate from their respective villages to Rann
areafor a period of 7 to 8 months and remain there till the end of May i.e. just before the onset
of monsoon. Bharwada and Mahajan reported that around 59,600 people from 102 villages of
five districts are involved in salt making and other related works (like transport, loading-
unloading) (Table 5.5).

Table 5.15: Summary of scale of salt work in different districts
People involved Total
District Taluka Village Communities
Production |Transport

Surendra |Kharaghoda 25 Koli, Darbar, Dalit, Muslims 15341 7675 23016
-Nagar \phrangadhra 23 [Koli, Darbar, Dalit

Halvad 15 Koli, Miyana, Dalit, arbar
Patan  |Santalpur 12 |Sandhi Muslim, Koli, Darbar, 19031 9928 | 28959

Ahir, Dalits

Kachchh |Adesar 9 Sandhi Muslim, Ahir, Koli 1488 744 2232
Rajkot  |Maliya 18 Koli, Miyana Muslims, Dalits 3629 1785 5414

Total 102 39489 20132 |59621
Source: Bharwada and Mahajan(2008)

However, the Industries Commissioner, in response to an RTlapplication, reported that in 2007
there were about of 48,400 Agariyas distributed in 5 districts surrounding LRK (Banaskantha
3400; Patan 7000; Kachchh- 19,000; Surendranagar 15,000 and Rajkot 4000).

5.2.1. SALT PRODUCTION SYSTEM IN LRK

In LRK, salt is not produced from all over the places, rather they are mostly loated in the places
where good quality sub-soil brine is available or where seawater can be drawn into the pans. As
per the geographical spread of current salt making areas in LRK, there areclearly six salt zones.
They are Dhrangadhra, Kharaghada, Santalpr, Adesar, Maliya and Halvad Fig. 5.14).
Dhrangadhra is considered asthe oldest inland salt making region.

Presently two types of salts are produced in LRK, theVadagaru (=Poda) and the Karkach All the

salt production in the LRK is done manually. In IRK salt preparation requires special skills and
only those, with long experience gained through generations, get involved in it. Average

production of Vadagaru is 1500 tonnes per 10 acre unit whereas Karkach productivity is about
2000 tons.
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The production structure of inland salt making consists of multiplicities of vertical linkage and is a
factor of area of operations in terms of land holding. Land holding units (recognized and

unrecognized) are classified into four = TN
categories. They are: L4 @P

9 Category I. Plds of over 100
acres, owned by public and

- ‘L
private limited company. S~ S 4
/ R Q\ZINJUWADA
9 Category II: Plots between 10 . OF TIKAR R |
. A AOT Y SRR g N Py ¢ gy
100 acres, owned by private - NN I ",;U-DZ-Sésox‘"-%,z\ ‘
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 Category Ill: Plots with less than | = "¢ | ) 2
) S8 LEGEND
250 acres in  name of W & Salt Extraction
. A o Salt Processing Centre

s ] 10 20 30 40 Miles

cooperative societies.

Fig. 514: Areas of salt extraction and processing in LRK
il Category IV: Plots upto 10 [Salt Zones: tDhrangadra; 2 8 Kharaghoda; 3 8Santalpur; 4 Adesar; 5-
Maliya; 6- Halvad

acres.

In the LRK, two major companies, Hindustan Salt Works® a public sector company in
Kharaghoda, and Dhrangadra Chemical Worksd a private sector company in Dhrangandra, hold
lease for over 24,000 acres of land. However, due to rising cost of production and rigid labo ur
laws, they prefer to buy salts from producers of Il, IIl and IV categories.

To most people, manual salt making appears to be very simple systemd making pans, spreading
the brine, drying it and harvesting the salt. But it is far more creative and complex, subject to

many risks and uncertainty. Except Drangadhra zone, agariyas (saltproducing communities)
migrate to LRK from 8-45 km away in different zones. Quality of sub-soil brine also varies across
zones, low in Halvad (9-12 °B)!! and high in Kharaghoda (18-24 °B). In order to counter

uncertainties related to availability of brine, agariyas usemultiple bore wells (Table 5.16).

Diesel engine run on crude oil is main source of underground brine extraction. However, during

our field survey it was found that a few salt farmers have adopted solar pump-sets for extracting

brine. Discussion with agariyas revealed that there is a mixed response though majority agreed
that introduction of solar pump as a new technology has reduced energy cost of brine extraction.

Major problem identified by agariya is initial capital for technology acquisition. Apart from brine

extraction, the entire process of salt making is quite labour intensive.

11 0B js degree Beaumemeasure of the salinity of brine. Noally the sea brine has salinity 88.
Salinity is measured by Beaume meter.
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Table 5.16: Characteristics of salt production system in different zones of LRK
Details Dhrangadhra | Kharaghoda Santalpur Adesar Halvad
Salt type Crystal Poda Crystal Poda | Crystal Poda Karkach Karkach
Distance of Salt pans 5to 10 15 to 45 10to 18 10to 20 81012
from the village (km)
Brine Degree (°B) 18-20 18-24 16-20 16-18 9-12
Bore Depth
(in feet)
2007 75 150 200 190 60
1997 50 70 45 50 30-35
Avg. no. of well 50%-1 well 50%-1 well 50%-1 well 50%-1 well 90%-1 well
50%-2 wells  [25%-2-3 wells  |50%-2-3 wells |50%-2-3 wells
Max of 2 wells [25%-6-7 wells
(max.10-12 wells)
Fuel used (Barrels per 7t010 81012 7to12 71010 5
season)
Source: Bharwada and Mahajan, 2008

It is important to mention here that extraction of sub -surface brine leads to a drop in its level,

forcing agariyasto use higher capacity pumps to extract brine from deeper zones. It has its own

cost escalation cycle. On the other hand, inland salt is losing market share against marine salt,
which is more competitive given its lower input costs. Procurement price remains stagnant while

ther is a constant rise in cost of production. Finally, the profit margin is declining for LRK agariyas.
However, since majorities are landless or very small hand holders, they do not have other
alternative source of income, and mostly resort to daily wages during non-salt farming season.

5.2.2. SALT PRODUCTION PROCESS IN LRK

Solar evaporation of brine is the main technology used for salt production. In LRK, sub-surface
brine having salt density of 9-24 degree Beume (°B)is pumped from a 25-200 feet deep dug well
and spread over 810 condensers through
mud channels for evaporation. From there it
moves from one condenser to another, finally
reaching the crystallizer. In the crystallizer, the
highly-concentrated brine is allowed to settle
and form salt crystals. Ths is the traditional
method of inland salt production in LRK, which
used to supply almost 50% of the total salt
need of the country. Ironically, however, the
this is
consistently declining due to upsurge
industrial demands and engagement of major industrial groups like Tata, Reliance, Adani etc
who operate in cost effective marine salt sector (Fig. 5.5). Importantly, in the landscape, such
marine salt making units are rapidly increasing in and around Surajbari creek ares.

contribution from inland sector

in
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Nevertheless, the inland salt production sector of LRK still produces substantial volume of salt.In
2012, 26.5 lakh tons of inland salt was produced from LRKHowever, between 200809 and 2011-
12 on an average 30.8 lakh tons of | 14900 -

inland salt was produced from LRK | {5000 -
wetland area, which had about 22% | 540 -

share in the total salt production of | g444 . e nland Production

Guijarat. (Table 5.7). (000 tons)
) ( ) 6000 - = Marine Production
4000 - (000 tons)
5.2.3. ROLE OF LRK WETLAND IN
BRINE PRODUCTION 2000 1
O T T T T
In the context of present study, it is 2001 2002 2003 2009 2010 2011 2012

important o check how the Fig. 5.15: Inland & marine salt production in Gujarat

underground brines are formed and
what role wetland ecosystem services play in creatig brines and finally the salt?

Natural brines are waters with very high to extremely high concentrations of dissolved
constituents o atomic elements, ions, and molecules. Brines are commonly more concentrated
than sea water, which normally contains 35 ppt of dissolved salts, mostly sodium chloride.
Concentration of salt in brine can be more than five times of average sea water.

Table 5.17: Summary of marine and inland (LRK) salt work and production in Gujarat
Year Total Total Total Salt Marine Inland* % of

Lease |Cultivated | Production in | Production | Production | Inland in
Area Area Gujarat (‘000 tons) (LRK) Total
(Acre) (Acre) (in 000 tons) (‘000 tons)

2001 NA NA 9647.8 7408.0 2239.8 23.22

2002 NA NA 13107.8 11254.9 1852.9 14.14

2003 NA NA 10585.9 8816.7 1769.2 16.71

2008-09 72311 27496 13616.7 10450.8 3165.8 23.25

2009-10 80619 36323 15975.4 12492.2 3483.1 21.80

2010-11 87457 36144 13224.4 10210.3 3014.2 22.79

2011-12 81177 34906 14628.6 11976.5 2652.1 18.13

Avg. 2008 -to 2012 | 80391 33717 14361.3 11282.5 3078.8 21.44

* Inland salt in Gujarat actually meant salts produce from LRK

Source: Annual Repors. Salt Dept, Ministry of Commerce and Industries

Natural brines are formed by several mechanisms including: evaporation, formation of sea ice,
and solution of salt domes. Global literature suggest that brines are often found along with oil
and gas wells occupying most pore spaces within rocks or clay or silt deposits and are a process
which occurred in geological time scale (Dresel and Rose, 2010, Poth 1962). Often these
geologically trapped resources are locked in apparently stable gravity-stratification which allows
brine to persist in geological time scale (Dresel and Rose 2010) Formation of brine, therefore, is
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not a seasonal or annual phenomenon; rather it is a result of geological processes where
evaporation and other chemical processes also play important roles.

In case of LRK, bine is available in highly permeable sub-surface sandy horizon of about 30-40m
thickness below the top soil of silts and clay which is almost impermeable. It is trapped deep
underground due to specific fluvio-marine geologic environments and changing climatic
conditions.

Since, no systematic work has been carriedout so far to understand the genesis and hydrological

properties of brine in LRK, several hypotheses exist;e.g. Sathyapalan et al. (2014) indicated that
after the rains, freshwater percolates inside and mix with layer of salt and thus create highly saline
brines. Narie (1964) suggested that brine in LRKis formed by sea waterthat is connected to LRK
through the lower soil strata. However, according to a leading geohydrologist (see Box 5.1) brine

did not form due to any existing ecological as well as hydrological functons of LRK wetlands.

However, it is important to understand that e ven though the brine formation is considered as a
geological service (not as an ecosystem service)in the context of salt production in LRK, seasonal
flooding has a role in salt production , in addition to the land available for the pans. During our
field survey and in-depth interaction with salt traders and Agariyas, it emerged that seasonal
flooding leads to:

a. clearing of salt wastes and other chemicalghat were left at the end of previous cycle of
salt production. It is very important that before starting the new production cycle, all the
salt remains are cleared, otherwise making of condenser and crystallizer pans is difficult
and thus process of brine storage and conversion to salt is afected.

b. control of wind-induced soil erosion During the course of salt formation, it is important
that it should not be exposed by soil-dust. The wetlands bind and suppress the soil
against the strong winds, a normal phenomenon in LRK. This actually helg in producing
better quality salt. Some of the Agariyas had strong views that if there is no formation of
wetland in LRK, quality of salt production will declined drastically, and thus there is no
point of making salts in such poor years.

A household survey of 80 agariya families recorded that 93% had strong perception that the

wetland plays above two functions in salt production and thus supporting monetrary value

generation. Importantly, they reported that in a year if there is poor flooding of LRK (or w etland

formation) there will be about 45% reduction in the total value of the salt due to a combine

factor of production loss as well as quality loss The above discussion clearly establish that

although the salt production in LRK is mainly a function of geological services (by providing
brines), the wetl and 6 sholimggar thus aragseri contrdl) dunctioosthela nd s oi |
in improving quality and production of salts to quite a significant manner. It is important,

however, that although majority of Agariyas perceived the above two functions of wetlands are
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critical for production and quality of salts, these need further corroboration by collecting
empirical data on these aspects.

Box 5.1
Little Rann of Kachchh & Brine Formation

Brine containing sand bed formed the brine aquifer of confined type; bu t without any significant
pressure conditions. Level depletion caused by eight months of non-monsoon pumping gets
replenished during the four months of monsoon non -pumping. It should be noted here that the
replenishment is not because of the monsoon recharge but it happens due to the level balancing
within the aquifer, between depletion in the pumped out areas unaffected non -pumped areas.
Unchanged chemistry of the brine quality, after the seasonal pumping pause, is the evidence of
such argument. Almost all the freshwater discharge from the rivers (Banas, Saraswati, Rupen etc.) orj
the eastern border of LRK gets evaporated rather than recharging the aquifer below the 10m thick
almost impermeable top soil. The aquifer, on the western side would open out far away from the
shoreline in the open sea. The level difference between the freshwater river discharge in the east
and the aquifer mouth opening in the sea bed in the west could be of the order of few tens of
meters against the distance between the two locations is few thousands of meters. Such hydrostatic
conditions under the confining impervious cover of more than 10m thickness can not affect the
brine chemistry. Some exceptional conditions of creeks and surface water pools may case recharge
and affect the chemistry at a very local scale. Periodic earthquake occurrences could affect the sand
bed conditions that, in turn, could affect the brine chemistry along the lines of disturbances.
However it may be noted that the brine chemistry has remained almost unaffected in spite of
centuryds |l ong extraction and natur al disturb

Here it is very necessary to make sure about salinity relation between the brine underground and
that of the top soil on the ground. It is very clear that the difference in the salinity concentration
between the brine and that of the top soil on -ground is very high. Chemical difference between the
two is required to be studied. Chemistry will indicate the source of salinity; whether it is common or
different. Depth and extent of capillary movement of the salinity in the top soil can be ascertained.
And if that its connection with the brine at 10m depth is possible or not can also be ascertained.
Further, the top soil on the ground is subject to sea water by way of tide, wind and undergroun d
ingress. River discharges would also contribute some salinity as brought from the upland. Amount
of all that different salinity from different sources need be ascertained and be compared with the
chemistry of the brine. Physical and hydraulic properties of the different soil layers from top to
those hosting the brine also need to be determined to help establish relations between the brine
with the surface salinity. Geomorphic mapping of the LRK can also help understanding the pattern
of surface water movement in terms of trends of salinity transfer. Once the relation between the
brine and the top soil is established it would help in planning for the course of development of the
brine resource and the land resource. It will open several options at local scde & regional scale.
Personal Comm. (Prof P. P. Patel, Retd. Professor, Geology Dept., MS University, Baroda)

5.3. Tourism in LRK

LRK landscapeis amenable to various forms of tourism services for various reasons It has unique
wildlife values thanks to vast tracts of flat wilderness of Rann, magnificent mirage effect,
population of wild ass, diversity and abundance of migratory and resident aquatic and t errestrial
birds like cranes, flamingos, pelicans, houbara bustard etc. Other than the wildlife, the landscape
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also provides several sites of cultural, archaeological and religious values(Table 5.18). Tourists
visit the place because of allthese aspects rather than for any one thing in particular .

Table 5.18: Key features of LRK that have educational and recreational value for tourists

Key Values Description
Seasonal fRecogni sed as O6Wetland of National
wetlands 1 Aquatic birds of importance for tourism

1 Habitat for aquatic biodiversity

1 Important spawning, nursery/ feeding ground of prawn ( M. kutchensis-
endemic) and other fish that migrate from GoK.

1 Habitat for aquatic migratory birds

1 Breeding sites of Lesser Flamingos

Dry Rann/ 9 Mesmerizing landscape/ mud flat and salt pan

mud flat 1 Habitat of Indian Wild Ass

1 Importance of tourists for wild ass and other wild species like chinkara,
blue bull, hyena, wolf, Foxand desert cats etc

9 Halophytic vegetation (Suaedaand many grass species)

Bets 9 Tourists importance of Mardak bet

1 Habitat of Indian Wild Ass

1 Habitat for threatened terrestrial birds like Houbara Bustard

9 Pung bet - the largest bet in LRK

1 Religious and sacredplaces (temples in Bachharaj in bet)

1 Traditional habitation in Nanda bet

Dhassi 1 Of-late, of lesser importance for tourists

1 Important for fishers communitie s for temporary settlements and fishing

1 Habitat for terrestrial flora and fauna

Creek 9 Not important for tourists activity yet, though it is life line for very survi val

System of LRK wetland

9 Through creek, saline water travels from G and maintain a unique
brackish water habitat

1 Provides habitat for fish species and fisheries for communities

Fringe areas 1 Gaining importance for tourists

9 Tourists resorts established especifly on the eastern and southern regions
of LRKsupports vegetation and human habitation

9 Provides habitat for wild life

9 Around 43% of wild ass inhabits the fringe area (Management Plan for
WAS, Dept of Forest, Gujarat, 2014)

1 Grazing of livestock (local and migrated)

However, despite these values the potential for tourism development is not fully tapped in the

landscape. There are quite a few private tourism complexes that provide facilities for wildlife and

nature viewing. While the number of tourists is growing over the last few years, yet considering
its vast potential, the numbers are too low to sustain tourism as an industry.

The major factors that attract tourists are flamingos, wild ass, LRK landscape and other biological
diversity. There are 6 functional private resorts that provide tourism facilities in LRK. During our
field visit we observed many new resorts coming up in the fringe areas of LRK mainly near its
eastern parts.
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Currently, tourism activities and servicesare conducted and provided by private tour operators. In
the year 2013-14 total tourist inflow to LRK was 11,587; among them, 10,402 were Indian and
1,185 were of foreign origin (Fig. 5.16,

100000
Table 520). The decadal compound m Indian

growth rate is about 24 per cent. In 10000 B Foreign

LRK, generally private resorts (tour

operators) take permission from Forest 1000

Department by paying an entrance fee.

There are 3 entrance points from 100 +

Number of Tourists

where tourist can enter (Bajana,

Dhrangadhra and Rapar). Moreover al

there are no tourist zones in LRK,and
it is up to the private tour operators 2001-02 02-03 0304 04-05 0506 0910 1011 11412 1213 13-14
where they want to take their tourists.
In LRK the tourism activities aremainly | Fia. 5.16:Number of Indian and Foreian Tourists
restricted to winter season. Therefore,

tourism .act|V|ty i LRK Is quite Table 5.19: Growth of tourists in LRK
seasonalin nature. Year Indian | Foreign Total
54 Conclusion 2001-02 359 15 374
2002-03 1485 11 1496
Based on discussions presented in this 2003-04 1103 17 1120
chapter, it is clearly established that 2004-05 1379 12 1387
LRK support two major primary ;ggggs 431833 222 i;gj
production systems - the prawn and
salt. Of these two systems while prawn ;giig i;g; ?22 2222
production is empirically proved to be 2012-13 8376 1440 9816
associated with the ecosystem 2013-14 10402 1185 11587
functions of wetlands formed in LRK, | oy cGR2001-02 10 13-14 | 27.00 36.37 |  27.61
the salt production system perceived | o5 CGR2004-05 to 13-14 | 22.43 58.29 23.65
to have clear associations with |Source: Wild Ass Sanctuary Office, Dhrangadhra

wetl andds e c o dnyertandlynthessalrworksdneLRK are actually operationalon those
wetland beds which get drier in post-monsoon months. Also, recently tourism sector is growing
rapidly, which is heavily relied upon health of wetland ecosystem and associated biodiversity.

Therefore, in subsequent sections, economic valuation of three of the use-values of LRK wetlands
is described. These include, production ofprawn and salt, and biodiversity based tourism.
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6. Biodiversity of LRK

6.1. Bio-geographical Settings

The Little Rann of Kachchh LRK) is considered a unique landscape due to its marked seasonal
dynamics of dry and wet phase. Also, the sheer size of the area (i.e. about 00 sq km) with
particular reference to its flatness, makes it a distinctive landscape in the country. Barrennessis
widespread and found in the form of saline desert, stony and rocky areas, sandy patches etcBio-
geographically, the LRK landscape is a confluence zone of three major Biotic Provinces (a) 3A
Kachchh Desert (b) 4B Semiarid Gujarat-Rajwara (c) 10AWest Coast (Rodgers and Panwar,
1988).

In terms of understanding its biodiversity, the LRK landscape is very poorly studied and
researched. There are only few studies undertaken in the past dealing with the inventories and
other concerns of biodiversity conservation in LRK landscape (e.g. Parvez, 1990; Shah 1993; GEER
1999; GEER 2006; CESC, 2007; Dixit et al. 2008, Dave, 2010).

6.2. Physiographic Diversity

As described earlier, the LRK landscape is an amalgamation and interaction of four major
physiographical entities:

() The saline flat land -the Little Rann. The soils are heavy and contain high quantity of
sodium salts and thus high salinity. Several ephemeral rivers like the Machhu, Brahmani,
Kankavati, Falku etc. from the south and Banas, Rupen and Saraswati fromhe north and
eastern parts discharge their water during the monsoon.

(i) Bets and Dhasis. These are sandy or rocky and salt free slightly higher grounds amidst the
Rann. There are 74 such bets and of this Pung is the largest and Mardak is the highest ones.

(i)  The fringe. They are saline & sandy transitional area between low lying Rann & the village
uplands. In terms of vegetation and habitat types, this is the most diverse area. The fringe
further extended into larger undulating watershed upland area of villages, which are either
under rainfed cultivation or common or open access property use system including low
productive pasture lands

(iv) Tidal creeks. Thesere in the south-western corner of LRK and link with Gulf of Kachchh.

The physiographical variations coupled with seasonal dynamics of dry and wet phases create
mosaic of habitats supporting different vegetation types and thus rich biodiversity values
including many rare and endangered species.
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6.3. Vegetation & Plant Diversity

GEER (1999) reported 11 different foest types from LRK landscape. These are found mixed in
di fferent combinations and broadly form
savanna, scrublands and marshlands. Later, CESC (2007) reported different vegetation types and
their key characteristic from LRK (Table6.1).

Table 6.1: Vegetation types and their characteristics

Vegetation Type

Major Location and Characteristics

Prosopis julifloraforest

Entire Rann fringe, almost all the bets, villagegrazing lands
(Gaucharg, wastelands. Seed dspersal mainly by the livestock and
herbivorous grazing. Spread rapidly and forming dense thickets

Salvadora persica Suaeda
nudiflora Scrub

Mostly in saline periphery of few bets including the Dhut bet

Cassia auriculatascrub

Mainly in the village wastelands

Salvadora persicaTamarix
scrub

Saline periphery of few bets

Suaeda fruticosascrub

Entire Rann fringe and saline periphery of bets like Saheblana,
Dhut, Khijaliya, Lai etc. form association with saline tolerant
grasses and herbs likeAeluropus kgopoides Cressa cretica

Capparisscrub

Interior parts of bets and less saline fringe areas and village
surroundings

Short grasslands

Patchily on bets and other open areas in the village-ward fringes
and village Gauchars

Saline grasslands

Vast extent in the southern fringe areas and on bets having saline
alluvial soil. Aeluropus lagopoidesis the most dominant grass.
Wild ass feed on these grasslands. In certain areasJrochondra
setulosaform the patches.

Saline herbaceous

Almost pure patches of Cressa cretica in the Rann mudflats, which
local people collect for fodder purpose. Also, vast areas in the
fringe and saline periphery of bets are covered by patches of
Sueada fruticosa. Wils ass feed on the plant

Marsh

Patches of Cyperus species (Theg) arpresent in the waterlogged
areas. Its bulbs are the major food for cranes and many other
birds and reptiles.

Mangrove scrub

Patches of Avicenia marina are found in the creeks near the
Surajbari area.

