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ABSTRACT

The East Kolkata Wetlands (EKW), an important Ramsar site situated on
the eastern fringes of the Kolkata city, India, form a part of the extensive
inter-distributory water networks of the Gangetic Delta. The 12,741-hect-
are areaisapart of the lower deltaic plain of the Bhagirathi—-Ganga river
system and is generally flat in nature. It serves as a ‘Natural Kidney’ for
Kolkata, receiving 250 million gallons of anthropogenic wastewater daily
and has the capacity to remove around 237 kg. of BOD per day. The
resource recovery systems developed by the local people through the
ages has saved Kolkata city from the costs of constructing and maintain-
ing wastewater treatment plants. It is the largest ensemble of sewage fed
fish ponds in the world and also very rich in biodiversity and genetic
resources. 74% of the working population of the adjoining areas depends
on fish farming, agriculture and horticulture for their survival. Urban ex-
pansion, industrial pollution, siltation, weed infestation and the changed
land use patterns are continuously damaging the ecological health of
EKW. Implementation of sustainabl e policies can maintain the ecological
equilibrium of these valuable water bodies, which, in turn, can enhance
social, environmental and economic security of Kolkatain future.
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INTRODUCTION

Wetlandsareecotonesor transitiona zonesthat oc-
cupy anintermediate position between dry land and the
open water bodies. Water isthe main dominating fac-
tor for controlling the unique characterigticsof wetlands.
Thethreemainfeaturesof wetlandsare: (1) groundwa-
ter at the surface or within the soil root zones(2) spe-
ciaized wetland vegetation (hydrophytes), and (3) hy-
dric soils. They execute both the characteristics of the

terrestrial and aquatic ecosystemsand also have some
unique characteristicsof their own. Inmost parts, they
are covered with water either temporarily or perma
nently. With thehe p of theincoming solar radiationand
existing nutrients, varietiesof plantscanflourishinthe
wetlands, which, inturn, can support thelives of sec-
ondary and tertiary producers*?. Indiaby virtueof its
extensvegeogrgphica and climatologicd variationscan
support arich diversity of inland and coasta wetlands
which harbour rich biodiversty.
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Ramsar isacity in Iran wherethefirst World Con-
vention on Wetlands was held on 2 February 1971.
Indiahas been aparti cipating country in Ramsar Con-
vention since 1981 and hasimportant activitiesfor the
conservation and wiseuseof wetlands. Themainfocus
of thefirst Ramsar Conferencewaslargely ontherole
of wetlandsaswaterfowl habitat. Over last 30 years,
the perception of Ramsar convention has undergone
significant changes*. Theconvention gradually fol-
lowed the halistic outl ook of wetland management that
includesfisheries, tourism, bio-diversity conservation,
wasterecycling, pollution mitigation etc. Theuniver-
sally accepted definition of wetlandsaccordingto the
Ramsar Conventionis. ‘Wetlands are area of marsh,
fen, peatland or water, whether naturd or artificid, per-
manent or temporary, with water that is static or flow-
ing, fresh, brackish or salt, including areas of marine
water, the depth of which at low tide does not exceed
SX metres’,

Thesocial, economic and ecologica vauesof the
wetlandsareincreas ngly receiving dueattention astheir
ecologicd contributionsaresgnificant for maintaininga
hed thy environment inmultidimensiona ways They can
perform numerousval uablefunctions such as nutrient
recycling, water purification, ground water rechargeand
sustai nable sources of drinking water, flood manage-
ment, stabilization of coastal areas and soil, bio-
geochemical cyclesfunctioning, carbon sequestration
and also the sources of biological and genetic re-
sources®l, They retain water during dry periodsand
cankeepthewater tablehigh andrdatively stable. They
can mitigateflood by trapping suspended solidsand
attached nutrients. Chemica conditionsinthesoilsand
water alow proper cycling of nutrients®. The nutri-
ents can be used by plants for growth or can be re-
leased into theatmosphere aswell. Wetlandsarea so
important feeding and breeding groundsfor wildlifeand
can provideecol ogicaly sound habitatsfor maintaining
speciesdiversity!’®, The negativeinteractions of man
withwetlandsduring thelast few decades have been of
serious concern largely dueto therapid popul ation ex-
pansion, industrid development, unsustainableresource
exploitation and pollution. M orethan 50% wetlands of
theworld have been destroyed in the 20th century, es-
pecialy in devel oping countries, largely dueto of in-
dudridization.

