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Abstract Floodplain wetlands of India are biologi-

cally rich sensitive ecosystem that support unique

aquatic biodiversity and play vital role in providing

livelihood and nutritional security to a large section of

the population of the country. Besides contributing to

the environmental sustainability through Carbon

sequestration, flood plain wetlands also serve as

source for harvesting flood and rain water. Covering

around 5.5 Lakh ha area, the flood plain wetlands of

India are one of the major sources for fish production

of the country, offering vast potential for capture as

well as culture based fisheries. Degradation and

shrinkage of the floodplain wetlands have been

recorded due to several natural and anthropogenic

reasons. In addition to that, the change in the climatic

condition may have a far more devastating impact on

these natural resources. Substantial change in climate

with increasing temperature trend (0.60 �C during last

112 years) as well as changing pattern and intensity of

rainfall have been reported in India. It is projected that

extreme climate changes may have profound impact

on wetlands, mediated through several direct or

indirect pathways. Attention is urgently required at

different levels for conservation and revamping of

these resources along with coping up and mitigation

strategies to address the impending challenges. How-

ever, there is dearth of scientific information specific

to the flood plain wetlands of India. This paper reviews

the present status and importance of the flood plain

wetlands of India with special reference to impact of

climate change along with coping-up and mitigation

measures.
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Introduction

Wetlands are amongst the most diversified and

productive ecosystem on the earth created by the

impact of prolonged inundation with water and are

characterised by specific soil quality, rich and diver-

sified flora and fauna (Ghermandi et al. 2010; Space

Application Centre (SAC) 2011). Different schools

have defined wet lands differently. The international

Convention of Wetlands (Ramsar list of wetlands of

International importance 2013, Article 1) uses a broad

definition for wetlands. It states that wetlands are areas

of marsh, fen, peat land or water body, whether natural

or artificial, permanent or temporary, inundated with
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water that is static or flowing, fresh, brackish or salt,

including areas of marine water the depth of which at

low tide does not exceed six meters. Thus the term

‘Wetland’ includes wide variety of natural inland

habitats such as marshes, peat lands, floodplains, rivers

and lakes and coastal areas such as salt marshes,

mangroves, intertidal mud flats and sea grass beds,

coral reefs and other marine areas not deeper than six

meters at low tide, aswell as humanmadewetland such

as pond, dams, reservoirs, rice fields and waste water

treatment ponds and lagoons. Globally the area of

wetland ecosystems ranges from 917 million Hectares

to more than 1275 million Hectares (Lehner and Doll

2004). Wetlands cover around 6% of the earth’s land

surface and 12% of the global carbon pool and play

important role in the global carbon cycle (International

Panel on Climate Change 1996; Prigent et al. 2001;

Ferrati et al. 2005). Apart from supporting rich

biodiversity and contributing to sustain ecological

balance as well as healthy environment, the wetland

resources are playing important role in income gener-

ation, livelihood and nutritional security as well as

socio economic development of a large section of

population of the world either directly or indirectly.

The importance of wetlands for protection of ground

water level, regulation of thewater cycle, water storage

and water purification has gained more and more

attention in recent years. However, the great impor-

tance of wetlands for the conservation of natural

environment has come to focus only 46 years ago,

when the inter- governmental treaty, known as the

Ramsar Convention ofWetlands (held in Ramsar Iran)

was initiated in 1971 by UNESCO, with a mission for

conservation and wise use of all wetlands through

local, regional and national actions and international

cooperation, as a contribution towards achieving

sustainable development throughout the world (Mat-

thews 2013). A key commitment of the Convention is

to help the participating nations to identify significant

wetlands of international importance and enlist them as

Ramsar sites in the list of Wetlands of International

Importance, also known as Ramsar List, so as to

develop and maintain an international network of

wetlands, which are important for conservation of

biological diversity and for sustaining human life

through the maintenance of their ecosystem compo-

nents, processes and benefits/services. As of January,

2017, 169 nations have joined the Convention, and

2260 water bodies distributed throughout the globe

with a total surface area 215,276,293 ha have been

designated as Ramsar Sites. (www.ramsar.org).

Inspite of the long term efforts put for conservation

of wetlands throughout the globe, the existence of

wetlands are continuously on a threat due to various

factors, out of which the changing climate is one of the

major factors. (Ferrati et al. 2005). Study on change in

climatic factors indicates global warming to the range

of 0.69–1.08 �C over the period of 1901–2012, with a

future projection of increase of global mean surface

temperature by 0.3�–1.7 �C, which is mainly due to

anthropogenic activities (International Panel on Cli-

mate Change 2013). Climate change has been recog-

nized as a major threat to the existence of global

biodiversity and integrity of ecosystems worldwide

(Hulme 2005). Impact of climate change on wetlands

are likely to be mediated through changes in hydrol-

ogy, direct and indirect effects of changes in environ-

mental temperature on wetland ecosystem as well as

changes in land use pattern (Ferrati et al. 2005).