Source: GEER (1999); CESC (2007)

four

In general, the vegetation is very sparse, except in fringe and Bets where bushy and thorny

vegetations are common and constituted by Prosopis juliflora and other natural species like

Suaeda nudiflora, Tamarix troupii, Salvadora persica Capparis decidua. Ground vegetation is

predominantly found during monsoon season. Despite severe natural constraints there were 253

plant species reported by GEER (1999). These include 157 herbs, 37 grasses , 23 shruth8, trees

and18 climbers and twiners. Quite a few of these species are eported as threatened in BCPR
CAMP Workshop in 1997 (Table6.2).
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Table 6.2: List of threatened plant species of LRK landscape
Species Type Global Threat Level
Aeluropus lagopoides Grass En
Urochondra setulosa Grass En
Arthrocnemum indicum Herb Vu
Suaeda maritime Herb En
Polycarpea spicata Herb ?
Suaeda nudiflora Shrub En
Tamarix troupii Shrub En
Commiphora wightii Small tree ?
Source: GEER (1999)

6.4. Habitat Diversity

CESC (2007) presented a detailed classification of wildlife habitats for LRK ands ecologically
connected systems and identified more than 35 wildlife habitats. It is important to understand
that such diversity is the outcome of a natural matrix of physiographical differentiations and
seasonal dynamics of dry and wet phases $ee Fig. 3.3). Some of the important terrestrial habitats
include dry saline barren desert of Rann; Prosopis juliflora thickets, Salvadora persicascrub &
Suedathickets; Saline grassland; etc. Similarly, there are quite a many types of aquatic habitats
including, brackish and fresh water shallow wetlands with or without vegetation; rivers, reservoirs,
ponds and check-dams; creeks, mud flats and mangrove scrub; abandoned or operational salt
pans; fallow and cultivated agriculture lands etc. Importantly, these habitats while supporting
various flora and fauna, including many rare and endangered species, also provide opportunities
to local population to extract different wood and non -wood resources

6.5. Faunal Diversity

Above descriptions clearly suggests that diverse vegestion types and strong seasonal dynamics
of wet and dry phases create mosaic of habitat conditions in LRK landscape which support a rich

assembl age of f aunal -pshpaesceibe sof Whhd eRarhne pdrdawi de

S

endangered mammalian species such as Wild Ass, IndianGr ey Wol f @thasedi i s e&weta

important for the bird species such as Lesser Flamingo, Greater Flamingo, Dalmatian Pelican,
Painted Stork, Eurasian Spoonbill, Black necked stork etc. Many of these species are globall

threatened and also endemic to either India or even to the LRK landscape (GEER 1999). A
summary of the list of faunal species is presented in Table6.3.
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Table 6.3 : Summary of faunal diversity in LRK landscape

Taxa Total No. Rare & Threatened Species@
of Species

Zooplanktons 25

Crustaceans 11 Metapenaeus kutchensig

Insects 24

Molluscs 12

Spiders 27

Fish 21

Herpetofauna 29 Lissemys punctata(Indian Flapshell Turtle);Geochelone elegangStar
Tortoise); Uromastyx hardwickii (Spiny-tailed lizard); Varanus griseus
(Desert Monitor); Varanus bengalensigCommon Indian Monitor);
Elaphe helena(Trinket Snake)*;Echis carinatus(Sawscaled Viper)*;
Ophisops microlepis(Skink)*

Birds 178 Pelecanus crispugDalmatian Pelican);Marmaronetta angustirostris
(Lesser Flamingo)Aythya nyroca (Ferruginous Duck);Rynchops albicollig
(Indian Skimmer); Grus antigone (Sarus Crane)Phoeniconaisa minor
(Marbled Teal)Chlamydotis undulata (Houbara Bustard);Platalea
leucorodia (Spoonbill); Falco tinnunculus (Kestrel);Falco peregrinus
japonensis(Peregriene Falcon)

Mammals 33 Equus hemionus khur(Indian Wild Ass) #; Antilope cervicapra(Black

buck); Gazella bennetti(Chinkara);Canis lupus(Wolf); Hyaena hyaena
(Hyaena);Vulpus bengalensisf®Common Indian Fox);Vulpes vulpes
pusilla (Desert fox), Feliscaracal (Caracal);Felis sylvestrigDesert Cat);
Mellivora capensis(Honey Badger);Manis crassicudata(lndian Pangolin);
Paraechinus micropus(Pale Hedgehog);Hemiechinus collaris

(Longeared Hedgehog)

@ Rae and threatened status based on BCPPCAMP Workshop (1997), IUCN Red Data book and
Wildlife Protection Act.; # Endemic to LRK Landscape; * = Endemic to India
Source: CESC (2007)

6.6.

Biodiversity of Significance

While it is understood that in a given ecosystem all the species and habitats has important roles

to maintain ecological integrity though their structural and functional characteristics, in the

context of LRK, following are considered as rich and unique values (USP) of biodiversity of LRK

and its asscciated system:

1. Last remaining population of Wild Ass using different habitats & large extent of LRK.

n

Good network of shallow wetlands and record of large assemblage of birds daquatic and

semi-aquatic, including many rare and threatened ones

N oo g M w

Nesting ground of Lesser flamingos one of the very few sites in the world

Large congregation of cranes and other migratory bird species

Fish and prawn diversity including endemic prawn speciesd Metapenaeus kutchensis
Unigue assemblage of salt tolerant plants (halophytes) in the fringe and bet areas

Saline grassland- Urochondra setulosa & Aelurpus lagopoides (dolri) grass
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6.6.1. WILD ASS

Last remaining population of Wild Ass (Equus hemionus khuy is found only in LRK and its fringe
areas.Because of their overall influence on the landscape and its resources, they are considered

as the 6flagshipbd species. Hi storically, Wd I d Ass
west India including the Pakistan. 4200 - 2g63 4038
Today they are more or less restricted 1500 | 3500
to the LRK and thus corsidered as 2940
6endemicd to the |g”
however, animals are dispersed out %2100— 2000 1989 2072
towards the north and south-east of |2 1400 1
the LRK to the Bhal region another 870 720
700 4 362

saline flat tract. It is well documented
that in 1963 the population of wild ass
was sitting at the verge of extinction as

O -
Year 1946 1960 1962 1963 1976 1983 1990 1998 2004

Year

just 360+ animals were left-remained in

Fig. 6.1 Wild asspopulation trend in LRK

wild. However, population starts
recovering from that lowest point and

reached to about 3863 animals in 2004
(GEER 1999; Figs.1). Wild ass in LRK is

a remarkable story of population :
recovery mainly due to its adaptability
and most importantly the absence of
any natural predator. Within LRK, wild
ass predominantly uses bets, fringe and |
Rann  areas, suggesting their [
importance and critical roles in the life- A

cycle of wild ass. Census repeated at
every five years clearly suggest that population is dispersing and moving out of LRK area.

6.6.2. WETLANDS AND AQUATIC BIRD DIVERSITY

As discussed earlier, while LRK is dry and dusty for most part of the year, after the rains, it
transformed into large shallow wetland. Soon after, the water contiguity breaks at many plains
and then creates many smaller pools of water bodies. While on the fringe areas there are many
natural depressions which get filled during monsoon and turned into wetland. In addition to that,
smaller reservoirs and many large checkdams also stored runoff water and provide habitats for
many bird species. On the Surajbari creek side, tidal water regularly inundate the low lying
marshlands and smaller creeks and thus create vast stretches of mud flatswhich support habitat
for many species of birds, fish, crustaceans etclt is important to note that these water bodies /
wetlands are quite diverse in terms of their size, depth, salinity and other water qualities,
seasonality, connectedness etc. Due tosuch structural diversity in wetlands present in LRK
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landscape, they attract large number of migratory waterfowls. Following are the typologically
different wetlands present in LRK landscape:

1 Natural shallow open water, solely or mostly formed by rain water e.g. Bajana, Tundi &
Savla

1 Natural shallow open water, formed by mixing of rain and tidal waters eg. Nanda and
Shedwa.

1 Natural shallow water formed mostly by rain water with some mixing of tidal water and
with herbaceous cover e.g. wetlands near the souhern fringes

1 Man-made shallow waterbodies in the bets e.g. Pung, Mardak, Wasraj Solanki etc.

1 Man-made reservoirs and checkdams near human habitations mainly for irrigation
support

9 Tidal water near creeks e.g. Surajbari

Some of the important wetlands in the LRK landscape include Bajana, Nanda, Shedwa, Nava
Talav, Tundi, and mudflats of Surajbari.Bajana wetland (Commonly known as Bajana Creek) is a
large, linear shallow wetland, support more than 50 species of birds. Dalmatian Pelican, Lesser
and Greater Flamingoes, Plovers, Shovellers, Coot, Avocet etc. are visiting this wetland in large
numbers. Common cranes feed on the seeds of Cyperus sp. (locally called Theg) that grows in the
draw-down areas of the wetland. Similalrly, slightly deeper wetland between Tikkar and Mandarki
along the southern fringe of LRK support many species of aquatic birds including flamingoes.

Due to such diversity in the wetland configuration, a total of 97 aquatic bird species were
recorded from the landscape (GEER 1999). It ismportant to highlight here that out of total 97
species, 73 were reported as winter migratory. Among the species, seven are reported under rare
and threatened categories (Table 6.3). Lepage (2014) reported 318 bird species form LRK
landscape, including 117 aquatic species. A total of 18 species were reported under globally

threatened categories.
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While the Shoveller (Anas clypeatd, Lesser flamingo Phoeniconaias mino), Grater flamingo
(Phoenicopterus rubej, Demoiselle cranes Anthropoides virgo, Common cranes Grus grug,
Spoon bill (Platalea leucorodia), White Pelican Pelecanus onocrotaluy Coot (Fulica atra) etc. are
the most abundant species, some other species of conspicuous presence include, Wigeon Anas
Penelopg, Pintail (Anas acutd), Avocet (Recurvirostra avosettd, Blackwinged Stilt Himantopus
himantopus), Blacktailed Godwit (Limosa limosg, Slenderbilled Gull (Larus gene), Whiskered
tern (Chlidonias hybrida) etc.

Despite pronouncing their conservation significance globally, the wetlands of LRK landscape are
very poorly understood. GEER (1999) did a comprehensive inventory of these wetlands and status
of their bird fauna but after that no serious efforts had been made to undertake such aquatic bird
inventories.

6.6.3. NESTING OF LESSER FLAMINGO

According to global single species action plan prepared for Lesser Flamingo (Phoeniconaias
minor), the species is mainly occurs in 30 countries from West Africa, across sutSaharan Africa
and along the SW Asian coast to South Asia (Childress et al 2008). blwever, its global population
is concentrated only in 12 primary range states including India where regular breeding is
confined to only five sites in four of these countries including, one each in Botswana and Namibia
and Lake Natron and two in India. Most importantly, both the Indian sites are located in the Little
Rann of Kachchh (Zinzuwada and Purabcheria salt pans). This fact itself highlights global
conservation significance of LRK.

In LRK, large number of Greater and Lesser Flamingos used varioustations of landscape for
making their nesting mounds. In 1998 between Jhilandar and Wasraj Solanki bets, between 7675
thousand lesser flamingos were reported from a nesting colony that spread over 250 acres. The
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average height of nest mound was around 30 cm. This site is regularly used for nesting purpose

by Lesser Flamingos. However, there are reports of nest abandonment, on regular basis. The site

is located very close to the water channels of Saraswati and Rupen riversThe selection of this

nesting site seems to have advantage of getting good amount of fresh water by two rivers and

thus maintain some minimum water dept h. GEER (19
around the nests are favorable for nestelltag acti:
imageries reveals that other nearby areas are either receiving heavy water flow or gets dry very

quickly, risks to survival of eggs and chicks. So the birds choose a very optimum site for breeding

purpose. Water levels are also critical to succesdil breeding. If the level is too high, the birds are

unable to build their nests. If it is too low, terrestrial predators are able to reach the nests and

destroy the breeding attempt. Considering that water inundation is critical for the success of

breeding, it is important to maintain, and restore favourable hydrological conditions and water

quality from Saraswati and Rupen rivers.

Another breeding and nesting site of lesser and greater flamingos was recorded near the
Cherwari village near Surajbari creek where a population of about 12000 flamingos were
recorded (GEER 1999). Mundkur et al. (1987) suggested that this site was also a traditional
nesting area of the flamingos.

6.6.4. CONGREGATION OF CRANES

Common and Demoiselle crane are other migratory species which used various habitats (both
aquatic and terrestrial) of the landscape in large numbers. The cranes were reported using
wetlands like Nanda/ Shedwa, Bajana and Nava talav in huge numbers (GEER, 1999). In the 2005
state level waterfowl census, a total of about 11500 cranes were reported just from the
Dhrangadra, Halvad and Dasada taluka in Surendranagar district (Uday Vora, Pers. Comm.). It is
important to mention that many
migratory species including Common and
Demoiselle crane generally congregate in
large number before starting their return
journey. In this context, saline tract of
Ramgiri-Majethi- Rajpur, near Bajana, fEST*
support area for large pre-migratory
congregation of common cranes.

6.6.5. FISH AND PRAWN

The seasonal dynamics of mixing of tidal

water from the Gulf of Kachchh and the
nutrient and silt-loaded monsoonal runoff water in the vast expanse of LRK, support very rich
diversity and abundance of brackish water prawn and fish species. There are report of 11 species
of prawns and 22 species of fish from the LRK landscape (GEER 199%letapenaeus kutchensigs
an endemic prawn species that occurs only in the Gulf of Kachchh and used the vast flooded
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expanse of LRK as their nursery ground. Among the different sites in the entire Gulf of Kachchh,
Parvez (19D) reported the area near Surajbari as the best site for this species. Among the fishes,
the landscape support many commercially important species. The Hilsa ilisha (Indian Shad) and
Hilsa toli (Giant Herring) are reported from the landscape. However, interaction with local
fishermen and fish-traders revealed that till mid 1980s they had good catch of these fishes but
now these species are not found in the waters of the LRK landscape. The damming of Banas river
and thus reduced fresh water flow in the LRK ®ems to be the major factor of their
disappearance.

6.6.6. HALOPHYTIC SPECIES ASSEMBLAGE

LRK being a saline tract provide limited ecological window for plant species to adapt. Different
assemblage of halophytes (i.e. salt tolerant plant) is, therefore, uniquenes of LRK. There are two
major halophytic assemblage recorded in LRK. First, that forms vast tracts of saline grassland in
certain fringe areas of LRK. Two dominant species species vizAeluropus logopoides and
Urochondra setulosaalong with other halophyti ¢ species like Cressa creticaand Scirpus species
forms their association in different proportions at different locations. These grasslands are
important habitat for wild ass especially during the winter and summer period. Also, good
numbers of raptors like kestrel, peregrine falcon, shikra, pale harrier, tawny eagle etc were also
reported using these grasslands in different seasons. Also, during the first monsoonal shower,
when new shoots grows, cattle graze on these grasslands, and thus have livelihood likages, too.

In the bet area, especially those parts which inundates during monsoon, salinity is generally high
compared to interior slightly higher elevated portions. In the higher saline areas halophytic
succulent plants species likeSuaeda nudiflora(locally known as Unt morad), Suaeda fruticosaand
Suaeda meritima (locally known as Morad) forms association. Among them, the S. nudiflora is
taller shrub and rare species, while other two species are herbaceous in nature. Such assemblage
of halophytes is unique botanical and vegetation feature of LRK. Importantly, these species
provide rich source of food to wild ass population of LRK.

6.7. Major Threats

Despite having a rich and unique biodiversity assemblage, LRK face many proximate threats.
Based on understarding derived from this study and also by reviewing relevant literatures, many

proximate causes for biodiversity losses can be recorded. In most of the cases these proximate
reasons are emerged from different types of direct competition for resources in tim e & space

domain. Some of these causes are

1. Degradation of bets & fringe habitats mainly due to excessive grazing &, as a result of
this, the spread of Prosopisjuliflora. In certain bets, the problem of soil erosion also found
in greater extent.

2. Fragmentation of Rann desert mainly due to unregulated spread of inland salt-work
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3. Degradation of wetland habitat mainly due to change in hydrological regime
4. Degradation of creek habitat mainly due to blockade and diversion for marine salt-works

5. Human-wildlife conflicts in the form of crop depredation by wild herbivores & lifting of
sheep and goats by wolf

6. Emergence of Narmada canal based irrigation in immediate catchment of LRK

7. Local peoplebds antipat hy t epartieipatiob im samgbrvatoons er v at
practices

While these threats directly or indirectly impact the floral and faunal diversity of LRK landscape
including terrestrial and wetland systems, it is important to understand that the root causes of

many of these problem lies in complex interplay of socio-economic, legal and institutional

aspects which more than often operate at larger landscape level, way beyond the LRK
boundaries. In the context of this study, some of the root causes which undermines the,
development and conservation of biodiversity and other important natural resources include:

1 Legally, ron-settlement of boundaries of PA (Wild Ass Sanctuary) and associated with
that the rights and privileges of local communities mainly the salt producers (known as
Agariyas) and fishers. Thus, both sdt work and fishing activities are going on unabated.
Legal issues aside, lack of credible scientific evidences of impacts of these activities on
key biodiversity indicators, create further ambiguities and confusions among the local
people who press for right of resource use in LRK.

91 Due to its sheer size, there are werlapping administrative jurisdictions and promotion of
cross-purpose landuse practices under different sectoral plans, which often complicate
the ground situations for ecosystem management and biodiversity conservation.

1 Vigorous policy pushing of rainwater harvesting in the catchment areas through irrigation
dams and checkdams affect the water flow into LRK and thus jeopardize the ecological
health of wetlands and its derived goods like produ ction of fish and prawn.

9 The land and water areas of Surajbari creeks face unregulated expansion of marine sait
works and other small port & jetties. This is mainly due to overlapping jurisdiction of area
between Forest Department, the Revenue Departments Gujarat Maritime Board and
Kandla Ports and lack of coordination between these agencies. Further, being a critical
link between Kachchh and Saurashtra, many infrastructure projects pass through this
area. Despite such multidimensional pressures, there & no long term land -use planning
for this ecologically critical area.

1 Considering the size of the LRK and presence of many stakeholders on land and water
resources, not only from LRK limits but also from its associated landscape, there is
growing voice for participatory management approach. LRK is part of a PA and is
managed and administered by Forest Department alone. The lack of institutional space
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for participation and decision making about LRK and its resources, actually create greater
antipathy towards current PA management system.

1 The study of GEER (1999) observes that expansion of salt zone may adversely affect the
very conservation objective of creating of Wild Ass Sanctuary. Further the study identified
a few possible impacts of salt work on wildlife including habitat loss, hindrance in the free
movement of wildlife, increase in disturbance level and threat to breeding site of
flamingo. It is also indicated a high opportunity cost of conservation in terms of forgone
access to the ecosystem for livelhood uses (CESC, 2008). In addition to this, the study
argues salt production and storage activities might adversely affect the wildlife. The study
of Bharwada and Mahajan (2008) suggests that
food and water needs as salt pans are made in the areas where nothing grows.

6.8. Existing Management Efforts

As discussed above, while there are several root causes for degradation of LRK, current
management focus is mainly to address proximate causes. In other word, insteadof tackling the
root causes, efforts are mainly towards handling the symptom. One of the major reasons for this
lies in different sectorsd attitude of ©6édworking
sole administrator of LRK (ad PA), does ot have any mechanism in place to engage other
sectors, while other sectors are not keen to be part of this due to several bindings imposed
through legalities of PA. Since, LRK is a sink area of larger landscape; they get affected by many
externalities coming from the catchment area. Ironically, there is no landscape level vision for the
LRK. Recently, however, under World Bankunded Biodiversity Conservation and Rural Livelihood
Improvement Program (BCRLIP), some beginning had been made to bring landscapein focus.
But, sofar, no clear landscape level governance and institutional arrangement had been evolved.
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7. Economic Valuation of LRK Wetland

7.1. Overview

Economic valuation is important for two reasons (Barbier, 1999). First, as the economic
contribution of wetland is often non -marketed, it is generally ignored in development decisions

and policies that affect the allocation of the resources and systems. Second, failure to take irto

account such environmental values may distort development and investment decisions, leading
to unnecessary and inefficient depletion, degradation and over-exploitation of wetland resources

and environments. The result can be a net loss of economic welfare to the society.

For this study, we attempt to value the key ecosystem senices of LRK wetlandsystem. Keeping in
view the general ecological structure and function of LRK wetlands three major ecosystem
services were identified for valuation purpose é maintenance of food chain, provisioning of salt
and supporting biodiversity :

1. For the maintenance of the food chain, we focused on prawn production, since it is an
overwhelmingly dominant species in the fish catch of LRK, is ecologically placed at theapex
of the food chain, and lends itself to analysis of its market values.

2. The saltproduction is supported primarily by the availability of dry land in the post -monsoon
period, seawater or underground brine (as the case may be) and seasonal flushing of the
waste from the previous cycle of production. Again, we applied the market value approach to
value the support of LRK for salt production.

3. For biodiversity, we measure both use and nonuse values Tourism for recreation and
education offer opportunities to measure use values by adopting the travel cost method
(TCM) The nortuse value incorporated existence and option values, was measured using the
contingent valuation method (CVM).

The methodological approach adopted is presented in Fig. 7.1.

This chapter is divided into three main sections (i) prawn production value, (ii) salt production
value and (iii) biodiversity values, which is further divided into two sub -sections & tourism and
existence and conservation value of biodiversity, with special emphasis on migratory birds.
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Maintenance of Supporting Salt Supporting Biodiversity

Food Chain Production Species & Habitat
Use Value Use Value Use Value Non-use Value
Market Value Market Value Travel Cost Contingent
Valuation

Fig. 7.1: Methodological approach adopted for the valuation of LRK wetlands

7.2. Use Value Prawn Production
7.2.1. APPROACH

To understand prawn fishing related issues and values in LRK landscape, we undertook Focus
Group Discussions with fisher communities and employed questionnaire-based household
surveys (see Chapter 4 onMethodology). Those primary surveys generated several critical

numbers which were then analysed

Total Biomass of M. kutchensis

in order to compute the gross

benefit and the net benefit per

annum. ? Fraction of biomass ? Fraction of biomass
captured in LRK that escape from LRK

It is important to understand that M.

kutchensis spends only a small part

. . . ? i i ? i i
of its annual life-cycle in LRK (about ? Fraction of biomass | |? Fraction of biomass that

o captured in GoK escape from GoK
2-3 months) and the remaining part
of its life is spent in other habitats
including mud -flats of creeks in GoK ? Fraction of biomass| | ? Fraction of biomass

captured in open sea | [that escape in open sea

and open sea water along the

northwest coast of India. However,

whichever area it uses,a fraction of Fig. 7.2: Biomass distribution ofM. kutchensisin and around LRK

it is captured by one or the other
fishing operation. Still, substantial M. kutchensisescapes catch to mature and finally produce the
next generation of M. kutchensis
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We believe that the stock of M. kutchensisfound and captured in GoK and open sea water is
critically dependent upon the LRK and thus some part of its biomass development needs to be
considered as a contribution of LRK ecosystem services.Effectively, thus, in order to capture the
total value of prawn fisheries of LRK (mainly the M. kutchensig, it is essential to examine their
capture in entire seascape or its distribution range.

Clearly, there are three potential biomass off-take areas for M. kutchensis (i) in LRK water (i) in
GoK waters and (iii) open sea watersAt each location, however, many individuals escape catching
efforts to move to the next area. The entire understanding of distribution of population / biomass
of M. kutchensisis presented in Fig. 7.2.

7.2.2. TOTAL PRAWN PRODUCTION POTENTIAL IN LRK

Keeping above discussion in view, it is important to appreciate that no data and study estimate
the total prawn production of LRK i.e. total catch in LRK and those which escape from LRK.
However, two separate data setsare available which can be useful in determining the same:

i. Total catch in LRKfew earlier studies and present study provide approximated values of total
catch (landing value) of M. kutchensisin LRK in different years.

ii. Escaped prawn: There are no systematic studies available which could provide this value.
However, it is believed that some fractions of those escaped prawns can be estimated by
examining the landing data of M. kutchensisin other landing sites that are located in GoK and
open sea sites. Summing of these landing data at different locations provide us a fairly good
estimate of volume of escaped prawns from LRK.Based on available data from various
sources, hnding sites of Surajbari, Navlakhi, Kandla and Okha (in GoK) and Mumbai provide
catch of paeneid shrimps including M. kutchensis

Accordingly, the total cumulative annual catch of M. kutchensisfrom different locations including
within and outside LRK s about 6,177 metric tons (Table 7.1).

Table 7.1: Summary of M. kutchensis catch from different locations
Catch in Tons
Site Year of Data Data Source . :
Average | Minimum | Maximum
LRK 1992 to 2009, |Deshmukh, 2006; Ghosh et al 3637.0 176.0 10925.0
2013-14 2012, present study

Surajbari [1977 to 2010 |[Rao, 1983; Parvez, 1990 534.8 10.7 1353.2
Navlakhi |2008 to 2013 |Fishery Department 72.2 11.6 114.5
Kandla 2008 to 2013 |Fishery Department 103.9 35.3 230.9
Okha 1987 t0 1988 |Joseph and Soni, 1990 1263.0 1153.0 1373.0
Mumbai |1990 to 2000 |Deshmukh, 2006 566.4 225.0 1648.0
Total Estimated Catch of M. kutchensis 6177.3 1611.6 15644.7
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7.2.3. ECONOMIC VALUE OF M. KUTCHENSD$ LRK

In order to ascertain the total value of prawn fishery (mainly of M. kutchensi§ of LRK, we
estimated two values. One is the value generated in LRK itself. Second, the value of1. kutchensis
that escapes from LRK and is subsequently caught at different locations outside LRK As
described earlier, for the present study purpose we ascribe 72%of the total biomass catch from

outside LRK waters, to the nursery value of LRK (see Prawn &duction section in Chapter 5).