The East KolkataWetlands, situated on the east-
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ernfringesof theKolkatacity, India, form apart of the
extensive inter-distributory water networks of the
Gangetic Ddlta. It hasbeen designated as ‘wetlands of
international importance’ in November 2002 by the
Ramsar Convention on Wetlands onthebasisof wise
useto producearange of goodsand services, sustain-
able and eco-friendly system of sewagetreatment and
ahabitat for diversefloraand faunaincluding water-
fowlg*,

LOCATION,HISTORY AND CLIMATE OF
EAST KOLKATAWETLANDS

K olkatacan be considered as ecologically subsi-
dized city for itstwo specid geographicd festures. One
isthe existence of the Hooghly River onthewest and
theother isthevast low lying areaon the east towards
which thecity isinclined and playstherole of asink.
Thewetland areaexists approximately between | ati-
tudes 22°25’ to 22°40’ north and longitudes 88°20’ to
88°35 east!™. Thewetlands systemisthe exampl e of
thelargest and perhapsthe oldest integrated resource
recovery practice of theworld which based on acom-
bination of agricultureand aguaculture practices. Over
20,0001ow incomeand economicaly margindized fami-
lies depend on the various biol ogical products of the
wetlandsind uding fish and vegetablesfor livelihood™.

The East KolkataWetlands are basically apart of
the mature delta of theriver Ganges. The process of
land formationinthisregion haslargey beeninfluenced
through centuries by the Gangesriver system where
upland and tidal depositions continueto create land.
Thetributariesand distributaries of theriver wereac-
tiveinthisareamany years ago. Beforethe establish-
ment of Cal cutta, the salt-water lakeformed herewas
abackwater swamp and spill areaof the Bidyadhari
river, Before 1830, theselow-lying regionswere uti-
lized for cultivation of brackish water fishessuch as
Bhetki (Lates calcarifer), Parse (Mugil parsia),
Bhangar (Mugil tade) and Prawns (Macrobrachum
rosenbergii)™. Until 1830, the Bidyadhari river was
an active navigation routewhich hel ped to connect Bay
of Bengal with Kolkatd”. Thetida flow fromtheBay
of Bengal wasthe main sourceof salinity inwaterin
theseareas. With thedeath of the Bidyadhari river, the
processof natura st deposition andraisingtheleve of
the spill areacompl etely stopped sincetheend of the
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19" century™™®. Anthropogenic activitiesfurther reduced
the spill areaand the channel beds. Thisled tothefor-
mation of thevast s twater marsh totheeast of Kolkata
between thelevee of the Hugli onthewest andthe K ulti
Gong on theeast!*Y. During early days of settlements,
the British people were very active about transporta-
tion of goodsfor commercia purposefrom the hinter-
landsof Bengd (likeAssam, Chandpur, Khulna, Dhaka
or Barisal). Over aperiod of time, to support thewaste
management systems of the Kolkata city, the East
K olkataWetlands transformed from brackish water
lakesto sewagefedfishfarmsandthelargeareaswere
converted for human settlementsand agriculturedeve -
opment™, Withthediversion of city sewageand storm
water into thesalt |akesand the deterioration of river
Bidyadhari therewasagradual decreaseinsainityin
the aquati c environment2, For the expansion of the
urban areain the post independence era, 1,000 ha of
the northern portion of the wetlandswere used for es-
tablishment of the Salt Lake City. Thegradual reduc-
tioninareawithinthewetlandsfor economic and socid
purposes has reduced its capacity to recycle wastes
and to attenuate floods. Despite having alarge direct
catchment of 1,625 sqkm (including thebasinsof Kullti,
Piyali Bidyadhuree, Adiganaga rivers), the wetland
inflowsaremainly controlled by the sewage generated
fromthe KolkataMunicipal Corporation (KM C)!29,

