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PREFACE

Wetlands though have tremendous potential for environmental andesmmnomic welbeing

Is the most threatened of all ecosystems today. The significance of wdidgndsheir roles in

the hydrological cycle, for food and biomass production;ga@ochemical functions, and as
nutrient and pollution filters for water quality improvemenfheresearchefrom his childhood

days, being an inhabitant of the wetland area, diaserved that the wetlands, irrespective of
their size, are treated as anproductivelandmass. People either dump their wastexe or

convert theseso calledunproductive lands into productive ones by transforming them into
agricultural fields or redential and industrial sites and therefore, resulting in fast
disappearance and degradation of wetlands. A study by the Wildlife Institute of India revealed
that around 780% of fresh watermarshes and lakes in the Gangetic floodplain region has
been lostin the last 50 years. Sometimes the damages to the wetlands are unavoidable as a
result of increasing pressure on land but a majority of it occurs because the true values of

wetlands are misunderstood.

The study area of Koch Bihar district abounds inlavets;however these wetlands are
facing a serious threat to its survival due to shrinkaggred soil and water pollution through
anthropogenic activities like urban developmental activities and agricultural practices.
Indiscriminate conversion and enachment of wetlands due to human habitation, agriculture,
SLVFLFXOWXUH DQG LQGXVWULDO SXUSRVHV QRW RQO\

characteristics but is also detrimental to the ecosystems in general.

The critical condition of wetlands shibdhe researcheto the core and thereby he
decided to do something for tlkenservatiorof wetland, not only under academic interest but
with a hope to curb the degradation of wetland and pave a path towards rejuvenation of

wetlands.

During the researctvork, | have taken the help of many individuals, groups of people,
organizationsand institutions. At the very beginning, | have the pleasure to acknowledge my

profound appreciation and heartfelt gratitude to my teacher and guide Dr. Sudip Kumar
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ABSTRACT

TITLE: WETLANDS OF TUFANGANJ AND KOCH BIHAR SADAR SUB DIVISIONS
IN THE KOCH BIHAR DISTRICT, WEST BENGAL: A GEO -ENVIRONMENTAL
STUDY

Wetlands can beonsidered as one of the vital components that maintain the ecological
harmony of Nature. Wetlands play a significant role in biological productivity, flood control,
grourd waterrecharge, regulation of water quality and other activities. However, information
from different sources reveals that nearly half of global wetlands have been lost, and the
condition of remaining wetlands is deplorabdestudy by the Wildlife Instute of India reveals

that around 7880% offresh watemarshes and lakes in the Ganga & Brahmaputra floodplains
have been lost in the last 50 years. Sometimes the damages to wetlands are unavoidable due to
increasing population pressure. However, in otteses,it is the outcome of ignorance and

indifference of individuals and institutions about the true value of wetlands.

The Koch Bihar district abounds in numerous wetlands, which include mabs®ts,
and pools of stagnant water and tanks or pohkdese are mainly the remnants of the old beds
of the river except tanks or ponds. They are namedpa& KKDUDY upu'DUDY H'RED
HM%OHHDRSRPIQIG u.K Bdilands of the district are presently facing a serious threat to
their existence due tand & water pollution, disruption of wetland ecosystem and shrinkage of
wetland area. Consequently, for regulation of these problems, there is a dire need- for geo

environmentastudy and research.

The major objectives of the present study ar@ tassify and study the distributional
pattern of the wetlands ii) investigate the present use of wetlands of the study area iii) examine
the present environmental status of the wetlands iv) assess the nature and dimension of
degradation of the wetlandgithin the study areav) provide a conservation framework and

management strategies for the wetlands.
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Considering the all above objectives the present research has been made with the title
IVetlands of Tufanganj and Koch Bihar Sadar-Busions in the Kch Bihar District, West
Bengal: AGeoe(QYLURQPHQWDO 6WXG\’

To fulfill the objectives, the researcher has adopted a rationalistic and scientific
approach. Data on pisciculture, agriculture, use of wetland, #atefauna endemic to the
wetlands and land use in the fringe area of the wetlands were collected through questionnaires
especially designed for the purpo¥éaterand soil samples were collectedpiremonsoon and
postmonsoon from selected wetlands of thedstarea and were tested in the laboratory.

Different species of floras were collecteddifferent seasons of the yeaith field note
and then herbariums were prepared for the identification process. Faunal information was
collected with the help of obsvation and photography methoHor intensivefield study
researcher has selected 10 wetlands of various categories as the representatives of all the

wetlands of the study area.

Besides primary data, the researcher used secondary data of diffeneets ssuch as
National Wetland Atlas (West Bengal & India), Hand Book on Government Water Bodies,
West Bengal, Hand Book on Fisheries statistics, Koch Bihar, Statistical Hand Book, Koch
Bihar etc. Collected data has been presented with different cartoigrapbhniques and
GLIIHUHQW VWDWLVWLFDO RidvelatiarG CoefidieNttZ-tedd, IABOBAI D U VR (
StandardDaviation, Standaré&rror of EstimationChir VT XDUH ®@aterQdiaitjindex.

The map of the wetland has been prepared from the SOI topographical map, Satellite imageries,

Google EarthBhuban platfornrand ground survey data usi@dS software.

The study investigates the geavironmental status of wetlands of the study area. The
whole research has been divided ise&ven chapters. The first chapter deals withstaeement
of the problemJocationof the studyarea,objectives,hypothesisdatabase and methodolqgy
significanceof the studyandreview of the related literaturdhe second chapter incorporates
the general background of the study area. Chapter three deals wdbfimgon of wetland,

classification of wetlandgistribution of wetlands ilndia, West BengalKoch Bihar and the
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study areaChapter four discussesout the commonuse of wetlands in the study area and
specific use of selected wetlands with reference to land use and land cover of the surroundings
of the wetlandChapter five deals with the environmensshtus of wetlands of the study area

by analyzingthe water & soil quality of wetland and floral & faunstatus. Chapter six
discusses the maicauses of degradation of wetlamdthe study areand consequences of
wetland degradation in relation to the environment and economy of the peopleviciriitg of

the wetlandsChapter seven reveals thgisting conservation policieend legislation in India

major findings of the studgnd the corrective measures to be taken for the development of
wetland followed by overall conclusion considering the essential points from the preceding

chapters.

In the present studya detailed investigation on theatureof the wetlands and their
modfications are madeand then Wetlands are categorized into three broad divisions namely
Natural wetland, Quasiatural wetland and mamade wetland. Of all the wetland, rivers are
most abundant (63.08%) followed by oxbow lakes (18.55¥grine wetland(6.12%),quast
natural oxbow lak€5.47%), pond (3.39%)uasinatural riverine wetland2.09%) and lastly
brick/claykand pitg1.30%). The researcher has identified 486 wetlands that cover a total area
of 7898 ha, in the study area. On the other handndimeber of Government wetlands in the

study area is only 85 covering an area of 904.51 ha.

Through the survey conducted, it is revealed that with the exception of few, the
wetlands have 27 types of services or uses in the study area. Most of the wettaedstudy
area provide moderate to low wetland services. In Resiéd wetland complex, out of 27
services, very common wetland service is 2 in number, fairly common 4, rare (on the verge of
extinction) 17 and not found 4 in number. In DangdBhhharafairly common services are 5
in number, rare (on the verge of extinction) is 10, not found is 12. In Rasomoti Jheel very
common services are 2 in number, fairly common is 3, rare (on the verge of extinction) is 4 and
not found is 18. In Baiganbari Chhargery common wetland services are 3 in number, fairly
common is 6, rare (on the verge of extinction) is 12, not found is 6 in number. In Sagardighi,
very common wetland services are 3 in number, fairly common is 4, rare (on the verge of

extinction) is 5 ad not found is15. Based on the above stitdg observed that on an average
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46.8% of services are not found, 32.10% are rarely observed, 15.43% services are occasional
and only 6.17% services are commonly observed. A sharp decline in the numberagissisrvi
observed in Chandan Dighi (20) aRdsomatiheel (18) on accord of being the most degraded
wetland in the study area and a protected wetland respectively.

The pH values of all selected wetlands except Sagar Dighi (9.2) are below the standard
limit for aquatic life. The TDS, EC and Iron parameters of water were remaining at the
permissiblelimit for aquatic life. The dissolved oxygen (DO) level, required for a healthy
aquatic life is very low irbangdharChhara (3.8 mg/L) and Chandan Didhi8 mg/L& 1.9
mg/L) sinceDangdharChhara is located in the vicinity of brick kiln industry and Chandan
Dighi is the most neglected and is a dumping sitevaste materialsThe BOD level was also
so high inDangdharChhara (81mg/L) and Chandan Dighi (86.9 mgdhy onlySatwabhanga
Nadi had BOD at thepermissiblelimit in all season. The value TA and TH of water was at the
permissiblelimit in all the selected wetlands excdpasomatiJheel. The free CQOof water is

much higher than the standard value in alld@kected wetlands except Sagardighi.

The pH of the soil in the wetlands bottom was at permissible éraeptSagardighi.
The Organic Carbon levels are much higher than the standard levels in Bochamari Beel (4.95
percen), Rasomati Jheel (4.57 percen}, SatwabhangaNadi (3.61 percen}, indicating
eutrophication. The lowest nitrogen concentration is found in Baiganbhar@(37.63 mg/kg)

which is unsuitable.

From the survey, a continuous decline in the aquatic life and extinction of many
endemic specgis observed. In the wetlands of the study are 66.67% flora and 55.56 % fauna
may on the verge of Extinction.For example, indigenous reptiles likgharials and turtes,

amphibians like Bull FrogRanaTigering etc cease to exist now.
The major causes of wetland degradation are i) sedimentation in wetland bed ii)

blockage of feeder channel iii) construction of engineering structures and fishing obstacles in

the wetlands. iv) encroachment of wetland v) easploitation of wetland resoces like
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excessive fishing, irrigation, agriculturdute rettingv) fragmentation of the wetlands vi)

garbage dumping & pollutants inflow in wetlands.

Consequences of the degradation of wetlands and their effect on the environment and
economy of the indiduals in thevicinity of wetlands are identified by water quality index
(WQI), soil quality standard, floral and faunal status, areal shrinkage and effectlooatand
regional economyln the studyarea,all selectedvetlandsare unsuitable for aqtia life except
Sagar Dighi (WQI=30.66) anBasomatilheel (WQI=43.92)The waterarea of the wetlands in
the study area is steadily declining as observed between the years 1971 to 2017. Baiganbari
Chhara has witnessed the maximum negative chaBgeO8)followed byDhangdhaiChhara {

34.74). The wetland degradation affects the occupation and economy of the surrounding
inhabitants as 13% fisherman and 20.83% edible plant collectors were change their occupation.

Joint wetland management committees should be initiated by including the fishermen,
farmess in and around the wetlands, selectgvernment andNGOs officials for conservation
& management of wetland and the betterment of the beneficiaries. Communitygfishi
poaching and hunting of residential and migratory birds in the wetlands should be stopped at
any cost. Wetlands should be rented to the fishermeopeaative society or government
involving local people and NGOs. Unwise construction of engineeringtstes like roads,
bridges, railway lines, and road cum embankments across the wetland constructed by various

departments should be stopped.

Appropriate measures have to be taken to improve the economic and educational
condition of thedependentommurity of wetlands that reduce the pressure on wetlahbs.
government may initiate many developmental activities like weeds clearafiosgstation
programmeby implementingNational Rural Employment Guarantee SchefNREGS) and
Mahatma Gandhi Nation&ural Employment Guarantee Scheme (MGNREGS)

The governmenshould make arrangements for alternative occupation for the fishermen

during the breeding perio®addy cultivation should be replaced by the cultivation of different
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wetland compatible edible gohts like Kalmi, Hincha in the dry season andsaluk in the

monsoon season.

The present investigation deals with tipesent status of wetland with some
recommendationgor the betterment of wetlands. It is clear from the study that health of
wetlands of he study area is very podf.the wetlands are properly managed, it may bring a

change in the environmental and economic aspect of the study area.
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CHAPTER-I
INTRODUCTION

1.1. Introduction:

Wetlands are the gifts of nature, having much importance at local, national and international
perspectivesUndoubtedly, the wetland ecosystems are the most importantseemsyon the
HDUWK 7KHVH DUH VRPHWLPHV GHVFULEHG DV pu.LGQH\V F
the downstream recipient of water and wastes from both natural and human sources (William J.
Mitsch and James G. Gosselink, 2000). Wetlapdsform sore useful functions in the
maintenance of amverall balance of nature. (IIP Digital, 201Zhe interdependence of
wetlands and man is obviouBifferent individuals, institutions or agencies have defined
wetlands differentlyfor different purposes dependion their objectives and needs. As per the
definition accepted by the international conservation on wetland held at Ramsar (Iran), 1971
dvetlands are areas of submerged or water saturated land, whether both natural or artificial or
permanent or temporargnd whether the waters is static or flowing or fresh brackish or saline
including areas of marine waters, the depth of which at low tide does not exceed six meters
This means that a wetland is neither truly aquatic nor terrestrial; it is possible tlaatdsecan

be both at the same time depending on seasonal variabl@ylands includeivers, lakes,
reservoirs, etc (Panigrahy, 2012) and marshes, swamps, bogs and similar areas (Ramachandra,
2001). Thus, wetlands exhibit enormous diversity accordingtheir genesis, geographical
locations, water regime and dominant plants, soil or sediment characteristics. Because of their

transitional nature, the boundaries of wetlands are often difficult to define.

During the last thirty years, thehas been a great interest in wetland on account of the
realisationand demonstration of its significant role in biological productivity, flood control,
ground waterecharge and discharge, regulation of water quality, treatmevasié waterand
other ativities. In the studyarea,there are around 486 wetlands and they all play important
rolesin their surroundingsHowever,their very existence has been threatened by natural and
anthropogenic activitiesnlthe last century, a large percentage of wetdahave been lost with
drainage and land clearance as a consequence of agricultural, urban and industrial development
activities (Frenken, 2005, Williams,.atl, 2007, Tijani, etal, 2011). A comparison with the



19th centuryestimate reveals that apprmately 50% of the world's wetlands have been lost
(Ramachandra, 2001Therefore, the present study of wetlands has its goals in terms of their
classification, distribution, present use as welleasironmental statusauses of degradation

(natural anchumanrinduced and management strategies.

1.2. Statement of the Problem:

(DUOLHU .RFK %LKDU zZzDV WHUPHG DV WKH 3/DNH &LW\’
abounds in numerousetlands thaexist as marshe8eels and pools of stagnant water bodies

and Tanks or Pond&xcept forTanks or Ponds, these are mainly the remnants of the old beds

of theriver 7KH\ DUH QRRKGUDY w'DUDY p' REDAMPPERHGYT p
K. X UThEy are essentially a part of the surrounding ecologiess pear more or less all the
characteristics of wetlandand play an important role in maintaining physical set up and

economic base of the area.

But, the wetlands are presently facing a serious threat to its survival due to shrinkage of
area, &nd and water pollution through urban developmental activires agricultural and
piscicultural practices, which alter their physical, chemical and biological characteristics.
Indifferent conversion of these wetlands due to human habitation, agricdnhdahdustrial

purposess the main cause of Wetland extinction.

The uses of chemical fertilizers, organic fertilizers and biocides in the agricultural fields
of thewetland surroundingandin some wetlands when converted into agricultural land in the
dry season result in the disturbance of the wetland ecosystem. Construction of weirs, dams or

barrages upset the free movement of water and cause siltation of wetlands.

Besides, some wetlands have been used as sites for dumping of organic and inorganic
wades generated from the nearby markets as well as surrounding areas. This has led to gross
shrinkage of théBeel area. Thus, understanding of the problems of area shrinkage, land and
water pollution, disruption of thevetlandecosystem andrainage congestn of the wetland is
vital. Consequently, for regulation of thge®blemsthere is a dire need for gemvironmental

study and research in the field of wetland. It is in this context, the present study on



AWETLANDS OF TUFANGANJ AND KOCH BIHAR SADAR SUB -DIVISIONS IN
THE KOCH BIHAR DISTRICT, WEST BENGAL: A GEO -ENVIRONMENTAL
STUDY” KDV EHHQ WDNHQ XS

Mapl.1: Locational Map of the Study Aregource NRSC, Hyderabad, India

1.3. Location of theStudy Area:
The northeastermpart of the Koch Bihar districipcated within the latitude of 26°09°08 N to
26°2924°N and the longitude of 89°17°34E to 89°51°'50"E has been chosen as the study

area. It comprisesf two subdivisions namely Koch Bihar Sadar and Tufanganj covering an
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area of 1313.56 sq km. Mathalpiga and Dinhata sudbivisions of the same district bound the
western and the southern boundaries of the study area, while the northern and the eastern
boundaries are determined by Jalpaiguri district of West Bengal and Bongaigaon district of
Assam respeately. In a small stretch in the southedstection, its boundary is shared with
Bangladesh.

1.4. Objectives of the Study:

The major objectives of the present study are:

a) To classify and study the distributional pattern of the wetlands.

b) To investigate té present use of wetlands of the study area.

c) To examine the present environmental status of the wetlands.

d) To assess the nature and dimension of degradation of the wetlands witdtindyjharea.

€) To provide a conseation framework and management strategies for the wetlands.

1.5. Hypothesis:

In order tofulfill the aboveobjectives of the present studiyllowing hypotheses have been

adopted:

1. The distributional pattern of wetlands of the study ameinly conformsto the fluvial
characteristics of the surrounding region.

2. The present agricultural aréisciculturepractices play aignificantrole in changing the
wetlands.

3. Unwise developmental activities are responsible for degradation of wetlands.

1.6. Databaseand Methodology:
Database and Methodolody the main structure of eesearchTo fulfill this objective and
solve the hypothesis discussed above, the researcher has adopted a rationalistic and scientific

approachThe database and methodology of the gmestudyaredescribed as follows:

1.6.1. Primary Database:
An initial survey was done during the first quarter of the year 2012 ending in the year 2017.

Data on pisciculture, agriculturasesof wetlands, floreandfauna endemic to the wetlands and



land use in the fringe area of the wetlands were collected through questionnaires especially
designed for the purpos#/aterand soil sample of some selected wetlands in different seasons
were collected to analyze the soil and water condition of wetlandier&nt species of flora

were collected and herbariums were prepared ford#nificationprocess. Faunal information

was collected with the help of observation and photography method.

1.6.1.1 Criteria for Selecting the Representative Wetlands:

The folowing criterions were kept in mind while selecting the 10 wetlands as the

representatives of the study area:

a) Urban wetland (Sagar Dighi and Chandan Dighi) and rural wetland (Baignanbari Chhara)
had been considered separately.

b) The most well managed urbaretdand (Sagar Dighi) and the most neglected wetland
(Chandan Dighi) were included with it.

c) The wetland of brick kiln industrial areaSi{angdhaChhara) was included.

d) The wetland of protected forest areRagomatiheel) in which fishing is strictly prabited
had been selected.

€) Wetlands under National Wetland Management and Conservation (Rasik Beel wetland
complex& RasomatiJheel) and nomestricted wetlath (Baignanbari Chhara) had been
selectedseparately.

f) Init, natural wetland (Rasik Beel wetland cdey) and marmade wetland (Sagar Dighi)
were also included.

g) Agriculture predominant wetland (Baighanbari Chhara) and Pisciculture oriented wetland
(Atiamochar Beel) were included in

h) Pisciculture predominant wetland (Atiamochor Beel) and subsisterntegfibased wetland
(Bochamari Beel) were included iin

i) Moreover, it was kept in mind that the wetlands hadbe selected from all blocks of the
study area.

j) Besides, the above mentioned 10 wetlands, some other adjacent wetlands had been selected

for thestudy of existing flora and fauna.