7.2.3.1. Value ofM. kutchensigaughtin LRK

As discussed earlier §ee Chapter 5), in the LRK the catch of M. kutchensisgoes to the market via
two product streams. Fishers generallysell bulk of the ir good size prawn catch as fresh to a fixed
local trader. Also, most of the fishers convert some fraction of their total catch, generally smaller
size prawn, into dry and then sell it in the market. Thus, fishers realize the prawn value through
selling of both fresh and dry prawn. Some of the key values we used for the estimation of M.
kutchensisvalue in LRK is presented in Tabler.2.

Table 7.2: Important numbers used in estimating prawn value in LRK
Parameter Value

Average Sale price (Fresh Prawn) (2014) Rs.150 per kg

Average Sale PricegDry Prawn) (2014) Rs. 0 per kg

Proportion of total prawn catch converted and sold as 33%

dry prawn biomass

Requirement of fresh prawn biomass to convert into One 7 kg

kg of dry prawn biomass

Source:FGD & HH Survey,Present Study

Based on interviews of fisher families, present survey estimatesthat during the fishing seasons of
2013 and 2014, total catch of M. kutchensiswas 3 ; 3
6,747 metric tons and 3,617 metric tons, i

respectively. Of these, 2/3¢ is sold as fresh and
remaining 1/3" was converted as dry and then
sold. Interview of fishers also indicated that in
the year 2013 and 2014, the price at which they =
sold fresh and dry prawns was Rs. 280 per kg
and Rs. 20 per kg, respectively. However, it is
important to note that the trader collect and :
sold fresh prawns to fish processing companies =

directly from the landing centre and fetch a
price between Rs. 125150 per kg. The factory-gate price (rather than the landing site price) is
considered asthe sale price for fresh prawn.

The Gross Revenues from prawn fisheries at LRK (including fresh and dried prawns) stood at an
estimated Rs 745.78 million and Rs 399.75 million during 2013 and 2014 respectivelyThe Net
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Value of prawn fishry in LRK i.e. actual sale price minus the total cost incurred on prawn catch,
transportation and value addition is estimated (Table 7.3).

Table 7.3: Different costs of prawn fishing in LRK

Heads Unit Cost (Rs.)
Depreciated value of temporary hut 2581
Depreciated value of Boat 3049
Depreciated value of Katar net 4010
Depreciated value of Gunja net 1294
Depreciated value of Chattai net Rs. per HH per, 1139
Actual costs of wood stick s for putting the nets season 1703
Actual cost of diesel for prawn catch and transportation from
fishing area to landing areas 5800
Actual maintenance cost of fishing equipments 7800
Actual labour cost in prawn catch 18750
Actual cost of prawn transportation from landing area to
trader/ company procurement site Rs. per ton of 5000
Actual cost of Ice prawn catch 3200
Actual cost of management 85
Actual labour cost for prawn boiling & drying 14000

" Rs.per HH per

Actual cost of fuel-wood for prawn boiling season 2000
Depreciated value of prawn boiling vessels 540
Source:FGD & HH Survey, Pesent Study

Using above values, we estimated the cost of production, transportation and value addition for
each ton of fresh prawn catch and dry prawn sold for both 2013 and 2014 seasons

9 The oost for each ton of fresh prawn catch from LRK (including value addition in the form of
storage in ice) is Rs. 22183/- and Rs. 24417/- respectively for the fishing seasons during
2013 and 2014.

1 The cost of making one ton of dry prawn in LRK areais Rs.1.04 lakh and 1.20 lakhfor the
fishing seasons in2013 and 2014, respectively.

During the fishing season of 2013 and 2014, the Net Market Value of M. kutchensis(both fresh
and dried) was estimated to be Rs.612.9 million and Rs. 320.3 million respectively (Table 7.4)

The catch data from different sources reveal that between 1992 and 2014 (including estimates of
present survey), on an average 345 tons of M. kuchensishas been captured annually from LRK.
At 2014 values of cost and price, the average net value of M. kutchensisfrom LRK wetland was
found to be approximately Rs. 7.3 million per year.
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Table 7.4: Gross and net market value of M. kutchensis catch from LRK wetlands

Total Gross Market Avg. Cost Net Market Value

Fresh |Sale as| Sale as Value (Rs. Per Ton) (Million Rs)*
Year |Weight| Fresh | Dry (Million Rs.)

Catch | (tons) | (tons)# | As As As As As As

(tons) Fresh | Dry | Fresh Dry Fresh | Dry Total

2013 6747 | 4474 325 671.10| 74.68 | 22183 | 103555 | 571.9 | 411 6129

2014 3617 | 2398 174 | 359.70 | 40.05 | 24417 | 120149 | 301.2 | 191 320.3

Avg. of | 3645 | 2442 172 366.3 | 39.53 | 29165 | 158800 | 295.1 12.2 307.3
17yrs**

* as per 2014 market price
# For making 1 kg of dry prawn, it need 7 kg of fresh prawns
** Catch data of 1992 to 2000, 2004 to 2009 & 2013, 2014

7.2.3.2. Valueof M. kutchensi€atchoutside LRK

As described earlier, a largeproportion of M. kutchensisprawns escape from LRK catch and entes
into the GoK and other coastal waters, where some fraction of these are caught at different
locations. Thus, in addition to average annual catch of 3,645 tons in LRK, another average 540

tons of M. Kkutchensis is 20000 - - 1200
Outside Catch Catchin LRK  =#=Rainfall

reportedly caught from GoK
and open sea water (see 16000 - - 1000

Table 7.1). While we discuss - 800

average numbers, we need to 12000

remember that there is major 800

Catch in Tons

8000 -

Rainfall {in mm)

year to year variation in | 400
landing volume and mainly

4000
determined by rainfall (Fig. r 200

7.3).

1992
1993
1994
1995
1996
1997
1998
1999
2000
2004
2005
2006
2007
2008
2009
2013
2014

Based on an understanding

Data Year

of length and biomass gain in ) _ — _
Fig. 7.3: Estimated catch ofM. kutchensiswithin and outside LRK

M. kutchensis it is estimated
that LRK actually contribute almost 72% of the total individual growth of matured prawns that are
caught outside LRK waters.Thus for the purpose of this study, we impute 72% of the total catch
of M. kutchensisoutside LRK actually to LRK.In other words, out of total 2 540 tons of M.
kutchensiscatch outside LRK, about18 28 t ons can be asnoursenpreled t o LRKOSs

Recent annual report of State Fisheries Department (201112) revealed that the landing site sale
price of one kg of fresh weight of M. kutchensiswas Rs. 68.20 per kg which is adjusted to Rs. 75
per kg for 2014 fishing season. At this current price, thus the average gross annual value of M.
kutchensis which are caught outside LRK,was found to be around Rs. 137.16 million per year. It is
also important to mention here that in open marine system the operating cost of fish capture is
about 25% of the total value (Dixit et al. 2010). Thus, if we deduct the operational cost of prawn
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fishing in the area outside LRK, the net market value of prawn is found to be Rs. 102.82 million
peryear,rThi s value can be attri but eides and cahlieladdedtoe col o gi
LRKS sursery value. It is important to state here that these values are not considered final, as data

of many landing site within M. kutchensisescape zone were not available.

7.2.4. TOTAL PRAWN CAPTURE VALUE OF LRK

Finally, LRK wetlads through its nursery ground for M. kutchensisby maintaining the food -chain,
generate a total net annual monetary value of Rs. 410.14 millions (direct fom LRK wetlands — Rs.
307.32 million; attributed catch value from escape zone — Rs. 102.82 million).

7.3. Use Value Salt Production
7.3.1. APPROACH

To understand salt production related issues and values in LRK landscape, weelied heavily on
secondary data avail abl e ©urashof Braduction Gatanstbasedanon ds o f
recently conducted studies and interactions with key informants o both salt manufacturers and

salt traders.

For estimating the value of salt production in LRK we apply simple market value approach, where
the salt is used asa production good and market price a determinant of the value of ecosystem
good.

7.3.2. VALUE OF SALT PRODUCTION IN LRK

Salt production is a seasonal activity, where the produce is marketed for both industrial as well as
domestic consumption. For domestic consumption, however, they need to undergo an iodization
process. Often the product goes in bulk, mostly through rail or trucks. At the LRK level, the value
of raw salt flows to two sets of people d Agariyas (the salt producers) and financiers-cum-traders.
Both bear some costs towards the production and also for storage, transportation, iodization etc.

As mentioned earlier, LRK producal an average of about 30.8 lakh tons of salt every year
between 2008 and 2012 In 2014 the landing site market price of salt was around Rs. 500 per ton
(this is the price the traders sold to the industries and other bulk purchasers). At this price, the
gross market value of salt production in LRK is about Rs. 1539 millions.

The net value of salt production in LRK is obtained by deducting the total cost incurred on salt
production, storage loss, transportation and value addition (mainly iodization). Based on
discussions with many salt producers and traders and information in recent reports (e.g. Bharwad
and Mahajan, 2008; Sathyapalan et al, 2014) we estimated different costs for 2014 season(Table
7.5). The cost was converted into per ton basis, and for that, we consideed a salt pan of 10 acre
to be producing an average of 1,600 tons (between 1500 and 1700 tons) of salt. Accordingly, for
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each ton of salt production, the total cumulative cost is estimated to

words, the net value of one ton of salt produced in LRK is Rs. 225.50

be Rs. 274.50.In other

Table 7.5: Different costs of salt production
Heads Cost (Rs. per ton)

Total labour cost (hired) 11.80
Total labour cost- family 42.80
Fuel cost (diesel for pumping the underground brine) 83.30
Other cost for production (pump maintenance, zipta plant, minor

equipments, construction and maintenance of hut, pipes etc.) 6.60
Transportation, storage loss and value addition costs 130.00
Total Cost 274.50

At 2014 values of cost and price, thus the average net value of salt production from LRK wetland

wasfound to be approximately Rs.694.3 million per year (Table 7.6)

Table 7.6: Gross and net market value of salt production from LRK

Average Annual
Production of Salt
in LRK (Lakh tons)

Landing site
market price
(Rs. per ton)

Gross market value
of Salt from LRK
(Million Rs.)

Cost of production
and transportation
etc. (Rs. per ton)

Net market value
of Salt from LRK
(Million Rs.)

30.8

500*

1539

274.50

694.3

* as per 2014 market price

It is important to mention here that the actual salt producers (the Agariyas) actually get only
about Rs. 170 per ton as gross value from traders and they incurred almost Rs. 145 as production
cost. Therefore, they get only a profit of Rs. 25 per ton, which is not very lucrative in any sense.
However, we can also see this in different perspective, where, the major gain to an Agariya family
is to get labour engagement for almost 6 months. That may be the driver for pushing them into
such hard endeavour, without any substantial season end savings.

7.4. Use Value; Biodiversity: Tourism

7.4.1. APPROACH

We estimated per capita travel costs of tourists visiting LRK, through a sample survey (see
Chapter 4 for detailed description of methodology ). The humber was then extrapolated to total
tourists visiting LRKin different years, separately for Indians and foreigners. Further, in order to
ng
and cultural values of LRK, perceptions were recorded and analyzed.

getabetter understandi of tr av edvis differerd bicligessityi ncur r e

7.4.2. PERCEPTION OF TOURISTS ABOUT LRK

As discussed in methodology chapter, we interviewed 38 tourists who visited LRKduring 2014-
15. The key characteristics of the respondent purists are given in Table 77.
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Table 7.7 : General characteristics of sample tourists

No of Sex % | Avg. | Avg no. of General Visit rate % Origin place
Sample | M F | Age | daysvisit | Oncea | Frequent Very |Gujarat | Indian [Foreigners
to LRK  |while visit| Visit frequent
N 38 28 | 10 38 16 15 8 7 28 3
% 74 | 26 | 39 2.47 41 38.5 20.5 19 73 8

The study sample covers 74 per cent male and 26 per cent female respondents. The average age
of the respondent is 39 years (range 16 to 80 years). The nature of tourists suggests that 8.5 per
cent of the respondents are frequent visitor to different places for recreation. Travel cost survey

covered 19 per cent from local (Gujarat) respondent, 73 per cent from national (other Indian
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States) and 8 per cent from foreign origin. It | I
is observed that tourists are staying minimum [ B ;
1 day to maximum of 5 days with average of
2.47 days in LRK for recreational activities.

It is important to note that over 92 per cent
respondents revealed that their decision to
visit LRK was quite important in their travel
itinerary. Further, we col | ect ed
perception on biodiversity of LRK and their
preferences to visit the place (scale of 16
rank). Perceptional analysis suggess that 76.3 per cent of respondent give a high rank to watch
flamingos and other migratory birds (Table 78). Respondents have also expressed their
preference fro wild ass, blue bull and other wildlife and the beauty of LRK landscape(Fig. 74).

Table 7.8: Tourists’ preferences for different biodiversity values of LRK

Values % of total Respondents

Rank 1 Rank 2 Rank 3 Rank4 |Rank 5| Rank 6 | No Perception

Migratory Birds 76.3 13.2 7.9 0 0 2.6 0
and flamingos
Wild ass 13.2 26.3 28.9 10.5 10.5 2.6 7.9
Blue bull 0 13.2 15.8 26.3 15.8 10.5 184
Other wildlife 2.6 26.3 10.5 18.4 211 5.3 15.8
Landscape 5.3 18.4 18.4 23.7 18.4 2.6 13.2
Rank 1 is highest preferred and rank 6 is lowest preferred

During our survey we collected touristsd perceptio
flamingos, wild ass, hyena and fox, gep safari, relaxation, salt pan, walking inRann, local food,

local culture, staying in huts and others (photography, hospitality). Around 72 per cent of tourists

gave high rank to watch flamingos and other migratory birds (Fig. 75). Around 54 per cent of

tourists gave a high rank to wild ass. This suggests that tourists valuethe two flagship species of

LRK(Table 79).

97



Importantly, the visitors gave high value to jeep-safari in LRK& wandering in the wilderness of
LRK landscape. In overall term, 55% oftotal respondent tourists reported very high level of
satisfaction in visiting the LRK. Similarly, majority of respondents (71%) emphasize that
biodiversity conservation effort in LRK need to be carried forward.

HHigh
B Migratory Birds B Moderate
70 BWild ass Less
Blue bull

W NoPerception

u Other biodiversity 40

40 + W Landscape 30

¢ <
Rankl ~ Rank2  Rank3  Rank4  Rank5  Rank6 No ¥F &8 & ¢ (’,)&Q o &
perception N

Fig.74:Tour i sts6 prefer ences||Fig. 75: Level of satisfactions with different activities
valuesin LRK in LRK

Table 7.9: Perception of important activities and satisfaction level
Activities High Moderate Low No Perception

Watch flamingo 71.8 15.4 2.6 10.3
Watch wild ass 53.8 33.3 5.1 7.7
Watch fox & hyena 38.5 12.8 10.3 38.5
Jeep safari 53.8 17.9 10.3 17.9
Relaxation 333 20.5 20.5 25.6
Salt pan visit 35.9 35.9 5.1 23.1
Walking in Rann 46.2 17.9 10.3 25.6
Local food 38.5 23.1 154 23.1
Local culture 35.5 20.5 10.5 38.5
Staying in hut 38.5 20.5 10.3 30.8
Others 17.9 2.6 0 79.5

7.4.3. TRAVEL COST AS RECREATIONAL VALUE OF LRK

The use value of biodiversity is estimated in terms of touristsdvisits to LRK and their travel costs.
More the travel cost, more the value assigned to the site and its various biodiversity elements.
Total costs include different fares and fuel charges (e.g. plane, train, bus, ca); all the
accommodation costs, food, entrance fee and purchase of souvenir items. Travel expenses vay
depending upon distance travelled and number of days stayed in LRK.Per capita travel expenses
are Rs 7,600, 17576 and 53417 for local, national and foreign tourists, respectively (Table 7.10).

We define opportunity cost of time as per capita household income per day corrected for the
days spent in the LRK. Hencestudy recorded an average per capita opportunity cost of time as
Rs. 3607 and 24,493 for Indian and foreign tourist s respectively.
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Table 7.10 : Different elements of tavel costs across tourist types
Tourist N Avg. Per Avg. Per Capita Avg. Per capita |No. of Tourists| Total TC in
Type Capita TC | Opportunity cost of | Total TC (A+B) Visited 2013-14
(Rs.) (A) time (Rs.) (B) (Rs) (2013-14) (Million Rs)
LocalGujarat (a) 7 7600 3417 11017
Other States (b) | 28 17576 3654 21230 10402 199.59
Indian (a+b) 35 15581 3607 19188
Foreigner 3 53417 24493 77910 1185 92.32
Overall 38 18568 5255 23824 11587 276.05

The study revealed that the LRK landscape generates tourism values forthe flat wilderness of
Rann, existence of endemic Indian wild ass, diversity and abundance of migratory and residential
aquatic and terrestrial birds and other biodiversity.

The result of travel cost approach suggests that tourists generated a total use value of Rs 276
million during 2013-14. However, it is important to mention here that in the present study we
have not cover e dredtianal salue. Vhis lisldaegoetme faiit we lave covered our
sample from functioning 6 resorts (most of the tourists were from far away of LRK landscape) on
the fringe areas of LRK.

While the number of tourists is growing in last few years, yet considering its vast potential, the
numbers are too low to sustain tourism as industry. Therefore, enhancement of tourism facilities
should be encouraged. In addition to this, proper regulation, monitoring and maintenance
should be made judiciously. These would enhance the benefits to local communities and
management authority that ultimately u sed for ecosystem management. The interaction between
tourism sector in LRK and local economyneeds to be studied.

7.5. Non Use Value Biodiversity. Migratory Birds

7.5.1. APPROACH

Earlier chapter on biodiversity values of LRK discussed unique assemblage and richness of bird
species including many migratory speciesthat visit mainly to use the seasonally created wetland
habitats. Some of these values include:

More than 90 species of aquatic birds, including 70 that migrate in winters;
Large congregation of cranes, pelicanand flamingos;

Nesting site of lesser flamingo; and

More than 15 species under globally threatened categories.

= =4 4 4

In the present study an attempt was made to assess norruse value (especially migratory birds) of
LRK ecosystem. For this, we employedthe contingent valuation method to elicit househol dds

willingnesstopay.Cont i ngent valwuation, based on surveys th.

potential to value benefits in all situations, including non-use benefits that are not associated
with any observable behavior.
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To estimate non-use value of LRK landscape, we surveyednore than 200 households across
different communities (including fishers, farmers, agariyas and geeral public) residing in LRK
landscape. Samples were taken from both rural and urban centres (see Chapter 4 for detailed
description).

7.5.2.  SAMPLE CHARACTERISTICS

For getting proper representation from different section of the society living in LRK landscape, we
covered both rural and urban centres and interviewed adequate number of households
representing major occupational groups, e.g. salt workers, fshers and farmers (Table 7.1).

Location of sample households suggests that it was well spread and covered quite a large area
around LRK.The average age of respondents varies from 33 years (general public) to 45.5 years
(fishers).Only drawback in sampling was, perhaps, apoor representation of women respondents.
(Since economic decisions are largely in the magé domain among poor families in general,
perhaps this contributes to a more accurate result.) Except urban respondents, all others had very
poor educational attainment levels.

Table 7.11: Summary characteristics of sample households
Respondent| No. of Sex % Avg | Avg yrs of Sample Location
Group sample M F age | schooling
Fishers 62 92 8 404 1 Southern part of LRK, 9 fishing temporary
settlements
Farmers 91 100 0 45.5 6 20 villages from 10 talukas across LRK
Agariya 26 100 0 38.8 3 Southern and eastem parts of LRK
Other Urban 42 100 | O 33.0 10 4 towns near LRK
public Dhrangadhra, Halvad, Patdi and Bajana

7.5.3. WILLINGNESS- TO-PAY FOR BIODIVERSITY CONSERVATION

From the sample of 221 respondents, we considered 218responses for our analysis (3 outliers

werer emoved) . I n the analysis we have considered
negat i vresponsd&TQur findings suggests that the average annual WTP of farmers, fishers,

salt makers and general public from urban centres are around Rs. 336,226, 68 and 596,
respectively (Table 7.12, Fig. 76). Overall, the average annual WTPworked out to around Rs. 3%

for the conservation of biodiversity , especially the migratory birds.

Table 7.12: Summary of per family willingness to pay across communities
Type Valid Sample | Average Annual Minimum Maximum WTP

WTP (Rs) WTP (Rs) (Rs)

Farmer 88 336.36 100 2000

Fisher 62 226.13 30 1000

Salt work 26 684.62 100 1500

General 42 596.43 100 1500

Overall 218 396.65 30 2000
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It is interesting to point out he re that during our field work we observed that most of the HH are

engaged in grain feeding to various 400

bird species as a practices and 200

norms. In addition to this, each 600

vilage has a community grain <00

feeding structure, locally called 200

685
596
397
. 336
Chabutara, where village
300 +
communities feed local birds. This : 226
200
type of practices and norms also
100 -+
reflected while they were attributing
0 |

their Willingness to Pay. Therefore

Avg.Annual WtP {in Rs.)

Farmer Fisher General Saltwork Overall
cultural norms have a major role in

determining the r Fig. 7.6: Average annual per family WTP across communities

7.5.4. TOTAL NON-USE VALUE OF BIODIVERSITY CONSERVATION

In order to arrive at the total non -use value of biodiversity of LRK,the average annual WTP per
family was extrapolated to the total number of families of LRK landscape. In the present context,
we define boundaries of LRK landscape as adjoining talkas. This approach is justified due to the
fact that the study draws its samples from villages and urban centresin these 10 talukas.

In order to get more realistic estimate we separately computed values for rural and urban areas,

covering 772 villages and 9 urban centres. As per 2011 census, there were about 2.9 lakh rural
households and 54 thousand urban household in the LRK landscape(10 adjoining talukas).

Further, based on review of literature and use of 2011 census data, we estimated and
desegregated the total number of rural households into three major user groups, viz. agariyas,

fishers and farmers.

By extrapolating the average annual WTP of different categories of stakeholders to the total
number of households under these categories, we estimated the total WTP and thus the non-use
value of biodiversity. Thus, the total non-use value of biodiversity in LRK comes out as Rs. 136.8
millions, annually (Table 7.13).

Table 7.13: Total Annual WTP for cnservation of biodiversity values in LRK
Respondents Total Number Average Annual Total Value of WTP
of Households Per HH WTP (in Million Rs.)

Rural 290489 348.98* 101.4
Agariya 7500 684.62 5.13
Fishers 1300 226.13 0.29
Farmers & Others 281689 336.36 94.75

Urban 54293 596.43 324

Overall 344782 396.65** 136.8

* the value represent average of all 176 households considered as rural

** The value represent average of all the 218 respondents
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7.6. Total Biodiversity Value of LRK

The study estimated total use and non-use values of biodiversity, using travel cost and
contingent valuation methods, respectively. Accordingly, the annual recreational use value of
biodiversity in LRK was found to be Rs. 276 millions while annual nonuse biodiversity existence
value was imputed as Rs.137 millions. Thus, total annual biodiversity value of LRK was found to
be around Rs. 413 millions (Table 7.%)

Table 7.14: Use and non-use values of biodiversity of LRK

Use Value* Non-use Value** Total Biodiversity Value (in
(in Million Rs) (in Million Rs) Million Rs)
276.05 136.80 412.85

* Travel Cost Methods; ** Contingent valuation method

7.7. Economic Valuatiomr Summary

The discussions in the different sections of this chapter outlined various goods and services
provided by wetland system of Little Rann of Kachchh. Based on the exgting scientific knowledge,
available socio economic information and designed field surveys, the study estimates the
economic values of following four services:

i. Prawnproduction
ii. Salt production
iii. Tourism and Recreation

iv. Biodiversity

The estimated values of above services of LRK wetland system are summarized in Table 751

Table 7.15: Total estimated annual value of wetland system of LRK
Goods & Services Method Tota(IMAirI::\::IR\:.z;Iue*

Prawn Fisheries Market Revenue Analysis 410.14

Salt production Market Revenue Analysis 694.30

Tourism & Recreation Travel Cost 276.05
Maintenance of Biodiversity |Contingent Valuation 136.80

Total 1517.29

* For Prawn production and Salt production, we estimated net annual value

Accordingly, in terms of above goods and services, wetlands of LRK provide an annual benefit of
approximately Rs.1,517.3 million. Table also suggests that for the wetlands of LRK, the maximum
value is derived from salt production followed by prawn fisheries. It is important to mention her e,
these two sectors are the mainstay of traditional production systems and thus heavily depend
upon LRK.The biodiversity benefits are usually hidden from the mainstream economic analysis
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and thus reported for the first time for LRK. The tourism and recreational values associated with
wetlands and other elements of LRK are steadily growing recently.