Thehot, monsoon climateof the East Cal cuttaVWet-
landsislargdy governed by the North Himal ayan moun-
tains, the North-eastern M eghal ayan plateau and the
Bay of Bengd*. Theclimate of the East Cal cutta\Wet-
landsbroadly resembl esthat of K olkataCity. Tempera:
ture remains high throughout the year in thewetlands
with minor variationsandtheclimateresemblesthefea:
turesof atropica regionwith sufficient sunlight and vast
water regime4.,

BIODIVERSITY OFEAST KOLKATA
WETLANDS

Wetlandsaretherich sources of biodiversity. Vari-
etiesof plantsand animal sincluding birds, mammals,
reptiles, amphibians, fish and invertebrate speciescan
flourishintheseecol ogically favourable habitats. It has
been estimated that freshwater wetlandshold morethan
40% of theentireworld’s species and 12% of all ani-
mal species??. Individua wetlands can be extremely

important in supporting high numbersof endemic spe-
cies.

Over last hundred yearsor more, the East Kolkata
Wetlands have undergonedrastic changesinflora and
faunal diversity in responseto changesin salinity re-
gimes. Thewetland once supported arich floral and
fauna diversity when connected to thefreshwater and
tidal regimes. Over theyears, changesin sainity, land
use-land cover, industria pollution and other develop-
menta activities, thespeciesdiversty hasbeenreduced
significantly.

Wetland isacomplex and dynamic environmentin
whichbiologica activity ismostly governed by micro-
organisms. Thebeneficia effectsof wetland microor-
ganismscan beexecuted in multidimensiond wayssuch
as nitrogen fixation, organic matter decomposition,
breakdown of metabolic by-productsand agrochemi-
cals, enhancing the bioavailability of nutrientsand es-
sential metal§*¥. Studiesreveal ed that East Kolkata
wetlandshavevarietiesof microbid populaionwithdi-
verse genetic charactersincluding sporeformation for
Stressadaptation, versatileenzymatic and metabolic ac-
tivities, high pH and temperaturetol erance, nitrogenfix-
ing abilitiesand the capacity of bioremediation of dif-
ferent toxins, heavy metasand pollutants™. A few ex-
amplesof themicrobid popul ationinclude Rhodococcus
sp., Bacillus sp., Pseudomonas sp., Azotobactor sp.,
Aeromonas sp. etc. Plant roots grown in these areas
rel ease compoundsincluding s mple sugars, amino ac-
ids, diphatics, aromaticsthat can stimulatethegrowth
and metabolism of specific microbid communitieswhich
accel eratethe bioremediation processes™.

Inthe early phase of the 20" century, 70 species of
plants wererecorded from various zoneswhich were
distributed within embankments (Fimbristylus
ferruginea, Suarda maritime, Acanthusillicifolius,
Excoecaria agalocha, Avicennia officinalis), main
wetland (different speciesof agae, Phragmiteskarka,
Aegiceras majus, Typha elephantine etc.) and ter-
restria area(oligihaine and mesohaline shrubby plant
species and severa halophytic trees like Sonnerata
apetala, Avicennia officianalis)!2® recorded 97 plant
speciesamong which, 34 specieswere confined to sa-
linewater habitat. He al so mentioned the existence of
mangrove plantsin theseregions. Thisstudy strongly
indicated the presence of saline conditionin thewet-
landswhich has changed through time. A recent study,
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however, reported 106 aquatic plantsbe ongingto 70
generaand 36 families. Among the vegetations, there
arevery few submerged vegetationsremaininthe core
fishing areaexcept the plankton communities.

East K olkatawetl ands harbour variety of economi-
caly important plant species. Someof theseplantshave
richmedicina valuesand have been used traditionaly
by theloca communitiesover alongtime. Besidessev-
eral plant species such asBacopa monnieri, Enhydra
fluctuans, Ipomea aquatica, Marsilea minuta are
used as vegetables by the local communities?.
Cyperousrotundous, Phragmities karka and Typha
angustifolia are used by the local communities for
thatching aswell asfor pulp, fiber and other uses. Sev-
eral aguatic plantsare used asgreen compost and ma-
nuregpart fromther utilization asfish food and for water
purification.