Table 1.1: Description of the Sample Sites of Selected Wetlands

Site No. | Site Name Sample Site (Block/ Municipality)

1 Bochamari Beel 26°24°30°N, 884315 E Tufanganill

2 Raichanmari Beel 26°25°03"N, 884321"E Tufanganill

3 Satwabhanga Nadi 26°25"13”N, 884321"E Tufanganjll

4 Nildoba Beel 26°25"14'N, 8944°02"'E, Tufanganijll

5 Atiamochar Beel 26°25'51°N, 8944'19"E Tufanganijll

6 Dangdhar Chhara 26°18°48°N, 8934°07'E Tufanganjl

7 Rasomati Jhée 26°26'51"N, 8919'56"'E Koch Biharll

8 Baiganbari Chhara 26°17°24”°N, 8918"13"E Koch Bihar-I

9 Sagar Dighi 26°19°217'N, 892624 E Koch Bihar Municipality
10 Chandan Dighi 26°19°18'N, 8926’54 E Koch Bihar Municipality

Map 1.2: Sample Sies of Selected Wetlands

1.6.1.2. Questionnaire and Interview:

Data on pisciculture, agriculture, use of wetland, flana fauna endemic to the wetlands and

land use in the fringe areas of the wetlands were collected through questionnaires especially




desgned for the purposednteractionswith the agricultural workers, fisherman, the local
people, aged people of the arddanchayat personnebecretary and other members of
concerned fisherman amperative society and other officials associated directlindirectly
with the subject concerned had been interviewed.

1.6.1.3. SoiNutrient Data:

1.6.1.3.1Collection of Soil Sample:

Soil samples were collected during prnensoon lay, 2017) period from th@bove selected
sites of the study area. The soil sd@spwere collected by using a spade; a ditch had been dug
with a depth of @ inches by setting the soil aside. Then a thin slice of soil was taken from the
hole. From thecentreof this slice, a iinch-wide subsample (squared core) was cut from top to
bottom. The suksample was placed in thdean plastic bucket. 4 to 6 sogamples were
collected fromeach selected wetlandnd thenretaining all suksamples together in the
container. The soil was evenly divided into 4 squares. Hugain,two opposite sles were
rejected and the other two sides had been mixed up. The process was repeated till about half kg
of the soil was remaining. Then soil sample wdaed up in shadow for laboratory testing.
Finally, soil samples were tested in the laboratory of Depent of Soil Science and
Agricultural Chemistry,Uttar Banga Krishi Viswavidyalaya, Pundibari, Koch Bihar, West
Bengal.

1.6.1.3.2.So0il Analysis Methods

Soil samplesveretested according to the followingethods

1. Organic Carbon (OC) by Walkley aBthick Method

2. AvailablePotassiun{K) by Neutral Normal Ammonium acetate method
3. Available Phosphorus (P) by Bray and Kurtz method

4. Available Nitrogen (N) bKXMNO, extraction method

5. PH (1:2.5 soil: water ratid)y HannaportablepH meter

6. EC (12.5 soil: water ratio) biHanna portabl&C meter



1.6.1.4. Water Quality Data:

1.6.1.4.1Water Sample Collection:

Water samples were collected in prnensoon ay, 2016 &ay, 2017) and postnonsoon
(September2016 &September2017) period fromabove skected sites of the study area.
Collection of samples took plae¢10:30 am by dipping welbbeledsterilized plastic and glass
containers at the approximate depth of 1.00 ft. The water samples were collected in three
bottles: two glass bottles with tlwapacity of 100ml and one of them containing a solution of
2ml of MnSQ, and 2ml alkaline iodide solution and a PVC container with a capacity of 1 liter.
These bottles were carefully and steadily sunk in the water so that no air bubbles could get
inside. Wth an exception oBOD, all physicochemical parameters were analyzed in the
laboratory ofDepartment of Chemistry, Dinhata College, Koch Bihar, West Beogahe

same day. The value of TDS, EC, pH and Watenperaturevere calculated on spot by the
digital metre

1.6.1.4.2Water Analysis Methods
MethodAdopted or Instrument Used for Water Quality Analysis are given in the tablel.2.
Table 1.2: Method Adopted or Instruments Used for Water Quality Analysis.

Slno. | Parameters Method Adopted/Instrument used

1 Dissolved O2(DO) :LQNOHUTVY OHWKRG

2 BOD Titrimetric Method (five days incubation),APHA,2005
3 Free CQ. Titration Method

4 Total Alkalinity Titration Method

5 Bi-carbonate Titration Method

6 Carbonate Titration Method

7 Total Hardness as CaCO3 Conventional titration method.

8 Irone Spectrophotometric Method

9 Chloride Argent metric Method

10 pH HM Digitals pHHydro testefModel pH80)

11 Electrical Conductivity HM Digitals Aquapro digital water tester (Model AB
12 Total Dissolved Solig(TDS) HM Digitals Aquapro digital water tester (Model AB
13 Water temperature Hanna portable Temperature meter (HI 98128)




1.6.15. Floristic Survey:

The floristic survey includes all thgacrophytesgrowing over the different wetlands and its
surraunding areas in different seasons of the year. To understand the proper floristic structure of
the study arearandom sampling has been adopted for collection of planota selected
wetlands of the study area at least three predominant seasons an@rfiodaop5 years, from

2013 to 2017. During summer, many plants growing in eagpdand within the wetland were

also collected. Specimens were collected in triplicate cases. The collected specimens were
tagged and necessary field data like flowetour, local names, uses, parts used, habitat,
distribution pattern, flowering anfduiting etc were also recorded in the Field Note Book. The
collected plant specimens were dried in blotting paper first and then transferred to old
newsprint or blotting papersithin a short time. The blotting papers or aidwsprint were
changed every 24 hours or even in shorter intervals for the first three days and then in expected
intervals till the plants were properly dried. Then specimens were mounted on herbarium
boards sing glue and then properly stitched with thread, wherever necessary. But, soft fleshy
aguatic (submergedfreefloating plant etc.) plants were treated with aqueous 10 %
formaldehyde (HCHO) solution to check the fungal growth. Identification of collected
specimens was done primarily with the help of different literature incluBioga of Bhutan
(Grierson and Long, 1983, 1987, 1991, 1994, 1999, 2001; Noltie, 1994, Q@) of India
(Sharmeet al, 1993; Sharma and Balakrishnan, 1993; Sharma and Sanje@2 Hajraet al,

1995, 1997)Flora of West BengalAnonymus, 1997)Flora of Eastern HimalayéHara, 1966,

1971; Ohashi, 1975).

1.6.16. Faunal Survey:

The conventionamethod through observation and photography of bird species and other major
faunawas used during the survelfaunalSurvey through random sampling from selected
wetlands of the study area at least three predominant seasons and for a period of 5 years, (2013
to 2017) was undertakenAvifauna survey was carried out by direct sightwith field
binoculars and pictorial guides. Stress was given on recording the calls of the bird, collection of
feathers and observing the nests. The avifauna was identified with the aid of Ali and Ripley
(1968 £1974, 1996), Ripley (1982), Ali and Futehal2004) and Grimmetet al. (2007).

Waterfowl census was undertaken following Venkataraman (1995). Direct day sighting, night
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watching, thehelp of local experienced people and fishermen's knowledge were applied to
record and identify the other major fauspkecies. Aquatic fauna was collected with the help of
bagnets, casnets, fishing hooks, and with the help of fisherman. They were identified with the
aid of Jhingran (1991), Sen (1992) and Menon (1987 & 1992), as well as some websites
likehttp://bn.bdfsh.org. The data on the history of occurrence or distribution of the major fauna

wascross checkedith the local people.

1.6.2. Secondary Database:

Secondary data regarding the wetlands, studyamndather related issues were collected from
different publishedbooks, journals, Maps lik&lational Wetland AtlayWest Bengal,2010),
National Wetland Atlagindia,2011), Hand Book on Government Water Bodies, West Bengal,
Hand Book on Fisheries statistics (2€2@15 & 20152016), Koch Bihar, Statistical Hen
Book, Koch Bihar, 2013, District Bureau of Economics & Statistics Govt. of \WiBtrict
Censushandbook Govt. of India District Gazetteermaps oflInstitute of Environmental
Studies and Wetland Management, Kolkata Topographical Maps, Satellite imsagand Use
Map (Department of Science and Technolodgyjstrict Disaster Management Plan, Cooch
Behar, 2016etc. Other relevant information or data are collected from various secondary

sources such as District Fishery Department, B.L &@D.L.R.O office.

1.6.3. Data Analysis and Interpretation:
Collected data have been presented with different cartographic technique statistical

method (like Standard deviatiolarl Pearson caelation, GIS technique)

1.6.3.1. Wetland MappingTechnique:

The map of the wetland has been prepared from the topographical map, GoogleBEakian
platform, Satellite imageries and ground survey data. Satellite imageries of 2017 were analyzed
using Global Mapper, QGIS andrc GIS software and resultant classificatioras verified by
ground verification. Available records and maps of the National Wetland Atlas, 2011 and
National Wetland Atlas, West Bengal, 2010 have been consulted for the pumessive
fieldwork had to be conducted for field verification of wedaidentification and mapping, to

gather information and evidence relating to mistody of some selected wetlands.
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1.6.3.2. Karl PearsonCo-efficient of Co-relation (1896):
The co-efficient of co-relation formulae according to Karl Pearson (1896) has bsea
A%>
L————
YA 6HA 6

Where, X= Deviation from geries Y= Deviation from yseries

1.6.3.3. Z test:

Z score is the number of standard deviation (SD) from the population measasureshiow

many SD below orlaove the population mean. It is also known as standard score and it can be
representecon a normal distribution curve. Z scores value range #88D to +3SD. Zero

value of Z scoréndicatesthe exact value of theopulation means

. F$
<L——
e

Where Z= Z score,: = Population mean& Sample meang= Standard Deviation.

1.6.3.4. ANOVA:

Ronald Fisherhas introducedhe analysis of variance. ANOVA is also known as Fisher
analysis of Variance, and it is the extension of thent ztest. The onevay ANOVA is used

to analyzewhetherthere wereany statisticallysignificant differences between the means of the

three or more independent groups.

1.6.4.5.Standard Deviation:

Karl Pearson introduced the standard deviation conrefdi823. Standard d@@tion is the

square root of the arithmetic average of the squares of all the deviations taken frogathe

The standard deviation measures the absolute dispersion. The greater value of standard

deviation indicates the magnitude of the deviations ot#hees from their mean.
éL ¥_:—F\5 where, & Standard deviation

x2= F $(Deviation of the item from the mean)

N= Number of the observation
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1.6.3.6.Standard Error of Estimate:
The Standard Error of Estimate is a measure of dispersion of alvlei around the
regression equation. It is, therefore, a general or overall measure of dispersion indicating the

dependability of estimate. It is in equation ferm

5% L &¥sF " where,5" = Standard Error of Estimate of Y on X,
&~ Standard deviation of X,

r= CorrelationCo-efficient

1.6.3.7.TheciVTXDUH $8 6TXDUH 7HVW

7KH $60 VTXDUH WHVW LV RQH RI| W K Hpafdnie8i©tebis W siai3i@alP R VW
ZRUN 7KH $6 WHVW ZDV ILUVW XVHG E\ .DUO 3HDBHEM&RQ LQ
magnitude of the discrepancy between theoryabsrvationlt is defined as

i~L | iy

Where O refers to the observed frequencies and E refers to the expected frequencies.

1.6.3.8.Water Quality Index:

A Water Quality Index (WQI) is a eopilation of a number of parameters that can be used to
determine the overall quality. Here the calculation of the WQI was done using weighted
arithmetic water quality index which was originally proposed by Horton (1965) and developed

by Brown et al (1972n the following form:

WQIl = QiWi Wi
Where,
Qi =100 {(VaVi) (Vs-Vi)}
Va = actual value of the water quality parameter obtained from laboratory analysis.
Vi = ideal value of the water quality parameter obtained from the standard tables.
Vs = recommended standard valud"bpammeter.
Wi=K/Vs

K is proportionality constant.
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1.7.Significanceof the Study:.

Wetlands are most productive of aquatic environments; providing a wide range of economic,
social, environmental and cultural benefits (Costaezal. 1997) or service®tmankind. Even

in the recent past wetlands were considered as wasteland and hence today they are the most
threatened of all ecosystentdoweverpresently, awareness about the hydrological, physical,
chemical, biological, and soceconomic importancef wetlandsis being acknowledged both

by the academiciarend researcherSometimes the degradation of wetlands is unavoidable as

a result of increasing pressure on land but a majority of it occurs because the true values of

wetlands are misunderstood.

The wetlands of the study area have enormous potential for environmental and socio
economic development of the region. Besidgsdy on the geographical and environmental
perspective of wetlandsas agreat significance fronacademic asvell as societal poinbf
view. In addition, many of thebeelsin the study area are used for cultural and recreational
activities. Moreover, wetlands are used asoarceof water for irrigation in thedry season,
especiallyfor boro paddy cultivation. Generally, tBeelsarerich in biodiversity, where many

species of aquatic plants, fishes, and insects, residantahigratorybirds are observed.

Haphazard and rampant growth of settlements and establishment of brick kiln industries
causes the largscale deforestation amdassive soil erosion. Soil quarrying for brick kilns and
siltation by recurrent flood also leads to wetland degredation. Moreover, the construction of
roads, railways and embankments are the serious concern for wetlands. Hunting of migratory
birds as welbks residential birdgonversion of wetlands into agricultural lands and dissociation
or fragmentation of wetland into small ponds for pisciculture p@segrious threat to the
wetlands of the regiorAs a result, the ecosystesnd biodiversityof the weland as well as the
surrounding regionss beingdisrupted. The lowering of the retentioapacity ofstorm water
during flood season is one of the serious issues in the study area. Therefore, it is needless to

mention whythe wetlands have to be conseatve

The study represents a lucid attempt to exaragientifically some of the basic issues

pertaining to the geenvironmental status of wetlands in Tufanganj and Koch Bsiaalar

14



subdivision of Koch Bihar district, West Bengal. In this study, an attem@nalysethe
classification and distributional patternwétlands,presentsiseof wetlands of the study area,
environmental status of the selected wetlands, the wetland degradation prauesssgiences

of the wetlands degradatiand finally the reeammendations and management strategies. As
such this study will not only helm understandinghe wetland environment in the region but
also in other parts of the state or country. In the study, a critical anafytsis waterand soil
quality, statusof flora and faunaland use, anthropogenic activities etc. are done aiming at
conservatiorand developmendf wetlands. As such this study may be helpful to mitigate the
problems facediy the wetlands andvetland dependenpeople of the study area. This Wil
undoubtedly have both academic significance and practical relevance. Investigation of the
existing status of wetlands in the region would open new vistas for further research in this field.
Further,it is expected that the data and information colleébedhis study will definitely help

the future research works and academic activities of students and researchers.

1.8. Review of the Related Literature:

Research on wetlands of Koch Bihar is not scanty. Consequently, there is no dearth of related
literature in the field and its allied areas. This literature review abounds in short articles. Major
works on the wetland services are not adequate in the field. The types of literature are many and
varied. Some works deal with the Physical and chemical pagasnet wetlands, while others

deal with the problems of the degradation, impact of wetlands on environment etc. The various
scholars have performed numerous studies dealing with various aspects of wetlands across the
countries. A search in the field ofditature for the proposed work unearthed the following

works.

Allen (1956) in his article "The Flamingos: Their Life History and Survival their Life
History and Survival" stated that the birds living in the water are very much closely related to
the hydrdogical and limnological conditions. The present author showed that the breeding of
Flamingos (Phoenicopteridae) are closely associated with habitat condition and food
availability. Similar studies have been performed by Zweers et.al (1995), Cazini dimdi&e
(2000) on the feeding mechanism of Flamingos and their biological threat due to human

interference.
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Ara, Khan, and Jargar (2003) studied the "Physicemical characteristics of Dal lake
water Kashmir valley, India". In this article, they haveaely depicted significant changes in
physicechemical characteristics in the Dal lake water of Kashmir valley during last two
decades and also noticed highest dissolved oxygen value during January and concentration of
nitratenitrogen during June. Excegsiuse of houseboats and high concentration of weeds led
to the significant changes of physibemical characteristics of water of Dal Lake in Kashmir
Valley.

Baghdadi, Barnier, Gauthier, and Neeson (1999) in their study "EvaluatiorBah@
SAR data fo wetlands mapping" have attempted to map out the wetlands in Mer Bleue region
(Ottawa, Canada) and observed a significant change of that wetland during the vegetation
season. They also reported the results of an experiment carried out to examine tidspoten
Polarimetric Cband Synthetic Aperture Radar (SAR) for mapping various wetland classes. The
Mer Bleue region was surveyed by theb@nd (5.3 GHz) Polarimetric (HH, HV, VH, VV)
SAR of the Canada Centre for Remote Sensing (CCRS) 3 times withieghtation season 16
June (spring flush), 6 July (mature growth) and 3 October 1995. Signatures of 6 different cover
types (forested and ndarested peat bog, marsh, open water, clearings, and forests) have been
derived as a function of incidence angle.sBpervised classification was used for wetland
mapping by means of multi ploidization data. This study demonstrated some of the capabilities

of SAR at Cband for mapping of wetlands.

Bamakanta, Sunakar, Satyabhama, and Prasad (2013) in their articlondeas
Variation of Nagavali River Water Quality at the Vicinity of Paper Mill near Aykaypur,
Odisha, India" made a comparative analysis of the seasonal variation of thegtitgysical
characteristics of the Nagavali River of Odisha. The authors foundisagmifluctuation in the
river water quality like pH, conductivity, hardness, DO, COD, TDS, and TSS on seasonal

variation.

Bandopadhyay and Mukherjee (2005) in their study "Diversity of Aquatic and Wetland
Vascular Plants of Koch Bihar District, WeBéngal" revealed 172 aquatic and wetland plant

species in various wetlands of Koch Bihar district. They identified 8 eight categories of plants
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like Epihydates, Helophytes, Hyperhydrate, Plankton, Pleustophytes, Rosulate, Tenagophytes
and Vittate, An extesive field study among various wetlands has been performed by the
authors during 1993998. They opined that aquatic and wetland plants play a vital role in the
ecosystem as well as humankind. In the conclusion, they suggested taking proper management
for conserving the aquatic plants and habitats.

Begam, Purushothama, Narayana, and Kumar (2006) in their article "Water quality
studies of TV station reservoir at Davangere City, Karnataka (India) described that there were
variations in physice&chemical cacentrations during rainy season and except turbidity all other
physicochemical parameters of water resided within the permissible limits in the reservoir at
Davangere city, Karnataka (India).

Bhat and Sarma (2015) in their articlePhysiceChemical Anaisis of Ground water
Quality of Adjoining Areas of Sambar lake, A Ramsar Wetland of Rajasthan, India" studied the
water quality of different sites of lake periphery and in the catchment areas of Sambar lake. The
test result of various chemical parametars : pH= 7.48.6 ; EC= 1723 us/cri23400 ps/cm;

Total hardness = 402.0 mgB8657.0 mg/L; Chloride = 103.21 mgA43.43 mg/L; Mg= 35.11
mg/L-316.0 mg/L; TDS= 1175 mg/l:14900 mg/L; Sulphate = 117.6 mgd43.98 mgl/L;
Fluoride = .69 mg/k2.01 mg/L etc. Theyhave also compared the result with the relevant

standard value.