It is also very important to understand, that while any decl ine in the
essentially entail some quick lossesin the values of three functions viz. Prawn fishery, tourism and
biodiversity, due to their strong network and relationship with wetland as system. In other words
they have low tolerance level and thus, with wetland degradation, these values may fall rapidly.

Owet | al

On the other hand, salt production, per se is not very closely Ilinked

thus may not be affected with degradation of wetland system of LRK.

7.8. Net Present Value

Di scounting is done because economists as ge me

will produce economic growth. Growth is then the reason for undervaluing future consumption
and future enjoyment. It is also a reason to undervalue future needs for environmental goods and
services. Discounting is a procedure that allows computing the present value of financial flows
that will take place in the future. Discounting is needed in cost benefit analysis to calculate net
present values which are the key criterion for investments. Discount rates relate to investment
rates: the lower the former, the higher the latter. As such, discounting reflects the balance
between present and future well-being.

Discounting is probably one of the most disputed issues in ecological economics. Current human
activities may cause immediate and long-term environmental damages. Discounting, the usual
procedure to give a present value to financial flows occurring in the future, seems to give
outrageously |l ow values to future damages,
future generations. On the other hand, low discount rates would imply more sacrifices for present
generations, although future generations may be richer. In case of environment, the most
important point is to recall that environmental assets that are not substitutable or reproducible
should be given a value growing over time at a rate close to the discount rate. This would give
greater net present values to future damages arising to the environment.

The practice of discounting means how to allocate scarce resources at a particular point in time.
In general, an individual would prefer to have something- now rather than in the future. This is
the main argument for a positive discount rate. But a higher discount rate will lead to the long -
term degradation of biodiversity and ecosystems. For example, a 5% discount rate implies that
biodiversity loss 50 years from now will be valued at only 1/7" of the same amount of
biodiversity loss today. With a constant discount rate of only 4 per cent, the present value of
benefits accruing time isconleonefittiethdof thelvalye eofatliosedenefits
today. This ratio, which is one fiftieth 1in

In terms of annuity benefits of LRK wetlands using discount rate of 2% and 4%, the values turned
out to be 24732 & 20483 million Rupees for 20 years time horizon, respectively. However, the
benefit for infinitum (i.e. perpetually) varies between 75865 & 37932 million Rupees, respectively
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(Table 7.16). These estimations demonstrate that the wetlands of LRKhave a significant economic
value which is critical for the survival of the local economy in such tri-junction of semi-arid belt of
Kachchh, Saurashtra and north Gujarat, where livelihood option are limited is totally dependent

upon monsoonal rainfall.

Table 7.16: Net annual benefit and net present value (in Million Rs.) of different ecosystem
functions of wetlands of LRK (2014)

LRK Wetland Net Annual Benefit 20 years Infinitum
Functions & Benefits| (2014) Million Rs 2% DR 4% DR 2% DR 4% DR
Prawn Fisheries 410.14 6685.28 5536.89 20507.0 10253.5
Salt Production 694.30 11317.09 9375.05 34715.0 17357.5
Tourism 276.05 4499.62 3726.68 13802.5 6901.3
Biodiversity 136.80 2229.84 1846.80 6840.0 3420.0
Total 1517.29 24731.82| 20483.41 75864.5 37932.3
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8. Major Threats to Sustainability of LRK Ecosystem

As described and emphasized in earlier chapters, LRKvetlands are natural assetswhich through
their ecological structure and functions, generate different goods and services for the local and
regional communities. However, these wetlands are facing threats mainly from three different
sets of drivers viz. natural, human and policy. Considering the fact, that LRK is a large wetland
having very large catchment area, the above driversare often operating at landscape levek. This
ultimately altered the landuse system surrounding LRK andmost importantly the hydrological
system. In the context of this study, it is essential to identify, discern and explain major, if not all,
threats for sustainable flow of ecosystem goods and services of LRK wetlands. Some of the
important drivers of change of LRK wetland system is described below.

8.1. Increasingrreshwater Appropriation irthe LRK Catchment

As discussed in earlier chapter, LRK has a catchment area of about 1(b00 sq km, spread over
Gujarat and Rajasthan. The catchment area consists of south flowing rivers like Banas, Saraswati
and Rupen of North Gujarat and Aravalli hills of Rajasthan. Also, quite a many north flowing rivers
like Kankavati, Brahmni, Phalku, Ghodadbroi and Machhu construct the Saurashtra part of LRK
catchment.

It is important t hat for the functioning of FooddWeb of LRK wetland to continue, run-off water
from above catchment areas need to reach to LRK. This water, as discussed earlier, actually bgs
large quantity of nutrients, detritus and organic matters and even seeds & eggs/ larvae of many
phyto- and zoo-planktons and other organisms. These chemical and biological materials form the
basic ecological structure of wetlands of LRK which are transérred into different trophic levels
and through a food chain finally accumulate in biomass of M. kutchensis The maintenance of
such food chain and creation of biomass is one major ecological function of these wetlands. The
off-take of some fraction of this bi omass by fishermen is thus
ecosystem service of LRK wetland. Unequivocally, a continuous and sustained level of runoff
water is needed to run these services so the biomass offtake is maintained.

However, during last few decades, especially after 1960s, there is serious curtailment in runoff
water to reach to LRK due to construction of water harvesting structures in the entire catchment
area of LRK. Such rain water harvesting or appropriation practices are mainly aim€o improve
only one production system viz. agriculture, ignoring the water needs of other production
systems like fisheries. More importantly it is essential to meet various habitat needs of many
floral and faunal species including the rare and endangered ones. The downstream impacts of
such water resource development have generated serious debates. The issues like minimum
mandatory flow (= e-flow) has recently been taking center-stage in water resource related policy
discourses.
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In the present context of LRK there are two major types of rainwater harvesting related
interventions in its large catchment area. These include construction of irrigation dams on some
of the major south flowing rivers of North Gujarat and north flowing rivers of Saurashtra. In

addition to that, large number s of check-dams are also constructed on small order streams
(nalas).

The study compiled data from Namada, Water Resource andKalpasarDepartment and estimated
that Gujarat and Rajasthan collectively constructed about 30 small ard medium size irrigation
dams in LRK catchment area with a total annual water storage capacity of 1036.27 million cubic
meter (MCM). Of these, only about 7% of total capacity is created in Rajasthan side. Thus majority
of reservoir storage capacity is avalable in Gujarat. It is important to note that 20 minor irrigation
schemes in Rajasthan and Dantiwada and Sipu dams on river Banas, collectively accounting about
69 MCM of total storage capacity. The Dantiwada dam is operational for last 50 years while the
Machchhu-1 and Brahmni-1 are relatively older dams. Although, in total 7 major river systems of
LRK catchment area were dammed, itis strikingly clear that Banas Rver and its main tributaries
are dammed most (Table 8.1).

Table 8.1: Summary of reservoirs constructed on rivers discharging water in LRK
Dams River Region Operational | Gross Annual Storage
year Capacity (MCM)
20 Minor Irrigation Banas Rajasthan ?? 68.73
Schemes
Dantiwada Banas North Gujarat 1965 464.00
Sipu Banas North Gujarat 1992 177.80
Saraswati Barrage Saraswati  |Gujarat 1972 1.42
Mukteshwar Saraswati  |Gujarat 1990 40.00
Machchhu-1 Machhu Saurashtra 1959 72.74
Machchhu-2 Machhu Saurashtra 1986 100.55
Ghodadhroi Ghodadhroi |Saurashtra ?? 8.34
Falku Falku Saurashtra 1986 11.37
Brhamani-1 Brahmani |Saurashtra 1953 75.00
Brhamani2 Brahmani |Saurashtra 2000 16.32
TOTAL 1036.27
Source: NWRWSwebsite

In addition to above, we also collected data on construction of check-dams in the entire LRK

catchment area under different Government schemes. Thus, numbers of check dams in 30 talukas
of 6 districts which falls within LRK catchment were collated. Accordingly, a total of 7803 check

dams had been constructed using Government funds in the LRK catchment area (Table3.2).
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Table 8.2: Number of check dams constructed under different schemes in LRK catchment

District Taluka DDP Hariyali DPAP/ EAS/ | IWMP Total
(1999-2003) | (2003-2012) IWDP

Ahmedabad Mandal 0 109 205 24 338
Ahmedabad Viramgam 0 126 195 19 340
Banaskantha |Amirgardh 209 109 0 0 318
Banaskantha |Danta 173 107 5 0 285
Banaskantha |Dantiwada 207 119 0 0 326
Banaskantha |Deesa 203 107 0 0 310
Banaskantha |Deodar 191 103 0 0 294
Banaskantha |Kankrej 181 92 0 0 273
Banaskantha |Vadgam 217 98 0 0 315
Banaskantha |Vav 169 114 13 9 305
Kachchh Bhachau 224 100 0 22 346
Kachchh Rapar 220 140 0 6 366
Mehsana Becharaji 0 34 0 39 73
Mehsana Mehsana 0 0 0 8 8
Mehsana Unjha 0 0 0 0 0
Mehsana Visnagar 0 0 0 0 0
Patan Chanasma 203 103 12 0 318
Patan Harij 206 93 7 0 306
Patan Patan 204 106 13 0 323
Patan Radhanpur 193 123 7 0 323
Patan Sami 223 103 5 0 331
Patan Santalpur 213 111 0 7 331
Patan Sidhpur 198 95 9 0 302
Patan Vagdod 163 109 13 0 285
Rajkot Maliya 206 117 4 4 331
Rajkot Morbi 187 104 8 2 301
Surendranagar |Dasada 96 68 0 11 175
Surendranagar |Dhrangadra 100 120 0 28 248
Surendranagar |Halvad 103 120 0 0 223
Surendranagar |Lakhtar 48 42 2 1 93

TOTAL 4337 2772 498 196 7803

Source: District Panchyat Office

Based on above two data sets, we estimated the volume of total harvested rainwater in the LRK

catchment. However, it is important to realize that in a semi-arid tract, the actual water storage in

the reservoir rarely filled in its total capacity. Thus by analyzing reservoir storage data of 44 years
period for Dantiwada dam, which is located in highest rainfall zone within the LRK catchment, we
found that on an average only about 45% of the total dam capacity is filled every year. Thus, we

assumed that with the kind of year to year rainfall fluctuations, on an average only about 45% of

the total storage capacity of reservoirs are filled annually. Accordingly, therefore, the reservoirs
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stored a total of about 466 million cubic meters (MCM) (= 16468 million cubic feet, MCF) of rain
water.

Further, we believed that on an awerage each checkdam stored about 0.05 million cubic feet of
rain water. Thus, a total of about 11 MCM (or 390 MCF) rainwater of LRK catchment area are
harvested into check dams. Thus, we estimated about 16858 MCF of total runoff of entire LRK
catchment is stored annually in dams and check-dams (Table 8.3). In the above scenario, the key
guestion is to know what these stored water should mean for LRK?In other words, what are the
possible effects, if LRK does not receive 17000 MCF of runoffivater?

Table 8.3: Estimated water storage & harvesting in reservoirs & check-dams in LRK catchment
Parameter Value
A. Total Storage Capacity of Reservoirs (MCM) 1036.27
B. Avg. Annual storage ( % of total storage capacity) in Reservoir 45.00
C. Total average annual sorage of all the reservoir (MCM) 466.32
D. Total average annual storage of all the reservoir (MCF) 16468.00
E. Total Number of Checkdams in LRK catchment 7803.00
F. Avg. water storage capacity of each checkdam (MCF) 0.05
G. Total water storage in al the check-dams (MCF) 390.00
H. Total Water Storage in reservoir and & checkdams (D+G)(MCF) 16858.00

Considering that due to slight topographical inclination towards south -western side, most of the
water flowing into LRK accumulates in central to southern part of the LRK. Other remaining areas
may not be able to retain water for longer duration. Thus, for the present study context, we can
safely delineate an area of about 15002000 sq km which functions as wetland where water is
stored for longer durati on and thus perform various wetland functions like prawn production and
provide habitat for birds and other animal species. Thus, we considered potential wetland area of
LRK is about 1700 sq km.

Interestingly we estimated that if the 16858 MCF water is not blocked but allowed to reach LRK
and flood the potential wetland areas (which may be condition around 50-60 years back), then
water column in these wetlands may rise to another 0.92 feet (i.e. ~28 cm). In the context of LRK
where the average depth of wetland is only ranging around 4 to 5 feet, the availability of around

one additional feet of water column may have many serious ecological-economical implications.

For example:

1 Extension of fishing season by 1615 more days which in turn means more catch for
fishers. Dixit et al. (2008) also reported that
freshwater flow in the LRK is drastically reduced. And, only in exceptionally good
monsoon years the Rann gets fully inundated. Due to such reduction in the freshwater
flow, particularly post 1980s, there was total extermination of high value fish- the Hilsa
(locally known as Palla} from the LRK. Such reduced freshwater flow, also declined the
availability of key food items of the Prawns and many other fish speci e s 6 .
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9 Higher probability of success of Lesser Flamingo nesting near Wasraj Solanki, as often the
nest is abandoned due to lack of water and food.

8.2. Deteriorating Ecological Integrity of LRK Habitats

In the earlier sections, it was well established that other than freshwater inflow, the ecology of
wetlands of LRK is heavily determined by the ecological linkage with Surajbari creek$’. The
connectivity with creek supplies the tidal saline water which in turn carries seeds and larvae of
many marine organisms, including the flagship prawn species (M. kutchensig to LRK their
nursery grounds. In the context of LRK, Surajbari creek is the most critical system for the very
functioning of ecosystem of LRK wetland. As also described earlier, for the life cycle of M.
kutchensisand other fish and crustaceans, Surajbari creek is as vital as the GoK and LRK. Clearly,
while there are flows of water, material and energy through these creeks, the mudflats
surrounding these creeks also provide ideal residual habitat for many species of fish, crabs,
crustaceans and birds. In totality, therefore, for the sustained flow of ecosystem services from
LRK, it is imperative to maintain the overall ecological health of Surajbari creek. Literature clearly
suggests that Surajbari network of creeks actually provide habitats to M. kutchensisthroughout
the years, in two major ways. First, it provides transitional habitats for about 2 -3 months (June to
August), mainly the mud-flats along the creeks, for pre-larvae to settle and take final journey
towards LRK. Second, the same habitats support juvenile prawns, which are escaped uncaught
from LRK, for rest of the year, and where they attained maturity.

However, of-late the ecological health of these networks of creeks is compromised on many
acoounts, jeopardizing the live ecological linkage with LRK and thus the ecosystem functions of
wetlands. Some of the key factors which cumulatively assisting the physical and ecological
changes of Surajbari creeks include:

8.2.1. PORT DEVELOPMENT

Kandla Port, one do the major ports of Western Coast, was constructed along Kandla Creek,
during 1950s in the north western part of GoK. On the southwest end of GoK, Navlakhi port was
constructed along the Hansthal creek during 1980s. These ports actually trigger the major
changes in creeks® physical and ecological <charact

12 Actually, Surajabari creek is a generic term for a network of creeks including Hadakiya, Chachh, Navlakhi, Nakti,
Hansthal etc.
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8.2.2. SALT WORK EXPANSION

It was observed that over the years the marine salt work activities in and around these creeks had
been increased manifold. Satellite imagery based assessment recorded thatbetween 1977 and

2013 the area under salt pans and its ancillary production areas were increased almost 6 times i.e.
7646 ha in 1977 to 44655 ha in 2013 (Fig8.1). As per official records, collected under this study, a
total of 21601.4 Ha (216 Sq Km) of nud-flats and creeks had been officially given on lease (of
different periods) for salt work purpose in Kachchh and Rajkot districts (Table 8.4).
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Fig. 8.1: Expansion ofalt work in and around network of Surajbari creek system
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The salt work expansion in creek areas causes degradation of fish/prawn habitats by three
accounts: blocking and diverting of creek and thus creek water, reduced residual feeding areas
for larvae and juvenile M. kutchensis and other species; and altering of water quality by

discharging the huge volume of waste from the salt work. Literature search reveals no studyto

assess the true magnitude of these impacts on prawn fishery, especially onM. kutchensis

Table 8.4: Village-wise summary of lease area given for salt work in Surajbari creek region
District Village Lease Area (Acre)| District Village Name Lease Area (Acre)

Kachchh  |Ambaliyara 170 Rajkot Bagasara 1508
Kachchh |Bharapar 390 Rajkot Bhavpar 837
Kachchh  |Bhimsar 400 Rajkot Bodki 2506
Kachchh Chudva 450 Rajkot Chikhli 630
Kachchh  |Gandhidham 851 Rajkot Haripar 5026
Kachchh [Jangi 525 Rajkot Jajasar 3964
Kachchh Kidana 580 Rajkot Maliya 835
Kachchh  |Kumbhariya 20 Rajkot Varshamedi 5367
Kachchh  |Mithi Rohar 390 Rajkot Vavaniya 1411
Kachchh  |Moti Chirai 1306 Rajkot Venasar 80
Kachchh Nani Chirai 500
Kachchh Nani chirai 10
Kachchh Padana 130
Kachdh Shikarpur 13790
Kachchh  [Tuna 10
Kachchh |Vandhiya 10688
Kachchh |Vondh 1004

Total Kachchh 31214 Total Rajkot 22165

TOTAL IN CREEK 53379 Acre (=21601 ha)

Source: Revenue Department Records of Kachchh and Rajkot Districts (2014)

8.2.3.

It is important to realize that Surajbari
creeks are the border between two of
the economically vibrant regions of
the state of Gujarat- the Kachchh and
Saurashtra. Thus, offlate many of the
infrastructures related projects had
these
to link
Kachchh

regions of Gujarat. Due to physical

passed through creeks,

especially recently

industrialized to other

barriers, most of these linear

infrastructures, mainly the power lines,
roads and railway lines, are passing
through a narrow area on both side of
Due to these

Surajbari  bridge.

LINEAR EXPANSION OF ROADS & RAILWAYS

Little Rann
of Kachchh

Saurashtra

Barda hills

70'”'00'

71500

|Fig. 8.2: Major rivers that discharge into Surajbaricreek system

developments, creekds sedi mentation and flooding p
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8.2.4. DIVERSION OF FRESH WATER FLOW IN CREEK AREA

It is well understood that for the better ecological health of Surajabari creeks and their mudflat
areas, fresh water flow is one major determinant. In the Surjabari creek area, three wesflowing
rivers from Saurashtra region, namely Machchhu, Demi and Aji, drain their water between LRK
mouth and Navlakhi (Fig. 8.2). On Kachchh side, there is only one major riveréthe Adhoi, drain
into Surajbari creek area. These rivers used to discharge huge volume of freshwater and help in
the ecology of these different creek systems.

However, as described earlier for other river g/stems, these rivers are also dammed and thus
reducing the freshwater flow into creek system. In total there are 11 reservoirs constructed on
these rivers with total storage capacity of 455 MCM water (Table 8.5).

Earlier chapter on prawn fisheries (Chapte 5) established strongly the critical importance of Gok,
in general, and Surajbari and other creeks,in particular, for the life cycle of M. kutchensisand
production of prawn fishery in LRK. It describes that these river discharge brings huge quantity of
nutrients and detritus material which provide food materials for seeds and larvae of M. kutchensis
and other species, before they move into their major nursery ground -the LRK.

Table 8.5: Summary of reservoirs constructed on rivers discharging water in Surajbari creeks
. . Operational Total Storage Capacit

Dam Name River Region P Year (M(?M) pacity

Machchhu -1 Machchhu Saurashtra 1959 72.74

Machchhu - 2 Machchhu Saurashtra 1986 100.55

Aji-1 Aji Saurashtra 1954 29.09

Aji-2 Aji Saurashtra 1988 22.09

Aji-3 Aji Saurashtra Na 65.15

Aji-4 Aji Saurashtra 1983 35.31

Demi-1 Demi Saurashtra 1958 21.53

Demi-2 Demi Saurashtra 1988 18.91

Demi-3 Demi Saurashtra 2001 9.60

Adhoi-1 Adhoi Kachchh Na 59.91

Adhoi-2 Adhoi Kachchh Na 20.16

Total 455.04

Source: http://guj -nwrws.gujarat.gov.in/

8.2.5. LOSS OF FISHING HABITAT & LIVELIHOOD

The above description clearly suggests that there are major economic and developmental
pressures on Surajbari creek systems a major habitat for M. kutchensis other fish and prawn
species, and manybird species. Needless to say, these developmental pressures contribute their
share of impacts on Surajbari creeks and their various ecosystem services. One of the major
indicators of impacts of such large scale and chronic problems is the loss of fishing habitats and
livelihood loss to the dependent fisher -folks. With these, it is safely assumed that such large scale
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alteration in fish/prawn habitats, in terms of loss of area due to salt pans and diversion of creek
water and change in its quality, ultimately affect the population and ecology of M. kutchensisand

thus the fish economy of LRK. NNy =

In the above context, under this study
we record the knowledge of local
fishers in identifying important creeks
and other fishing grounds.
Subsequently, by using satelite
imageries and carrying out focus Surajbari Bridg
group discussions, we identify extent [}
of loss of fishing habitats due to salt
work and also displacement of
families and livelihood. Accordingly,
fishers identified a total of 17
important creeks for prawn and other
fisheries (other than the well known
creeks, described in earlier section)

(Fig. 8.3). They reported that in 8 out
of 17 creeks now fishing is almost

SV arsamedi
o

stopped (Table 8.6) and four creeks
are considered still good for fishing Gulf of Kachchh

purpose.
Fig. 8.3: Important fishing creeks (A) North of Surajbari bridge (B)

More importantly, fishers identified Near Navlakhi port. Refer locations in Table 8.6.
and mapped 14 important fishing locations in the entire Surajbari creek area (Fig. 8.4) and
reported that compared to 10 -15 years back the number of fisher families in these locations is

declined drastically i.e. 5255 to 1100 (Table8.7). Thisis due to the degradation or diversion of
fishing areas mainly owe to rapid expansion of salt work. Interestingly, it is also recorded that out
of total reported potential area of 14 fishing grounds in Surajbari creek (covering about 29000
ha), around 18250 ha area is totally lost due to salt works> Thus about 2/3rd of total fishing
grounds were lost (Table 8.8).
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Fig. 8.4 :Important fishing areas in Surajbari creeks.
Refer numbers in Table8.6. Source:FGD,Present Survey.

It is very clearly visible from this study, that there are serious los®s of fishing areas in Surajbari
creeks in last 1015 years time which actually causes loss of livelihood opportunity for about 4000

families.
Table 8.6: Description of different creeks and their current fishing potential
Code* Centre name Creek name Current Fishing Potential**

c-1 Navlakhi (jumavadi) Haital 1 1
c-2 Navlakhi Gadba 2
c-3 Navlakhi Marevali 3
c-4 Navlakhi Suibhag 0
c-5 Navlakhi Lara 1 0
c-6 Navlakhi Muraghai 1
c-7 Navlakhi Lara 2 2
c-8 Navlakhi Vaghi 2
c-9 Cheravadi Bavavari 0
c-10 Cheravadi Katiyavari 0
c-11 Cheravadi Bhativari 0
c-12 Cheravadi Sama 0
c-13 Cheravadi Manak 0
c-14 Cheravadi Saicha 0
c-15 Cheravadi Cheravadi 2
c-16 Navlakhi Haital 2 1
c-17 Navlakhi Fatak 1

** 1-good fishing, 2-moderate, 3- low, 0-loss of fisheries;* Refer Fig. 3 for the location

Source: Participatory Resource Mapping during present study
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Table 8.7: Description of different fishing areas and their fishing potential

Code* | Fishing Area Years of No. of Fisher No. of Fisher Current
last fishing | Families Present | Families Present Fishing
(10-15 years back) (Current) Potential**
1 Kajarda talav NA 400 150 1
2 Luravaro Rann 2 150 100 2
3 Nangavadi NA 300 50 0
4 Cherovadi 10 300 300 0
5 Navlakhi 25 2500 300 No
6 Tapalvari NA 300 20 No
7 Amaliyari NA 55 10 No
8 Panakha 50 NA 0 No
9 Bangali NA 150 20 No
10 |Nani Chirai 30 150 50 No
11  |Surajbari bridge 10 350 100 No
12 |Jummavari NA NA NA No
13 |Venasar katho 10 300 0 0
14  |Cherovari2 10 300 0 0
TOTAL 5255 1100

** 1-good fishing, 2-moderate, 3- low, 0-loss of fisheries, Nod total loss of fshing;
* Refer Fig 4 for the location; Source: Participatory Resource Mapping during present study

Table 8.8: Loss of potential fishing area due to salt work
Code* | Fishing Area Potential |Area of Salt work| Remaining % of total
Fishing Ground | within fishing fishery Fishing Ground
area (ha) ground (ha) ground (ha) Remain
1 |Kajarda talav 1049.43 0.00 1049.43 100.0
2 Luravaro Rann 1158.47 0.00 1158.47 100.0
3 |Nangavadi 750.94 433.14 317.8 42.3
4 Cherovadi 115.90 92.29 23.61 20.4
5 |Navlakhi 2374.66 1335.48 1039.18 43.8
6 Tapalvari 917.39 846.5 70.89 7.7
7  |Amaliyari 1700.77 1312.12 388.65 22.9
8 Panakha 974.63 730.01 244.62 25.1
9 |Bangali 768.83 338.5 430.33 56.0
10 |Nani Chirai 4102.07 3082.44 1019.63 24.9
11 |Surajbari bridge 7992.45 6224.13 1768.3 221
12 |Jummavari 4.19 0.34 3.85 91.9
13 |Venasar katho 2436.39 0.00 2436.39 100.0
14 |Cherovari-2 4663.21 3849.78 813.43 17.4
TOTAL 29009.33 18244.73 10764.6 37.1
* Refer Fig 4 for the location
Source: Present Study
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8.3. Changes in the Water Balance LRK

8.3.1. FRESHWATER AVAILABILITY TO LRK

In the context of LRK, while the above estimation of water captured in different reservoirs and
check-dams has its own consequences, it is equally important to know that how much water is
actually available to LRK for ts inundation. So, there are two major source of water for LRk the
runoff discharge and rainfall water that directly fall on LRK. It can also be expressed as:

Total Available Water for LRK = Water discharged into LRK Rainfall directly fall on LRK surfae

The basic reservoir specific data like their catchment area, average annual rainfall and average
runoff generation potential in reservoir catchment is readily available (Table 8.9).