Previoudy thefish faunainthe East Kolkata\Wet-
lands system included both brackish water and fresh
water forms. Thelow-lying regionswith sdtwater |akes
wereided for farming of brackishwater fishes. Among
the cultured fishes, Bhetki (Lates calcarifer), Parse
(Mugil parsia), Bhangar (Mugil tada) and Prawns
(Macrobrachiumrosenbergii), etc. were commont,
I ndi genous species Nandous nandus and Xenentodon
cancilawereabundant during 1980sin these wetlands,
but now no recordsfound in support of their existence.
Presently, inthe Bheris, Poly-cultureispracticed by
thefarmersand includesthree speciesof Indian major
carps (Labeo rohita, Catla catla and Cirrhinus
mrigala) along with one minor carp (Labeo bata),
threeexotic carp (grasscarp, silver carp and common
carp) and two typesof Tilapiag'?. However, the pres-
enceof invasiveexaticfish gpeciesisposng greet threats
tothenativefishdiversity!2.

Theamphibiandiversity inthewetlandsisrather
low and only 4 species recorded so far. The reptiles
available include 19 species and are mainly water
snakes, monitor lizard, common lizard and fresh water
tortoisg®. Theinvertebrates, lower vertebratesinclud-
ing fishes and amphibians are the sourcesof food for
thereptilian species.

Zoological Survey of Indiastudied atotal of 248
bird species (90 aquatic, 11 semi aguatic and 147 ter-
restrial species) in East KolkataWetlands'?. About
50% of the aquatic birdswere reported to be migra-
tory. The common water-birds of these areasinclude
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Cormorants, Herons, Gulls, Terns, Egrets, Snipes
etc.l. However, thechanged environmenta conditions
over theyears haveresulted in absence of larger spe-
ciesof birdslikethe Openbill Stork, Spoonbill, some
species of ducks (e.g. Brahminy Duck, the Comb
Duck), Red crested Pochard, Tufted Pochard etc.[®.
Additionally, the predator birdslike Brahminy Kite,
Osprey and Laggar Falcon, Vultures etc. which were
thecommon inhabitantsin recent past arenow no longer
seen. Thepopulationsof Gadwals, Garganeys, Snipes,
gulls, Terns, Egretsand Cormorantsarea so declining
in popul ation because of lack of nichedueto reclama
tion and hunting, lack of food and overuseof chemicals
inagricultureand fisheried. [t wasal so reported that
109 speciesof birdshave becomelocally extinct, ma-
jority of whichincludesaquaticbirds.

Themamma communitiesindudemarshmongoose,
an endangered one, which borrows a ong the s opes of
water bodies and eat fishes and aquatic snailsinthe
wetlands™¥, The species however, facesmain threat
dueto habitat loss. Conversion of large parts of wet-
land areas into aquaculture ponds which are mostly
devoid of vegetationisamajor stresstoforaging of this
species. Besides, Common jungle cats, foxes, house
rats, and mice are common inhabitantsin these aress.
Amongtheraremammals, smd| Indianmongoose, pam
civet,andsmdl Indian civet aresgnificantinand around
the East K olkata Wetlandg'?.

WASTEWATERUTILIZATIONAND WASTE
RECYCLINGINEAST KOLKATA
WETLANDS

AmongtheRamsar Stesof internationd sgnificance,
East Kolkatawetlands are uniquefor the wise use of
sewagewater, mainly for fish cultivationandirrigation
for garbagefarming. Thewetlandsconsist of about 170
sewage fed fisheriesthat coversabout 7000 acres of
aress. Thelocal nameof thefish pondsisBheri, which
areshallow flat bottomed wastewater fed lagoon type
of ponds and the size vary between 40-50 ha with 50
— 150 cm in depth!™, Theentry of theincreasing vol-
umeof sewagesfrom Kolkatacity intothisareahelps
to decreasethe sdinity whichisidea for pisciculture.
The Kolkata Municipa Corporation area generates
about 600 millionlitresof sewageand wastewater ev-
ery day and morethan 2500 metric tons of garbage'™.