Biswas. Das and Paul (2013) in their article "Floristic diversity of Rasik Beel and its
adjoining areas in Cooch Behar district of West Bengal, India" had identified 614 species of
plants, lelonging 421 genera of 146 families. Of these, 456 species are belonging to
Magnoliopsida, 119 species for Liliopsida, 3 species of gymnosperms and Pteridophytes are
represented by 36 species in the Rasik Bill compldwe authors have performed a random
survey in different seasons during 20@D13. They noticed 124 species of angiosperm, 456
Magnoliopsida, 119 Liliopsida and 36 Pteridophyta in the Rasik Beel Complex. A detailed
study has been conducted and tabulated in this article. Tourism and pidmcgresent study

area changed the overall morphology of the Rasik Beel wetland complex. They suggested to
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declare the place as in situ conservatories and demanded to modify the Rasik Beel Complex as

Ramsar Sites.

Chatterjee, Adhikari, Barik and Mukhopagdty (2013) in their article "The M#lVinter
Assemblage and Diversity of Bird Populations at Patlakhawa Protected Forest, Cooch Behar,
West Bengal, India" presented their observation of avian community at Patlakhaoa Protected
forest. They identified 154 larspecies belonging to the 41 families. Out of all the species, 22
lived in the grasslands and swamp forest. 46 in Riverine forest, 52 in different trees, 43 at the
outer periphery of the forest, and 51 species lived in the Rasomati Beel. They alsozstegor
the birds as Insectivorous (53), carnivorous (40), omnivorous (29) and frugivorous (15).
Patlakhawa protected forest is located at the riverbank of Torsha in Cooch Behar district. The
forest is regarded as "Eastern Wet Alluvial Grassland" accordingheompion and Seth's
classification (1968). They opined that the bird species of Rasomati Beel is being threatened.
The authors tried to map the bird density in the forest and discussed the structure of the avian
community. The authors suggested conugrthe protected forest into Wildlife Sanctuary for

conserving the ecosystem and retaining the species diversity.

Carter, (1996) found in the article "Technical Aspects of Wetlands, Wetland hydrology,
Water Quality and Associated functions” that Wetlangse often found in places where the
water table was close to the surface, resulting in fluctuating discharge or recharge of
groundwater supplies. Moreover, Wetlands also reduce waves and shoreline erosion owing to
their interlocking root system of vegeatat that stabilizes soil at the water edge and enhances
soil accumulation through sediment trapping. According to him, this reduces erosion by

damping wave action and slowing water currents.

Das and Barat ( 2014) in their study " Fishing Gears operatkeaitic and lotic water
bodies of Cooch Behar district, West Bengal, India" tried to explore the various types of fishing
gears in Cooch Behar district. They have identified 22 such type of gears that are modified by
the anglers resulting in the depletiohfish diversity in different wetlands. They have visited
12 fishermen villages during their field survey. They have categorized the fishing gears as

Fishing Net gears and miscellaneous traditional gears. Fishing Net Gears include Chhabi Jal,
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Phansi JalSitki Jal, Masari Jal, Tana jal, Thela jal, Haath jal etc and traditional miscellaneous
gears include Koncha, Shuli, Zakoi, pala, Jhoka, Chak, Tyapai, buring, Khatal etc. They have
discussed in detail about these gears with their pros and cons. Thesaubgested some
measures for enhancing the fish harvesting. They also opined that mesh size of fishing net gears
should be greater than 1 centimetre and fishing should be restricted during the breeding season

of the fishes.

Das, Sen, and Mitra (2012h itheir proceeding article "Biodiversity of Rasik Beel
Wetland Complex (WB, India)" tried to explore the biodiversity of Rasikbeel Complex. They
have recaded 171 bird species, 53 ichthyofaunas, 4 annelids, 49 arthropods including 24
EXWWHUALHYV PROOXVFDQV DPSKLELDQV UHSWLOLD
They had also analyzed the Physical and chemical properties of Rasik Beel wettgriexco
They identified various hydrophytes, thallophytes, 23 types of planktons in these wetlands. The

authors suggested proper management plan for sustainable development of wetlands.

Dawaki, Noma, and Aliyu (2014) studied on "Heavy Metals and Pmgiemical
Properties of Soils in Kano Urban Agricultural Lands." For this purpose they have chosen three
metropolitan and suburban rivers namely Challawa, Jakarta and Watari in Kano, Kano State,
Nigeria to determine the total, exchangeable and soluble otvatiens of the heavy metals Cu,

Cr, Ni, Zn, Pb, and Cd. The results showed that the soils of the study areas were at risk of
contamination from those metals, which are gradually being released into the rivers from
adjacent urban centers. They observexltiv to medium values of CEC, organic matter, clay

and the slightly alkaline nature of the pH; as well as the higher levels of the metals detected at
some sites of the study. They also found the trace of such toxic elements in the plants that grow

or areplanted in the vicinity of the rivers.

Devaraju, Venkatesha, and Singh (2005) in their article "Studies on the physicochemical
parameters of Maddukake with reference to suitability for aquaculture" investigated the
gradual decline of endemic fish vai@s. They have chosen Maddur Lake situated in southern
Karnataka for studying the physiohiemical analysis of water and vulnerability of aquaculture

for some selected aquatic species. Their studies also showed the fluctuation of water physico
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chemical peameters such as highest DO in October. The higher concentration of DO during
October largely depends upon photosynthetic activity and microbial decomposition. The

phosphate concentration was usually higher during summer and lowest during winter.

Dey, Nur, Sarkar, and Barat (2015) in their article "Ichthyofauna Diversity of River
Kaljani in Cooch Behar District of West Bengal, India" studied the diversity of Ichthyofauna in
the Kaljani River. The study was conducted in four sites namely Amlaguri, Chiatiga,
Chilakhana and Chhat Bhelakopa during August 2012 to August 2014. They have collected
samples with the help of local fishermen by using different fishing nets. They have identified
138 indigenous fish species of 31 families. They opined that ouwtll cspecies, 58 have
ornamental value and 55 species have food value. They also tried to enlist las critically
endangered, 13 as endangered, 41 as vulnerable, 35 having lower risk or nearly threatened, 41
as least affected and 7 species have not beenatedl due to deficiency of data or related
issues. They concluded that due to the rampant catching of fish with the fine geared fishing net

and agricultural pesticide and chemicals the fish species more vulnerable in the Kaljani river.

Dipson,(2012) in Is doctoral dissertation "Spatitemporal Changes in the Wetland
Ecosystem of Cochin City using Remote Sensing and GIS (Unpublished thesis)" highlighted
the land use, land cover and change detection in the study area. For this purpose, he used
various tenporal satellite data and integrated secondary data from various sources. He also
prepared a vulnerability map of the wetlands. He outlined the reasons for reclamation of
wetland in Kerala. He made some suggestions or strategies for sustainable usenofsvaattl

directed some future scope of the study on wetlands.

Feyssa, Njoka, Asfaw and Nyangito (2011) in their study "Physionical Soil
Properties of Semiarid Ethiopia in Two Land Use Systems: Implications to Crop Production”
tried to explore the njar solil fertility status of serparid part of East Shewa in Ethiopia. They
have chosen six study sites (3 from each district) and thirty composite soil samples of five plots
from each site for determination of the major soil physical and chemical paramett the

variation of soil properties across locations. The results indicated that shifting land use system
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was more ecdriendly than the land use of settled farmers which was confirmed by the little

soil bulk density and high soil organic carbon.

Ghawan, Gunale and Trivedy (2006) in their study "Limnological evaluation of an
urban freshwater river with special reference to phytoplankton" investigated the high value of
BOD, COD, Chloride, Phosphate, Nitrate, Sulphate and fCO2 in the Mutha River. They
concluded that temperature played an important role in controlling the occurrences and
abundance of algal diversity and phosphate has been considered as one of the important
nutrients limiting the growth of phytoplankton.

Gopal and Sharma's (1994) inveatign deals with the Sambar lake of Rajasthan. They
identified the various macrophytes around the lake area which underwent severe anthropogenic
pressure due to fodder and fuel demand. They have also thrown light on the natural vegetation
in the catchmendrea of the Sambhar Lake which mainly consists of thorny scrub, typical to the
arid and semarid zones. The surrounding Aravalli's are covered in Anogeissus pendula,
Boswellia sp, and Euphorbia caducifolia, plain areas have trees like Prosopis sphigera,
nilotica, A. senegal, Capparis deciduas and C. aphylla and shrubs like Salvadora persica and S.
oleoides. Coarse grasses such as Saccharum sp ontaneum and S. bengalense are common ar

the species Cenchrus sp. is widely grazed on by the cattles.

Gosvami, Pal and Palit (2010) in their article "Studies on the PhyGhlmmical
characteristics, Macrophyte Diversity and their Economic Prospect in Rajmata Dighi: A
wetland in Cooch Behar District, West Bengal, India" studied the seasonal changing nature of
macrophytes diversity and physibemical properties of Rajmata Dighi (ramade and
Government owned) wetland of Cooch Bahar district. They studied 1Opfofscoical
properties and have identified 48 species in that wetland during pre, on, andonssto
periods. They used Margalef's index, Simpson's index, Shannon's index and Pielou's index for
their study. They also tested water pH, DO, BOD, free CO2, Soil pH, EC, fititatgen (

SN2 ), PO4 and CarbotiNitrogen Ratio(C/N). They found the specifeation of macrophyte

diversity with physicechemical parameters of water and soil in the wetland.
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In the similar study "Diversity and Distribution of Bird Species in Cooch Behar District
of West Bengal" Daset.al hasidentified 226 species of the aaifna of 141 genera with 43
families and 16 orders in Cooch Behar district. They identified one critically endangered, 3
endangered 3 nearly threatened species in the study area. They have pointed out the
vulnerability of such avifauna and suggested appastg measures for conserving the

indigenous as well as migratory bird species in the district.

Jain, Das, and Goyal (2005) in their thesis "Conservation Planning of Sambhar Lake,
Rajasthan using Satellite Remote Sensing and GIS" discussed the conserwasensitive
zone within 3 km buffer from the Sambhar lake boundary in Rajasthan. They identified the land
cover and land use patterns in the catchment area of the lake by using remote sensing and GIS
methods. The study area covered a total area oft &@@usq. km including the lake itself. The
land use within this limited area was estimated as: Open forest (3.47%), Dry lake bed (16.23
%), Saltaffected land (5.77%), Saltpans (other than SSL 3.98%), Saltpans (SSL) (3.04%),
Fallow land (22.19%), Agriculiral land (10.63%), Settlements (1.52%), Scrub (19.88 %) and
Water (13.29%)..

Joshi and Shringi, (2014) in their study "Floristic Diversity with Special Reference to
Rare and Threatened Plants of Jawahar Sagar Sanctuary Area near Kota Rajasthan” analyzed
the floristic diversity of Jawahar Sagar, which is one of the richest floristic regions of
Rajasthan. In the floristic analysis, 422 species of angiosperms were documented, 37 plant
species were recorded as rare or endangered. They also highlighted someeadangered

plants abundantly found in Jawahar Sagar area.

Khatri (1992) in his article "Seasonal distribution of zooplankton in Lakhotia lake,
Rajasthan" conducted a study on zooplankton at Lakhotia Lake of Pali city located in the
Western part of Rjasthan. The study was conducted in three seasons: summer, monsoon, and
winter. The zooplankton comprised of Cladocera, Ostracoda, Copepoda, and Rotifera. The first
peak was mainly occupied by Copepoda while the second and third peak was shared by

Copepoad and Rotifera respectively. Among zooplanktons, Moina sp, Cypris sp, Cyclops sp,
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Diaptomus sp, Nauplius larvae and Brachionus sp were permanent in occurrence whereas

Daphnia sp and Ceriodaphnia sp appeared occasionally.

Krause, Bock, Weiers, & Braun(2004n their article "Mapping Lan€Cover and
Mangrove Structures with Remote Sensing Techniques: A Contribution to a Synoptic GIS in
Support of Coastal Management in North Brazil* assessed the changes in the mangrove
coverage observed during 1991 to 199%orth Brazil using Landsat TM5, ETM, ASTER
DEM data. His mapping data helped in the evaluation of the heterogeneous data sets of the
inter-disciplinary  scientific research program MADAM (Mangrove Dynamics and
Management). The main objective of the studyto formulate an integrated coastal
management scheme for the mangrove ecosystem at Braganca (North Brazil). An assessment of
temporal and spatial changes of the mangroves, the type of mangrove structuueglaoger
analysis, as well as the adjaceamtal socieeconomic impacts were tested using various
innovative processing techniques and different seadelution levels. They identified the
differentiation of the strong and weak patterns of coastal morphodynamics and mangrove

ecosystem in North Bezil.

Kumar and Kumar, (2013) focused on the physicochemical contamination of
groundwater in Jhansi (Goramachia), of Uttar Pradesh due to the granite mines situated in the
vicinity. The result was derived based on sample testing on six different gigediat various
distances from the mines. The physa@emical parameters such as pH, D.O., E.C., T.D.S,,
alkalinity, turbidity, Ca (calcium) and Mg (magnesium) hardness, total hardness, NO3 (nitrate),
F (fluoride), Fe+3 (iron) and €[chloride) were tsted and it was found that those parameters

were not within the limit as compared with the WHO standards.

Kumawat and Jawale (2003) in their article "Phytoplankters of a fish pond at Anjale,
Maharastra" discussed the abundance, periodicity, and compasigihytoplankton in relation
to physicochemical factors in the fish ponds at Anjale, Maharastra. They had opined that the
abundance of algae in a pond increased progressively during late winter and early summer and
water temperature is not a significafaictor in determining the total algal abundance. The

presence of high pH and DO during winter was correlated with the abundance of phytoplankton
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and the high value of dissolved oxygen indicated growth that is more algal. The maximum
number of bluggreen #&yae was recorded in January when pH, dissolved oxygen, chemical

oxygen demand and electrical conductivity were more, while water temperature, chloride,
silicate, and nitrate were less and the phytoplankton communities depended directly or
indirectly on diferent physicochemical factors.

Mathur, Patan, Sharma Nair, & Shobhawat, (2010) in their study "Assessment of
PhysiceChemical properties of Anasagar Lake of Ajmer (India)" discussed the variation of
physicachemical characteristics of Anasagar Lake imér city of Rajasthan. They have
tested Water Temperature ( Av@7.9 oC ), Transperancy (Avgp.8 cm), ph (9.8), EC
(3.18 (mmhos/cm), TDS (1762 mg /L ), DO (9.2 mg/L ), Alkalinity ( 627.3 mg/L), TH ( 476.4
mg/L), Ca Hardness (107.7 mg/L), Mg ldaess (418.05 mg/L), phosphate (1.8 mg/L), Sodium
(42.96 mg/L), Potassium (24.7 mg/L), COD ( 169 mg/L). In this study, the authors have

identified the fluctuation of the said parameters in different seasons.

Mitsch and Gosselink (1993) in their book Vdeds, (Third Edition) stated that
Wetlands are the most biologically productive ecosystem in the temperate grassland and
tropical rainforest regions. The wetlands play a vital role in the biological productivity derived
from their ability to recycle nuignts and energy. Their research also revealed that Wetlands
provide habitat for fish and wildlife. Most freshwater fish depend on wetlands as wetlands serve
as nursery grounds for many species such as Alewife;lBhok herring. They concluded that
wetland habitats are critical for the survival of species threatened or endangered with

extinction, primarily because of habitat loss.

Moayeri, Mokarram, Hamzeh, and Zaheri (2012) in the article "Change Detection of
Wetland Development with Satellite Data a&&t5" conducted change detection during 1990 to
2005 at HurolAzim wetland located in the southwestern Khuzestan province, bordering Iran
and Iraq using principal components analysis of TM and ETM+ sensor of Landsat imagery.
Wetland water supply sources limde Karkheh River and its tributaries, Mime, Doiraj subsets
of Iran and the Tigris in Irag. Landsat satellite images revealed that Hurol Azim wetland area

has shrunk in recent decades. The study showed that this wetland area has shrunk from 515.4
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km2 in 1990 to 230.59 km2 in 2000. The main reasons for the reduced water levels are the dam
of Karkheh and frequent droughts.

Mushtaqg and Pandey, (2014)in their article "Assessment of land use/land cover
dynamics visavis hydrometeorological variability in Walt Lake environs Kashmir Valley,
India using multtemporal satellite data" discussed the degradation of Wular lake of J& K.
They also examined the anthropogenic impact and changes in the land use and land cover and
hydrometeorology of the lake regionhdy used satellite images, which were acquired during
the year 1992, 2001, 2005, and 2008, for determining changes in the LULC in a buffer area of 5
km?® around the Wular Lake. The lake area has been reduced to 24 km2 in 1992 to 9 km2 in

Ve

Pd, Das and Chakraborty (2015) in their article "Colour optimization of the Secchi disk
and assessment of the water quality in consideration of light extinction coefficient of some
selected water bodies at Cooch Behar, West Bengal' made the assessmdet qtialty of
some selected water bodies in Cooch Bihar using Secchi disk method. For this study, they have
chosen 5 wetlands namely Mali dighi, Bairagi dighi, Sagar dighi, Narasingha dighi, Panishala
Beel. Besides the determination of water transpatetimy also determined TDS in all the
wetlands. They observed that Panishala beel was least turbid and Mali dighi had the highest
turbidity and they opined that Whitéellow disk type shows more efficiency than the other

colored disks.

Patel and Parikh2013) in their article "Physicohemical parameters of the Mahiriver"
investigated on the physiathemical parameters of the Mahi river water during summer,
monsoon, and winter. The results showed deterioration in water quality during winter due to

increag in organic load as result of anthropogenic activities.

Saha, T.K. (2004) in his article "Net plankton diversity in coal mining areas of
Jharkhand" analyzed the community structure and diversity of phytoplankton and zooplankton
in North Kanpura pondsThe maximum richness index value was observed during May in the

ponds of North Kanpura and the minimum value in the Jharia ponds. The phytoplankton
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richness index was maximum in August and the minimum value was observed in November
and February. The highnd low evenness value for phytoplankton and zooplankton was in
August, June, and October respectively in the North Kanpura ponds.

Sajeeva and Subramanian (2003) in their article"Land use/land cover changes in
Ashtamudi wetland region of KeralaA study wsing remote sensing and GIS" have used IRS
1A LISSI, and IRS1C LISS Il images and SOI topographic maps to quantify LULC changes
in the Ashtamudi wetland region from 1967 to 1997. Based on their research it was seen that
the area shrinkage was dueit@reasing population density, changes in the family system,
extensive coconut husk retting and deposition of husk waste along the margin of the estuary,
solid waste deposition from factories, and reclamation of the estuary by the local population
and lowprofit obtained from paddy cultivation. Thus, the author tried to correlate unwise and
land use/ land cover and encroachment in the wetland region with its environmental

degradation in the study area.

Singh, and Panday, (1991) in their article "Wateality of stagnant water bodies of
North Bihar* analyzed the water quality of 13 stagnant water bodies of North Bihar and
reported higitemperature range (280°C) affecting the dissolved oxygen concentration and

alkalinity of water with the fair amount eirbonate and bicarbonate concentrations.