Table 8.9: Key statistics of reservoirs present in LRK catchment
Dam Catchment | Avg. Annual | Total Water Yield | Total Mean | % Runoff of
Area Rainfall in Catchment Annual Runoff | Total Yield
(sq km) (mm) (in MCM) (in MCM)
Dantiwada 2862 940 2690.28 283.00 10.5
Sipu 1222 885 1081.47 69.00 6.4
Saraswati Barrage 1457 1016 1480.31 124.00 8.4
Mukteshwar 306 907 277.54 56.50 20.4
Falku 184 550 101.20 6.00 5.9
Brahmni-1 699 406 283.79 56.63 20.0
Brahmni-2 152 437 66.21 17.51 26.4
Ghodadhoroi 144 490 70.56 4.90 6.9
Machhu-1 730 508 370.84 64.44 17.4
Machhu-2 1193 560 668.08 71.40 10.7
Overall 8949 670 7090.29 753.38 13.3

We used these data to estimate the total annual freshwater available to LRK from its entire
catchment of about 11000 sq km area and which receive average rainfall of about 670 mm.
Accordingly, the entire LRK cathment had a annual water yield potential of 7369 MCM. However,
with only about 13% runoff generation, only about 980 MCM runoff water is available for LRK.
However, as discussed earlier about 466 MCM water is trapped in different reservoirs. Finally only
514 MCM of runoff water is available to inundate the LRK plains (Table8.10). More importantly,
about 1249 MCM water from average rainfall of 350 mm, directly falls on LRK surface and help its
flooding. Thus, on an average about 1762 MCM of fresh water anmally floods the LRK (in this,
volume of sea water from Surajbari creek is not considered).
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Table 8.10: Estimated water storage & harvesting in reservoirs & check-dams in LRK catchment
Parameters Value
a. Total catchment area of LRK(km?) 11000.0
b. Avg. annual rainfall in LRK catchment (mm) 670.0
c. Total Catchment area covered by reservoirs (knd) 8949.0
d. Avg. total water yield potential of LRK catchment (MCM) (a x b) 7368.9
e. Avg. % Runoff of total yield 13.3
f. Avg. actual annual runoff generation (MCM) (d/e) 979.9
g. Avg. annual total water capture in dams of LRK catchment (MCM) 466.3
h. Total water available to LRKfrom its catchment (MCM) (f-g) 513.6
i. Area of LRK (in sq km) 3569.0
j- Avg Annual rainfall of LRK (in mm) 350.0
k. Avg. total rainwater available to LRKwhich directly falls on LRK surface 1249.2
(MCM) (i x j)
I. Avg. total water available for inundation of LRK (MCM) (h+Kk) 1762.7

Based on above estimations, it can safely be assumed that with average annual rainfall of 670
mm and 13.3% of average runoff generation in the 11000 sq km catchment area of LRK and;
average rainfall of 350 mm directly fall on 3569 sq km of LRK surface; and with the existing
storage potential of reservoirs in the LRK catchment; only about 1763 MCM of monsoonal water
floods LRK.

8.3.2. CREEK WATER AVAILABILITY TO LRK

In addition to freshwater, LRK also receive saline sea water from Surajbari creek areas and mix
with it and create habitat suitable for M. kutchensisnursery. It is important to realize that unlike in
case of freshwater flow, ranfall had very little bearing on tidal water ingress in the LRK. Rather it
is mainly driven by the physical and oceanographic factors like tidal amplitude, bathymetry etc
which usually had fixed diurnal as well as seasonal cycles of entry into LRK and asst in its
inundation.

In the context of this study, it is important to understand that the tidal amplitude in the creek
waters is very high 6 about 7.2 meter (Mean High Water Spring, MHWS) and 6.6 meter (Mean
High Water Neap, MHWN) at Navlakhi port, which further rises towards its northern tail due to
narrowing of cross-section of area. Such high tidal amplitude pumps large volume of sea water in
the LRK regularly(Singh et al. 2004) When the LRK gets flooded during the south west monsoon
it establishes a live connection with the tidal sea water near Surajbari creek area. Such mixing of
freshwater and sea water create a brackish water condition mainly due to physical process of
dispersion and dilution of salinity.

There is no prior knowledge exist on dynamic process of sea water entry into LRK, mixingwith
freshwater and creation of brackish water condition through process of dilution and dispersion of
salinity. However, for the purpose of this study we roughly estimate the contribution of sea water
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in the inundation process of LRK. For this we used simple formula of dilution of higher saline
water by fresh water.

Generally, the sea water had the salinity in the range of 30 to 35 ppt. However, due to shallow
depth and high evaporation losses, the sea water salinity near Surajbari was reported as high as
55 ppt. During peak monsoon season the salinity at various locations of LRK was varying between
12 to 34 ppt depending upon the rainfall amount, depth of water column, distance from river
mouth etc. However, for the purpose of this study, we assume that during peak flooding period
of LRK it maintain an average salinity of about 15 ppt. So, 55 ppt sea water needs 3.7 times of
dilution to bring the salinity to 15 ppt (assuming that fresh water had nearly zero s alinity). Putting
it differently, 27 litre of 55 ppt sea water if mixed with 73 litre of fresh water, the resulting 100
litre water will have the 15 ppt salinity.

With the help of above dilution formula, we estimated that in order to have average saline w ater
of 15 ppt in LRK wetland, which receive about 1763 MCM of monsoon fresh-water, it require to
mix about 652 MCM of sea water (of 55 ppt salinity). Thus on an average year LRK must have
total water of about 2415 MCM water (1763 MCM from monsoon and 652 MCM from sea).

In conclusion, it is estimated that in LRK there are three main sources of water (i) the surface
runoff generated from large catchment area (ii) the rainfall that landed directly on LRK and (iii)
saline sea water. Under this study, it is eimated that, at a given time, on an average the
proportional share of above three sources of water in total water available for LRK include:

Total Water in LRK = Runoff from Catchment (21.3%) + Direct Rain on LRK51.7%)
+ Saline sea water inflow in LRK(27%).

Based on above understandings along with the knowledge presented in earlier chapter on Prawn
Production system, broad ecological functions can be ascribed to different types of water,
especially in terms of ecology and production of prawn - M. kutchensis(Table 8.11).

Table 8.11: Key functions of different types of water that inundate LRK

Water Type | % Contribution Key ecological function
Sea water 27.0 Brings larvae of M. kutchensisand other species also provide
food items for M. kutchensis Maintain subtle salinity
(brackishness) of water in LRK

Direct rain 51.7 Provide volume of fresh water which mix with sea water and

water bring the depth to water so that it can stay longer and provide
habitat for fish and prawns

Runoff water 21.3 Provide nutrient and other detritus materials to LRK, essential

for growth of food items of M. kutchensis

8.4. Decreasing Catch of Prawns: Perception of Fisher folk

The study attempts to understand the perception of fishers on the overall status of fishing in LRK.
Accordingly, 100% respondents (n=61) reported that fishery ecosystem in LRK has been

118



deteriorated over the years. Importantly, 59% of total respondents recognize high degree of
degradation and 36% reported moderate level of degradation.

Further to above, on enquiry different causes for such degradation, respondents identified seven

major  factors.  Majority  of 100.0 -

— Lowy
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Fig. 85: Ranking of problems for prawn ecology & production

change in ecology of prawn

fishing in LRK (Table8.12). Other areas of concerns includeecological changes in Surajbari and
adjoining creeks due to salt work. Some of the respondents also reported infrastructure
development across the creek near Surajbari had some degree of impacts on LRK prawn fishery
(Fig. 85). Many of these perceptions of fisher families strongly corroborate the above identified
and described drivers of change in ecology of LRK wetlands and associated goods and services.

Table 8.12: Perception of fishermen on causes of degradation of prawn fishery in LRK
. Level of Impacts*
Cause of Degradation Overall* -

Low Moderate High

Bunds of salt works in LRK 93.4 5.3 21.1 73.7

Disruption of Banas and other river flow 54.1 3.0 15.2 81.8

Recent low rainfall events 344 23.8 28.6 47.6

Freshwater harvest by Checkdams 42.6 7.7 65.4 26.9

Blocking of creek water by Salt work near

Surajbari 54.1 0.0 3.0 97.0

Increased Salinity by Salt works near

Surajbari creeks 6.6 0.0 50.0 50.0

Blocking of Creek water by roads/railways 4.9 33.3 33.3 33.3

# Values are percentage of total respondents

* Values are percentage of only those respondents who gave the particular cause

8.5. Land UseChangedue to Narmada Canal Waters

As discussed earlier,the LRK landscapetraditionally supports low-input, rain-fed agriculture
system. The irrigation was mastly by ground water or to some extent by small ponds etc.
However, now most part of the LRK landscape is planned to be covered under command area of
Narmada canals. The Narmada irrigation canal network is spreading rapidly in the landscape.
According to master plan, once fully operational, the canal will provide irrigation water to about
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5.5 lakh hectare of cultivable landsin 621 villages of LRK landscape. Needless to say such massive
irrigation intervention will significantly alter the entire setting of LRK landscapeand trigger rapid
land-use changes.

Some of these land use changes may include conversion of long standing private fallow-lands.
Otherwise, these lands provide various

ecosystem good and services including supply of
fuel and fodder and conservation of biodiversity.

Also, the intensive irrigated agriculture may
generate agro-chemical load, which ultimately
sink into LRK wetlands and thus disturb normal
food chain of LRK water.As part of this study, we

also conducted interviews of 92 farmers from
the near catchment of LRK. It was observed that L

farmers are now using extensively the canal
water, and even carrying these water long
distances through pipes by directly pumping
water from canal (Photo). Survey also revealed
that due to availability of canal water and thus
the change in cropping pattern, the use of
chemical fertilizers and pesticides have been
increased recently. While almost all farmers
(97%) reported use of chemical fertilizers, nearly
85% reported use of pesticides. Interestingly,
about 54% of total far
extensive use of agro-chemicals can have some degree of negative impacts on LRK wetlands and

such

associated life-cycle of many species
8.6. Concluding Remarks

This chapter emphatically presented the case that with the kind of development trajectories LRK
landscape is facing and anticipating, the ecosystem services of wetland system are going to be
impaired in nearly certain terms. The ecological roles of runoff water, creek water and even the
direct rain water clearly emphasize their criticality and importance in maintaining wetland
services, especially in terms of prawn production. Thus their sustainable supply isessential.
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9. Implications for Policy and Action

9.1. Introduction
Mitsch and Gosselink(2000) described the valuation of wetlands at four levels:

1. The scale principle which says that wetland values are differentaccr ue t o di
h ol d e r prdbably haveddifferent importance depending on the spatial scale on which
estimations are based.

2. The marginal value paradox which implies that fewer wetlands do not necessarily imply
greater value in situations where human populations have overwhelmed the functions of
the last remaining wetlands.

3. The hydro-geomorphic principle where wetland values depend on the hydro-geomorphic
location in which they are found.

4. The ecosystem substitution paradox says that if different ecosystems are imputed
different values in a given landscape, recommending the substitution of more valuable
types for less valuableones would be a logical extension of economic analysis

The economic value of natural products and ecosystem services generated by wetlands is
generally underestimated (Barbier, 1994). This may be attributed to two factors (Hamilton et al,
1989): (i) many of the goods and services provided by these ecosystems are not traded on
markets and thus do not have an observable value; and (ii) some of these goods and services
occur off-site and are therefore not readily accepted as being related to wetland ecosystems. As a
result it is often concluded that wetlands should be developed for uses which generate directly
marketable products. Therefore, wetland ecosystems become prone to conversion into large
scale development activities, such as agriculture, aquaculture, forestry and otler uses. The
undervaluation of natural products and ecological services generated by wetlands ecosystems is
a major driving force behind the conversion of this system into alternative uses (Costanza et al
1997). However, such decisions ignore the opportunty cost of development. Methods for valuing
environmental/ ecological goods and services offer a more comprehensive valuation of the many
goods and services provided by wetland ecosystems, and thereby contribute to better informed
decision-making.

Keeping above in view, the value of ecosystem services and biodiversityreflects what the society
is willing to trade off to conserve natural resources. Economic valuation of ecosystem services
and biodiversity has shown that these services are scarce and that thé& depreciation or
degradation has irreversible costs to society. If these costs are not calculated, then policy options
would not represent correct options and society would be worse off due to misallocation of
resources (TEER010).
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Choices often need to be made between ecological well-being and human well-being (Kumar,
2011). While the ideal policy solution is to seek a win-win opportunity, it may not always be

feasible (Fig. 9.1). However, our
. Good Ecological Character
understanding of ecosystem

A
services, and what value they
Win-Win
rovide, often helps us decide the
P p- TradeOff
urgency and importance  of o .
Limit of acceptable change in
conserving and investing in Humanil ecological character _ Humanwell
improving ecosystem well-being. Being Being
. TradeOff
9.2. Key Policy Issues for LRK No-Go
In the context of LRK, the following
A

key policy issues have been Degraded Ecological Character

identified, while valuation of its . , . -
Fig. 9.1: Potential scenarios of banges in wetland character and

biodiversity and ecosystem services |human well-being due to policy interventions (Kumar et al. 2011)
can provide pointers to how they

may be addressed.

9.2.1. PRODUCTION FUNCTIONS VERSUS PROTECTION FUNCTIONS

Is there a conflict between the production functions (comprising prawn and salt production)
and protection functions (comprisingbiodiversity and habitat conservation)?

Although unique biodiversity values of LRK have been implicitly recognized and the area has
been protected by law, the system provides direct economic benefits to the tune of Rs 1100
million per year through prawn fishing and salt farming. Since these are traditional livelihoods
and pre-date the notification of legal protection for conservation, these production functions
constitute the first order of issues that need resolution.

From a purely legal perspective, the LRK has been prioritized for conservation and any existing

rights are to be O0settledd in order to ensure com
hardly ever achieved and in the case of LRK it does not appear to be either necessary or

desirable. Existing levels of production not only seem to have little impact on the biodiversity

conservation values of the LRK, they also provide a rationale for maintaining ecosystem services

by providing a direct economic value to both local communities as well as the state.

In fact, the annual production of M. kutchensisfrom LRK not only provides an average annual
household income of Rs 1.38 lakh to around 2000 families that are traditionally dependent on it
but is also critically dependent upon rainfall and run-off d the ecosystem and climatic factors. Our
study estimates that beyond the threshold, every MCM of runoff water assists in increased catch
of M. kutchensisby 2.2 tons. The production of prawns in the LRK, therefore, is a surrogate
indicator for the runoff water available to the wetland from its catchment area.
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Our study suggests that the quantity of prawn catch is, therefore, an indicator of ecosystem well -
being rather than human disturbance in the LRK. Our study also suggests that the number of
fishermen families in the system have remained low, traditionally attuned as they are to the
varying opportunities provided by the hydrological peculiarities of LRK. If their traditional

livelihoods are recognized through licenses it would not only help impr ove their livelihoods but
also provide a stable mechanism for regulation.

9.2.2. TRADE-OFFS AMONG THE PRODUCTION FUNCTIONS

Is there a trade off among the two production functions (prawn and salt farming)? Is it possible
to maximize the production of both in a sustainable manner?

The area under salt work has increased 587%, from 7.6 thousand ha to 44.6 thousand ha, over the
past 36 years, in the Surajbari creek area. This growth is associated with a 60% reduction of
fishing areas in the same region, along with a reduction of fishermen families from 5,200 at its
peak a couple of decades ago to around 1,100 at present.

Although the Surajbari creek area is technically outside the limits of the protected area, it remains
an eco-sensitive zone, particularly for its links with the Gulf of Kachchh which is vital for the
recruitment and sustenance of M. kutchensis an endemic species of prawn. Rapid growth of salt
farms will, therefore, have an obvious impact on the flow of water in the creek, jeopardizing its
biological characteristics.

However, as our study suggests, this need not be the casein LRK area First, salt and prawn
productions generally follow different seasonal cycles and are therefore mutually exclusive and
non-competitive. Second, salt and prawn production within the LRK is different from those in the
Surajbari creek area. Within the LRK, fishing areas are determined by availability of seasonal
waters in the certain relatively deeper channel while salt farming is more random, determined by
availability of und erground brine, tradition s and transport logistics. The varieties of salt produced
inside the LRK have different market values but are dependent on the quality of sub-surface brine
and the monsoon cleansing. Salt in the Surajbari creek area, on the other fand, is only dependent
on the tidal waters and hence more predictable, leading to its expansion.

Since Gujarat produces around 30% of the salt produced in the country, with LRK being a major
contributor within the state, it is important to recognize that o rganized salt production within the
LRK does not conflict with fishing activities. Where it does, such as in the Surajbari creek area, it
may be possible to create zones for salt farming that do not threaten livelihoods of fishing
communities. However, some of these zones may be within parts of the PA necessitating
openness, broader considerations and dialogue.
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9.2.3. SUSTAINING PRAWN PRODUCTION BY MAINTAINING ECO-SYSTEM SERVICES

What is the value of the ecosystem services that sustain prawn production? In a degling
environment, what are the risks? In an improving environment, what are the gains?

Prawn production in the LRK is sustained by wetland habitats created by the network of creeks
and depressions, most of them seasonal in nature. These wetland habitatsprovide a nursery
ground for M. kutchensis by maintaining its food -chain, to generate a total annual monetary
value of Rs. 464 millions.

This study also indicates that in order to maintain such high prawn production it is important to
recognize the role of water in the system from different sources. The LRK receives over half of its
annual waters directly from rains which, in an arid context, is important in many ways. Although it
does not add to the available nutrients directly, it plays an important role in increasing the
duration and depth of water bodies & habitats for fish and prawns. It also plays a role in
determining the salinity of the water which, in turn, determines the species assemblage. Factors
affecting climate will have serious consequenceson rainfall, and its associated ecological services.

A little over a quarter of the available waters in the LRK is sea water, mostly restricted towards the
western parts of LRK, but spreading further inlands when pushed by the seasonal monsoon
winds. Its main service is to provide connectivity with the Gulf of Kachchh for inflow of larvae
(both M. kutchensisas well as other species, some of which are food for M. kutchensig and
outflow of adults. Availability of nutrients and maintenance of the food -chain is a key ecological
service of the LRK but without its links with the Gulf of Kachchh, there would not be opportunities
for realizing this value.

A little less than a quarter of the water available annually in the LRK is obtained from the run-off
generated in its catchment area. However, this water is most important for the provisioning of
nutrients and other detrital material that sustain the food -chain inside LRK. Increased water
storage in the catchment has reduced the run-off significantly over the past few decades. How
much more reduction is possible without seriously affecting prawn production in LRK is a good
guestion to ask.

We have already noted in this study that the best fishing spots within the LRK are those where
ephemeral rivers are directly discharging their monsoon water flows. Restoring the direct
discharge points will certainly add to the number of viable fishing zones. A zoning system that
prioritizes freshwater runoff in identified locations will benefit and expand prawn fisheries within
the LRK.

9.2.4. SUSTAINING WILDLIFE HABITATS BY MAINTAINING ECO-SYSTEM SERVICES

What is the value of the ecosystem services that sustain wildlife habitats? In a degrading
environment, what are the risks? In an improving environment, what are the anticipated gains?
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The hydrological characteristics described above in the context of prawn fisheries within the LRK
are also applicable to all other plants and animals, including wild birds.

Our study indicates that reduced runoff as a result of storage and diversion of rainwater in the
catchment area may have deprived the LRK with an additional depth of at least 0.9 feet during
the peak monsoon period. Increased depth of water during this period may have helped not only
fish and prawn species but also various aquatic bird populations such as the lesser flamingo,
w h o ri@esting sites, would have improved.

In recent years, there is also an additional factor in the form of Narmada canal irrigation that not
only threatens to convert large fallow lands in the fringe areas into mu lti-cropped systems but
also alter the quantity, quality and location of freshwater runoff depending on the nature of
agricultural practices.

9.2.5. OPTIMIZING TOURISM

What is the optimal number of tourists for LRK? What facilities are necessary to achieve this
optimization objective? How can the value from tourism be sustainably maximized?

Tourists in LRK have shown a sharp rise in recent years, numbering about 12,000 people in 2014,
contributing an economic value of at least Rs 276 million. New hotels and lodges are coming up
in the fringe area and safaris are being organized. While increasing tourism definitely expands the
value of an ecosystem, regulation and management systems are necessary to ensure that the
worth is not undermined in the process.

Trails, observatories and facilities will need to be developed on the basis of an understanding of
breeding and nesting sites of wildlife as well as preferences of tourists. The good news is that
foreign tourists constitute at least a tenth of the volume of annual to urism which not only expand
incomes and promotes it abroad as a coveted site but also offers opportunities for eco -tourism
that integrate social and ecologic considerations.

9.3. Framework forSustainableDevelopment of LRK

Our study demonstrates the importance of freshwater runoff into the LRK system as a driver of its
key ecosystem services. It also raises the issue of competing demands, particularly from
agriculture, in the catchment area that has steadily led to the decline of this freshwater runoff.
The aveage annual water stored in irrigation dams and check-dams within the catchment area
prevents the flow of at least 17,000 million cubic feet of water into the LRK. There is very little
catchment area available for freshwater runoffs into the LRK. How closeare we to the threshold
levels at which the ecosystem services come to a grinding halt and drastically alters the character
of the region? A good question , which we can only speculate at the moment. Global experiences,
such as those from the Aral Sea, reeal that these concerns are not ill-founded.
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A businessas-usual scenario can only lead to a quantitative and qualitative reduction in
ecosystem services and biodiversity in LRK as a result of (a) increased efforts to maximize
production values under conditions of open access; (b) infrastructure and other landscape
alterations that do not fully consider their impacts on flow of ecosystem services; and (c)
conflicting sectoral policies that often have a narrow objective and a short timeline.

Any reduction in the value of ecosystem services and biodiversity from a wetland is borne by
society in general and may be termed as the ©6cost
|l andscape are fragile and prone to itrhreevehrsli dd & tch
are, as yet, very poorly understood.

In the case of LRK, for instance, unique species that contribute to the biodiversity values of the
wetland are sustained by food and habitat characteristics that flourish within a narrow, but

predictable, set of hydrological and other environmental conditions. In case of environmental

disturbance, resident species are more likely to be affected than the migrants, and even among
the migrant species, the brooders are more likely to be affected than the for agers e.g. the lesser
flamingos, which use LRK wetlands for nesting purpose.

Tourism is directly linked to biodiversity. While reduction in biodiversity will negatively impact

tourism, infrastructure and marketing efforts are likely to compensate for specific biodiversity
losses for a while. Moreover, even if less attractive, wetland tourism is likely to shift towards
desert tourism. Tourism in LRK wetlands, therefore, is likely to be affectedafter significant losses
to biodiversity.