344

Biodiversity, traditional practices and sustainability issues of East Kolkata Wetlands

RRBS, 6(11) 2012

Review

Thewastewater isled by underground sewerage sys-
temsto the pumping stationsin the eastern region and
then pumped into open channels. Thesawageand waste
water isdrawninto thefisheries of east Kolkatawet-
lands, wherewithin few days, biodegradation of the
organic compoundsof thesewageand waste weter take
place. Retention of wastewater in the pondsbeforethe
initial stocking of fishfor aconsiderableperiod of time
allowsbacteria population to metabolizethe organic
matters of the sewage and to decompose the organic
wastes!?. The growth of these beneficial bacteriais
supported by thead gaethet thriveintheseshdlow ponds
inpresenceof sufficient sunlight. Thebiochemical reec-
tionsoccurring inthe wastewater pondsinclude photo-
synthesis, aerobic oxidation, organic acid formation,
methanogenesis, nitrification and denitrification.

Thebasinsof the Bherisareshallow which alows
full vertical circulation of water to the surfacewhere
aga bloomsoccur. Thisishighly favorablefor photo-
synthesis, asthisdepth givesabetter ratio between pond
volumeand pond surfacethan adeeper pond. Thishelps
to create sufficient oxygenation, which, inturn, canre-
duce BOD (Biologica Oxygen Demand) and faecal
coliformload®. The photosynthetic activity in the pond
isoneof thereasonsfor the purification of sewage. The
water from the Raw Sewage Canal isdrained into the
Bheris, whereit undergoes purification before being
used for irrigation. Thewater hyacinthsgrowninthese
areashaved somgjor rolein water purification and sta-
bilization. They canleach out heavy metd ionsfromthe
contaminated water astheir roots areefficient absorb-
ersof heavy metals present in sewage watert?.

Thissystem supportstherecycling of thewastewa-
ter aswell asthefish cultivation. Thefishesmaintain
proper bal ance of the plankton populationintheponds
and also convert the avail able nutrients of the waste-
water into readily consumableform (fish biomass) for
human consumption. Kolkatacity receivesabout one
third of itsdaily requirementsof fishesfrom the sewage
fed fisheries of the East K olkataWetlands®.

Another system of waste recycling in the East
K olkataWetlandsisthe use of garbageand wastewa
ter asmanureand water for irrigation in paddy and for
vegetablefarming. Theold solid wastedumping grounds
have been converted into cultivablelands. Thegarbage
farms can produce 150 tonnes of vegetablesdaily and
the paddy fields can produce 16,000 tonnes of winter

paddy varieties cultivated during post monsoon period
annualy. Different varietiesof green leafy vegetables
like Amaranthus caudatus, Amaranthus blithumand
Sinaciaoleracea are cultivated in these aread??.

Livelihoodsof the East KolkataWetlands commu-
nitiesaredistinctly linked to wetland resources. About
74% of thelocal working population dependsonfish
farming, agricultureand horticulturein these areas®?.
Thesecredtive and sustainable practicesaredevel oped
by theloca peopleand have been carried over genera-
tion after generation. These wetlands have been pre-
served and nurtured by thelocal communities, mostly
bel onging to the poorer and weaker sectionsof the so-
ciety. Thesewetlands execute one of the biggest ex-
amplesof low cost dternativesin municipa waste man-
agement that can ensure sustainabl erecovery of nutri-
entsavailableinwaste,

THREATSTO EAST KOLKATAWETLANDS:
FEW OBSERVATIONS

Inspiteof beingtheonly Ramsar siteinWest Ben-
gal, the East KolkataWetlands are now facing severa
natural and anthropogenic stresseswhich atogether can
lead to socid, biologica and economic degradations of
thewater bodies and adjoining areas. Somepossible
threstsarediscussed below:

A.) Unsustainable use of groundwater in the East
Kolkata\Wetlands dueto rapid urbanization, agri-
culturd andindustrid development hasposedarisk
of land subsidence. The subsurface geology of the
areaconsstsof quaternary sedimentscomprisnga
succession of clay, silty clay and sand layersof vari-
ous grades®®. Groundwater occurs mostly under
confined conditions except in those placeswhere
thetop aquitard has been obscured dueto the scour-
ing action of past channels. Currently, thehydraulic
head showsafalling trend and it may be accel er-
ated dueto further overuse of groundwater, which,
inturn, may lead to land subsidence. The ground-
water of the East K olkata\Wetland areas should be
devel oped cautiously based on the groundwater
potential to minimize the threat of land subsid-
encel'd,