Sinha (2012) in her article "Scenario of Rasik bill Wetland, Cooch Behar District: A
Geographical Perspective" studied the general description of Rasik beel wetland complex. In
her study, Miss Sinha tried to dgpe the present status, diverse habitat& ecosystem, and
degradation of Rasik beel wetland complex. She measured water salinity, el Patential,

DO, COD, and BOD of Rasik beel. She also identified 3 Pteridophytes, 31 Dicotyledons, 41
Monocotyledons ecies of flora and 125 various species of Fauna in this wetland complex.
Finally, she suggested various management plans to conserve the biodiversity of Rasik beel

wetland complex.

Sirajudeen, Manikandan and Manivel (2013) in their study "Water qualitgx of

groundwater around Ampikapuram area near Uyyakondan channel Tiruchirappalli District,
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Tamil Nadu, India" evaluated the Water Quality Index (WQI) of groundwater samples collected

in Ampikapuram area near Uyyakondan channel of Tiruchirappalliaisirhey have selected

the parameters like pH, E.C, T.D.S, Total hardness, D.O, C.0.D, B.O-DNQOB, and Mg.

The WQI for these samples ranged between is 244 to 383.8 and hence they concluded that the
groundwater of the area needed some degree of tnetatmedore consumption and that it

needed to be protected from the hazard of wastewater contamination.

Teferi, Uhlenbrook, Bewket, Wenninger, and Simane, (2010) in their article "The use
of remote sensing to quantify wetland loss in the Choke Mountaerdopper Blue Nile
basin, Ethiopia" had quantified the wetland dynamics during the period20886 They
showed that about 17.443 km2 area of the Choke Mountain range in the Upper Blue Nile basin
has been lost due to human interference. They have usgorid unsupervised classification
approach for classifying the LULC. The results showed that 607 km2 of seasonal wetland with
low moisture and 22.4 km2 of open water were lost in the study area during the period 1986 to
2005.

Verma and Khan, (2014) itheir article "Biodiversity assessment of aquatic plants in
Jhunjhunu district of Rajasthan, India" studied the aquatic angiosperm diversity of Jhunjhunu
district of Rajasthan. They have identified 15 aquatic angiosperm plant species belonging to 11
families. Among five morph&cological groups, freloating with 40% dominated in the study
areas followed by anchored submerged (20%), anchored floating (20%), emergent amphibious
(13%) and free submerged with only 6.66%.

The various scholars have performadnerous studies dealing with various aspects of
wetlands across the countries. However, only a few works have been done so far on the
wetlands of Koch Bihar. De (1999) studied the ecological aspects of the Sundarbans while
Singh (1988) discussed the deymiment of wetlands in the Manipur valley. Energy flow in the
aguatic systems was studied by Ganapati (1970), Natarajan and Pathak (1983). Jhingram
(1987), Pathak and others (1985), highlighted the pattern of energy utilization in beel system.
Westlake (19631957) stated that the wetlands were naturally fertile areas for theiropeat

primary productivity. They have been ranked third highest in the net primary production of the
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entire world ecosystenRieczynska (1975) commentedthe similar studyhat wetlands play

an important role in hydrology large number of national and international organizations have

prepared various epitomes on wetland

1.9. Research Gaps:

Now problems of wetland are a burning issue. A number of researchers highlighted several

issues concerning the wetland. It is observed from the review of the-aimn®ned literature

that different scholars approach the domain of wetlands in different countries or different parts

of India differentlybut there is still a necessity of mongpéoration and need for in depth study.

Certain research gaps identified by the present researcher are laid down as follows.

1.
2.

Most of the researchers highlighted the physibemical properties of Wetlands.

A considerable number of the researchers haveidered one or two component/s like
water or soll, floral diversity or faunal distribution; temporal or chronological change of
the wetlands.

Some of the studies dealt with the causes and consequences of wetland degradation and
only a few studies were cdacted on Water Quality Index.

Some of the studies were descriptive and exploratory in nature. In neither of the studies,
the effort had been taken to explore the variation in the wetland in the different
geographical locations.

None of the studies haveeen documented on the wetland services and its spatial
variations.

Many of the scholars classified wetlands but a few have combined the types of wetlands
with their distributional pattern.

Fragmentation of wetlands into smaller ponds is a serious cotmeards degradation

of wetlands. No one of the researchers has addressed this issue.

Lastly, none of the available studies has been conducted in the present area of study i.e.
in Koch Bihar District.

Therefore, there is a need to take a holistic vidwhis issue and view it from a policy

perspective. The present researcher has taken into consideration on almost all the components

such as water quality, soil quality, the status of flora and fauna, the temporal change of
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wetlands. The study also focssen the causes and consequences of wetland degradation in the

present study area.

1.10.Conclusion:

The present chapter deals wittatement of the problem, thiecation of the study area,
hypothess, objectives, methodology and significance of thadys Also, brief reviews of
literatures that are directly or indirectly related to the shadyebeen outlined.
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CHAPTER-II
GEOGRAPHICAL BACKGROUND OF THE STUDY AREA

2.1. Introduction:

Study Areais the prime concern of any research especially in a spatial scien€zelidgraphy.

It is the place, based on whidhge researcher carries outdepth study and data collectiofy
discussion on the study area is fundamental as it helps in understanding the contextual
background of the area under investigation. Mead definddXxsG\ DUHD DV 3WKH JH
studies pursuedinaweGE HILQHG DUHD” OHDG *HQHUDOO\ D UF
or beyond an area delimited by political or physical boundaries. However, it is sometimes
difficult to delineate a study area #&snay stretch beyond either of the boundaries. The study
area is the geographic framework within which fiedd work is conducted, and thus its exact

areal extent must be determined to focus and further define the purposes of the research. As the
presentresearch is based on the Gmwironmental study of the wetlands of Tufanganj and

Koch Bihar Sadar subdivisions within Koch Bihar District, the study area and subsequent data
collection havebeen confined to four community development blocks, namely Gafah,
Tufanganjll, Koch Biharl and Koch Bihatll. Thus the main focus of the present chapter is on

the historical background, physical and seesmnomic background as well as the

administrative jurisdiction and geographic location of Koch Bihar Bistri

2.2. Historical Background:

(W\PRORJLFDOO\ p.RFK %LKDUY RU p&RRFK %H&RR K KJDN QK3
H%HKDUY :KLOH WKH ZRUG pH&RRFKY LNV.FOF KR WKW NVE JIQRL
LQGLIJHQRXV PRQJRORLGUW ULME & HW KWH BRduidd BLLKEDIQIDN U L2W L |
PHDQV pRAERGWIRUWY 7KXV +1 &KRZGKXU\ ULJKWO\ C
HODQG RI VSRUWLQJ ZLWK WKH .RFKHVrpendr@ Narsyah i aU L O
notice published in the CoochBKDU *DJ]HWWH DSSURYHG WKH QDPH p&F
WKH WHUP p.RFK %LKDUY ébuoKiMiaG L Q RlI WKH

The territory of Koch Bihar has its mention in the Epics and Puranas as the part of

Pragjyotichpur or Pragjyotisha which extendednirBay of Bengal in the South and Koshi

38



River in the west. The region was inhabited by indigenous people who were attributed the
names Danaba, Asura, Kirat etc. In the 2nd half of déetury, the area was known as
pH.DPUXSDY 'HEQDWK S Tiértiondd RriUtKeS Bllalzabad Inscription of
Samudra Gupta. Between 7th and 12th century the land was ruled by different dynasties like
Guptas and Palas. In the later stage the Kamrupa Kingdom was rulkedebydynasty and
QDPHG DV u.DPWDY Ddpvaja KdtQlished Qid capitél at Kamtapur near Koch
Bihar and it was extendei parts of Dinajpur, Jalpaiguri, and Rangpur of Bangladesh. In
HM%DKDULYKMKXIEQY WKH DUHD ZDV QDPHG DV u.DPWDTYT - %
HIRYD HW HriafertadM2LU/BLY 7DEXODY PHQW&RPRBDEWEHar ODQG
ZDV ILUVW X\Vahéh Nanfu 6 QRDWKH PLGGOH WK FHQWXU\ $IWH
(C.900C.1100), the&khendynasty was established in 1185AD by PritHowever,in 1498AD

the khenlineage to the throne came to an end wA&uddingHusain Shah, the independent
sultan of Gour defeated the last khen ruler NilamBayain in 1505the kingdom passed into

the hands of the Ahom king SahungmuHgwever,taking advantage of the fical upheaval

the indigenous Koch tribe assumed full control and the Koch dynasty was established in
1515AD by Koch Raja Visw&ingha. Inl581,the Kamtapur kingdom was again divided into

two parts £Koch Bihar and Koch Hajodemarcated by Sankosh Riv@he Koches were the
collection of Mongoloid race who was themixtureof Mech and Koch Hajo tribes. In course

of time Koch Bihar transformed from a Kingdom to a princely state under the protection of the
British Government from 1773 and notably in 18&®lonel J.C.Haughton was appointed to
cater the minor Maharaja Nripendra Narayang year olfl After Independence of India in

1947, Jagaddipendra Narayan the last ruler of Koch Bihar transferred full power and
jurisdiction to the Government of India ob2th September,1949. On the basis of the
Government of India Act, 1935 and under the order of U/S 290A, the Koch Bihar merged with
the state of West Bengal on Istnuary, 1950 under Jalpaiguri division.

2.3. Administrative Background:

2.3.1. Administrative Boundary of Koch Bihar:

The district of Koch Bihar is a part of the Himalayan Terai of West Bengal. Koch Bihar district
iIs bounded by rivers and International, State and district boundaries. Raidak in Tufanganj

subdivision and Jaldhaka in Mekhligasubdivision form the boundaries. While the western
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part of the district is bounded byalpaiguri SadarMaynaguri and Dhupguri blocks of
Jalpaiguri district; northern part is bounded by Alipurduar and Kumargramduarof Alipurduar
district. In the East, KdtBehar is bounded by Goalpara district of Assam and in the Southern
part, it is bounded by Boda, Debiganj, Domar, Dimla, Patgram, Hatibandha, Kaliganj,
Lalamonirhat, Phulbari, Nageswari and Bhrungamari of Bangladesh. The total geographical
area of the disict is 3387 sq.km after the inclusion of Panishalamouza of Maynaguri PS of
Jalpaiguri district in 1981. Approximately Koch Bihar extends from 25°57'57" N to 26°32'58" N
latitude and 88°45'28"E. to 89° 51'50" E longitude.

Table 2.1: Administrative Seup of the Study Area

Towns Total No
Sub No of' of
L P.S. C.D Block - Inhabited | . .
Divisions Municipal Census Town Villages inhabited
9 villages
1.Sitai 1.Sitai - - 53
. . : 1.Bhangri
Dinhata > Dinhata 2.Dinahatal 1.Dinahata PrathamKhand4 130 299
3.Dinahatall - - 119
1.Tufanganj 1.Tufanganil 1.Tufanganj é’#uat?;ﬁt 72
Tufangan; 2.Chhota
2 .Baxirhat 2. Tufanganjll - Léukuthi 54
1.Mathabhan 126
1.Mathabhanga I' ga 1.Mathabhangq - 102
Mathabhanga 2. Ghokshadanga ﬁ.Mathabhanga ) i 92 260
3. Sitalkuchi 3.Sitalkuchi - - 67
1.Mekhligan 1.Mekhliganj | 1.Mekhliganj é‘r']\'aigga;;bhan 44 140
Mekhliganj =5 chiibari — —
3 Raldibar 2.Haldibari 2.Haldibari 58 198
1.Kharimala
1.Koch Biharl | 1.Koch Bihar |Khagabari 142 143
2.Guriahati
Koch 1.Koch Bihar i'gg;“it;?n
Bihar(Sadar) | Kotwali 2' Chal?chaka
2.Koch Biharll 3.Takagach 111 116
4. Baneswar
5. Khagrabari
5 11 12 6 12 1140 1140

Source: DCHB, 2011 and Census, 2011
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2.3.2. Administrative Set up of Koch Bihar:

At the time of merging into the Dominion of Government of India, Koch Bihar District had 5
subdivisions ( Vide Notification Na3549,GA on 1st January,1950) namely Koch Biaday
Dinhata, Tufanganj, Mathabhanga and Mekhligang 8 police stations namely Kotwali,
Dinhata, Sitai, Tufanganj, Mathabhanga, Sitalkuchi, Mekhliganj and Haldibari. Later 3 more
police stations were added to the district namely Gramggd Kuchlibariand Baxirhat. The
district has been divided into 12 cominity development blocks and 126@®uzasout of which

1140 mouzasare inhabited. The district has 6 municipalities namely Koch Bihar, Dinhata,
Tufanganj, Mathabhanga, Mekhliganj, Haldibari which comprises of 80 municipal wards and

12 census towns.

2.3.3.Location of the Study Area:

The study area lies between Sankod¥iansai interfluves. The area is bounded by
Mathabhangdl in the west, Dinhata Subdivision in the south, Assam in the east and
Alipurduar district in the north. The whole area comprises suldivisions namely Tufangan;

and Koch Bihar Sadar. Besides, the study area has 4 community development blocks viz.
Tufanganjl& Il and Koch Behatl& Il (Map-2.1). The geographical coordinates of the amea
26°9'8'N to 262924"N and meridians of 89° 134" E to 89° 51'50E. The study area has 380
mouzaswith 285750 households as per 2011 records. There are 2 municipalities and 10 census
towns in the two subdivisions along with 32 wards. The total geographical area of the study
area is 1341.28 sq km (B®% of the district). Total population according to 2011 census in
Tufanganj subdivision and Koch Bihar subdivision is 4, 56,319 and 1, 75,419 (42.73 % of the

district) respectively.

2.4. Physical Background:
Physical background of any study area iscswned with natural features and phenomenon of
WKH HDUWKTV VXUIDFH VXFK DV JHRORJ\ 3K\WLRJUDSK\ D

natural vegetation.
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Map 2.1: Land useand Land cover Map of the Study Area

2.4.1. Geology:

The region is stdiedbased ormorpho anditho-stratigraphy The northern part of the district

along the Siwaliks ofoothills of Bhutan Himalayas constitutes of alluvial feediments, which

lie unconformably. The fan sediments are divided into 3 formations viz.1) Dieemation 2)

Jayanti formation and 3) Santrabari formatiblighly assorted subngular large boulders and

pebbles of higlgrade gneiss, granite and quartzite characterize the Deema fornmEtisn

formation also has Carbonized plant remains in the I@ak#&udinal area. On the other hand,

Jayanti formation is characterized by mélange witl@mixtureof the matrix and clastic rocks

which are smaller in size than those in Deema Formation. Constituents also range from Khaki

and reddish brown silt thne-grainedsand which is susceptible to gully erosion. This formation

also shows weak stratification at some places. Santrabari formation is generally found at the

highest topographic level, its constituents range from small boulders to pebbles, with compact
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stratification. This formation is also characterized by small quantities of carbonized plant

remnants.

The southern part constitutes of alluvialbd plainelements. Thélood plainis divided
into 3 formations, namely Iresent daylood Plain formatin 2) Shaogaon formation and 3)
Baikanthapur formation. Present dégod plain deposits comprise of fine greyish silver
micaceous sand which is deposited as point bar;chiehnel bars along the river bed. The
Shaogaon formation lies above the presentfitand plain deposits. This formation is slightly
undulated and has sparsely distributed human settlements. The formation is inundated by flood
during the monsoon period. The Baikanthapur formation lies in the upper partflobith@lain
and is hardly iondated by thdlood. This formation is characterized by grey to dark grey

alluvium.

Neo-tectonic activities are common in this area along the faults and it affects the fan and
flood plaindeposits. The area has witnessed several tectonic activities) @uaternary times
which have resulted in the frequent alterations of the size of sand and silt and sudden changes in
thesteamgradient. It is assumed that the Deema, Jagantsantrabari formations are Glaeio
Fluvial in origin. It is further observethat the Santrabari is the primary Fan and Jayanti is the
secondary fan. The provenance of the Deema formation indicates that the materials are carried
from a distant locationTheolder alluvium formation is absent at 304bgl. Thus it may be

assumed tit Siwaliks and other Tertiary deposits, if present, occur below this depth.

2.4.2. Relief:

Physiographically Koch Bihar district lies below the dtimnalayan region ofVest Bengal.

This zone comprises the plains of Jalpaiguri, Koch Bihar and Siligwilstgion of Darjeeling
district. The region is demarcated as Terai which is formed by the deposition of sand, gravel
andpebbles brought in by the rivers. Koch Bihar basically is a flat province with a slight south
eastern slope along which the main revexf the district flow. A number of rivers and their
tributaries have traversed the district. Due to the lower course, the rivers flowniedmelering
course and most of them form natural levee ardow lakes. The region is, thus, f@od-

pronearea wiich is inundated during the monsoon season. Numerous remnant channels which
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are present in the region create bills, locally knowrChbkara In the district, elevation of
Sitalkuchi block is the highest and Sitai is the lowest. The average height o$tifiet é8 60 m
msiMap 2.2).

Map 2.2: Surface Relief Map of Koch Bihar, Source: SRTM 3 Arc Second DEM

2.4.3. Drainage:

Koch Bihar district is a weltlrained region owing to a number of river systems. The rivers are
mostly perennial and ephemeral iature, anch majority ofthem originate from the northern
Himalayan Mountains and snow fed. Irrespective of their origins, either from the glaciers of
Greater Himalayas or the lesser Himalayas, the rivers of the district finally enter into the
Brahmaptra in Bangladesh. During their course in the hills and the Dooars region, the rivers
carry heavy loads adediments, which are depositedpng thefoot hills and eventually these

sand and silt are carried across the river to be deposited alorgettveds

The region has 6 major river systems (MaB) viz. 1) The Tista system 2) The
Jaldhaka system 3) The Torsa system 4) The Kaljani system, 5) The Raidak system and 6)
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Sankosh or Gangadhar systef.brief account of the important rivers of the distrist
discussed in the tab2 2.

Map 2.3: Drainage System of Koch Bihar

2.4.4. Climate:

2.4.4.1. Temperature:

The climate of Koch Bihar District is hdtumid and suitropical in nature. The cold season is
observed from miNovember to the end of Februarfhis is followed by hot season from
March to May. During June to August soutlest monsoon causes heasyn fall in the district.
During summer, April is the hottest month withm@andaily maximum temperature of &2

and mean daily minimum temperaturé BOC. Koch Bihar experiences cold winters,
characterized by foggy mornings and nights. Starting frometiteof November and lasting

until February mercury rises toraaximumof about 24C with minimum temperature about
10C. The temperaturdegins to cop steadily from December and reaches to its lowest
between the last week of December and second week of January. The transition from cold to
hot weather and from hot to cold weather occurs in the months of March and October
respectively denoting springhd autumn in Koch BiharThe weather isvery pleasant during

this time
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Table 2.2: Major River Systens of the District
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4 © Right: Pana, Gabur Basra, * |t entersinto the district at South Kholta of
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Table 2.3: Average Maximum, Minimum Temperature and Rainfall of Koch Bihar

— A (92] < Kp} (o] N~ 0] (o] o — N ™
o o o o o o o o o — — — —
Year SO < < < < S S S S S S
Avg
Maximum
Temp°C 33.1 32.7 1328|326 | 327 | 33.6 | 33.8|34.1|34.1|34.2| 339 | 33.4| 34.2
Avg
Minimum

Temp°C 15.3 156 | 157148 | 173|171 | 16.1 | 18.6 | 16.6 | 16.8 | 16.1 | 14.8 | 15.8

Average
Rainfall
(cm) 21.1 23.2 |1 268|256 |27.3|18.1|21.1| 30.6 | 30.5| 40.8 | 26.7 | 33.5 | 27

Source: IMD, Kolkata

Variation of Temperature and Rainfall of Climate in Koch Bihar
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Fig 2.1: Variation of Temperature and Rainfall of Climatein Koch Bihar

Table2.3 fiows the mean daily maximum and minimum temperature in °C from
2001 to 2013. The highest temperature recorded is 380C in the month of April of the year
2010. The maximum temperature may sometimes rise above 35°C. hé figpcts that
the mean maximum temperature was highest in the year of 2010 and lowest in the year of

2004. The highest mean minimum temperature was recorded in the year of 2008 and lowest
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was recorded in the year of 2004. The figure also shows that the oramatihe mean

maximum temperature of the study area.