Production from prawn fisheries is likely to be more stable compared to biodiversity, in the face
of environmental disturbance. This is due to (i) higher stability in the tidal regimes (as compared
to freshwater flow regimes); (ii) ability of M. kutchensisto tolerate a broad range of environmental
conditions (such as salinity) and disperse in order to exploit relatively favourable conditions in
and around the mouth of the LRK; and (iii) relatively stable number of fishing families whose
efforts correspond to the environmental conditions, guided by traditional norms. Fisheries may
gain very substantially from improved ecosystem services, but is unlikely to slump below a
minimum level unless there is a major environmental disturbance.

Production of salt is likely to be least affected by environmental disturbances, since degradation
of the wetland will lead to an expansion of land available on the LRK for salt manufacturing.

If the above four economic sub-sectors are organized according to their relative tolerance to
environmental degradation (Fig. 9.2), it is interesting to find that the least tolerant sector is also
the one that reveals the lowest economic value (and the most tolerant sub-sector with the
highest economic value). This is perhaps fitting, since the xaxis also represents increasing human
engagement in deriving value from the sector.
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This overall finding has two major implications. First, economic values for ecosystem services and
biodiversity only provide us a starting point for dialogue intended to enhance the valu e of
natural resources rather than

negotiate the price of 750 694
alternate landuse plans. And,
second, there is need to | ¥ ©00
better understand ecosystem _5
. . . £ 450 - 410
services, including | 2
[
i 3
underlying ecosystem 3 300 | 276
functions to improve g
. . c
valuation techniques. £ 150 - 137
Let us now review the trends 0 .
in economic values of the Biodiversity Tourism Prawn Production  Salt Production
different sub-sectors in order Tolerance to wetland degradation ——
to understand their growth Human engagement —_
potential. It is observed that Fig. 9.2: Different economic values of LRK wetland visa-vis tolerance to
inland salt production is degradation and scale of human engagement

rather stable over the years. This is because of traditional rights foragariyas inside LRK that have
not expanded over the years, since it is a Protected Area. Also, seasonal nature of salt works that
use brine as raw material restrict its production potential. However, brine also offers numerous
important chemicals that are gaining in demand. The real growth of salt production is in the
creek areas, where sea water is used as raw material, a much simpler and cheaper salt variety.
Increasing benefit in salt, therefore, is at the cost of quality of produce as well as lost fishing
grounds.

Fisheries, on the other hand, isclearly related to the availability of freshwater, which is primarily
linked to uncertain rainfall in a semi-arid/ arid region.

Tourism, however, is showing a continuous growth in LRK. Though the numbers are low at the
moment, the sub-sector shows enormous growth potential in the near future. More importantly,
the proportion of foreign tourists is growing fast, which means increased spending. Since this
sub-sector depends on non-extractive use of biodiversity, it implies that an emphasis on tourism
is likely to bring in sustained growth in economic benefits from LRK without compromising on
the quality of ecosystem services. Fig 9.3 provides a comparison between businessas-usual
scenario, and a scenario with some amount of promotional activities. The growth estimates for
the next decade and half are not only impressive but are also sustainable. More importantly, this
sustainable growth scenario actually sets in motion a virtuous cycle of increased incomes for local
communities, higher valuation and increased conservation activities.

Further sustainability initiatives require strong institutional foundation for regular studies,
dissemination of information and facilitating dialogue among members.
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Fig. 9.3: Projected tourist flow and revenue generation.
Business as usual (BAU) consider tourist growth based on last few years growth (i.e. around 14% CGP);
Estimated scenario considers recent growth of tourists at Gir NP after serious promotional activities &
improved management (62% CGP)

9.4  Crafting an institutional mechaism for sustainability

Conservation policies increasingly recognize the need to keep local communities at the center of
any sustainable management strategy. Our present study also indicates that a very high
proportion of the local people are willing to pa y for biodiversity conservation in LRK and that
these payments could be as high as Rs 400 per annum.

However, neither do our policies provide space for the participation of local communities in a
meaningful manner nor do we have institutional space that strives to secure such partnerships.
Creating a platform for different local interests to understand, discuss and, if necessary, negotiate
space for increased economic activity, albeit within the framework of an overarching conservation
frame-work, might pro vide opportunities for maximization of values.

LRK is an open system with huge variability in both temporal and spatial scales. However, natural
variability is rapidly being replaced by disturbance, with both proximal and distal causal factors,
leading to unforeseen changes and challenges. Rapid transformation and high degrees of
uncertainties run the risk of depleting valuable ecosystem services from wetlands such as those in
the LRK. Institutional mechanisms that develop, and implement, frameworks for sugainable and
holistic policy actions might provide a viable solution. A similar effort has already been made in
the eastern seaboard of the country in the form of the Chilika Development Authority (CDA).

While small wetlands can be brought under the district level planning mechanisms for a holistic
management framework, large wetlands such as the LRK needs an umbrella institution to

128



coordinate planning and implementation. The key responsibility for such an authority would be
to create an over-arching framework for governance, approve sectoral plans and provide for the
participation of diverse stakeholders on the basis of evidence.

Such a state Authority would (a) develop guidelines and framewaorks for projects in the region; (b)
publish status and policy reports that seek to achieve a desired result; (c) expand highquality
facilities to monitor critical indicators; (d) provide a platform for sectoral plans to be discussed
and approved; (e) communicate with stakeholders on a periodic basis; (f) support specifc
research and training programmes; and (g) promote the model nationally and internationally.
Some of the sectoral plans/ policies are typically in the domains of fisheries, tourism, industry,
conservation, agriculture and irrigation etc.

The priority tasks for such an Authority would include

T Ildentifyingo®garemad nor salt works near the Sur e
and inputs from major stakeholders will be important for this.

1 Regulating canal irrigation in LRK landscape. Studies will iclude those on water pricing,
agriculture practices, landuse changes and livelihood shifts. Negotiation with farmers on
water and chemical use would also be important.

1 Managing fallow lands in the fringe areas, especially in the context of increased acces to
canal irrigation, to demonstrate mechanisms to protect their conservation values.

The idea is to move towards a comprehensive, landscape level governance system that
incorporates diverse interests such as fisheries, industries, conservation, agricultre and irrigation,
tourism etc. The quality of governance will progressively improve with enhanced knowledge of
hydrologic features, its role in ecosystem dynamics and mechanisms to allocate water towards
best use.

In 2008, Gujarat Government has constituted a Biodiversity Conservation and Rural Livelihood
Improvement Project (BCRLIP) Societyspecifically for LRK landscapelt visualizes a multi sector
and, seemingly antagonistic, multi-theme project on a landscape which has often been talked
about but no t addressed before in a time bound project mode.

With many senior officials of key Govt. Dept. on its Board, the Society strives to mainstream
traditional knowledge in conservation and livelihood generation, establish improved information
technology, conduct landscape-level research and promote awareness and communitybased
tourism. It is also tasked with the development of relevant policies for use of natural resources
and for allocation of water from canal networks for maintenance of regional ecological s tability.

To start with, The BCRLIP Society mape tasked with the development and implementation of a
tourism policy for LRK and t hen up gnmddeddlopfplisict as a
conservation and management policies for sustained flow of ecosystem goods and services.

129



130



10. References & Bibliography

Acharya, G. 2000. Approaches to valuing the hidden hydrological services of wetland ecosystemsEcological
Economics35: 63374.

Agarwal, M., 2011. Migratory birds in India: migratory birds dwindling. Nature. December
Agr awal a, V. S. 1953. I ndia as known to Pbnini , Uni v. of

Anon. 1999. Salinization and ecological degradation around the Ranns, Gujarat. A Status Report. Gujarat Ecology
Commission, Vadodara.

Anon. 2005. Gujarat Sate Biodiversity Conservation Strategy and Action Plan. Gujarat Forest Department, Gujarat
State

Anon. Undated. Wetlands in Gujarat. Versatile yet vulnerable. Gujarat Biodiversity Board. Gandhinagar.

Aselmann |, Crutzen PJ 1989. Global distribution of naural freshwater wetlands and rice paddies, their net primary
productivity, seasonality and possible methane emissions. J Atmos Chem 8: 30d358.

Barbier, E.B., 1991. Environmental Degradation in the Third World,. Chapter 6, iD.W. Pearce(ed.), Blueprint 2: The
Greening of the World Economy, Earthscan Publications, London,pp. 75-108

Barbier, E. B. 1994. Valuing Environmental Functions: Tropical Wetlandkand Economicsvol. 70: 155173.

Barbier, E. B. 1999. Environmental valuation in developing counté s & . Yearbook of environment
economics, Edward Elgar, U.K.

Barbier, E. B., Acreman, M. C. and Knowler, D. 1996. Economic valuation of wetlands: a guide for policy makers and
planners, Ramsar Convention Bureau, Gland, Switzerland

Barbier, E.B 2011. Wetlands as natural assets, Hydrological Sciences Journal, 56:8, 13@@873, DOI:
10.1080/02626667.2011.629787

Barbier, E.B. 1994. Valuing Environmental Functions: Tropical Wetlandkand Economic,70(2): 15573.
Barbier, E.B. 2007. Valuing ecosysim services as productive inputs.Economic Policy22(49): 1775229

Bassi, N,. Dinesh Kumar, M., Sharma, A. and Pardttdaradhi, A.. 2014. Status of wetlands in India: A review of
extent, ecosystem benefits, threats and management strategies. Journal of Hydology: Regional Studies 2
1619

Batemann, 1.J., Willis, K.G., Garrod, G.D., Doktor, P., Langford I. and R.K. Turner., 1992 Recreation and
Environmental Preservation Value of the Norfolk Broads: A Contingent Valuation Study, Report to the
National Rivers Authority, Environmental Appraisal Group, University of East Anglia, valuation results cited
in Turner et al. (1995).

Batemann, 1.J., Langford, |.H., Turner, R.KWillis, K.G. and Garrod, G.D., 1995. Elicitation and truncation effects in
contingent valuation st udies. Ecological Economics. 2: 161179

Bergstrom, J.C. and J.R. Stoll, 1990. Economic value of wetlarithsed recreation. Ecological EconomicsVol. 2, Pp.
129-147

Bharwada, C. and V. Mahajan 2008. Yet to be freed: Agariayas life and struggle for survivah the Little Rann of
Kachchh, Ahmedabad: Sandarbh Studies

Biswas B. 1976. IndiaNational report. In Smat (Ed.) Proceeding of international conference on Conservation of
wetland and waterfowl, Heiligenhafen, Germany, 108 109. International waterfowl Reseach Bureau, UK

BoBP. Undated. Study on the socieeconomic status of workers in the salt industry. Bay of Bengal Programme
(BoBP), Intergovernmental Organization, Chennai.

Boyd, J., Banzhaf, S., 2007. What are ecosystem services? The need for standardizeavironmental accounting
units. Ecological Economics63 (233), 6163626.

Brander, L.M., Florax, J.G.M. and Vermaat, J.E., 2006. The empirics of wetland valuation: a comprehensive summary
and meta-analysis of the literature. Environmental and Resource Ecoomics 33, 223250.

131



Breaux, A., S. Faber. and J. Day., 1995. Using natural coastal wetlands systems for waste water treatment: An
economic benefit analysis, Journal of Environmental Management, 44, 285291

Bisht, R. S., 1989. A new model of the Harappan tow planning as revealed at Dholavira in Kutch: a surface study
of its plan and architecture. In History and Archaeology (ed. Chatterjee, B.), Ramanand Vidya Bhavan,
Delhi, pp. 3970408.

Broadhead, C., AmiguesJ.P. Desaigues B. and Keith, J.1998. Riparian zone protection: The use of the WTA in a
Contingent Valuation Study. Paper presented at the World congress of Environmental and Resource
economists in Venice, Italy.

Brouwer, R and Slangen, L.H.G., 1998. Contingent valuation of the public benefits of agicultural wildlife
management: the case of Dutch peat meadow land. European Review of Agricultural Economics, 25. 53
72

Brouwer, R., Langford, I.H., Bateman, 1.J., Crowards, T.C. & Turner, R999. A meta-analysis of wetland contingent
valuation studies. Regional Environmental Change 1, 47 57.

Cesar, H. and Van Beukering, P. 2004. Economic valuation of the coral reefs of Hawaii. Pacific Science, 58: 2342.

CESC. 2008. Biodiversity Conservation and Rural Lielihood Improvement Project. Indicative PlarCentre for
Environment and Social Concerns. Ahmedabad.

Champ, P, Bishop, R, Brown, T. and McCollum, D. 1997. Using donation mechanisms to value non use benefits
from public goods. J. Environ. Econ. Manag/ol. 33, 1516162

Chauhan, M. and Geevan, C.P. 2. Towards the wise wuse of Guj arat ds
Program. Gujarat Ecology Commission, Vadodara.

Childress, B., Nagy, S. and Hughes, B. 2008. International Single Species Action Plan for the Conservation of the
Lesser Flamingo Phoeniconaias minor). CMS Technical Series No. 18, AEWA Technical Series No. 34. Bonn,
Germany.

Chopra, K (undated), Economic Valuation of Biodiversity, Phase Il: A Case Study of Keoladeo National Park,
Bhartpur, IEG, New Delhi

Conesa,F. C., Devanthéry N., A.L, Madella, M, and Monserrat, O. 2014. Use of Satellite SAR for Understanding
Long-Term Human Occupation Dynamics in the Monsoonal SemiArid Plains of North Gujarat, India,
Remote Sens.6 (11), 1142611443

Cooper, J and Loomis. J, B.1993. Testing wheher waterfowl hunting benefits increase with greater water
deliveries to wetlands, Environment and Resource Economics, 3(6). 54561.

Cooper, J.C., 1995. Using the Travel Cost Method to link waterfowl hunting to agricultural activities, Cahiers
d 6 E c o nebSudiogie Rarales, 35. 526

Cordell H.K and J.C. Bergstrom., 1993. Comparison of recreation use values among alternative reservoir water
level management scenarios, Water Resource Research, 29(2). 2428

Costanza, R., R. de Groot, P. C. Sutton, S. van der Ploeg, S. Anderson, |. Kubiszewski, S. Farber and R. K. Turner
2014. Changes in the global value of ecosystem services. Global Environmental Change(26): 15P58.

Costanza, R. and DalyH., E. 1992. Natural Capital and Sustainable Developmentonservation Biology6 (1) 37-46.

Costanza, R., Farber, C.S. and Maxwell, J. 1989. Valuation and Management of Wetland Ecosysterisological
Economics 1: 335361.

Costanza, R., #rge, R., de Groot, R.,Farber, S., Grasso,M., Hannon, B., Limburg, K., Naeem, S., Odeill, R.V.,
Paruelo, J., Raskin, R.G.,Sutoon, P.and van den Belt M. 19 9 7 . The Value of the
Services and Natural Capital Nature, 387: 253260.

Dalecki, M.G., Whiehead, J.C. and Blomquist, G.C. 1993. Sample neresponse bias and aggregate benefits in
Contingent Valuation: An examination of early, late and non-respondents. J. Envir. Manag. 38: 13343.

Dahl, T. E. 2000. Status and trends of wetlands in the conerminas United States 1986 1997. U. S. Fish and Wildlife
Service, Washington, D. C

132

We t |

Wor |


https://researchers.anu.edu.au/publications/90694
https://researchers.anu.edu.au/publications/90694

Dave, C.V. 2010. Understanding conflicts and conservation of Indian wild ass around Little Rann of Kachchh,
Guijarat, India. Final technical report submitted to Rufford Small Grart Program, UK.

de Groot, R.S. 1992. Functions of nature: Evaluation of nature in environmental planning, management and
decision making, Wolters-Noordhoff, Amsterdam, 315 pp

de Groot, R. S., Stuip, M. Finlayson, M., Davidson, N. 2006. Valuing Wetlands: giaince for valuing the benefits
derived from wetland ecosystem services.Ramsar Technical Report No. 3, CBD Technical Series No. 27

de Groot, R. S., Wilson, M., Boumans, R. 2002. A typology for the description, classification and valuation of
ecosystem fundions, goods and services.Ecological Economics41: 3933408.

de Groot, R.S., Fisher, B., Christie, M., Aronson, J., Braat, L.R., HaMesng, Gowdy, J., Maltby, E., Neuville, A.,
Polasky, S., Portela, R., Ring, I., 2010a. Integrating the ecological anad@nomic dimensions in biodiversity
and ecosystem service valuation. In: Kumar, P. (Ed.), TEEB Foundations, The Economics of Ecosystems and
Biodiversity: Ecological and Economic Foundations. Earthscan, London

de Groot, R.S., Kumar, P., van der Ploeg, S., IBwev, P., 2010b. Estimates of monetary values of ecosystem
services. In: Kumar, P. (Ed.), TEEB Foundations. The Economics of Ecosystems and Biodiversity: Ecological
and Economic Foundations, Eds. Earthscan, London (Annex 3)

de Groot, R., Brander, L., vanerPloeg, S., Costanza, R., Bernard, F., Braat, L., Christie, M., Crossman, N., Ghermandii,
A., Hein, L., Hussain, S., Kumar, P., McVittie, A., Portela, R., Rodriguez, L.C., Brink, P. and vanBeukering, P.
2012. Global estimates of the value of ecosystems aud their services in monetary units. Ecosystem Services
1, 50061

de Groot, R. S., Wilson, M., Boumans, R. 2002. A typology for the description, classification and valuation of
ecosystem functions, goods and services.Ecological Economics41: 3935408.

Deshmukh, V.D. 2006. Fishery and biology of the ginger prawn,Metapenaeus kutchensisGeorge, George and Rao,
1963 along the northwest coast of India. J. Mar. Biol. Ass. India48(2): 173 179.

Deshmukh, V.M. 1975. A note on the prawn fishery in the Gulf of Kutchduring 1962-63. Indian J. Fish 22: 265
269.

Dixit, A.M. et al. 2002. Kachchh Sukstate Biodiversity Conservation Strategy and Action Plan. Gujarat Institute of
Desert Ecology, Bhu.

Dixit, A.M., Trivedi, K. and Dhamecha, D. 2008. Concerns for Conservatioof Biodiversity Values in Little Rann of
Kachchh Landscape. Assessment of Impacts of Major Livelihood Activities. Final Report. Centre for
Environment and Social Concerns (CESC), Ahmedabad. Pp. 85.

Dresel, P. E. and Rose, A. W. 2010. Chemistry and onigiof oil and gas well brines in western Pennsylvania:
Pennsylvania Geological Survey, 4th ser., Opeifrile Report OFOG 1@01.0, 48 p

Dugan P (ed) 1993. Wetlands in Dangerd A World Conservation Atlas. Oxford University Press, New York, United
States of Ameiica.

Dugan, P.(Ed.) 1990. Wetland Conservation: A review of current issues and required action. IUCN, Gland,
Switzerland. 96 pp.

Emerton, L and Kekulandala D. C. BL. 2003. Assessment of the Economic Value of Muthurajawela Wetland. Occ.
Pap. IUCN, Sri Laka., 4

Feh, C., Shah, N., Rowen, M., Reading, R. and Goyal, S.P. Undated. Status and action plan for the Asiatic Wild Ass
(Equus hemionus). http://www.uicn.org/themes/ssc/actionplans/equids/part2chapter5.pdf

Finlayson CM., Davidson, N.C., Spiers A.G. and Stevenson N J 1999. Global wetland inventory 6 Status and
priorities. Marine and Freshwater Research 50, 717727

Finlayson C.M. and Moser, M. (eds). 1991. Wetlands: A global perspective. Facts on File, Oxford.

Foster, V., Bateman, I.J. and Harley, D1998. Real and hypothetical willingness to pay for environmental
preservation: A non-experimental comparison, In Environmental Valuation, Economic policy and
Sustainability: Recent advances in Environmental Economics. Melinda Acutt and Pamela Mason (eds),
Northampton, MA: Edward Elgar, 3549

133



Frere, H.B.E., 1870. Notes on the Runn of Cutch and neighbouring regionJournal of Royal Geographical Society
Vol. 40.

GEER. 1999. Ecological study of Wild Ass Sanctuary. Little Rann of Kutch (A comprehensive study biodiversity
and management issues). Gujarat Ecological Education and Research (GEER) Foundation, Gandhinagar.

Ghermandi, A., van den Bergh, J.C.J.M., Brander, L.M. de Groot, H.L.F. and Nunes, P.A.L.D. 2007. Exploring diversity:
a meta-analysis of wetland conservation and creation.

Ghosh, S., G. Mohammed, J.P. Polara and H.M. Bhint, 2012. Monsoon fishery of juvenile ginger prawns at Little
Rann of Kutch, Gujarat in relation to environmental parameters, Indian J. Fish., 59(1) : 227

Glennie, K.W. 1970. Dsert Sedimentary Environments. Developments in Sedimentology. Vol. 14, Elsevier
Publishing Co., Amsterdam.

Gopal, B. 1995. Biodiversity in Freshwater Ecosystemsincluding Wetlands, Biodiversity and Conservationin India, A
Status Report. Vol. 4, Zoological $irveyof India, Calcutta.

Gopal, B. and Sah, M. 1995. Inventory and classification of wetlands in Indiavegetatio, 118(1-2): 39-48.

Gren, .M. 1993. Alternative nitrogen reduction policies in the Malar region, Sweden. Ecological Economics, 7(2):
159-172

Gren, M., Folke, C., Turner, K. & Bateman, I. 1994. Primary and secondary values of wetland ecosystems.
Environmental and Resource Economics 4, 5574.

Green, A.J., El Hamzaoui, M., El Agbani, M.A., Franchimont, J., 2002. The conservation status of Moroceestlands
with particular reference to waterbirds and to changes since 1978. Biol. Cons. 104, 7382

Gupta, V. and Ansari, A.A. 2012. Geomorphic portrait of the Little Rann of Kutch. Arabian J. Geosci. DOI
10.1007/s12517-012-0743-y

Gupta, T.R and Foster, Bl. 1975. Economic criteria for fresh water wetland policy in Massachusetts. American
Journal of Agricultural Economics, 57(1):4045

Hamilton, L.S., Dixon, J.A. and Miller, G.O. 1989. Mangrove Forests: An Undervalued Resource of the Land and of
the Sea. InOcean Yearbook 8, E. Borgese, N. Ginsburg, and J.R. Morgan (eds.), The University of Chicago
Press, Chicago and London.

Hanley, N., Barbier, E.B., 2009. Valuing ecosystem services. Pricing Nature: Godbenefit Analysis and
Environmental Policy. Edward Elgr, London

Heimlich, R.E. 1994. Costs of an agricultural wetland reserve. Land Economics, 70(2): 234

Ingram, J. 1991. Wetlands in Drylands: The Agroecology of Savanna Systems in Africa. Part 2: soil and water
processes IIED, London.

lyengar, R.N. and Rdhakrishna. B.P. 2007. Geographical location of Vedic Irina in Southern Rajastharl Geolog.
Soc. India. 70:699-705.

lyengar, R.N., RadhakrishnaB.P.and Mishra, S.S. 2008. Vedic Irina and the Rarwof-Kutch, Puratattva, Vol 38

Jadhav, A. and Parasham, B.M. 2004. Counts of Flamingos at some sites in Gujarat State, IndidVaterbirds, 27(2):
141-146.

Joseph, A. and Soni, V. C. 1986. Length weight relationship and relative condition factor of prawn, Metapenaeus
kutchensis George, George and Rao from (kha. Indian J. Fish., 33(1)}t27-129.

Joseph, A. and SoniV.C.1990. A study on prawn fishery of the mouth of gulf of Kutch with special reference to
certain biological aspects of some prawn species.Indian J. Fish, 37(3): 175 182.

Kirkland, W.T.1988. Reserving Wetland- An Application of the CVM, Master Thesis, Massey University, New
Zealand

Kizhakundan, J. K. and Kizhakundan, S. J. Role of fishermen in conservation and management of fishery resources
in Gujarat, India® Some Case Studies, CMFRI

Klein, R.J.T. and Bateman, |.J. 1998. The recreation value of Cley Marshes Nature Reserve: An argument against
managed retreat?. Water and Environmental Management, 12: 280285.

134



Kosz, M. 1996. Valuing riverside wetlands: The case of the Dona\uen National Park. Ecological Economics, 16:
109-127

Kumar, D. 2001. Action plan for water resource management in Gujarat (Draft). State Environmental Action
Programme (SEAP). Gujarat Ecology Commission, Vadodara

Kumar, R., Horwitz, P., Milton, G.R., Sellamuttu, S.S., Buckid5.T., Davidson, N.C., Pattnaik, A.K., Zavagli, M. and
Baker, C. 2011. Assessing wetland ecosystem services and poverty interlinkages: a general framework and
case study. Hydro. Sci. J. 56(8): 1602621.

Kuriyama, K. 1998. Measuring the value of the eosystem in the Kushiro Wetland: An empirical study of Choice
Experiments. Forest Economics and policy working paper Ne 9802. Japan.