Projected impacts on wetlands in extreme climate

change events include change in base flow, altered

hydrology, increased heat stress in wild life, extended

range and activity of pest and disease vectors,

increased flooding, decrease in recharge etc. (Ramsar

STRP 2002) leading to adverse consequences on

wetland species, especially those that cannot relocate

to suitable habitats and migratory species that rely on a

variety of wetland types throughout their life cycle.

The Sundarban (Bangladesh and India), Mekong river

delta (Vietnam) and Southern Ontario (Canada) are

examples of major wetland complexes where the

impact of climate change have been evolving in

different ways (Erwin 2009). However, it must be

noted that projections about the extent of loss,

degradation and shrinking of wetlands and its corre-

lation with climate change need to be well established

over time with scientific and location specific tools and

methodology, so as to address the climate change

related complex issues vis a vis restoration of wetlands

on the face of the challenges brought by other factors

like burgeoning population and global water scarcity.

Although some literatures are available on wetlands

and climate change, there is very little works or

discussion on future wetland restoration initiatives

(Erwin 2009) which is again the need of the hour.

It is projected that the changes in global mean

surface temperature are likely to have more pro-

nounced impact in tropical developing countries like
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India (Rathore et al. 2013; International Panel on

Climate Change 2013). Increasing temperature trend

to the tune of 0.60 �C during last 112 years

(Rathore et al. 2013) and increase in heavy rainfall

events and decrease in low and medium rainfall events

(Goswami et al. 2006) over India had been reported.

Changes in rainfall and temperatures have also been

reported by Dash et al. (2009), Guhathakurta and

Rajeevan (2008); Tyagi and Goswami (2009); Kotha-

wale et al. (2010). NATCOM (2012) has delineated

status of climate change and future predictions in India

including sectoral vulnerability assessments and sys-

tematic observations and research efforts in climate

science. It is predicted that high altitude wetlands and

coastal wetlands (including mangroves and coral

reefs) are some of the most sensitive resources that

will be affected substantially by climate change in

India and as a result 84% of coastal wetlands and 13%

of saline wetlands will be lost with 1 m climate change

induced rise in sea water level (Patel et al. 2009;

Blankespoor et al. 2012). Although the study on

impact of climate change on freshwater fisheries as a

whole is very limited, the results of studies conducted

on marine and estuarine fisheries (Roessig et al. 2004;

Guisande et al. 2008) indicated that variations in

climatic factors specifically temperature and rainfall

have correlations with production and catch of differ-

ent fish species.

Flood plain wetland resources of India

India, with her varied topography, higher rainfall and

diverse climatic regimes supports and sustains diverse

and unique wetland habitats. Natural wetlands in India

comprises of the high altitude Himalayan lakes,

followed by wetlands situated in the flood plains of

the major river systems, saline and temporary wet-

lands of the arid and semi-arid regions, coastal

wetlands such as lagoons, backwaters and estuaries,

mangrove swamps, coral reefs, marine wetlands and

so on. As per the latest inventory of Indian wetlands,

the ‘National Wetland Atlas’ prepared by Space

Application Centre (SAC), India has about 757.06

thousand wetlands with a total area of 15.3 million ha,

out of which the inland wetlands cover 69% of the total

area (Space Application Centre 2011). These wet-

lands, that provide numerous ecosystem goods and

services, are under tremendous stress due to several

natural and anthropogenic factors (Bassi et al. 2014).

The Ramsar convention entered into force in India in

1982 and currently the country has 26 wetlands

designated as Ramsar sites covering around

6,94,300 ha area (www.ramsar.org) (Fig. 1). How-

ever, the country possesses myriads of wetlands which

are important from biological and environmental point

of view, but continued to be ignored and deprived of

the policies and processes for bringing them under the

embracement of the protection created by designating

them as international Ramsar sites. Highest number of

Ramsar sites in India are located in the state of Jammu

and Kashmir (4 nos.) followed by Himachal Pradesh,

Punjab and Kerala (3 nos. each) (Fig. 1).

Among the diverse and heterogeneous natural

ecosystems included under the term wetlands, the

flood plain wetlands are one of the most important

resources from freshwater fisheries point of view. A

flood plain is a plain land formed along the course of a

river system by deposition of sediment by river during

periodic floods (Mogali Nandan 2012). Floodplain

wetlands are defined as natural low lying areas

bordering large rivers that are seasonally inundated

by overflow from main river system. Ramsar Con-

vention has designated ‘Floodplain’ as a broad term

which includes natural seasonal/intermittent freshwa-

ter lakes, marshes, pools, seasonally flooded mead-

ows, shrub or tree dominated wetlands and forested

peat land.