Rainfall and Temperature of Koch Bihar
35.0 40.0
30.0 / — \\ - 35.0
25.0 1 || AR Rl - 30.0 o
5 oo - 25.0 ©
£ <Y 1 [ B o1 [ 1 [ 2
= =l @®©
S e N - 20.0 =
1504 [ —/0’: — H —\\— — - g
& 1 N - 150 £
1007 7/_ B R R _\3\( 1 100"
A No '
50 T 1 1 ] ] ] 1 1 1 1 ] ] - 50
OO T T T T T T T T T T T 0.0
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
Avg Rain Fall (cm) =——Avg Max Temp (0C) =—o—Avg Min Temp (oC)

Fig 2.2: Rainfall and Temperature of Koch Bihar

The Fig2.2 Shows that January is the coldest month in the short winter season with
the lowest temperature of (6.9°C). The mean minimum temperatwela@ recorded in
-DQXDU\ 2& IROORZHG E\ '"HFHPEHU U& 7KH KLJK
was observed in the month of July whereas mean maximum temperature was highest in the
PRQWK RI $XJXVW U & ,W ZDV DOVR RdmgeéfdiuveHnas WK DV

consistently high during the summer season.

2.4.4.2. Rainfall:

Koch Bihar has a sutvopical monsoon with heavy downpour during the summer season.
The rainfall in the winter is scanty due to depression, western disturbandestreating
monsoon. During March and April, the district withesgadbaishakhiwhich is thunder
stormaccompanied by hail. It often damages the Zaid crops and the tobacco cultivation.
Tables 2.3 and 2.4 show the maximamount ofrainfall during the summer monsoon.
From the month of May to September the district receives about 88.62 % of rainfall. This
huge amount of rainfall causes a recurrent flooding almost in every year. As per 1hg, Fig
the maximum rainfall occurred in the year 2010(40.8 cm) and lowestlraiofairred in the

year of 2006 (18.1 cm).
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Table 2.4: Rainfall (mm) of Koch Bihar District

Year — AN (92] < Kp} O N~ 0] (o] o — N (40]
o o o o o o o o o — — — —
o o o o o o o o o o o o o
AN AN N N N N N N N N N N AN
January 0 28 8 7 26 0 0 39 - - 3 3 -
February 2 1 37 2 8 11 52 10 - - 11 11 14
March 31 86 163 5 59 3 14 76 36 30 56 3 10
April 77 295 | 240 | 164 | 163 62 161 | 188 | 108 | 385 | 138 | 173 | 115
May 402 | 109 | 268 | 355 | 253 | 355 | 216 | 282 | 287 | 600 | 294 | 242 | 244
June 504 | 560 | 817 | 500 | 747 | 551 | 475 | 569 | 510 | 711 | 431 | 947 | 404
July 338 | 975 | 795 | 990 | 638 | 529 | 597 | 606 | 402 | 863 | 775 | 779 | 661
August 390 | 274 | 319 | 227 | 622 | 113 | 439 | 841 | 629 | 525 | 476 | 337 | 348
September | 419 | 414 | 296 | 646 | 288 | 382 | 496 | 299 | 196 | 496 | 465 | 614 | 398
October 358 | 42 248 | 165 | 470 | 135 | 87 147 | 270 | 61 20 245 | 237
November 5 2 0 6 0 18 0 - - 2 - - -
December 0 0 27 0 0 10 0 - - - - - -

Source: IMD, Kolkata

2.4.5. Ground Water:

The district heavily depends @noundwatefor domestic, industrial and irrigation purposes

and so this resource is under immense pressure resulting in a decline in its water level. Due
to an agrarian economgxpansion of irrigation facility is must and it can only be achieved

when proper managementgroundwateis made a priority.

Table 2.5: Depth of Ground Water Table

Depthof Ground Water Table (ringl)
Name of the Block | Jan April Avg. PreMonsoon | Aug Nov Avg Post
Monsoon
Mekhliganj 2.81 3.36 3.08 1.09 1.83 1.46
Haldibari 2.48 2.96 2.72 1.30 1.65 1.47
Mathabhangd 3.03 3.91 3.47 1.61 2.34 1.98
Mathabhangdl 3.68 3.72 3.70 1.73 2.42 2.07
Sitalkuchi 2.02 3.02 2.52 1.62 1.46 1.54
Koch Biharl 2.46 2.80 2.63 1.02 1.54 1.28
Koch Biharll 3.45 3.23 3.34 0.97 1.96 1.46
Tufanganjl 4.18 4.59 4.38 2.45 3.24 2.84
Tufanganjll 2.93 1.88 2.40 0.73 1.43 1.08
Dinhatal 3.15 4.05 3.60 2.23 2.42 2.32
Dinhatall 2.66 4.05 3.35 2.82 3.19 3.01
Sitai 2.50 4.36 3.43 2.05 2.88 2.46
Mean 3.22 Mean 1.91
SD 0.58 SD 0.63

Sourcewww.cgwb.gov.in (201415)
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5.00 - Ground Water Table
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Fig 2.3: Depth of Ground Water Table

As per the records of 2014, in January the average water level varied from 0.11 to
26.93 meters below ground le\{eh bgl) in West Bengal. According to the report of Central
Ground Water Board (CGWB), in 2011, the tagabund waterecharge in the district Koch
Bihar was 2,31,666 Million Hectare Metre (HAM). Irrigation system is catered mainly
through dug wells (1.6128q km area irrigated), shallow tube wells (12.399 sq km area
irrigated), deep tube wells (182.96 sq km area irrigated), surface lift (175.80 sq km), river
lift(3.554 sq km area), tank(14.44 sq km area), and canals(121 sq km), as edb20b%
recharge bground watedepends on the amount and duration of rainfall and it ranges from
2.5-3.04 mbgl in Koch Bihar.Ground wateris generally being developed through open
wells i.e. dug wells, in theveatheredzone. However, groundwater in the zonesemi
confinedto confined aquifers can yield 80 Litres per minutelgm) which at places goes
as high as 35(om. From the FigR.2 it is observed that the depthgrbund waterduring
preMonsoon varies from 2.52 (Sitalkuchi) to 4.38hgl (Tufanganjl) and durhg post
Monsoonit varies from 1.08 (Tufangaij) to 3.01 mbgl (Dinhatall). Mean depth of
ground watetable in both seasons were 3.2gh(CV= 18 %) and 1.91 gl (CV =33%)
Table2.5.

The chemical quality ofjround waterin the area is slightly acid to slightly
alkaline. The pH value ranges from 6.5 to 7.8. Iron content varies froral10.@4ppm.

Fluoride concentration varies from 0-:1237 ppm. The average EC in theund watelin
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the district is 319.4. Thus, the chemical quality of ground wateshallow and deep

aquifers is safe and suitable for both domestic and agricultural purposes.

2.4.6. Natural Vegetation:

Koch Bihar district abounds in natural vegetation. @ier beds ponds, marshes, and
streams with a sluggish current have a copiegetation oiVallisneria andother plants.

Land here is subjected to inundation and usually has a covering of Tamarix and reedy
grasses; and in the parts, where the ground is more or less marshy, Rosa involucrate is
plentiful. Few trees occur on theseumlated lands; the most plentiful and largest is
Barringtoniaacutangula. Among thé&ees,the most conspicuous is the red cotton tree
(Bombax malabaricum); the SissuDélbergia sissgp Mango (Mangifera indica); Jack
Fruit; Sal Shorea robusja Mahua; Tak; Bamboo; Khayer (Acacia catechu); Palms etc.
Near thevillages,there are usually thickets or shrubberies and more or less useful trees of a
rapid growth and weedy nature. Koch Bihar district at present has no large forest patch
(Table. 2.6). There arewo small forests, namely Bocham&hengtimari forest &

Patlakhawa forest. These are cleared for cultivation.

Table 2.6: District Wise Area underForestsby Legal Status inWest BengalArea in sgkm

[q]
O g -
@ @ g 5 |8 5
s | 8 |2 e It 25|,
N g g |e = |s |8 [8a|ly-|OC|3]|E
No. = = ‘5 @ © - o| g @ v | O| o
] 0 w0 o L o6 | 53| & |x|°
— g & S8g | < <E|BE|lo=| 20| F | 8|8
= 2 2 o5 | TY |BZ(85|/%e|ecg| ||k
@ O < S G oo cF|leFleo| 82| 5|5 |6
[a) o o Z L3 =N =L e | S| Z - = > |
sl 1.68 1. |23
1 S 42 15 57 338757 |, 764 | 808 |3 |G
Y m
— | 7,054
> - g (59.38 3,772 1,053 11,879 88,75| 11,8 | 13.3 9816 272|115 | 30
3 < : (31.75%) | (8.87%) | (100%) |2 79 | 8% 8L |.7|.7
T | %)
=m
3 |Al 1423311517945 | 127,881 | 7,68,437
India | 1

Source: State Forest Report, West Bengal 22089

52



Map 2.4: Natural Vegetaion Cover of Koch Bihar District

Map 2.5: Vegetation Cover Map of Koch Bihar District
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2.4.7. Soil:

Soil of the study area is alluvial in nature, varying in depth from 15cm to 300cm. It is
formed in the quaternary period through the sand and silt dieposvhich has been carried

by the rivers from Himalaya. While older alluvium soil is found far away from river
courses, newer alluvium soil is found near the river and every year this newer alluvium is
deposited over the lolying areas. This soil is @&hl for the cultivation of paddy, jute,
tobaccomusteredil seed etc. The turbulent water of different rivers carry huge amount of
detritus material, which have an adverse effect on crop production as well as the hydrology
of the study area. (Banerjee€984). Recurrent floods also affect the quality of the soil. The
colour of the soil varies from ash to black (Census, 1977). Black soil is found in Kaljani to
Sankosh River and between Jaldhaka and Dharla River. pH value of the soil varies from
5.31-7.10 Map-2.6). The parent rock constitutes of Igneous and metamorphic rock lies at
the depth of 100A500 metre from the surface. The soil of the district has high water
holding capacity and so the depth of gieund watetable is high (1.91rbgl). The soil las

a low level of nitrogen with moderate levels of potassium and phosphorus and is deficient in
zinc, calcium and magnesium. The soil has high level of sulphur. The moisture retentive
capacity of land in the high concentration of sulphur causes lowtfertiirganic matter in
recent years indicates the augmentation of consciousness among the farmers regarding
utility and necessity of organic farming. The district also suffers from deficiency of

micronutrient

Map 2.6: Soil Map of Koch Bihar District
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Table 2.7:Soil Texture of Different Blocks of Koch Bihar District

SI.No. | Name of The Block Soil Texture USDA Soil pH
Sand Silt Clay Total Classification

1 MEKHLIGANJ 55.54 31.29 13.17 100.00 | Sandy Loam 6.50
2 HALDIBARI 69.68 21.72 8.60 100.00 | Sandy Loa 6.18
3 MATHABHANGA -I 43.96 40.08 15.96 100.00 Loam 5.83
4 MATHABHANGA -lI 53.71 31.26 15.03 100.00 | Sandy Loam 6.50
5 SITALKUCHI 61.10 27.72 11.18 100.00 Mixed 5.31
6 KOCH BIHAR-I 42.12 45.78 12.10 100.00 Loam 7.10
7 KOCH BIHAR-II 44.53 47.24 8.23 10000 Loam 6.47
8 TUFANGANUJI 32.15 36.70 31.15 100.00 Clay Loam 6.25
9 TUFANGANUJI 51.92 29.19 18.89 100.00 Mixed 5.88
10 DINHATA-I 42.38 43.24 14.38 100.00 Loam 7.25
11 DINHATA-II 48.86 36.27 14.87 100.00 Loam 6.40
12 SITAI 51.57 32.57 15.86 100.00 | Sandy Loam 6.51

Source: Soil Testing Lab, Koch Bihar

Fig 2.4: Ternary Diagram Showing the Soil Texture in Koch Bihar District
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The soll is generally acidic in nature, because of heavy rainfall and greater gradient.
The soilis highly leached. Sheet efos is a problem in the areas of tea plantation in the

district. Sandyloam soil is found in Mekhliganj, Haldibari, Mathabhardgand Sitai Block.
Loamy Soil is found in Mathabhanda Koch Biharl, Koch Biharll, Dinhatall, and

Dinhatal. The textural d@ssification of Tufanga#j is Clay loam (Table€.8) which is

suitable for brick making as well as agriculture. The soil of Sitalkuchi and Tufatganj

blocks is mixed in nature.

There are four soil series the study aremamely Lotafela, Matiarkuthi Rajpur,
and Balrampur series as classified by NBSS & LUP, 2001 Publicatie89N®ut of which
three series are observed in Koch Belsadar and Tufanganj subdivision. A brief

description of the 3 soil series is incorporated in the following t2lde

Table 2.8: Solil Classification of the Study Area

Name of . .
the Location USDA. . Phys_lographlc Elevation | Horizon | Nature
Seri Classification| position
eries
Gently sloping (43%),
Coarse Imperfect Drained and
Loamy, Indo- AP, AB, ! }
Sadar ! - 40-50m rapid permeable; Land
. . mixed, GangeticTistal 2C1, . i
Matiarkuthi | (East and hvoerthermic.| Plain. Recent above 2C2 Capability Sukclass:
Central) YPE ' N ; MSL ' Vls; Irritability: 4d;
Aquic, alluvial plain 2C2, o .
: Productivity potential:
Ustifluvets Low
Level to nearly level
sloping (01%),
Extensive | Fine-Loamy, Indo- AP, Imperfectly drained, and
part in mixed, - 40-50m Bwl, moderate to slow
. .| GangeticTista .
Rajpur Koch hyperthermic, Plain. Recent above Bw2, permeable ; Land
Bihar Aeric, aIIuvi:'Jll lain MSL Bw3, Capability Sukclass:
Sadar Endoaquaept P Bw4 llIs; Irritability: 2S;
Productivity potential:
Low to Medium
Level to nearly level
. . doping (0-1%),
Fmesnty, Indo- AP, AC, | Imperfectly drained, and
mixed, - 60-70 m .
. .| GangeticTista C1, C2, | moderate permeable ;
Balarampur| Tufanganj hypgrthermm, Plain. Recent above c3 Land Capability Sub
-IIZ—I)[Jp\;;, ents alluvial plain MSL 2C4,2C5]| class: llw; Irritability:
q 2d; Productivity
potential: High

Source: NBSS & LUP, 2001 Publication M8
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2.5: SocioEconomic Background
The Sociecultural setting of the aseunder study has been discussed under demographic

characteristics, ethnic and economic composition.

2.5.1: Demographic Characteristics:
The 2011 census points out that in terms of the population size, Koch Bihar district stands
17" in the state. With #otal area of 3387 sq km, this district accommodates 3.08% of the
VWDWH{V WRWDO S FQ‘&M@@ YheRABtriotQ @ Wef Qandal in respect to
population density, indicating thétte pressuref the populationon the land is moderately
high. 3V SHU FHQVXV .RFK %LKDUYfV WRWDO SRSXODW
13.8% in decennial growth rate (Tald€9). In preindependence period, the population of
this area registered a negative growth due to several occurrences of epidemic9%ince
an unprecedented rate of growth was recorded mainly duétgeinflux of immigrants
from Bangladesh. Although from 1991 onwards growth rate has started declining. The table
Table 2.9presents the nature of population growth in Koch Bihar district.

Table 2.9: Population Growth of Koch Bihar District

= — —

= = =

o § TR TR

sE |_8 | B > 2 5 S - 2

8B |8 ¢ ki x @ | _ B S | c B >

s |28 |88 | 2g (3% /%% |22 |Fz |23

> o ¥ aEN0) g = S X a L0 |5 a 2O
1901 565116 1,69,40088 | 3.34 5,561,056 | 97.51 | 14,060 | 2.49
1911 591012 | 4.58 1,79,98,769 | 3.28 5,75,218 | 97.33 | 15,794 | 2.67
1921 590599 | -0.07 1,74,74,348 | 3.38 5,73,338 | 97.08 | 17,261 | 2.92
1931 589053 | -0.26 1,88,97,036 | 3.12 5,71,023 | 96.94 | 18,030 | 3.06
1941 638703 | 8.43 2,32,29,552 | 2.75 6,11,882 | 95.80 | 26,821 | 4.20
1951 668949 | 4.74 2,62,99,980 | 2.54 6,18,769 | 92.50 | 50,180 | 7.50
1961 1019806 | 52.45 3,49,26,279 | 2.92 9,48,360 | 92.99 | 71,446 | 7.01
1971 1414183 | 38.67 4,43,12,011 | 3.19 13,17,531 | 93.17 | 96,652 | 6.83
1981 1771643 | 25.28 5,45,80,647 | 3.25 16,49,383 | 93.10 | 1,22,260 | 6.90
1991 2171145 | 22.55 6,80,77,965 | 3.19 20,01,648 | 92.19 | 1,69,497 | 7.81
2001 2479155 | 14.19 8,01,76,197 | 3.09 22,53,537 | 90.90 | 2,25,618 | 9.10
2011 2819086 | 13.71 91276115 | 3.09 25,29,652 | 89.73 | 2,89,434 | 10.27
Average 94.10 | Average | 5.90

Source: District Census Hand Book
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Distribution of Rural and Urban Population
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Fig 2.5: Distribution of Rural and Urban Population
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Fig 2.6: Decadal Growth of Population in Koch Bihar

This district is predominantly rural in natur@he avearageshare of therural
population is 94.10% ahtheaverageurban population is 5.90%. As per 2011 census, 89.73
% population of Koch Bihar districts lives in rural areas. Out of 2,529,652 rural populations,
the number of males and females are 1,304,916 and 1,224,736 respectively. In rural areas of
Koch Bihar district, sex ratio is 939 females per 1000 males. The child sex ratio of Koch
Bihar district is 949 girls per 1000 boys. Child population in the a§6s0319,225 in rural
areas of which males are 163,815 and 155,410 are feriideshild popuétion comprises
12.55 % of theotalrural population of Koch Bihar district. From the yd&01,there is an
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increasing urbanization trend with the highest growth rate observed during2@001
Gradually increasing urban population and the number olusetosvns from 2001 to 2011
(Fig- 2.6) give a clear indication of rapid urbanization trend though the growth rate is slower
than the other districts of West Bengal.

The Average Sex ratio of the district was 942 females/ 1000males whereas in West
Bengal itwas 950.The sexratio hasincreased steadily afté951 which may be considered
as the most significant demographic change. Table 2.10 showsSitaablock has the
highest sex ratio (970) followed by Sitalkuchi (966). The Lowest Sex Ratio is observed i
Dinhatal Block (840). The average density of population in the district was 748
persms/sg.km(Table2.10) whereas during 2011 census the average density of population
in the West Bengal state was 1028 persons/sg km. The highest density was observed in
Dinhatal (1086) (Map 2.7).