B.) Therehasbeen aprogressive shiftintheland use
within thewetlandsleadingto agradua dominance
of agriculture, which accountsfor around 40% of
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thewetland areas. Theareasunder fishfarmshave
reduced from 7,300 hain 1945t0 5,842 hain 2003.
Construction of fish farmsbundsand roadswithin
thefishfarmshavefurther reduced the€effectivearea
under waterbodies to 2,481 ha. The gradual re-
ductionin hydrol ogicd regimeswithinthewetlands
has reduced its capacity to recyclewastes and at-
tenuatefloodd*?.

C.) Therehashbeen arapid changein biodiversity as-

sociated with thewetlands dueto changesin hy-
drologicd regimesand land use. Similarly, therehas
been sgnificant lossof flord diversity, particularly
those of mangroves and other brackish-water spe-
cies. Theloca population depends on the vegeta-
tionsof thewetlandsfor food, some of which are
threstened dueto environmenta and anthropogenic
stresses. Thedisappearance of these plant species
will surely affect thefood security of thelow in-
comeloca inhabitantsin future.

D.) Increasing concentrationsof heavy metdsinthesaw-

age used in thewetlands attributed to unregul ated
dischargeof industrid pollution posesamgor threet
both to the ecosystem aswell asto thelocal com-
munities. Several researchers have showed that
some plantsand anima speciesincuding fishescan
biocaccumul atetheheavy metd slikechromium, leed,
mercury etc. from the wastewater and industrial
effluents of the East KolkataWetlands, which can
create health hazards®. However, someresearch-
ersa soreported that the accumulation level isnot
significant enoughtofor creating heath hazards®.

E.) Increasing siltationinthe cana sand fishpondshas

subsequently reduced the quantity of sewageflow-
ingtothefisheriesand made many of thefish ponds
much shallower; which, inturn, havedeclined the
fish production.

F.) Whileenvironmentalistsaregiving effortsfor the

preservation of the East KolkataWetlands, profit
intensive peopleareincreas ng pressurefor theright
to develop areasfor residentia and industrial pur-
poses. Thewetlands arevery closeto Kolkatacity,
and The Eastern Metropolitan Bypass has made
the areaaccessibleand Salt Lake City apparently
providesadditiond socid and economicinfrastruc-
tures. It isbecoming difficult to protect the wet-
landsfrom devel opersand redl estate agents. Pub-
licagend eshaved so shown atendency to encroach
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upon thewetland areasfor variousdevel opmental
activitiessuch asestablishment of industries, com-
mercia hubsor public utilities. Itisincreasingly ap-
parent that theexisting legal provisionsand agen-
ciesrespons blefor implementing them are unable
to prevent such encroachment. Constructionsinthe
wetland areas can eventually hamper therecharg-
ing of the groundwater and can al so increasethe
incidence of flood. Devel opment can also cause
fragmentation of east K olkatawetlands, whichwill
increasesocid, ecological and environmentd im-
balancesinlocal aress.

G) Thesewagefedfisheriesof thewetlandshashbeen
constrained dueto i nadegquate management of wa
ter regimes, technol ogy integration and weak mar-
keting, post marketing and va ue addition opportu-
nities. Management inefficienciessuch asfailureto
properly maintain duicegatesand to run the pump-
ing system, regul ating the storm weather flow and
thedry weether flow channdsof theKolkatadrain-
agesysteminlinewiththerequirementsof farmers
intheseareasisgradually collapsing the system.
The current farm management systems are execut-
ingabiased outlook towardsthelargeprivatefarm-
ersand against the small and medium size coop-
eratives.