Lakumb, N. C. 1960. Prawn fishery of Kutch, Gujarat state. Souvenir published by the Directorate of Fisheries,
Guijarat state on the occasion of the Fishery Festival, 4954

Lehner, B and Doll, P. 2004. Development and validation of a global database of lakes, reservoirs and wetlands. J.
Hydrol. 296: 1622.

Lepage, D. 2014. Checklist of the birds of Little Rann of Kutch. Avibasethe world bird database. Retrieved from
http://avibase.bsceoc.org/checklist.jsp?lang=EN&region=innwgj01&list=clements&format=2 on
21/11/2014.

Loomis, J.B. and Larson, D.M. 1994. Total economic value of increasing Gray Mdle populations: results from a
contingent valuation survey of visitors and households. Marine Resource Economics, 9: 275286.

Malik, J.N., 1999., cited in http://ietd.inflibnet.ac.in:8080/jspui/bitstream/10603/42661/12/12_chapter203.pdf

Malik, J.N., Merh S.S. and Sridhar, V. 1999. Paledelta complex of Vedic Sarasvati and other ancient rivers of
north-western India. Members Geological Society of India, 42:.163174.

Mani, M. (ed.) 2014. Greening | nalffs. BadtlscagRoutledgeh : cost s,

Mannesto, G. and Loomis. J.B. 1991. Evaluation of mail and i#person Contingent Value surveys: Result of a study
of recreational boaters. J. Environ. Manag. 32: 177190

Matthews, E., and |. Fung, 1987: Methane emissions from natural wetlands: @bal distribution, area, and
environmental characteristics of sources.Global Biogeochem. Cyclesl, 61-86

Maurya, D.M., Thakkar, M.G., Khonde, N. and Chamyal, L.S. 2009. Geomorphology of the Little Rann of Kachchh,
W. India: Implication for basin architecture and Holocene palaeo-oceanographic conditions. Z. Fir
Geomorphol, 53: 6980.

McAllister. D.E., J.F. Craig, N. Davidson, S. Delany and M. Seddon. 2001. Biodiversity Impacts of Large Dams,
International Union for Conservation of Nature and United Nations Environmental Programme, Gland and
Nairobi

Mundkur, T., Pravej, R., Khachar, S. and Naik, R.M. 1989. Hitherto unreported nest site of Lesser Flamingo
Phoeniconaias minorin the Little Rann of Kutch, Gujarat. JBombay Natu. Hist. Soc. 86: 281-285.

Millennium Ecosystem Assessment 2005. Ecosystems and Human Well Being: Synthesis. Island Press,
Washington DC.

Ministry of Environment and Forests (MoEF), 2006. National Environmental Policy. MoEF, Government of India,
New Delhi.

Ministry of Environment and Forests (MoEF), 2007. Conservation of Wetlands in India: A Profile (Approach and
Guidelines).MoEF, Government of India, New Delhi.

Mitsch, W.J and Gosselink, J.G., 1986. Wetlands. Van Nostrand Reinhold, New York.

Mitsch, W.J. and Gosselink, J.G. 2000. The Mas of Wetlands: Landscapes and Institutional Perspectives.
Ecological Economics, 35: 2633

Miyata, Y. and Abe, H. 1994. Measuring the effects of flood control project: Hedonic land price approach, J.
Environ. Manage. 42: 389401

MoEFCC & GIZ. 2014.The Economics of Ecosystems and Biodiversity TEEB India Initiative: Interim Report
Working Document. 92p.

135

val

ual


http://avibase.bsceoc/

Mundkur, T. et.al. 1989. Hitherto unreported nest site of the Lesser Flamingo Phoeniconaias minoj) in the Little
Rann of Kachchh. J. Bombay Nat. HstSoc 86:281-285.

Narie, K.K. 1964. New salt works. A0 SRI Central Salt and Marine Chemical Research Institute.
Niering, W.A., 1985, Wetlands, Alfred A Knopf, Inc, New York

Niu, Z. G., Zhang, H. Y., Wang, X. W., Yao, W. B., Zhou, D. M., Zhao, K. Y., ZHad,i, N. N., 30 Huang, H. B, Li, C.
C., Yang, J,, Liu, C. X,, Liu, S., Wang, L., Li, Z,, Yang, Z. Z., Qiao, F., Zheng, Y. M., Chen, Y. L., Sheng, Y. W.,
Gao, X. H., Zhu, W. H., Wang, W. Q., Wang, H., Weng, Y. L., Zhuang, D. F., Liu, J. Y., Luo, Zhéhg, X.,
Guo, Z. Q., and Gong, P. 2012. Mapping wetland changes in China between 1978 and 2008, Chinese Sci.
Bull., 57, 2813 2823

Oldham, R.D. 1893. A mannual of geology of Indiad Stratigraphical and Structural, (2nd edition), Calcutta.

Parikh, J. and Parikh, K.. 1999. Sustainable Wetland. Environmental Governance, Indira Gandhi Instituteof
Development Research, Mumbai.

Parmar, M. J., Chaudhary, J. S., Singh, P. and Pandey, C.N. 2014. Management plan for Wild Ass Sanctuary. Gujarat
Forest Department, Gyarat. 248 pp.

Parvez. R. 1990. Prawn fishery and a socieconomic perspective thereof, of three fishing villages on the Northern
Gulf of Kachchh, India. Ph. D. Thesis, Saurashtra University, Rajkot.

Patel, G.D. 1971. Gujarat State Gazetteerd Banaskantha District, Govt. Printing, Stationary and Publication,
Ahmedabad.

Patel, G.D. 1971. Gujarat State Gazetteerd Kutch District, Govt. Printing, Stationary and Publication, Ahmedabad.

Patel, G.D. 1971. Gujarat State Gazetteer® Mahesana District, Govt. Priring, Stationary and Publication,
Ahmedabad.

Patel, G.D. 1971. Gujarat State Gazetteer® Surendranagar District, Govt. Printing, Stationary and publication,
Ahmedabad.

Paulinose, V.T., B. Lalithambika Devi, V.R. Nair, N. Ramaiah and S.N. Gajabhiye. 1%$plankton standing stock
and diversity in the gulf of Kutchchh with special reference to larvae of decapoda and pisces. Indian J.
Mar. Sci., 27: 340345

Pearce D.W and Moran D. 1994. The economic value of biodiversity. Earthscan, London, UK. 172

Peare, D.W and R.K. Turner, 1990. Economics of Natural Resources and the Environment, harvester Wheatsheaf,
hemel Hepmstead.

Pearce, D.W. and Warford, J.J. 1993. World Without End. Oxford University Press, Oxford
Platt, L.B., 1962. The Runn of Cutchl Sedimen. Petrol., 32.

Poth, C. W., 1962, Occurrence of brine in western Pennsylvania: Pennsylvania Geological Survey, 4th ser., Mineral
Resource Report 47, 53 p.

Prasad, S. N., Ramachandra, T.V., Ahalya, N., Sengupta, T., Kumar, A., Tiwari, A.K., Vijayan,nd.¥ijayan, L. 2002.
Conservation of wetlands of India d a review. Tropical Ecology, 43(1): 173L86.

Prigent, C.,F. Papa, F. Aires, C. Jiméne¥/.B. Rossow, ancE. Matthews, 2012. Changes in land surface water
dynamics since the 1990s and relation to population pressure. Geophys. Res. Left39

Ramamurthy, S. 1967. Studies on the prawn fishery of Kutch. Proc. Symp. Crustacea. Marine Biological Association
of India. Part 1V: 1424 1436.

Rao, G.S. 1983. Observation on the seasonal prawn fishery of the Littl&@ann of Kutch during 1980. Indian J. Fish
30(1): 124134,

Roberts, L.A. and Leitch, J.A., 1997. Economic valuation of some wetland outputs of Mud Lade, Minnesota, South
Dakota, Agricultural Economics Report No 381, Dept of Agricultural Economics, North Dekota State
University, UAS

Rodgers, W.A. and Panwar, H.S. 1988. Planning a wildlife protected area network in India. Wildlife Institute of
India, Dehradun

136



Roy, 1973. Pattern and Cause of Inundation of the Rann of Kutch. Ph.D. Thesis (unpublished), The Mataja
Sayajirao University of Baroda.

Russi, D., ten Brink, P., Farmer, A., Badura, T., Coates, D., Forster, J., Kumar, R., & Davidson, N. 2013. The Economics
of Ecosystems and Biodiversity for Water and Wetlands. London and Brussels: Institute for Europea
Environmental Policy; Gland: Ramsar Secretariat.

SAC, 2011 National wetland atlas. Space Applications Centre Ahmedabad. Indian Space Research Organisation.

Sarvaiya, R.T. 1981. Prawn fisheries of Kutch with special reference to Sukhpar and Lakhp&tdian J. Fish 25(1):
35-40.

Satyanaryana, K.V.S. 1951. Studies on the soil of Rann of Cutch, description of some profile and the distribution of
salts and gypsum in the profiles. Indian society of Soil scienceBull. No. 6: 125153.

Sathyapalan, J., BhattaA.N., Easa, P.S., Srinivasan, J.T., Shukla, N. and Jog, P. 2014. Livelihood of agariyas and
biodiversity conservation in the Little Rann of Kachchh, Gujarat. Cenre for Economic and Social Studies,
Hyderabad. CESS Mongraphs No. 20

Schuijt, K.D. and Janse, J. 1999. Economic Valuation of the Lake Chilwa Wetland. Report for the Lake Chilwa
Wetland and Catchment Management Project, Danida.

Schuyt, K. and Brander,L2004. The economic value of the worl dés wetl anc
Netherlands, World Wildlife Fund. 32 p

Scott, D.A. 1989. A Directory of Asian Wetlands. IUCN, Gland, Switzerland, and Cambridge, United Kingdom

Seild, A.F.and Moraes, A. S.2000. Global valuation of ecosystem services: application to the Pantanal de
Nhecolandia, Brazil. Ecological Economics, 33(1): 6

Shah, N. V. 1993. Ecology of wild ass (Equus hemionus khur) in Little Rann of Kutch. Ph.D. Dissertation,
M.S.University, Baroda, Gujarat.

Singh, H.S., Pandey, C.N., Yennawar, P., Asari, R.J.,Patel, B.H., Tatu, KRawdl, B.R. 2004. The Marine National
Park and Sanctuary in the Gulf of Kachchk A comprehensive study on biodiversity and management
issues. GEER Foundation; Gandhinagar

Singh, K. and Shishodiya, A. 2007, Environmental economics: Theory and applicationsSage publications, New
Delhi

Sinha B.C. and Goyal, S.P. 2006. Fuelwood plantation of Prosopis juliflora and its impact on the habitat of Indian
wild ass, Equus heminous khur in Little Rann of Kutch, GujaratAnnals of Forestry,14(2): 350354.

Sivewright. 1907. Cutch and the RannGeographical Journa) V-29, Pp-518-539.

Staples, D J. 1980. Ecology of juvenile and adolescent banana prawns, Penaeus mergulensis, In a mangrove
estuary and adjacent off-shore area of the Gulf of Carpentaria 11. Emrgratlon, popuation structure and
growth of juveniles. Aust J. mar. Freshwat. Res. 31 65865

Steever, W.J., CallaghatPerry, M., Searles, A., Stevens, T. and Svoboda, P. 1998. Public attitudes and values for
wetland conservation in New South Wales, Australia, Journabf Environmental Management, 54:14

Stevens, T.H., Benin, S. and Larson., J.S. 1995. Public attitudes and economic values for wetland preservation in
New England, Wetlands, 15(3): 226231

TEEB. Mainstreaming the Economics of Nature: A Synthesis of the Apprach Conclusions and Recommendations
of TEEB. Earthscan, London, Washington.

TEEB. 2010. The Economics of Ecosystems and Biodiversity: Ecological and Economic Foundations. In: Kumar, P.
(Ed.) Earthscan, London, Washington. TEEB Synthesis

Thibodeau, F.R. ad Ostro, B.D. 1981. An Economic Analysis of Wetland Protection. Journal of Environmental
Management, 12, 19-30.

Turner, R. K. 1995. An Ecological Economics Approach to Coastal Zone Management. Paper presented at the
EERO/GKSS Workshop, Geesthacht, German@ctober

Turner, R.K., van den Bergh, J.C.J.M., Barendregt, A. and Maltby, E. 1997. Ecologaminomic analysis of wetland:
Science and social science integration. GWEN. UK.

137



Turner, R.K., Georgiou, S., Brouwer, R., Bateman, 1.J. and Langford, 1.J. 20@8vards an integrated environmental
assessment for wetland and catchment management.The Geogr. J.169: 2.

Turner, R.K., van der Bergh, J.C.J.M., Soderqvist, T., Barendregt, A., van der Straaten, J., Maltby, E. and van lerland,
E.C., 2000. Ecologicakconomic analysis of wetlands: scientific integration for management and policy.
Ecol. Econ. 35 (1): 323.

Turner, R.K., van den Bergh, J.C.J.M., Barendregt, A. and Maltby, E. 1997. Ecologamnomic analysis of wetland:
Science and social science integratim. GWEN. UK.

Van Beukering, P.J.H. and H.S.J. Cesar. 2004. Economic analysis of marine managed areas in the main Hawaiian
islands. Report for the National Oceanic and Atmospheric Administration, Coastal Ocean Program.
Washington DC. p 28.

Van Beukering, PJ.H., Cesar, H.S,JDierking, J.and Atkinson, S.2004. Recreational survey in selected marine
managed areas in the main Hawaiian islands. Report for the Division of Aquatic Resources (DAR) and the
Department of Business, Economic Development and Tourism(DBEDT), Honolulu, p 14.

Van Kooten, G.C. 1993. Bioeconomic evaluation of government agricultural programmes on wetland conversion.
Land Economics, 9(1): 2738.

Venkatachalam, L. 2004. The contingent valuation method: A review. Environ. Impact Assess. Re4, 89124,

Verma, M., Bakshi, N. and Nair, R. 2000. Economic Valuation of Bhoj Wetland for Sustainable Use, Under World
Bank Aided India: Environmental Management Capacity Building Technical Assistance Project, IIFM,
Bhopal

Westlake, D.F. 1963. Comparisns of plant productivity. Biol. Rev. 38:385425
Wetzel, R.G. 1975. LimnologyW.B. Sounders Co. Philadelphia, London & Toronto,4IX+1-773

Whitehead, J.C. 1990. Measuring willingness to pay for wetlands preservation with the Contingent Valuation
Method. Wetlands, 10(2): 187201

Whitehead, J.C. 1991. Environment interest group behavior and selselection bias in Contingent Valuation mail
survey. Growth and Change, 22(1):121

Willis, K.G. 1990. Valuing normarket wildlife commaodities: An evaluation and comp arison of benefits and costs.
Applied Economics, 22:1330

Wynne, A. B., 1872. Memoir on the geology of Kutch, Indian GeologicalSurvey Memoir 9, 29847

Woodward, R.T.and Wui, Y.S. 2001. The economic value of wetland services: a metanalysis. Ecological
Emnomics 37, 257-70.

Zedler, J. B.and Kercher.S.2005. Wetland Resources: Status, Trends, Ecosystem Services, and Restorability. Annual
Review of the Environment and Resources. 30: 3974

Zingde, M.D., Nair, V.R. Govindan, K. and SabnisM.M. 1988. Marine environmental impact assessment of
proposed tidal power development in the Gulf of Kuchchh. Proc. International Symp. Tidal Power
Development, New Delhi.

138



Annexure —4.1

Traditional Capture Fisheries and Livelihoods in LRK, Gujarat

Focus Group Discussion

Name of Fishing Centre

1.

Basic information of fishing site

Date of Discussion

Parameters

Details

Date of first Arrival to site:

Expected date to leave this site

Total Fishing Families present (this year)
(How they define the Family?)
Total fishing families in last year

Total Labour Families (this year)
Last year

Total Persons/Population (this year)

No. of active fishers who goes for actual fishing

No, of persons engaged as:

Small Traders /Middlemen

Labourer for fishing operation:

Net weaving, boat making, repairing etc

Native Places of Fisher Families

Place Approx no of HH Remarks

(Chhapra)

Type of Families (Give approx number of HH out of total HH)

Fishing in own | Given their own
Area fishing area to
other on lease

Not own any Providing Fishing
Fishing area but labour on wage or
take area on lease | on sharing basis

Any other

No.

Remarks

2.

Asset holding (approx in the settlement)

ltems Quantity Avg Life Avg. Purchase remarks

value

1-Country boat (Odie)

2- Mechanized boat

3-Net (types)

4-Trap (type)

5-Vehicle (type)

6. High power torch

7. Other
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3.

4.

Facilities near fishing settlement (mostly temporary

but in few cases even the villages)

Facilities

Details (Quality/ quantity) Remarks

Roads connectivity
Type and approx km from main road

Local Conveyance /Transport (bus, jeep, chhakda,
auto etc.)

Drinking Water Sources
Other Domestic Use
[Tanker, tube well, pond, tap water, well etc)

What are the major occupational health issues?
Health care facilities (type and distance)

Electricity (Y/N)

If yes, approx number of fisher HH had?
Solar Lights (Y/N)

If yes, approx number of fisher HH had?
Who finance for Solar lights & cost?
Common Public street light (Y/N)

Nearest Market for provision/other daily use
items (Place & distance)

Where do the children go for School?
(Place, Type and Distance)
Nearest Anganwadi

Sanitation at Fishing Centre
Sanitation at Native Settlement

Fish Storage facility

Ice factories

Ice crushing machine

Occupational Dependency and Profile of families who are present in the fishing site

Approximate No. of HH
involved

Agriculture

Livestock

Farm Labour

Non-Farm Labour

\Work in salt pan

Skilled SelfEmployed (Carpenter, Mistry, etc.)

Forest

Others like Stall, Vendors (specify)

Service (Govt. / Private)

5.  What kind of fishing methods does the villagers/settlement group practice?

6. Types fish catch in the village/settlement site:

Fish /Prawntype

Change in last 10-15 years
(Increase; Decrease, No Change, No ldea
& Scale the change in 1-5 score

Major Cause for Change
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7. Do fishers receive any assistance from Government /Traders to individual or group (cooperative)?
Items Government Fish Trader Other (specify)

Subsidized
Diesel

I-Card
Subsidized Net
Boats

Motor

Ice

other

8. Ranking of fishing season
Ranking Major Causing Factor for Fishing Catch
(between 1 and 16 Ana) (e.g. Poor rain; untimely rain; changein wind etc)

Current Year

Last year
Last to Last year

According to you in recent years (say in last 10 years) which was the best fishing year?

9. Labour engagement (give approx % of total labour)

Purpose Family labour Hired Payment method
(Own family & Relatives) | labour (Cash/Share of produce
etc.)

Fishing Operation

Sorting Fresh Fish/Prawn
Boil, Drying and Beating (Prawn)
Others, specify

10. Changes in fish prawn price
Type Current season (Amount per box or kg) Last season (Amount perbox or kg)

Fresh Prawn
High quality
Medium Quality
Low quality

Dried Prawn

Prawn Bhusi
Other Fishes

11. Whom/where do the fishers normally sell the fish/prawn catch? Fish/Prawn Selling Arrangement (% of total
production)

Traders Direct Company Local Selling Self Others

Type
P (Name and %) | (Give Name and %) Consumption (Specify)

Fresh Prawn

Dry Prawn
Prawn Bhusi
Other Fish

12. Do fishers have any other options of selling their produce?
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13. In different fishing season, what is the approximate ratio (%) of prawn catch:

Season Quality Sold as Fresh Converted into Dry

Good season (1216 Ana)

Medium season (812 Ana)

Poor season (48 Ana)

14. Finance in fishing season

Source of credit/Borrowing Rate of Interest Other conditions

Fishing Purpose:

Non-fishing Purpose:

15. Changes in fishing families engaged; equipments (nets and their mesh size/boats etc); mesh Size techniques

Earlier Now

No. of Fisher Families Engaged

Type of Net used

Quantity of Net Used

Mesh Size

Type of boat & Number

16. Institutional arrangements (WHO ARE TAKING VITAL DECISIONS ABOUT FISHING RELATED ACTIVITIES
including start/end of fishing; type and quantity of fishing tools use; appropriation of fishing areas; SALE OF
PRODUCT etc.)

Issue Details/Mechanism

Fishing area related (within settlement)

Fishing method / Tools/equipments/ timing
etc. (within settlement)

Fishing area related (amongthe settlement)

Fishing method / Tools/equipments/ timing
etc. (among the settlement)

Setlement related issues (e.g. chhapra
making, water etc.)

Information Sharing related to price, legal
aspects etc

Cooperation with Forest/Fisheries/Revenue
dept.

Existence of Primary Fish Cooperatives

other

17. Community spending related to operation alization of fishing centre

Heads Spending/yes/no/amount

Road maintenance

Site cleaning

Rent/ Fees

Community Functions
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2.

Perception of Fisher Folks on changes in fish catch, general ecology of LRK, threat to the system and

fisheries

What is your perception in respect to the changes in the fish/prawn catch during the last 15 years?

Quantity#
(Total catch)

Quality#
(Size)

Impact Extent
(low, medium, high)

Remarks

# 1. Highly decreased; 2. Decreased; 3. Remain same; 4. Increased; 5. Higlihgreased

What according to you are the major Causes for this change in fishery? (externall/internal)

Causes

Ranking (Low/Moderate/High)

3.

What according to you are the impacts of other economic production system on wetlands and fishery

system?

Production system

Impacts

Salt work in Little Rann

Salt work around Surajbari Creek

Infrastructure development (like road,

railway, power lines, pipelines etc) along

Surajbari Creek

Agriculture expansion due to Narmada Canal

Harvesting of freshwater runoff by dams,

check-dams etc

4.
5.

Do you think that the fisheries ecosystem in Rann has been deteriorated over the years? [Y/N]
If yes, in your opinion what are the key indicators that suggest such deterioration?

Indicators/ Criteria

Rank (Low/Moderate/High)

Description/Remarks

1.
2.
6. According to you, is it possible to improve the fishery habitat and fish production? (Y/N)
7. If yes, according to you what type of efforts/measures can be undertaken?
Suggested Description Rank in order of effectiveness | Who can bear the cost?
Efforts/Measures ( Low. Moderate, High) (Govt; Fishing Community;
Industry; Collective; etc.)
1.
2
8. As a direct user of LRK fisheries, are you willing to contribute, financially or otherwise, the improvement of

fisheries habitats of LRK, which ultimately enhance your income/livelihood?

Raise the hands that are willing to contribute? Total person agreed..........
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Annexure — 4.2

Traditional Capture Fisheries and Livelihoods in LRK, Gujarat

Name of the Respondent:

Settlement region:

Household Survey

Date of Interview:

Settlement name (if any):

Native Village: Taluka: District: State:
Caste and subcaste: Mob no:
1. Demographic information
Sl.no Name Sex |Age |Education |Occupation Is person present in this

(Give List of Occupationalfishing settlement? (Y/N)
Engagement in last year)

In case of fishing, explain the site e.g. F(LRK); F(outside)

2. Housing & Other facilities

Origin Place

In the Settlement

House Type Kucha PuccdTemporary)

No. of Rooms in House

Electricity (Y/N)

Solar light (Y/N)

Drinking Water Sources and distance

Drinking Water Quality

Sanitary facility

3. Entitlements:

Ration
Card?(Y/IN)

BPL Cad?
(Y/N)

NAREGA|
Job ard?
(YIN)

Card?(Y/N)

Insurance
Policies?(Y/N)

Kissan Credit

Bank
Account?
(YIN)

Fisher
ID/License
(YIN)

Post Office
Account?
(YIN)

4, Asset Land

Category

Total Area
(acre/bigha)

Irrigated area
(acre/ bigha)

Cultivated Crops/
Horticulture/Vegetables

Fallow Land (in acre or bigha)

Last year Current Year

Owned

Joint/Shared

Lease in

Lease out

144




5.

Asset Livestock

Type Total Left in Native Bring with | No. Purchased
Numbers | Village you in last 3 years

No. sold in last
three years

Cattle

Buffalo

Goat

Sheep

Poultry

Other

Assets Durable Goods

ITEM NUMBERS ITEM NUMBERS
Radio / Cassette / DVD Players B/W Television

Computer/Laptop Color Television

Mobile handset Solar Lights

Bicycle Cooking Gas (LPG)

Motorcycle / Scooter Ceiling/Table Fans

Motor car / Jeep etc./Auto/ Refrigerator

Chhakda

Have you ever shifted your occupation over the last one decade?If yes, give details

Approximate income from different sources during last year

Sector Sources

Net Annual Income
(inRs.)