Table 2.10: Block Wise Population of Koch Bihar District (2011)

Name of the Block Area Sq Male Female Sex Ratio | Total Density
Km km/sq km
Koch Bihar #l 375.32 1,68,185 | 1,58,373 | 942 3,26,558 | 870
Koch Bihar | 362.36 1,79591 1,64,310 | 915 3,43,901 | 949
Dinhata 250.00 1,47,602 | 123935 840 2,71,537 | 1086
Dinhata H| 293.11 1,26,663 | 1,17,403 | 927 2,44,066 | 833
Haldibari 200.70 52,851 51,118 967 1,03,969 | 518
Mathabhangal 312.96 1,12,497 | 1,05,694 | 940 2,18,191 | 697
Mathathanga I 313.84 1,17,100 1,10,297 942 2,27,397 725
Mekhliganj 292.42 80,052 75,198 939 1,55,250 | 531
Sitai 151.25 56,016 54,317 970 1,10,333 | 729
Sitalkuchi 261.60 94,277 91,076 966 1,85,353 | 709
Tufanganj 328.62 1,28,415 | 1,20,180 | 936 2,48,595 | 756
Tufanganj 328.62 96,222 90,504 941 1,86,726 | 568
Source: District Census Hand Book, Koch Bihar, 2( Average 942 Average 748
WB 950 WB 1028
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Map-2.7: Population Density Map of Koch Bihar, 2011

2.5.2. Literacy Status and Sex Composition:
This diVWULFW LV SODFHG DW WKH WK SRVLWLRQ LQ WHL
74.48% in 2011, which is 1.59% less than the state average. The low level of literacy
indicates the backwardness of the district. Tiee femaleliteracy level alscsshows great
variation; the male being much lower than the female.

Table 2.11: Sex Ratio and Literacy Rate of Koch Bihar District

Year Sex Ratio Percentage of Literacy
Koch Bihar West Bengal Koch Bihar West Bengal

1901 881 945 5.9 9.8
1911 873 925 7.4 10.8
1921 877 905 7.8 12.3
1931 886 890 6.6 12.4
1941 879 852 NA 19.7
1951 855 865 15.0 24.61
1961 890 878 21.00 34.46
1971 916 891 21.92 38.86
1981 935 911 30.10 48.65
1991 935 917 45.80 57.70
2001 949 933 66.30 68.64
2011 942 950 74.78 76.26

Source: District Census of India
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But there has been a sharp 11.45% increase in the female literacy rate of 2082 (TBble
which again confirms the improvement in the status of the females. The following table

shows the trend of sex ratio antitearacyrate of the district in the last six decades.

Sex Ratio in Koch Bihar
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Fig 2.8: Sex Ratio in Koch Bihar

Literacy Status of Koch Bihar
2011 74,7626
2001 ——66_3 68.64
1991 —E_ 57.7
1981 -—m— 48.65

1971 _E_ 38.86
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24.61
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Fig 2.9: Literacy Status of Koch Bihar
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2.5.3. Religion and Caste Composition:
About half of the total population (50.2%) belongs to the scheduled castes and a negligible
portion belongs to the scheduled tribes (0.60%). This is caused due to the nature of the
ethnic composition of the district. Koch Bihar district contains the largest number of SC
population in West Bengal. The table shows that over the years there ig & H3C
population, while the ST population is decreasing. Rajbansthis single largedtinduised
social group, followed by the Namasudras are the majority among scheduled caste
population. The majority of th&ribal population is constituted of OraoRabha, Munda,
Santal, Bedia and Garo. Muslims constitute the second largest (25.54% in 2011) religious
group of population in the distri¢Table 2.12)

Table 2.12: Religion and Caste Composition

0, 0, 0, 0, 0,
Year | SC % to ST % to Hindu % to Muslim /0 to Others % to
total total total total total

1981 | 883084 49.84 | 10105 | .57 13,99,844 | 79.01 | 368176 | 20.78

1991 | 1123719 51.76 | 13273 | .60 1,659,733 | 76.44 | 506728 | 23.34 | 4684 | .22

2001 | 1242374 50.11 | 14246 | .54 187,1857 | 75.50 | 600911 | 24.24 | 5648 | .23

2011 | 1,414,336 | 50.2 | 18,125 | .60 2,087,766 | 74.06 | 720,033| 25.54 | 7033 | .27

Source: Census of India

Distribution of Religion and Caste
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Fig 2.10: Distribution of Religion and Caste

2.5.4.0Occupational Structure:
Occupational structure is defined as the distribution of working force among various sectors
of economt activity. Working force isreferred tothe population engaged in various

productive activities in an economy.
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The percentages of male and female workers w&r@%% and22.22% with respect
to the total male and female population in 2001 (T-&le3). However, in 2011, the
percentage of male workers increasedb824 % and the percentage of female workers
declined t020.67% (Fig-2.11).

Table-2.13: Working Population

Place Persons Male Female

2001 2011 2001 2011 2001 2011
Koch Bihar 2479155 | 2819086 | 1272094 | 1451542 | 1207061 | 1367544
Total Worker 966705 1127977 | 698550 845308 268155 282669
Percentage (%) 38.99 40.01 54.91 58.24 22.22 20.67
Tufanganjl 223088 248595 113796 128415 109292 120180
Total Worker 76418 100657 60927 76376 15491 24281
Percentge (%) 34.25 40.49 53.54 59.48 14.17 20.2

Source: Census, 2001 and 2011

Table-2.14: Percentage of Population Distribution over Different Categories of
Workers & Non-Workers in the District of Koch Bihar (As Per Census, 2011)

[ all figuresin percentage (%p respective Total Population ]
& o 2 0
o BO| B ¢ 2 g | = o
Name of the Block| Total S So| 282 B = <| 82 2
/ Municipality Population p =] ® 8= = = = o< =
= Qo >55 9 — _ c O
3| 58| 2= 2 [ S =2 5
< 5 = = z
Koch Biharl 326558| 27.9| 32.37 5.44| 34.34| 41.21| 30.96| 10.25| 58.79
Koch Biharll 343901| 21.4| 33.77 3.04| 41.85| 37.31| 30.85| 6.46| 62.69
Koch Bihar (M) 77935| 0.9 0.83 1.94| 96.33| 35.16| 31.39| 3.77| 64.84
Koch Bihar Sadar 748394| 22.4| 30.01 4.04| 43.51| 38.79| 30.96| 7.83| 61.21
Tufanganil 2485% | 24.7| 34.95 9.94| 30.42| 40.49| 31.19| 9.31| 59.51
Tufanganjll 186726| 28.7| 33.82 5.77| 31.72| 39.77| 29.5| 10.26| 60.23
Tufanganj (M) 20998| 1.06 0.61 7.96| 90.36| 35.78| 33.28| 2.51| 64.22
Tufanganj 456319| 25.4| 33.07 8.16| 33.42| 39.98| 30.59| 9.39| 60.02
District Total 2819086| 32.3| 34.74 3.6| 29.32| 40.01| 31.44| 8.57| 59.99

Source: Census of IndidD11, Note: Total Workers = Main Workers + Marginal Workers
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Working Population of the Study Area
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Fig 2.11: Working Population of the Study Area

The different categories of working population of the study arase hbeen
diagrammatically represented in Fig 2.11. The statistics on population composition of Koch
Bihar district reveals that the percentage of workers (main and marginal) is only 31.44% and
8.57% (Census 2011), against a significant proportion of a®@it non workers. Hence,
the burden of thelependenpopulation is high and which is also indicative of a limited
scope for employment opportunities in the district. The occupational composition shows a
large proportion of primary sector workers. About1Bp6 of workers are cultivators and
agricultural labourersyhereasonly 3.8% of workers are engaged in household industries

and 29.32% are engaged in other industrial and service sectors-ZTHhjeind Fig2.12.

Table 2.15: Percentages of Different Gagories of Working Population in Koch Bihar

Category 1981 1991 2001 2011
A. Main Worker 28.99 30.56 30.4 31.44
1.Cultivators 15.03 14.72 37.4 32.34
2.Agri. Labourer 7.90 7.96 29.5 34.74
3.Household Industry 0.58 0.71 4.1 3.60

4. Other Workers 5.43 717 29.0 29.32
B. Marginal Worker 0.81 1.59 8.6 8.57

C. NonWorker 70.20 67.85 61.0 59.99

Source: DCHB, Koch Bihar
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Occupational Structure
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Fig 2.12: Occupational Structure

The fall in the number of cultivators, during the decade 2Z0Dfrom 58.2% to 55%
has been identifieCensus, 2011). But the district witnessed a significant rise of cultivators
during last 3 decades as against the national trend of declining number of cultivators.
Simultaneously, the slight increase in the number of industrial workers indicates an
exparsion in industrial activities. Overall, the gradual rise in the proportion of industrial
activities indicates a gradual sectoral shift in the economy of the district, though it still relies

onfarm-basedactivities leaving the identity of the district agal in particular.

2.5.5. Infrastructural Facilities:

The role of infrastructure in theconomicdevelopment of any area is immense. Hence an
understanding of the study area in the light ofdkailability of infrastructural facilities is

very crucial.Moreover,it also helps in determining the quality of life of the inhabitants,
which could have an influence on health and sanitation of the people under study. The
following table gives information on the distribution of educational institutions in Koch

Bihar district.
Table 2.16: Distribution of Educational Facilities in Koch Bihar District (2011-12)

] ] Technical Technical Technical | Non- formal
Schools College University ] . o
school College University institutions
2180 15 1 28 14 1 4847

Source: District Cens hand Book, 2011
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The district provides primary level education in almost all the rural and urban areas, the
number (210) in Koch Bihar Il block. The numbersetondary101) and higher secondary

schools (159) is less in terms of the total populatiothefdistrict.

An analysis of théhealth carefacilities available for the inhabitants of the district
revealsthat 400 bedded district hospital playfaal role in thehealth carescenario. There
are 4subdivisional hospitals in sualivisional headquaers of Koch Bihar Sadar, Dinhata,
Mekhliganj and Mathabhanga. The district is also endowed with sfeaialhospitals like
Mental Hospital (1), TB hospital (1), Cancer hospital (1) and Leprosy hospital (1). The
private nursing homes also operate witthe district and are mainly located in the sub
divisional towns with maximum concentration in Koch Bihar Sadar area. In Koch Bihar
district Ayurvedic and Homeopathic treatments are also very popular. The relative cheaper
cost of medicineage oldpracticeand lack of side effects are the few reasonsvide scale
preference for such treatment methods. The following table shows the distribution of

medical institutions in (2011) Koch Bihar district.

Table 2.17: Categories of Medical Institution Available m Koch Bihar District (2011)

Ayurve Homeo.
Blood N.H | Urban ] o
DH | H RH | BPHC | PHC | FWC | SC dic Clinic and
Bank | (reg.) | FWC
Shops shops

1 |4+4) 1 12 38 33 | 406 3 15 3 15 21

Source: District Census hand Book, 2011

According to census report (2011), 89.93% of villagesler Koch Bihar district avail
medical facilities. The secondary level facilities are concentrated only in urban areas of
Koch Bihar Sadar and other 3 sdivisional blocks. The absence of tertiary level care
implies lack of specialised medical facilitiesthe district. The total number of beds (2052)
and that of doctors (278) in terms of the total population of the district indicate a gloomy

health carescenario.

Table 2.18: Availability of Amenities in Villages (%) of Koch Bihar District (2011)

) Drinking
Total Villages P.O. Telephone Power Pucca Road Transport
water
1132 99.03 24.20 86.84 100 49.47 32.42

Source: District Census Hand Book, 2011
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Apart from educational and medical facilities, other amenities available within the district
include safedrinking water, sanitation, power supply, transport and communication. From
the table below, it can be concluded that in terms of power supply and access to safe
drinking water facility, the villages under Koch Bihar district are well placed (with 100%
power supply and near to 100% drinking water facility). The proportion of villages having
telephone facility (86.84%) is also very highoweverthe villages lag far behind in
enjoying the facilities of Post offices (24.20%), transport and communicatior2¢8 @nd
access to Pucca road (49.47%kable 2.18) Interestingly, the district is well connected with
internet and mobile network services, which leaves a better prospect for introducing mobile
health technology in health care services of the district.

2.5.6. Conclusion:

From the preceding discussion, it seems that the area under study has many advantages in
terms of availability of fertile agricultural lands, rich natural and agricultural resources,
developedagrobasedindustries and satellite connedtiw The district is also not ah
disadvantageposition in terms of literacy rate. Yet, according to West Bengal Human
Development Report (2004), the district is placed at the lower rung (HDI 0.52; HDI rank
11" in terms of human development index whitlicates that the district is nfstvourably
positioned on certain spheres of economy. Tkalth carefacility too in the district is
inadequate to meet all needs of the people in the didttateover,lack of industries and

poor transport connectivityindicates backwardness of the district, which demands

governmental interventions forbetterprospect.
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CHAPTER dlI
CLASSIFICATION AND DISTRIBUTION OF WETLANDS

3.1. Definition of Wetland:

3:HW O brieagassed ZLGH DwetBndsRIDO®VR FDOOHG PDUVKHYV
IHQV SRFRVLQV DQG RIAORMEtlatHBdPeHNeither7 tkuy Hajuatic nor
terrestrial, generally depending on seasonal variability. Thus, wetlands revediveasity
according to their genesis, geographical location, water regime, dominant plants, animals
and soil. Because of their transitional nature, the boundaries of wetlands are also difficult to
delineate. Based on multifaceted observations and divebgective and orientation,
different individuals, institutions, agencies and countries have given different definitions for
wetlands Wetlands are defined differently by countries in their domelgtislations
(MOEF, 2009). Most of the countries have gjvanarrow definition in order to limit the

field and scope of wetland protection. There is a lot of controversy regarding the definition
of a wetland not only in our countbyut alsoall over the world.

3.1.1. Definition of Wetland before Ramsar Convenbn:

One of the most well accepted eatlfinitionsof wetland was given by S.P. Shaw &GC.
Fredine (1956) who suggestduetterm WetlandsD \fowlands covered with shallow and
sometimes temporary or intermittent watéfSheseare referred to by such mes as
marshes, swamps, bogs, wet meadows, potholes, sloughs, arovevigsw lands. Shallow

lakes and ponds, usually with emergent vegetation as a conspicuous feature, are included in
the definition, but the permanent waters of the streams, researwrsleep lakes are not
included. Neither are water areas that are so temporary as to have little or no effect on the
GHYHORSPHQW RI PRLVW VRLO YHIJHWDWLRQ~

3.1.2. Definition of Wetland after Ramsar Convention:
The first World Convention on Wetlands wascheh 2 February 1971 in Ramsar city, Iran.
The Ramsar Convention took a broad approach in determining the wetlands which come

under its mandate in Articles 1.1 and 2.1 as shown below:

3.1.2.1 Article-1.1:
Under the text of the Convention (Articlel.1), WeODQGV DUH GHILQHG DV DC

fen, peat landor water, whether natural or artificial, permanent or temporary, with water

70



that is static or flowing, fresh, brackish or salty, including areas of marine water, the depth
of which at low tide doesRW H[FHHG VL[ PHWUHYV ~

3.1.2.2 Article-2.1:

In addition, to serve the purpose of protecting coherent sites, the Article 2.1 provides the
wetlands as:30D\ LQFRUSRUDWH ULSDULDQ DQG FRDVWDO ]R:
islands or bodies of marine vea deeper than six metres at low tide lying within the
ZHWODQGV’

3.1.2.3. Other Notable Definitions:

Space application centre (ISR@gfineswetlandsDV 3300 V XEPH Wdttt@edR U ZD
lands, natural or mamade, inland or coastal, permanent or terapgrstatic or dynamic,
vegetated or nemegetated, which necessarily have atah® WHU LQWHUIDFH’

The US Department of Interior Fish and Wildlife Service Authority adopted the
following definition of Cowrdin in 1979 to prepare a status of wetlands ia tSA:
S:HWODQGYVY DUH ODQGYV WUDQVLWLRQDO EHWZHHQ WHU
WDEOH LV XVXDOO\ DW RU QHDU WKH VXUIDFH RU WKH C

The notification of the Government of India in the Ministry of envinemt and
Forest, S.O number 114 (E) dated 19th February, 189@ribed thatwetlandis an area or
of marsh, fen, peat land or water; natural or artificial, permanent or temporary, with water
that is static or flowing, fresh, brackish or salt, inclgdareas of marine water, the depth of
which at low tide does not exceed six meters and includes all inland waters such as lakes,
reservoir, tanks, backwaters, lagoon, creeks, estuaries and manmade wetland and zone of
direct influence on wetlands that is say the drainage area or catchment region of the
wetlands as determined by the authority but does not include main river channels, paddy
fiHOGV DQG WKH FRDVWDO ZHWODQG °

The Kerala Conservation of Padtgnd and Wetland Act, 2008 (Section 2(XVII)
definesZHWODQG DV 3« ODQG O\LQJ EHWZHHQ WHUUHVWU LI
table is usually at or near the surface or which is covered by shallow water or characterized

by the presence of sluggishly moving or standing water, saturating the goivater and
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includes backwaters, estuary, fens, lagoons, mangroves, marshes, salt marshes and swamp
IRUHVWY EXW GRHV QRW LQFOXGH SDGG\ ODQGV DQG UL

Shaler (1890), who defined it in a report, gave one of the earliest definitions of
wetlandin his aticle 3* HQHUDO $FFRXQW RI WKH )UHVKZDWHU ORU
S DOO DUHDV« LQ ZKLFK WKH QDWXUDO GHFOLYLW\ LV LQ
to reduce the soil to the measure of dryness necessary for agriculture. Wherever any
unprofitable until the land is necessary to secure this desiccation, the area is classified as
VZDPS’

S3«« DUHDV RI VHDVRQDOO\ LQWHUPLWWHQWO\ RU
inundated land, whether natural or artificial, fresh or saline, e.g., wated soils, ponds,
ELOODERQJVY ODNHV VZDPSV WLGDO 10DWSemdéhMRV XD UL
1995.

Wetlands form the transitional zone between land and water, where saturation with
water is the dominant factor determining the natureodl development and the types of

plant and animal communities living in and on it (Cowardin et al, 1979).

‘HWODQGV DUH 30DQG SHUPmIh@Hatey @\ waddogyedd PS R U
Temporary wetlands must have surface watevaterloggingof sufficientfrequency and/or
duration to affect the biota. Thus the occurrence, at least sometimes, of hydrophytic
vegetation or use by water birds is necessary attributes. This wide definition includes some
areas, whose wetland natureargiuably notably land subjedo inundation but having little
RU QR K\GURSK\WLF YHIHWDWLRQ DQG EDUH pGU\ ODNHYV

3¢ ZHWODQG LV DQ HFRV\VWHP WKDW GHSHQGV R
inundation, or saturation at or near the surfacehefsubstrate. The minimum essential
characteristics of a wetland are recurrent, sustained inundation, or saturation at or near the
surface and the presence of physical, chemical, and biological features reflective or
recurrent, sustained inundation otwation. Common diagnostic features of wetlands are
hydric soils and hydrophytic vegetation. These features will be present except where
specific physiochemical, biotic or anthropogenic factors have removed them or prevented
WKHLU GHYHORSPHQW” ™ 15&
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3.2. Classification of Wetland:

3.2.1. Ramsar Classification of Wetland:

7KH ZHWODQG W\SHV VFKHGXOHG XQGHU DUH

‘HWODQG 7\SH” DV DFFHSWHG E\ 5SHFRPPHQGDWLRQ

VII.11 of the 1990 Conference of the Contracting Parties. The categories scheduled herein
are proposed to provide only a very broad framework to aid rapid identification of the main
wetland habitats represented at each site. The Ramsar Convention developed a new and
more widespread wetland classification system (adopted in 1990 and modified in 1996)

(Table3.1).
Table3.1:Ramsar Classification System for Wetland Type
Code Marine/Coastal Wetlands
A Permanent shallow marine watdrsmost cases, less than six metregmat low tide; including sea

bays and straits

Marinesbtidal aquatic beds; including kelp beds, ggass beds, and tropical marine meadows.