SUSTAINABLE MANAGEMENT OFTHE
EAST KOLKATAWETLANDS: KEY ISSUES

It isthe need of the hour for our society to stop
further deterioration of the East Kol kata\Wetlandsand
to protect and restoretheir original characters. Inap-
propriate understanding of the significance of these
wetland practiceshasled to gradua lossof system ef-
ficiency. Based on assessment of hydrologica, ecologi-
cal and socio economic aspects and analysisof man-
agement practices, following key issueshavebeeniden-
tified tofor the conservation and management of East
KolkataWetlands:

A.) For proper maintenance and functioning of the
wastewater recycling processin thewetlands, all
drainage channd sand distri butarieswithinthewet-
lands should be brought under acomprehensive
action plan and restoration of the vital drainage
structuresisessentia. Desiitation of theinflowing
sewerscan enhancewater circulation and flushing
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inthewetlands systems. Improved waste segregea-
tion, proper handling of wastes and sustainable
waste management strategies can help to mitigate
pollutioninthelandfill aress.

B.) Theindustria effluents, especially those rel eased
from the nearby tanneries, can cause undesirable
impact onthefish and vegetablesgrowninthewet-
lands. Itisessentia toidentify suchindustrial units
and to bring them under the strict regul ations of
pollution control. Commonin-Situ effluent trestment
plantsfor the polluting industries can be effective
for mitigating the pol lution problem.

C.) Farmersshould beprovided with alist of safe spe-
ciesthat canbegrowninthegarbagefarmsinthese
aressand the extent of food chain contamination of
heavy metalsandindustria pollutantsthrough dif-
ferent species should be evaluated in detailsfor
human health security. Focus should be given on
proper identification and scientific usesof thebio-
indicator speciesof thesewetlands and the appli-
cations of the speciesin pollution management.
Hyperaccumulatorsof the pollutants should becul-
tivated in the contaminated zonesto removethe
same. Restriction should beimposed for usingin-
secticides, pesticidesand other harmful chemicals
in culture pondsof threatened species.

D.) A detailed biodiversity and genetic database of the
wetlands should be made, which, inturn, cangive
the scopefor using varieties of resistant and toler-
ant genesfor research purposes. Isolation and cul-
tureof microbid strainswill bebeneficid forimple-
menting bioremediation strategies. Comparative
vulnerahility sudiesof thewetland specieswill hep
toimplement preferentia conservationd strategies
based on the degrees of sengitivities. Applications
of biotechnol ogical and microbiological research
methodsa ongwith the gppli cations of remote sens-
ing and GlSare essential for these studies.

E.) Populations of all breeding waterbirds species
should beincreased through improvement of breed-
ing habitatsand conditions. Proper understanding
of population dynamics, feeding habits, and spe-
cific requirementsof key bird speciesisessential
for their conservation. Focus should also begiven
ontheconservation of native and endemic species,
including thefishesculturedin thefisheries.

F.) Enhancingthewater useefficiencyinirrigation sys-

tems, diversification of cropping patternsinthewet-
landsareasand theimplementation of rainwater har-
vesting structuresinagricultura fieldscan stabilize
the groundwater system and also can enhancethe
water security of thelocal people.

G) Themainobjectivesof themanagement plansshould
focus on ecosystem conservation, sustainablere-
source devel opment and livelihood improvement.
Ingtitutional devel opment, communication, educa-
tion and public awareness are also the key man-
agement components which will promote
sustainability. Ecotourism development and en-
hancement of the social and economic security of
thelocd peopleisessentid for proper execution of
the holistic outl ook of wetland conservation.

CONCLUDING REMARKS

Unfortunately, in spiteof important progressmade
in recent decades, wetlands continueto beamong the
world’s most threatened ecosystems. Development as
expected hasincreased consumerisminasmall section
of the society, but it has degraded and depleted inval u-
able natural resourceslike wetlands. Wetlands func-
tions, valuesand attributes can only bemaintained if the
ecological processesof wetlandsare allowed to con-
tinuefunctioning. East KolkataWetlands systemisa
unique exampleof environmenta protection and devel-
opment management that isin harmony with natureand
benefits are achieved at amuch lower cost. Knowl-
edgeabout devel opment and environment isnot enough,
rather the upsurge of the common peopleand pushing
theprinciplesof environmenta security andjusticeare
extremely important to conservethisimportant Ramsar
siteof West Bengal.
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