Agriculture Sale of Agriculture Crop

Sale of Agriculture Residues

Sale of Horticulture/Vegetables

Livestock Sale of livestock product (milk, egg, wool)

Sale of livestock

Wage Labour Farm Labour

Non-farm labour

Self Employment |Small business/ skilled job

Sale of Handicraft items

Service Salary from service

Other

Fishing in LRK Fresh Fish/Prawn sale

Boil/dried fish/prawn

Sale of prawn bhusi

Fishing related labour

Providing fishing related other services (boat/ net repairing)

Providing other facilities in settlement (water, provisions etc.)

Income by leasing fishing ground/renting boat & net

Other

Others Salt
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9. Approximated expenditure pattern of HH (per month or year in Rs) (give details of last year)
Items Approx. Expenditure Remarks

(in Rs)

Food grains (Yearly)

Education (Yearly)
Health (Yearly)

Cloths (Yearly)
Purchase of durable goods (Yearly)

Tobaccol/liquor

Marriage, other ceremonies (Yearly)
Maintenance of House (Yearly)
Maintenance of Agri Assets (Yearly

Maintenance of Fishing Assets (Yearly)

Temporary hut construction in settlement
Others

10. Do you take loan? Y/N, give details:
Purpose (General, Sources of money Amount (Rs) Rate of Any special

Fishing and Non- lending13 interest Condition
fishing purpose)

Information on Fishing Methods, Equipments (techniques), Practices and Marketing

11. Since when you are engaged in fishing activities? Since how long you are visiting this site for fishing?
12. Whether you have own traditional fishing ground in this site?

13. Do you fish in other areas also?If Yes, give details.

Place Period (give months)

14. In the current season, when did you come this place (starting time Expecting to go back
15. According to you, how good the fishing season for LRK ?

Ranking Remarks
(between 1 and 16 Ana)

Current season

Last season

Last to last season

Best season in last 15 years Year:

13 1- Traders, 2from relatives, 3-primary fishing co-operative society, 4-Middlemen, 5-Money lenders - 6-banks (specify), 7
other source, specifyéééeéeée. . ]
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16. What types of fish you catch in LRK and other fishing places

Fish type in LRK

Fish type (Outside LRK)

Remarks

1.
2.

17. Fishing Related Assets

ltems

Number; Kg

In LRK

Whether own
or rented

Approx Life
(year)

Approx Current
Value (Rs)

Purchased by own or
provided /lended by
traders/middlemen

1-Country boats (Odie)

2- Mechanized Motor
boat

3-Net (type)

4-Trap (type)

5-Other items

Note: mention if you use same boat/nets for fishing outside LRK

18. If you do not have boat/net, do you share with others?
19. If share basis, what is the arrangement of cost and benefit sharing:
20. What was your fish catch ? (indubba or Kg.)

21. Whom do you sell your different fish/prawn product?

Type of fish catch Last week Last month Last year season| Remarks
Prawn (High quality; less Q Q Q
count/kg)..toTraders Price: Price: Price:
Prawn (Low Quality; high Q Q Q
count/kg)...To trader Price: Price: Price:
Low quality (not sold to Q Q Q
traders)...Convert to dry Price: Price: Price:
Other fishes (specify..) Q Q Q
Price: Price: Price:
By-catch fish (avg per day) ﬁ

Product

In LRK

Remark

Fresh Prawn

Fresh Fish

Boiled &Dry Prawn

Dry Prawn

Dry Fish

Dry prawn bhusi

Other

Trader; Middlemen; Local Market; Direct to fish processing company; Cooperatives; any other

22. Per dayhousehold consumption (kg/day)

Fresh

Dry

23. Sources of finance for buying the boats/nets

Boat

Net

Sources Amount

Rol

Other
conditions

Sources

Amount Rol

Other conditions
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24. Wood use in fishing (current season)
Items From where do you buy

Nearby forest area Purchased from Market Cost (Rs)

Setting of Nets

Boat and net making

Hut construction

25. Do you engage labourers for fishing purpose in this season? [Y/N]
26. If yes, give the following information:

Purpose Family labour (avg per day) Hired labour, | Payment
(own family, shared groups, relatives etc) Avg. Per day) | system

Fishing operation,
Boating

Processing n drying
Others, specify

Are you compelled to sell your catch to traders/ middlemen,
if you take loan from them? [Y/N]

Do you sell your fish catch at a predetermined price? [Y/N]

I f yes, how it i s determined? ééééééeéecéececeeceee. .

Do you get payment on the same day, after selling your catch? [Y/N]

| f no, give the reasonsééééééeéecéce.

Perception of Fisher Folks on changes in fish catch, general ecology of LRK, threat to the system &
fisheries and WTP for Biodiversity Conservation

9. What is your perception in respect to the changes in the fish/prawn catch during the last 15 years?
Quantity# Quality# Impact Extent Remarks
(Total catch) (Size) (low, medium, high)

# 1. Highly decreased; 2. Decreased; 3. Remain same; 4. Increased; 5. Highly increased

10. What according to you are the major causes for this change in fishery? (external/internal)
Causes Ranking (Low/Moderate/High)

11. What according to you are the impacts of other economic production system on wetlands and fishery
system?
Production system Impacts

Salt work in Little Rann

Salt work around Surajbari Creek

Infrastructure development (like road, railway, power lines,
pipelines etc) along Surajbari Creek

Agriculture expansion due to Narmada Canal

Harvesting of freshwater runoff by dams, check-dams etc

12. Do you think that the fisheries ecosystem in Rannhas been deteriorated over the years? [Y/N]
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13.

If yes, in your opinion what are the key indicators that suggest such deterioration?

Indicators/ Criteria

Rank (Low/Moderate/High)

Description/Remarks

14.
15.

16.

17.

18.

19.
20.

According to you, is it possible to improve the fishery habitat and fish production? (Y/N)
If yes, according to you what type of efforts/measures can be undertaken?
Suggested Description Rank in order of effectiveness | Who can bear the cost?
Efforts/Measures ( Low. Moderate, High) (Govt; Fishing Community;
Industry; Collective; etc.)
Scenario-1
For the improvement of fisheries, are you wil!/

Y/N If, No. Reasons (and go to....)

If Yes,

What is the Willingness to Pay for conservation effort:

(Option given by Respondent) Option-I: in Rs

(Option given by Respondent) Option-Il: in Rs

(Option given by Respondent) Option -11I: in Rs

Option given by interviewer Option -IV: in Rs
Or in Other Means like Labour-days/Man-days

setting, labour contribution has a important value)

Scenario-2

Do you think that there is a change in the number of migratory birds? [Y/N]

(i) If yes, give the following information:

ing

per year/season (iteration process involve)
per year/season (iteration process involve)
per year/season (iteration process involve)
per year/season
and the months of contribution

(inarural

Increased

Name the birds that have

Reasons Name the birds that Reasons

have Deaeased

As a direct dependent on wetlands of LRK, how importance you give for the conservation of birds in LRK?

Highly

moderately

less importance

Give reasons for giving above importance
Considering that you gave importance to birds in LRK, are you willing to contribute in conservation of birds,
especially the migratory birds? Y/N if, No. Reasons (and go to....)

If Yes,

What is the Willingness to Pay for conservation effort?

(Option given by Respondent) Option-I: in Rs
(Option given by Respondent) Option-Il: in Rs
(Option given by Respondent) Option-lll:in Rs

Option given by interviewer Option -I1V: in Rs per year/s

Or in Other Means like Labour-days/Man-days

setting, labour contribution has a important value)
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Annexure -4.3
Valuation of Ecosystem for Conservation and Management in LRK, Gujarat

Travel Cost Approach

1. Respondentdés basic information
Respondent 9 Email
Mobile No Country
Sex State
Age Dist.
Highest Education Level Village/Town/City
#Occupation: @Approx Annual or monthly | In Rupees/ in
Student Income from mentioned $/inAlin
Private/Govt service, source(s)
Business, Agriculturalist,
Others (give detail)

#only respondentds occupation and i ncome
@This is purely for research purpose and full anonymity will be maintained

2. Household Demographic and Occupational Information (please write the number of family members)

Total no. of members in your Occupation: Govt
Family Job/pension
Total male members Private job

Total female members Business

Age group <15 Student

Age group 15-60 Agriculturalist

Age group >60

Education: Primary school
High School
Collage/University

Illiterate

Demographic and occupational factors influenced travel decision....
3. What is your family monthly/annually income (including fellowship/scholarship/allowances) from various
sources

Income sources Amountin Rupees/ in $/i

Govt Job and pension

Private job

Business/Service provided

Fellowship/scholarship/other allowances
(For students/others)

Agriculture/farms/livestock/Forest
Others. Please specify...
Total Family income (approximate)

Total family income also determines travel decision
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4. How frequently do you visit places like this?
1-Once in a while, 2- frequent (twice a year), 3- very frequent (more than twice a year)
5.  What are the places you have visited in last 23 years?

Places/County/state Year of visit Total no. of days Remarks

6. How did you know about LRK landscape/biodiversity/ecosystem?

i. 1 know before ii. Internet, iii. Friends/relatives iv. TV/news papers
7. Have you or any family members visited LRK before? Y/N, when
8. What would you like to see in LRK? (giveranks)

BD Elements Rank Remarks
Migratory Birds
Wild Ass

Blue Bull

Other Biodiversity
Landscape

Observation of local culture
Others
9. lIsitavisit exclusive to LRK, Please specifyour travel plan to LRK

Exclusive to LRK Part of larger tour programme

Visit plan by you/your family Visit plan by Tour operator

10. Are you/or your family visit under a 6tourism groupo6?
If Yes, Name of the tourism group? And what is the package amount in Rs or in Dollar/Euro?
11. Please specify about this visit to Little Raan of Kachchh?

1. Visit alone, 2. Visitwith family 3. With friends 4. With unknown visitors

12. Total number of days you plan for entire larger tour programme?
13. Total number of days you plan for LRK visit?

14. |s this a day-trip to LRK? Y/N

15. How many Family members are with you for this LRK visit?

Alone Children Adult (Male and female)

16. Rank your decision to visit this place?

Very Important Moderate Important Less important Not Important at all
3 2 1 0
17. Main activities you will undertake in Little Rann of Kachchh visit (rank them). High-3, Moderate-2, Low-1,

No observation-0, (preference level before visiting the LRK)ask this question who has not visited LRK ygt

Watch Flamingos ‘ Walking in Rann ‘ Remarks ‘
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Watch Wild Ass Local food

Watch Blue Bull Interaction with locals culture
Watch Fox Camel riding

Bullock Cartriding Staying in huts

Jeep safari

Relaxation Any other

Salt Pan visit

17.1Important activities you undertook in LRK visit. (Rank them). High-3, moderate-2, Low1, No observation-0,
(level of satisfaction after visiting the LRK) psk this question who has completed LRK vigit

Watch Flamingos Walking in Rann Remarks
Watch Wild Ass Local food

Watch Blue Bull Interaction with local culture

Watch Fox Camel riding

Bullock Cartriding Staying in huts

Jeep safari

Relaxation Any other

Salt Pan visit

Please answer below question; it is very important for our study analysis

18. Please give approximate cost foryour visit to LRK?
A. If this visit conducted through Tour operator (paid to operator, Please break up activities), then
please provide in details?

LRK Exclusive Larger tour Programme

In Rs/$/Euro In Rs/$/Euro

Please mention travel cost to this site/back (if not added in 18)
B. If visit plan by you (individual), then what is your approximate cost to you and your family
for the entire trip?

Various Heads (cost) Amount in Rupees | Amount in Remarks
(Indian Tourists) Dollars, Pounds, | if any?
and Euro

(For Tourists
outside India)

Flights
Train

Bus

Car personal (fuel)+ Hired

Local Transport if any

Accommodation

Accommodation at transit place (if any)
Food and drink

Entrance fees for this site only

Indian / Foreign

Any souvenier purchase or planning to
purchase (symbolic wild ass, birds or other
thing in craft form?)
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Others???

If it is a package program (with local
service provider), then how much cost per
day (for how many days).

Mention item it covers??? Please provide

other costs you incurred...
Total (if difficult to break up activities)
C. Ifitis for a day-trip, give approximate expenditure for this visit including entry fees, travel cost,
food cost and other expenses? In Rs ?
19. Please give your overall satisfactory level (Value of Money)

Very high 4 High 3 Moderate 2 Low 1

£r

20. Are you planning to visit again?
1-Yes, definitely, 2 Yes, probably, 3 Not sure, 4- No, probably not, 5- No, definitely not?

20.1. If yes please describe why?

20.2 How often you will visit LRK?

Every year More than once per year
Once in 2 years Once in 5 years
Once in 5-10 years Never again

21. Do you refer your friends/relatives to visit this site? Y/N
22. Please mention how important is it to you that the biodiversity, geographical, cultural and landscape
features of LRK should be protected (conservation) for the future generation

Extremely important Less important
Very important Not at all
Moderately important Do not know

23. If itis important to conserve LRK ecosystem, are you willing to contribute for LRK Conservation? Y/N
If yes, to whom you want to pay? 1. Government 2. Non-Government sector, Others (specify.....)

24. What is your willingness to pay in RS or in Dollar/Euro for annually and in Rs or
Dollar/Euro for one time?

25. Please suggest measures to improve tourism facilities in and around LRK?

26. What can be done to attract more tourists to Little Rann of Kachchh?
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Annexure—4.4

Valuation of Ecosystem for Conservation and Management in LRK, Gujarat

Contingent Valuation

This is a survey for valuing Biodiversity of LRK (especially aquatic migratory birds). Please answer the

questions as accurately as possible. Your responses are confidential¥our help in this study is appreciated.

Name of the Respondent:
Male/Female: M/F

Village: Taluka: District:

Caste and subcaste:

Responde nt 6 s Educati on: No School i

Occupation: Primary:

Secondary:

1. Family Basic Information (number of members)

Age:

Contact No:

Primary, Hi gh

Total no. of HH members

Total male members

Total female members

Total working Members

Total male working Members

Total Female working members

Occupation: Govt service

Private service

Self employed/business

Agriculture

Salt Pan

Fishing

Engaged in Livestock

Wage labour

Others

Age group <5

Age group 5-14

Age group 15-60

Age group >60

Primary school

High School

Collage

Illiterate

2. Primary and Secondary Sources of Annual Net Household Income Chhokhi Avak) #

Income sources

Details in Rs

Income sources

Details in Rs

Govt. Employment-
Salary/pension

Farm Wage Labour

Private Employment Salary

Non-Farm Wage Labour

Business /Self employed Fishery
Salt Production Livestock
Agriculture Others

#your response is confidential
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Perception of Respondent on General Ecology of LRK and Threat to the System

3. Do you know about LRK? Y/N
If yes, what is your understanding about LRK? Pls Describe (e.g. aquatic migratory birds, fishing, wild assijl gai,

chinkara, salt production, water source both saline and fresh water, any other)

4. You described LRK. Now according to yu what are the three major values of LRK?

5. Do you think that the above mentioned Values of LRK has changed over the years?

# | Values Values Changed Scale of Change Possible Causes of
(Improved/ Deteriorated/ (Low, Moderate, Change

Remain same/ Do not know) | High)

Contingent Valuation (WTP) for Migratory Birds

6. According to you, how important are the presence of aquatic birds in LRK? (Rank 15):

7. You gave above value to the birds in LRK, now according to you how important are the presence of
different habitats (prakritik awas) of these aquatic birds?

Habitat Types Rank (G5) Remarks

Water bodies in LRK

Water bodies close to LRK (eggam talav, check dams etc)
Bets

Rann Flat (RanrKantha)

Other

8. Do you visit LRK wetands to watch aquatic migratory birds? [Y/N]
9. Ifyes, how frequently:

10. As per your knowledge, what are the different aquatic bird species found in LRK? Name a few?
11. Do you think that there is a change in the number of migratory bird species? [Y/N]
(i) If yes, give the following information:

Name the birds that have Reasons Name the birds that have Reasons
Increased Decreased

12. Do you think that birds of LRK should be conserved and protected? Y/N
If yes, as a resident of LRK region, how importance yal give for the conservation/protection of birds in LRK?

Highly Moderately Less importance

13. Considering that you gave importance to birds in LRK, suppose any group (like ours/ Government/NGOs
etc) is interested in conservation and protection of these birds and their habitats (like the water bodies);
are you willing to contribute in those efforts? Y/N If no, give reasons:

14.1f Yes, What is the Willingness to Pay for conservation aquatic migratory birds?

a. (Option given by Respondent) Option-I:in Rs pgegar/ (iteration process involve)

b. (Option given by Respondent) Option-Il:in Rs per year/ (iteration process involve)
c. (Option given by Respondent) Option-lll:in Rs per year/ (iteration process involve)
d. Option given by interviewer Option -1V:in Rs per year
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Annexure —4.5

Farmers Perception on Water Use in Catchment and their Willingness to Pay for Biological Diversity
Conservation in LRK, Gujarat

Household Survey
Name of the Respondent: Age: Male/Female: Education:
Village: Taluka: District: Caste and subcaste:

27. Demographic information

Total no. of HH members Total male members Total female members

Total working Members Total male working Members | Total Female working
members

Occupation: Agriculture Salt Pan Fishing

Wage labour Govt service Private service

Self employed Engaged in Livestock Others

Age group <14 Age group 15-60 Age group >60

Primary school High School Collage

llliterate

House condition? 1 | Single family 0 | Jointed family

V. good, Good, Moderate, Bad; Single kitchen considered as one HH

28. Housing & Basic Facilities/amenities

Details

House Type Kucha Puccg Wall type /Roof Type

No. Of Rooms in House

Electricity (Y/N) and since when

Drinking Water Sources and distance

Drinking Water Quality/Quality

Sanitary facility: Open, have toilet (separate or common)

29. Entitlements:

Ration BPL NAREGA| Kissan Credit| Insurance | Bank Account?| Post Office
Card? Card? Job Card? Card? Policies? (YIN) Account?
(YIN) (YIN) (YIN) (YIN) (Y/N) (Y/N)

156



30. Asset holdings in HH

Item Numbers Item Numbers
Radio / Cassette / DVD Players B/W Television
Computer/Laptop Solar Lights
Mobile handset Cooking Gas (LPG)
Bicycle Ceiling/Table Fans
Motorcycle / Scooter Refrigerator
Motor car /Auto/ Chhakda Dish TV
31. Agricultural implements/ Assets
Types Numbers/Remarks
Bullock Cart/Cart
Plough
Bore-well

Pump set (diesel/electric)

Tractors

Other machines

Drip irrigation

Sprinkler irrigation

Others (specify)

32. Livestock Assets

Total
Numbers

Type

Hybrid

Average income (Rs/month/year)

By selling milk/wool/egg

By selling livestock

Cow

Bullock (Badad)

Buffalo (He/she)

Goat

Sheep

Poultry

Other

33. Livestock feeding/drinking

Details/Remarks

CPR*

Own land

Crop residue

Green fodder cultivation

Stall feed (in Kg)

Source of drinking water

*Common village land, Near-by forest, Tank bund, Canal bund etc

34. Primary and secondary sources of income (Approx Avg. Last 23 years)

Income sources

Details in Rs

Agriculture

Wage Labour

Livestock (take hint from above)

Salt Production

Fishery

Govt. Employment- Salary/pension

Private Employment Salary
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Business /Sé¢f employed

Others

35. Any Major shift in family occupation over the last one decade?

If yes,

give details

36. Approximated expenditure pattern of HH (per month or year in Rs)

give details of last year)

37.

Items Approx. Expenditure (in Rs) Remarks
1.
2
Farm Characteristics (area in acresiigha)
Category Total area Irrigated area Fallow (last/current
year)
Own

Joint/shared

Lease in

Lease out

38. Narmada Irrigation Water Availability

(YIN)

Under Plan

Already Receiving
(YIN) & since when?

Receiving by lying Pipes from
nearest canal (Y/N) since when?

Your Village

Your Farm

39. Cropping Pattern:

Area (in acrehbigha)

Season

Crop

Non-
irrigated

Irrigated

Source of
Irrigation

Frequency
of
Irrigation

Total
Production

Total
Sake

Selling
Rate

40. Status of Fallow Land

Area kept as Fallow (acre/bigha)

Last /current year

Year 20062005

(i) Major Change in the cropping pattern in the last ten years? [Y/N]

Give detalils:

(ii) Give reasons:

41. Cost of Cultivation

Expenses in cash

Crops

Seeds

Fertilizer

Pesticide

Hired labour

Animals

Human

Own labour

Hired Machines
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Irrigation/water Bore well, pump and pipe

Transportation

Any other cost e.g. storage, grading packaging
etc. (specify)

42. Fertilizers and Pesticides Application
(i) Do you use chemical fertilizer/pesticide for your crops? [Y/N]

(iiii) If yes, give following information:

Crops Name of the Current (Last/this season) Earlier (During 20006-2005)
Fertilizers/ Quantity Frequency of Quantity Frequency
Pesticides application

1.

2.

Get input from this table while discussing inflow of agricultural effluents to LRK (later section)

43. Do you think that the highly int ensive water use for agriculture in the LRK catchment has impact on LRK

ecosystem?Y__ /N__. Please elaborate__ Highly/moderately/less/none
44. Do you have made any check dam/bund in your farm (personal, Govt, NGO etc?

Give details/

Number: Year:

Cost: Impacts:

Others

45. After construction of check dam/bund/canal, in your opinion how far it solves your water availability for
agriculture? Fully, Moderately, Partially?
If yes, do you increase land area under irrigation,give details-----------
Changes in cropping, give details
46. What share of all the irrigation water for your farm comes from check dam/canal/ground water?
Canal Check dam/water bodies Ground water

100% water
75% water
50% water
25% water
10% water
< 10% water
47. With irrigation available, how much net income from farming is increased over without irrigation
situation? Give in %
(Example: Before irrigatiori bajra, desi cotton etc and income 20000 Rs

After irrigation i cash crops/Bt cotton etc and income 40000 Rs
This suggests increase of 100%)
(Please ask this question other way also like now and before and which way the respondent is comfortable)
Perception of Respondent on general ecology of LRK, threat to the system

1. Do you know about LRK? Y/N
If yes, what is your understanding about LRK? Describe.
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(About birds, fishing, Wild ass, Nil gai, Chinkara, Salt production, water source both saline and fresh

water, any other)

2. Do you think that the ecology of LRK and biodiversity has deteriorated over the years? [Y/N/ not sure]

(i) If yes, give your criteria of deterioration of LRK

Components Norm Your judgement

(i) What extent do you categorise this?

[1-Highly deteriorated, 2-Marginally deteriorated 3- Moderately deteriorated]

3.  What according to you other economic production systems have impacts of on LRK wetlands

Production system Impacts (High, Moderate, Low, no idea)

Salt work in Little Rann

Salt work around Surajbari Creek

Infrastructure development (like road, railway, power lines,
pipelines etc) along Surajbari Creek and northern side of LRK

Agriculture expansion due to Narmada Canal

Intensive fishing

Expansion of tourism activities

Harvesting of freshwater runoff by dams, check-dams etc

Any other

4. Do you think intensive water use for agriculture using Narmada canal in the catchment has ecological
implications to LRK?(inflow of agricultural pollutant)
Y/N/do not know

If yes, give rank? High, Moderde, Low

5. Do you think intensive water use for agriculture in the catchment by harvesting surface water has
ecological implications to LRK? (reduce water flow)
Y/N/do not know

If yes, give rank? High, Moderate, Low

6. To clean-up and treatments of effluents need costs, are you willing to contribute? Y/N

7. What would you be willing tousicrcgedtld n%,c o2t e% sartd om0 f% ro
use for agriculture? (Non-Narmada water users)
If Yes, What is your willingness to accept, in Rammer Rs in winter]

Follow iteration process
Contingent valuation (WTP) for Migratory Birds

1. Do you think that there is a change in the number of migratory birds? [Y/N]
(i) If yes, give the following information:

Name the birds that have Reasons Name the birds that have Reasons
Increased Decreased
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Do you think that birds of LRK should be protected? Y/N
Give you reasons (with rank)

2. As aresident of LRK region, how importance you give for the conservation of birds in LRK?
Highly moderately less importance

3. Give reasons for giving above importance
4. Considering that you gave importance to birds in LRK, are you willing to contribute in conservation of birds,
especially the migratory birds? Y/N If, No. Reasons (andgo to....)
If Yes,

What is the Willingness to Pay for conservation effort?

(Option given by Respondent) Option-I:in Rs per year/season (iteration process involve)
(Option given by Respondent) Option-II:in Rs per year/season (itéoam process involve)
(Option given by Respondent) Option-lll:in Rs per year/season (iteration process involve)
Option given by interviewer Option -1V: in Rs per year/month

Or in Other Means like Labour-days/Man-days and the menof contribution (inarural

setting, labour contribution has a important value)
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