Coral reefs.

Rocky marine shores; including rocky offshore islands, sea cliffs.

m O O ©@

Sand, shingle or pelibshores; including sand bars, spits and sandy islets; dune systems and h

dune slacks.

Tm

Estuarine waters; permanent water of estuaries and estuarine systems of deltas.

Intertidal mud, sand or salt flats.

Intertidal marshes; including salt mhes, salt meadows, saltings, raised salt marshes; tidal brac
and freshwater marshes.

Intertidal forested wetlands; including mangrove swamipghswamps and tidal freshwater swam

forests.

Coastal brackish/saline lagoons; brackish to salin@olag with at least one relatively narrow

connection to the sea.

Coastal freshwater lagoons; including freshwater delta lagoons.

Zk(@)

Karst and other subterranean hydrological systems, marine/coastal

Inland Wetlands

Permanent inland deltas.

Pamanent rivers/streams/creeks; including waterfalls.

Seasonal/intermittent/irregular rivers/streams/creeks.

Permanent freshwater lakes (over 8 ha); including large oxbow lakes.

Seasonal/intermittent freshwater lakes (over 8 ha); including floodjplices.

O T ol z £ ™

Permanent saline/brackish/alkaline lakes.
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R Seasonal/intermittent saline/brackish/alkaline lakes and flats.

Sp Permanent saline/brackish/alkaline marshes/pools.

Ss Seasonal/intermittent saline/brackish/alkaline marshes/pools.

Tp Permanentreshwater marshes/pools; ponds (below 8 ha), marshes and swamps on inorganic |
with emergent vegetation watkrgged for at least most of the growing season.

Ts Seasonal/intermittent freshwater marshes/pools on inorganic soils; including sloughiego
seasonally flooded meadows and sedge marshes.

] Non-forested peatlands; including shrub or open bogs, swamps and fens.

Va Alpine wetlands; including alpine meadows, temporary waters from snowmelt.

Vit Tundra wetlands; including tundra pools, tergry waters from snowmelt.

w Shrubdominated wetlands; shrub swamps, skdoinated freshwater marshes, shealty, alder
thicket on inorganic soils.

Xf Freshwater, tredominated wetlands; including freshwater swamp forests, seasonally flooded fq
and wooded swamps on inorganic soils.

Xp Foresteeat landspeatswamiforests.

Y Freshwater springs; oases.

Zg Geothermal wetlands

Zk(b) | Karst and other subterranean hydrological systems, inland

1RWH 3)ORRGSODLQ LV D EddeRdDiGoréwellaRd Wpes| Ghidh Riay iHdiete exdrRple

from the R, Ss, Ts, W, XXP, or other wetland types. Some examples of floodplain wetlands are seasor

inundated grassland (including natural wet meadows), shrublands, woodlands and forestsifriaetphds

are not listed as a specific wetland type herein.

Human-made wetlands

1 Aquaculture(e.g., fish/shrimpponds

2 Ponds; includes farm ponds, stock ponds, small tanks; (generally below 8 ha).

3 Irrigated land; includes irrigation channelsd rice fields.

4 Seasonally flooded agricultural lagidcluding intensively managed or grazed wet meadow or
pasture).

5 Salt exploitation sites; salt pan¥,D O LefzH TV

6 Water storage areas; reservoirs/barrages/dams/impoundments (generallj@ver 8

7 Excavations; gravel/brick/clay pits; borrow pits, mining pools.

8 Wastewater treatment areas; sewage farms, settling ponds, oxidation basins, etc.

9 Canals and drainage channels, ditches.

Zk(c) | Karst and other subterranean hydrological systdramarmade
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3.2.2. Indian Classification of Wetland:
Wetlands in India are distributed in different geographical regions ranging from the
Himalayas to Deccan plateau. The variability in climatic conditions and changing

topography is responsible feignificant diversity.

3.2.2.1. WellKnown Classification:
National Wetland Mas (1997) classified Indian wetlands into different types based on their
origin, vegetation, nutrient status, thermal characteristics, like:

a. Glaciatic Wetlands [e.g., Tsomori in Jammu and Kashmir, Chandai in Himachal
Pradesh].

b. Tectonic Wetlands [e.g., Nilnag in Jammu and Kashmir, Khajjiar in Himachal
Pradesh, and Nainital and Bhimtal in Uttaranchal].

c. Oxbow Wetlands [e.g., Dal Lake, Wular Lake in Jammu and Kashmir andtalok
Lake in Manipur and some of the wetlands in the river plains of Brahmaputra and Indo
Gangetic regionDeepor Beel in Assam, Kabar in Bihar, Surahtal in Uttar Pradesh]

d. Lagoons|e.g., Chilika in Odisha /Orissa]

e. Crater Wetlands [Lonar lake in Maharashtra]

f. Salt Water Wetlands[e.g.,Pangong Tsm Jammu & KashmirSambhain Rajasthan]

g. Urban Wetlands [e.g,Dal Lake in J &K; Nainital in Uttaranchal;Bhoj in Madhya
Pradesh]

h. Ponds/Tanks, ManMade Wetlands [e.g,Harikein Punjab;Pong Damin Himachal
Pradesh]

i. Resevoirs [e.g.,ldukki, Hirakud dam, Bhakrdlangal dam

j. Mangroves|e.g.,Bhitarkanikain Odisha]

k. Coral Reefs[e.g.,Lakshadwe€ep

|. Creeks[Thane Creekn Maharashtrg)sea grasse®stuaries, thermal springsare some

other kinds of wetlands in the country.

3.22.2. Modified National Wetland Classification System:

The Indian Space Research Organisation (2011) has classified Indian wetlands according to
the latest information based on satelliteagery, whichnamed as Modified National
Wetland Classification Sysi. ThisModified National Wetland Classification System for
wetland delineation and mapping comprising 19 wetleadses, whiclare organized under

a Level Il hierarchical system (Tab82). Level one has two classes: inland and coastal,
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these are furer bifurcated into two categori@esnatural and mammade under which the 19

wetland classes are suitably placed.

Table3.2Modified National Wetland Classification System

Wettcode* | Level | Level Il Level 11l

1000 Inland Wetlands

1100 Natural

1101 Lakes

1102 Ox-Bow Lakes/ CHOff Meanders
1103 High altitude Wetlands
1104 Riverine Wetlands
1105 Waterlogged

1106 River/stream

1200 Man-made

1201 Reservoirs/ Barrages
1202 Tanks/Ponds

1203 Waterlogged

1204 Salt pans

2000 Coagal Wetlands

2100 Natural

2101 Lagoons

2102 Creeks

2103 Sand/Beach

2104 Intertidal mud flats
2105 Salt Marsh

2106 Mangroves

2107 Coral Reefs

2200 Man-made

2201 Salt pans

2202 Aquaculture Ponds

Source: National Wetland A8aWest Bengal, 2010 * Wetland type code
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Table 3.3: Definitions of Wetland Categories Used by Indiapace ResearclOrganization

(ISRO)
Wetland Definition and Description
Type
Code
1000 Inland Wetlands
1100 Natural
1101 Lakes: Large bodies oktanding water occupying distinct basins (Reid et al, 1976). T

wetlands occur in natural depressions and are normally fed by streams/rivers.

1102

Ox-bow lakes/ Cut off meanders Whena meandering stream erodes the outer shores |
broad bends tthe extent that the loops widen and is-afitfrom themain streanof the river

creating shallow cresceshaped lakes are called oxbow lakes (Reid et al, 1976).

1103

High Altitude lakes: These lakes occur in the Himalayan region. Landscapes arounthkes
are characterized by hilly topography (3000 m abd®t.).All lakes above this contour line wi
be classified as high altitude lakes.

1104

Riverine Wetlands Especiallyin the plains, water accumulates in the adjacent areas alor|
major rivess, leadingto the formationof marshes or swamps. In soraeeas,reed grass

dominatedvetlands are also called swamps. (Mitsch and Gosselink, 1986).

1105

Waterlogged: An area in which water stands near, at, or above the land surface, so that tt
of all plants except the hydrophytes are drowned, leading to the death of those plants is s
waterlogged (Margarate et al, 1974). However, duringdtiyggeasonthe majority of such area

dries up and gives the appearance of mud/salt fia¢s-bluish).

1106

River/stream: Rivers are linear water features of the landscape. Rivers that are wider tH
mapping unit will be mapped as polygons. Its importance arises from the fact that many s
of the rivers in IndeGangetic Plains and peninaulindia are declared important national &

international wetlands.

1200

Man-made

1201

Reservoir: A pond or lake built to mitigate the storage of water, usually by the constructiol

dam across a river (Margarate et al, 1974).

1202

Tanks/Ponds: Ponds Generally, suggest a small, quiet body of standing water, usually s|
enough to permit the growth of rooted plants from one shore to another (Reid et al, 1976

ponds can be of any shape and size.

1203

Waterlogged: Man-made activities ke construction of unlined canals cause waterloggin

adjacent areas due to seepage.

1204

Salt pans: Inland salt pans in India occur in Rajasthan (Sambhar lake). These are
rectangular mamade depressions in which saline water is accumulateattying in the sun fol

making salt.

2000

Coastal Wetlands

2100

Natural
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2101

Lagoons/Backwaters:coastal bodies of water, partly separated from the sea by barrier b
or bass of marine origin, are termed as lagoons. As a rule, lagoons ayatedoand lie paralle
to the shoreline.

2102

Creek: A notable physiographic feature of salt marshes, especially low marshes. These
develop as do rivers "with minor irregularities sooner or later causing the water to be de
into definite ctannels" (Mitsch and Gosselink, 1986). Creeks will be delineated; however

area will not be estimated.

2103

Sand/Beach:Beach is a nowvegetated part of the shoreline formed déb@sematerial, usually

sand that extends from the upper berm.

2104

Intertidal mudflats : Most of the nonvegetated areas that are alternately exposed and inun
by the falling and rising of the tid€lark, 1977).

2105

Salt Marsh: Natural or semhatural halophytic grassland and dwarf brushwood on the alll
sediments bordering saline water bodies whose water level fluctuates either tidaillgnol
tidally (Mitsch and Gosselink, 1986).

2106

Mangroves: The mangrove swamp is an association of halophytic trees, shrubs, and othe
growing in brackish to salinddal waters of tropical and stthopical coastlines (Mitsch an
Gosselink, 1986).

2107

Coral reefs: Consolidated living colonies of microscopic organisms found in warm tro|
waters. The term coral reef or organic reef is applied to the tibdekreefs builtup of living

things, principally corals.

2200

Man-made

2201

Salt pans:An undrained usually small and shallow rectangular,-made depression or hollo

in which saline water accumulates and evaporates leaving a salt deposit (Margarate7et).

2202

Aquaculture ponds: Aquaculture is defined as "The breeding and rearing of fneglr or

marine fish in captivity.

Source: National Wetland Atlas, West Bengal, 2010

3.2.3. Classification of Wetland in the Study Area:

The classificatn of wetlands is very difficult due to its unique characldre studyarea

has numerous wetlands of diverse varidiye researchenas tried taclassify the wetlands

of the study area based on Modified National Wetland Classificatistemand isalso

modified by theresearcher basexhfield survey.

3.2.3.1. Natural Wetland:

The wetlands which are originated by the natural processes categorized as natural wetland.

This natural wetland are also sdlvided into following three types
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3.2.3.1.1. Rivef Stream:
All type of natural perennial and ngoerennial rivers are included in these typmong all
the wetland types, river/stream occupies 486itea (63.08 %).

3.2.3.1.2. Oxbow lake:

Oxbow is ahorseshoeshapedor crescenshaped smallakeformed by an abandoned
meander loop of a meandering rivdmongall the wetlandypesoxbowlake coversl46ha
area (18.55 %). In the studyea,74 oxbow lakes are identified.

3.2.3.1.3. Riverine Wetland
A hydro geomorphiclass of wetlands found in floodpfes and riparian zones associated
with a stream or river channel. Among all the wetland types Riverine wetlands

occupy48Baarea (6.12 %). There are B9rinewetlands in the study area.

3.2.3.2. QuasiNatural Wetland:

The wetlands which are originatedy kthe natural processes and whose physical
appearances have changed by 50% or more by anthropogenic activities such as separation of
wetlands intosmall parts or ponds are categorized@sasinatural wetland. ThifQuast

natural wetland are also sdlivided into following two types

3.2.3.2.1. QuasNatural Oxbow Lake:

The oxbows whose physical appearances have changed by 50% or more by anthropogenic
activities such as division of an oxbow lake istoallparts or ponds are categorized in this

type. Among all the wetland types Quasatural Oxbow Lake occupies 482area (5.47

%). In the studyarea, 37 Quasinatural oxbow lakes are identified.

3.2.3.2.2. QuasNatural Riverine Wetland:

The Riverine wetlands, which are physically modified by 50% or moreahthropogenic

activities such as division of Riverine lakes into smaller parts or panes;ategorized in
this type.Among all the wetland types river/stream occupy h&area (2.09 %). There are
25 riverine wetlandsn the study area.

3.2.3.3. Man Mack Wetland:

The wetlands, which are originated by the anthropogenic activibagegorized as Man

Made wetland. This Man Made wetland are alscdivinled into following two types
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3.2.3.3.1. Brick/Clay5and Pit

A wetland formedecausef soil excavatio by the brick kilnindustry, which is furthedug
for sand mining areategorized in this typeAmong all the wetland types Brick/Clagnd
pit occupy 103 ha area (1.3%). In the studgrea,24 Brick/Claysand pitoxbow lakeis
identified.

3.2.3.3.2.. Pod/ Tanks:
It is a purelymanemade wetlandThe ponds were dug for fishing, bathing, drinking water,
beautification etcAmongall the wetland types pond occupy 268area (3.39 %). There

are 237 important ponds in the study area.

3.3. Distribution of Wetland:

3.3.1. World Distribution of Ramsar Site

Wetlands are distributed throughout the world from tropics to the temperate zone and from
plains to the glacial mountains (Chowdhury, 2009). According to Ramsar convention the
highest percentage i.e., araud3% of global Ramsar sites are located in different countries
of Europe followed by Asia (13%) and Africa (13%) whereas, lowest percentage is recorded
nice-coveredOceania (5%). The World Conservation Monitoring Centre has estirtiaed
about 5.7 millioQ VTXDUH NLORPHWUHYV L H URXJKO\ RI WKF
(WCMC, Global Biodiversity 1992) of this, only 2.53% belongs tfseshwaterwetlands

and the remaining asalt watemwetlands. Out of total global wetlands, 30% are bogs, 26%
fens, 20% swamps and about 15%od plainsetc. (IUCN, 1999).

3.3.2. Wetland Distribution in India:

India has a rich wetland ecosystem which is distributed across var@mgeographical
regions that range from the Himalayas to the Deccan plateau. \tagedraphy, soil and
climatic regimes support and sustain diverse and unique wetland habitats in our country.
Majority of the inland wetlands are directly or indirectly dependent on the major rivers
systemdike Ganga, Bhramaputra, Narmada, Godavari, KrashKaveri, Tapti (Prasaetal,

2002). According to the National Wetland Atlas (ISRO), India has 757060 wetlands in total,
of which 188470 are inland wetlands, 13033 are coastal wetlands and 555557 are small
(<2.25 ha) wetlands (Table 3.4).
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Map 3.1: Types of Wetland in India, 2011

3.3.2.1.Type-Wise Distribution of Wetlandin India:

The major wetland types in theland category are river/stream, reservoir/barrage,
tank/pond and lake/pond. In the categorycoftalwetlands, major types are inttdal
mudflat, mangrove, aquaculture pond and lagoon. e area estimates are shown in
Table 3.4 Among the wetland types, river/stream occupies 5.26 million hedbar &rea
(34.46%),followed by reservoirs 2.4&ha (16.26%), inteitidal mud flat2.41 mha
(15.82%), tanks/ponds 1.3hhaarea (8.6%) and lakes/ponds OriMiBaarea(4.78%). As far

as wetland units are concerned tanks are maximum in number (122370). However, the small
wetlands (< 2.25 ha) accounts for about 3064 cent(0.56 mhg assuming that eadh of

one ha (Table 3.4 & Map 3.1).
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Table 3.4: TypeWise Area Estimates of Wetlands in India (Area in Ha)

Sr. | Wetlan | Wetland Category Number | Total % of Open Water
No. | d code of wetland wetland
wetlands | area area Post Pre
monsoon monsoon
area area
1100 Inland Wetlands Natural
1 1101 Lake/Pond 11740 729532 4.78 454416 198054
2 1102 Ox-bow lake/CuHoff 4673 104124 0.68 57576 37818
meander
3 1103 High altitude wetland 2707 124253 0.81 116615 109277
4 1104 Riverine wetlad 2834 91682 0.60 48918 29739
5 1105 Waterlogged 11957 315091 2.06 197003 112631
6 1106 River/Stream 11747 5258385 | 34.46 3226238 2628182
1200 Inland WetlandsMan-made
7 1201 Reservoir/Barrage 14894 2481987 | 16.26 2260574 1268237
8 1202 Tank/Pond 122370 | 1310443 | 8.59 916020 349512
9 1203 Waterlogged 5488 135704 0.89 85715 33822
10 | 1204 Salt pan 60 13698 0.09 5293 2599
Total- Inland 188470 | 10564899 | 69.23 7368368 4769871
2100 Coastal Vé¢tlands- Natural
11 | 2101 Lagoon 178 246044 1.61 208915 191301
12 | 2102 Creek 586 206698 1.35 199743 189489
13 | 2103 Sand/Beach 1353 63033 0.41 - -
14 | 2104 Intertidal mud flat 2931 2413642 | 15.82 516636 366953
15 | 2105 Sdt Marsh 744 161144 1.06 5369 2596
16 | 2106 Mangrove 3806 471407 3.09 - -
17 | 2107 Coral Reef 606 142003 0.93 - -
2200 Coastal WetlandsMan-made
18 | 2201 Salt pan 609 148913 0.98 105253 94047
19 | 2202 Aquaculture pond 2220 287232 1.88 196514 186963
Total - Coastal 13033 4140116 | 27.13 1232430 1031349
SubTotal 201503 | 14705015 | 96.36 8600798 5801220
Wetlands (<2.25 ha) 555557 | 555557 3.64 - -
Total 757060 | 15260572 | 100.00 8600798 580122

Source: National Wetland Atlas, 2011
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Fig 3.1: Distribution of Wetland in India, 2011

Type-wise distributionof wetlands inindiais given in Table 3.4 and presented in the
fig-3.1. Among the total wetland, inland maak@ade wetlands cover 71% follodieby
inland natural wetland (23%), coastal natural wetland (5%), coastal-made wetlands
(1%). Among the natural inland wetland, waterlogged dr&s higheshumber (1957
followed by river/ stream (11747), Lake/Pond (11740)k-bow lake/Cutoff meande
(4673),Riverine wetland, (2834), High altitude wetland (2707) (fig 3Ahong the man
made inland wetland, tank/pond hakehest number 86%) followed by thereservoir
(10%), waterlogged (4%l fig 3.1). Among the marmade coastalvetland, Aquaculture
pondhashigheshumber (B%) followed by thesaltpan. Among the natural coastal wetland,
Mangrovénashigheshumber 8806 followed by intertidalmud flat (2931) Beach(1353,
Salt Marsh (744)Coral Reef(606), Creek(586) Lagoon (178). Differerspectf type
wise distribution of wetlands in India apeesented in the fig 3.2 to fig 3.6.
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Fig 3.2: Number of Wetland in India, 2011
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Fig 3.3: No. of Natural Inland Wetlands in India, 2011
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Fig 3.4: No. of ManMade Inland Wetlands in India, 2011
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Fig 3.5: No. of Natural Coastal Wetlands in India, 2011
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Fig 3.6: No. of Man-Made Coastal Wetlands in India, 2011

3.3.2.2. StateWise Wetland Distribution in India:

Statewise distribution of wetlands in India shows Lakshadweep having 96.12% ofaits to
geographic area covered under wetlands followed by Andaman & Nicobar Islands
(18.52%), Daman & Diu (18.46%) and Gujarat (17.56%), which arestdteshaving the
largest extent of wetlands. Puducherry (12.88%), West Bengal (12.48%), Assam (9.74%),
Tami Nadu (6.92%), Goa (5.76%), Andhra Pradesh (5.26%), and Uttar Pradesh (5.16%) are
also wetland rich states. The smallest extent (less than 1.5% of the state geographic area)
have been observed in Mizoram (0.66%) followed by Haryana (0.86%), Delhi (0.93%),
Sikkim (1.05%), Nagaland (1.30%), and Meghalaya (1.34Phg highestpercentage of
declared Ramsar Sites are situated in the state of Kerala (31%) followed by Orissa (27%)
and West Bengal (2 %). (Table 3.5& fig 3.7).
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Table 3.5: StateWise Wetland Didribution in India

State | State/UT Wetland % of total % of state | Open water
code areain ha | wetland area greeographlc Post Premonsoon
monsoon

1 Jammu & Kashmir 391501 2.57 1.76 301818 314209
2 Himachal Pradesh 98496 0.65 1.77 69107 49245
3 Punjab 86283 0.57 1.71 36344 24386
4 Chandigarh * 350 0.00 3.07 242 225
5 Uttarakhand 103882 0.68 1.94 54221 46244
6 Haryana 42478 0.28 0.86 14216 18912
7 Delhi 2771 0.02 0.93 1282 1526
8 Rajasthan 782314 5.13 2.29 368129 158696
9 Uttar Pradesh 1242530 8.14 5.16 690216 494994
10 Bihar 403209 2.64 4.40 224655 148382
11 Sikkim 7477 0.05 1.05 7189 5035
12 Arunachal Pradesh 155728 1.02 1.78 66222 57516
13 Nagaland 21544 0.14 1.30 20938 20650
14 Manipur 63616 0.42 2.85 45304 39391
15 Mizoram 13988 0.09 0.66 13799 13778
16 Tripura 17542 0.11 1.59 9847 7023
17 Meghalaya 29987 0.20 1.34 27912 27420
18 Assam 764372 5.01 9.74 423068 390152
19 West Bengal 1107907 7.26 12.48 632450 583620
20 Jharkhand 170051 1.11 2.13 152879 103225
21 Orissa 690904 453 4.49 508282 419310
22 Chhattisgarh 337966 2.21 2.50 243814 173678
23 Madhya Pradesh 818166 5.36 2.65 571961 245289
24 Guijarat 3474950 22.77 17.56 1150755 732481
25 Daman & Diu * 2068 0.01 18.46 570 262
26 Dadra & Nagar Haveli * | 2070 0.01 4.25 1915 1131
27 Maharashtra 1014522 6.65 3.30 796834 370357
28 Andhra Pradesh 1447133 9.48 5.26 887143 610668
29 Karnataka 643576 4.22 3.36 427921 262991
30 Goa 21337 0.14 5.76 18899 18899
31 Lakshadweep * 79586 0.52 96.12 23674 23674
32 Kerala 160590 1.05 4.13 138962 130468
33 Tamil Nadu 90534 5.91 6.92 657861 296268
34 Puducherry * 6335 0.04 12.88 4028 2535
35 Andaman & Nicobar 152809 1.00 18.52 8341 8580

Islands *

Total 15260572 | 100.00 4.63 8600798 5801220

Source: National Wetland Atlas, 2011 * Union Territories
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Fig 3.7: State Wise Distribution of Wetlands in India, 2011

3.3.3. Wetland Distribution in West Bengal:

West Bengalies in the GangaBrahmaputrdloodplain and is blessed with the existence of
several wetlands. The northern part of the state alsméstinto the suhblpine hilly regions

on the Singalila Range of the Eastern Himalaya. The wetlands are distributed from high
altitude Darjeeling hills to the deltaic plains of South Bengal. The wetlands of West Bengal
are mainly lakes, floodplains oxbovakes, marshes, bogs and estuaries of Sunderbans
(Chowdhury, 2009).
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Map 3.2: Distribution of Wetland in West Bengal, 2011

3.3.3.1.Type-Wise Distribution of Wetland in West Bengal

National Wetland Atlas (ISRO) recorded that the total area under wstlarthe state of

West Bengal is 1107907 ha, accounting for about 12.47% of geographical area of the state.
Total Number of wetlands in the state is 147826 including 138707 small wetlands which is
less than 2.25 ha. The total number of inland wetland86ré (natural 3675 and man
made-4995) and coastal wetlandse 449 (natura#2land mamade28). The total area
covering inland and coastal wetlands are 747383 ha and 221817 ha respectively. The
highest wetland types are river/stream (559192 ha) follolyedanangrove (209330 ha),
lake/pond (58654 ha), waterlogged (56603 ha) and reservoir/barrage (22672 ha). In
addition, 138707 smaller wetlands (< 2.25 ha) were also identifigae-wise distribution
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of wetlands in West Bengal is given in Table 3.6 andgmexl in the fig 3.8. The open
water in wetlands decreases during-pr@nsoon (583620 ha) compared to postnsoon
(632450 ha)rhe area under aquatic vegetation in wetlands also increases significantly
during premonsoon (239058 ha) compared to posinsom (228174 ha)Different aspect

of type wisedistributionof wetlands invest bengais presented in the fig 3.9 to fig 3.12.

Table 3.6: Type-Wise Distribution of Wetlands in West Bengal (Area in Ha)

Sl. | Wetland | Wetland Category Number | Total % of Open Water
No. | code of wetland wetland
wetlards | area area Post Pre
monsoon | monsoon
area area
1100 Inland Wetlands Natural
1 1101 Lake/Pond 1327 58654 5.29 45374 35609
2 1102 Ox-bow lake/Cutoff 867 19550 1.76 15869 11063
meander
3 1103 High altitude wetland 3 82 0.01 82 82
4 1104 Riverine wetland 490 8654 0.78 7656 6026
5 1105 Waterlogged 780 56603 5.11 47615 41337
6 1106 River/Stream 208 559192 50.47 468488 | 453748
1200 Inland WetlandsMan-made
7 1201 Reservoir/Barrage 340 22672 2.05 20728 12744
8 1202 Tank/Pond 4581 20470 1.85 18923 15708
9 1203 Waterlogged 71 1435 0.13 1354 1076
10 | 1204 Salt pan 3 71 0.01 71 71
Total - Inland 8670 747383 67.46 626160 | 577464
2100 Coastal WetlandsNatural
11 | 2101 Lagoon - - - - -
12 | 2102 Creek - - - - -
13 | 2103 Sand/Beach 51 3338 0.30 - -
14 | 2104 Intertidal mud flat 17 2726 0.25 - -
15 | 2106 Mangrove 353 209330 18.89 - -
16 | 2107 CoralReef - - - - -
2200 Coastal WetlandsMan-made
17 | 2201 Salt pan 14 4866 0.44 4865 4865
18 | 2202 Aquaculture pond 14 1557 0.14 1425 1291
Total - Coastal 449 221817 20.02 6290 6156
SubTotal 9119 969200 87.48 632450 | 583620
Wetlands (<2.25 ha), 138707 138707 12.52 - -
mainly Tanks
Total 147826 1107907 100.00 | 632450 | 583620

Source: National Wetland Atlas, West Bengal, 2010
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3.3.3.2.District -Wise Distribution of Wetland in West Bengal
The wetlands comprise 11,07,907 ha of area accounting for about 12.47 % tofalhe

geographical area of the state of West Bengal. The extent of wetlands varies from a

minimum of 2.1% (Darjeeling) tonaximum 58.4 % (Souttwenty-four Parganas) (Table
3.7 & fig 3.13). The total wetland area is small in Kolkata district (724 ha) and high in south

twenty-four parganag477151 ha). Identified wetlands In West Bengal under NWCP (as on
June 26, 2009) are

,SantragachiPatlakhawaRasomati.

Table 3.7: District-Wise Distribution of Wetland

aBt Calcutta WetlandSunderbans Ahiron Beel Rasik Beel

%%00f Open water
o % of total o
District o Wetland district
District ] wetland _|Post- Pre-
code area in ha geographid
area monsoon monsoon
area
1 Darijiling 6395 0.58 2.08 2804 2440
2 Jalpaiguri 41520 3.75 6.67 9664 9543
3 Koch Bihar 23534 2.12 6.95 10093 8607
4 Uttar Dinajpur 12806 1.16 4.03 6558 5498
5 DaishinDinajpur 9109 0.82 4.17 2258 1147
6 Maldah 25162 2.27 6.74 19384 15295
7 Murshidabad 41980 3.79 7.89 27924 20327
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8 Birbhum 27660 2.5 6.09 8618 7692
9 Barddhaman 49542 4.47 7.05 15826 13951
10 Nadia 28189 2.54 7.18 20628 12179
11 North Twenty Four Pargang150206 13.56 36.69 86339 82739
12 Hugli 21514 1.94 6.83 6886 5840
13 Bankura 41476 3.74 6.03 16763 12105
14 Puruliya 38122 3.44 6.09 19633 13958
15 West Medinipur* 40626 3.67 2.89 13300 10217
16 Howrah 15589 1.41 4.5 11999 11294
17 Kolkata 724 0.07 6.96 697 694
18 South Twenty Four Parganj477151 43.07 58.45 306931 305432
19 East Medinipur 56602 5.11 46145 44662
Total 1107907 [100 12.48 632450 583620

Source: National Wetland Atlas, West Bengal, 2010

H Darjiling H Jalpaiguri B Koch Bihar m Uttar Dinajpur

B Dakshin Dinajpur ®Maldah B Murshidabad H Birbhum

B Barddhaman B Nadia H Hugli B Bankura
EPuruliya EHowrah OKolkata H North 24 Pargana

OSouth 24 Pargana OWest Medinipur* O East Medinipur

Fig 3.13: District-Wise Distribution of Wetland in West Bengal, 2010

3.3.4. Wetland Distribution in Koch Bihar:
Koch Biharis a plain region with a slighsoutheasterrslope. The district lies in the
physiographic zone known as Terai and taherefore the majority of wetlands in Koch

Bihar district are oPalustrinetype (floodplains, seasonalaterlogged, marsh),acustrine
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type (Lakes) andRiverinetype. Majority of wetlands in the district originated with the
changes in the riverine system. The district has a large number of rivers and tiesh of
changetheir courses very frequently, asesult, cut-off channels/ meanders or-tww lakes

are very common. RasiBeel and RasomatiBeel came in focus of National Wetland
Conservation programm@x-bow Lake is the dominant category of wetlands representing
86.30 % of the total wetland areBandygadhyayet al, 2000). Except forthe Natural
wetlandsthere are some artificial manmade water bodies located in the district and among
those few are more than four hundred years old, as a majority of Dighis in the district were
dug during theKkhenand Coach Dynasty. The important ponds of Koch Bihar sadar are
Sagar Dighi, Bairagi Dighi, Rajmata Dighi, Yamuna Dighi, Rajbari Jheel, Barrack Dighi,
ThanaDighi (Tufanganj),Thana Dighi (Dinhatg)Ful Dighi Gopal Nagar Dighi etc.

Map 3.3: Distribution of Wetland, Koch Bihar, 2010
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3.3.4.1. TypeWise Distribution of Wetlandin Koch Bihar:

There are 390 wetlands, of which 386 are natural and 4 aremade (Table 3.8).
River/Stream ranked first in terms of area (18478 ha) accounting for 79% of wetland area
(Table 3.8), followed by lakes/ponds in the district (2814 ha)-b@w lakesCut-off
meanders have significantaerial extent (1867 ha). They constitute about 8 % of wetland
area. In addition, 225 small wetlands (> 2.25 ha area) are identified. Qualdatlesis
showed that medium turbidity is dominant (9625 ha out of 10093 ha) for the open water
features of wetlands of the district in pesbnsoon.

Table 3.8: Area Estimates of Wetlands in Koch Bihar (Area in Ha)

Open Water Changgq
Number [Total  |% of
Wetland Post Pre-
Sl. No. Wetland Category of \Wetlandwetland
code monsoormonsoor|(%)
wetlanddArea |area
Area Area
1100 Inland Wetlands - Natural
1 1101 Lakes/Ponds 276 2814 [11.96 |1812 [924 -49.01
2 1102 Ox-bow lakes/ Cubff meanders |87 1867 |7.93 1042 |705 -32.34
3 1103 High altitude wetlands - - - - -
4 1104 Riverine wetlands 10 132 0.56 85 48 -43.53
5 1105 \Waterlogged - - - - -
6 1106 River/Stream 13 18478 |78.52 7136 [6912 -3.14
1200 Inland Wetlands -Man-made
7 1201 Reservoirs/Barrages - - - - -

8 1202 Tanks/Ponds 4 18 0.08 18 18 0
9 1203 \Waterlogged - - - B N
10 1204 Salt pans - - - B N

SubTotal 390 23309 [99.04 |10093 |8607 [-14.72
Wetlands (<2.25 ha), mainly
225 225 0.96 - -
Tanks
Total 615 23534 |100 10093 8607 |-14.72

Source:National Wetland Atlas, West Bengal, 2010

3.3.4.2Block-Wise Distribution of Wetland in Koch Bihar:

The wetlands compris€117.83 ha of area accounting for about 1.81% of ti¢al
geographical area of the district of Koch Bihar. The extent of wetlaadgssvfrom a
minimum 0f0.33%0 (Mekhligan) to maximum3.3426 (Dinhatall) (Table 3.9). The total
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wetland area is small iekhliganjblock (103.77ha) and high iKoch Biharl (858.17ha).
Identified wetlands In West Bengal under NWCP (as on June 26) 2009 East Calcutta
Wetland,Sunderbansihiron Beel ,RasikBeel ,SantragachRatlakhawaRasomati.

Table 3.9: BlockWise Impounded Water Area of Koch Bihar

% of total Wetland
Slno | Block Wetland area in Ha| area % of Block Geographic areg
1 Haldibari 262.32 4.288 1.705
2 Mekhliganj 103.77 1.696 0.339
3 Mathabhangatl 573.14 9.368 1.776
4 Mathabhangall | 796.4 13.018 2.569
5 Koch Bihar - | 858.17 14.027 2.323
6 Koch Bihar - Il 461.21 7.539 1.736
7 Tufanganf | 527.36 8.620 1.644
8 Tufangant Il 378.55 6.188 1.425
9 Dinhata- | 625.55 10.225 2.201
10 Dinhata- Il 825.35 13.491 3.342
11 Sitai 442.2 7.228 2.750
12 Sitalkuchi 263.81 4,312 1.005
13 Total 6117.83 100.000 1.872

Source: Hand Book of Fisheries Statistics 2065

3.3.5. Wetland Distribution in Study Area:

Studyarea is blessed with water resources in the form of numerous rivers and streams and
most of them have changed their courses very frequently, rasu#t, cutoff channels/
meanders or ckow lakes are very ecomon. Among the four subdivisions of the study
area, Tufangan has thelargestnumber ofwetlands which alsocontributestbe highest

area of the wetlands. Rasile® and RasomatiBeel came in focus of National Wetland
Conservation programmeExcept for the Natural wetlands, there are some artificial
manmade water bodies located in the study area and among those, few are more than four
hundred years old as the majority difjhi in the district were dug during th€hen and
CoachDynasty.

In Koch bihar district, apart from big or small rivers and streams (both narrow and
wide) wetlands includedloba kura, chhara beel jheel, dighi, dabri, jampui etc. Since
Koch Bihar district is crisscrossed with a number of rivers who often change their courses

and thee are a plethora of abandoned river basins (wditkxd or dry). During the rainy

97



season, some of these abandoned Chann&isnreect themselves with the nearby rivers.

During Heavy downpour some of these wetlands aotseverof stromwater

Though chharg beel and jheelare used in the same meaning there is a simple
difference among thehhara beel or jheel In a beel or jheelthereis hardly any water
current visible. These are still and motionless and are not covered with aquatic plants. On
the contrary, the chharaeven thougltoveredwith aquatic plants have high currents during
the monsoon seaso@enerally,in the postmonsoonperiodall wetlands become stagnant.

In thedistrict, there lies some confusion in the correct nomenclature of Chhdrabaelor
jheel among the local people. Sometiniess observed that the water bodies white
identified as chhara by local communitgre nothing bubeelsand the vice versa. Water
brimmed lowlands or &ong stretch of lowlands where water accumusataly during the

monsoon known adabri and irrigation canals are known jasnpui.

3.3.5.1. Blockwise Distribution of Wetland in Study Area:

Distributions of wetlands in the study area are presented in the map 3.4 to miapti3e8.
subdivision of KochBihar important wetlands areMaa Thakurani Beel, Sonari Niktiyar
Kuthi Beel, Bargila Jheel, Rasomati Jheel, Kokoyabari Chhara, Kaljani Chhara, Shoultukri
Barpak Chhara, Baisguri Chhara, Pestarjnar Kura, Maranadir Kuthi Kura, Gopalpur
Halongia Kura, Dalda Chhara, Daldali Jheel, Dharla Kura (Marichbari north), Marneya
Kura (Marichbari north), Moamari Chhara (jheel), Moronga Beel, Chaitanya Kura,
Maynaguri Kankanguri Beel, Khuniya Chhara, Pandarghat Chhara, NayaChhara,
Saheberhath Chhara (Baro Nalangib&iakkati Chhara (Nakkati), Dayaler Chhara, Houser
Dara (South Kurshamari), Bamni Chhara (Khagribari), Rajar Kura (North Kalarayer Kuthi),
Daokura (North Kalarayer Kuthi), Panishala Beel, Daoyaguri Chhara, East Phalimari
Chhara, Ghargharia Chhara (TalliguriBarghoria Chhara (East Phalimari), Chhoto
Atharokotha Chhara, Bamani Chhara (Kankanguri), Baiganbari Chhara (Auatabari),
Chandamari Beel, Dakshin Putimari Fuleswari Beel, Barorangros Madan Kura, Sidhura
Jheel, Tenganmari Kura, Kaminirghat Kura, @malli Pestarjhar Chhara, Jhinsidanga
Chhara, Kankanguri Dara, Dhangdhingguri Dara, Kharija Naldhondra Chhara, Talliguri
Chhara, Sukdhanerkuthi Kura, Bairati Chhara, Khagribari Achhiran Kura etc.

In the two blocks of Tufangan) subdivision notable wetland Ghunai Chhar