Floodplain wetlands are biologically rich sensitive

ecosystems that support unique aquatic flora and

fauna. They play a vital role in sustaining freshwater

fish biodiversity by providing shelter, feed, breeding

ground and nursery to a large number of fish species.

These wetlands are basic source of livelihoods for a

large section of rural population and are closely linked

with a variety of economic activities, while providing

critical support to the rural communities in the form of

drinking water, irrigation, transport and food. Majority

of the flood plain wetlands of India are also hub for a

large number of macrophytes used traditionally as

food as well as medicines in Ayurvedic, Homeopathic

and other alternative medicinal practices (Chakraborty

and Jha 2008). Flood plain wetlands are also potential

resource for commercially important aquatic and

semi-aquatic crops like fox nut, lotus, lily and other

nutritious macrophytes used as animal feed. In addi-

tion to biodiversity conservation and production of

food, these wetlands provide numerous ecological
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goods and services to the environment and the

mankind.

India is bestowed with myriads of flood plain

wetlands covering an area of 5,54,213 ha (Table 1).

The majorities of the flood plain wetlands are directly

or indirectly dependent on the major river systems of

the country and are spread over the states of Assam,

Uttar Pradesh, Bihar, West Bengal, Arunachal Pra-

desh, Manipur, Meghalaya and Tripura. Highest area

of wetlands in the country is recorded in Bihar,

followed by Uttar Pradesh and Assam. Around 22% of

the flood plain wetlands of the country are distributed

in NE Region of India, out of which major share (1.0

Lakh ha) is concentrated in the state of Assam. The

flood plain wetlands, locally known by different

names in different states are one of the major sources

for fish production of the country, as they not only

offer vast potential for capture fisheries through auto-

stocking but also provide scope for intervention of

culture based fisheries (Table 1). Out of the 26 Ramsar

sites of India only three are flood plain wetlands,

located in the North East Region of the country. These

are the Deepor beel of the state of Assam (area

4014 ha), Loktak lake of the state of Manipur (area

26,600 ha) and Rudrasagar of the state of Tripura (area

2400 ha).

Fig. 1 State wise Ramsar sites in India

Table 1 Floodplain wetland resources of India (Source:

ICAR-CIFRI, Barrackpore)

Sl. no. State Area (ha) Local names

1. Uttar Pradesh 1,52,000 Tal, Jheel

2. Bihar 2,40,000 Maun, Cahur, Dhar

3. West Bengal 42,500 Beel, Charha, Baor

4. Arunachal Pradesh 2500 Beel

5. Assam 1,00,000 Beel

6. Manipur 16,500 Pat

7. Meghalaya 213 Beel

8. Tripura 500 Beel

Total 5,54,213
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Status of fisheries of floodplain wetlands

in different states

Ecologically the floodplain wetland ecosystems are

repository of freshwater fish biodiversity and are

known to have high fish production potential to the

tune of 2000-2,500 kg/ha (Bhattacharjya et al. 2003;

Bhattacharjya 2004; Gorai et al. 2006; Sinha and Jha

2008; Sugunan and Sinha 2001; Sugunan et al. 2000a).

The flood plain wetlands of Assam, locally known as

Beels, are associated with the Brahmaputra and Barak

river systems and contribute to the major chunk of

fishery resources of the state. The Beels of Assam not

only have high potential for in situ fish production but

also good number of them acts as ‘collection sink’ for

fish produced in the surrounding flooded catchments.

Estimation of fish yield from Beels of Assam is very

difficult due to the unorganized marketing activities

and dissipation of catch. The average yield of flood-

plain wetlands of Assam was reported to be 173 kg/ha

on the basis of a survey conducted on 23 beels in the

State (Sugunan and Bhattacharjya 2000). A substantial

share of the fish production of the state (around 20%)

is contributed by the Beel resources (Dept. of

Fisheries, Govt. of Assam). Although around 15% of

the beels of the state were so far developed under

different schemes and brought under culture based

fisheries, there is vast scope for incorporation of more

areas under the development programmes for

enhancement of production potentiality. There is vast

gap in fish production potentiality, target and actual

production from the floodplain wetlands of the state

(Sugunan 2013).

In Bihar, oxbow lakes or mouns with a total

estimated area of 9000 ha offer immense scope for

scientific culture based fisheries development. These

lakes with varying sizes ranging from 4 to 400 ha are

created by the action of meandering rivers, mainly in

the river Gandak basin. Study on district-wise distri-

bution of wetlands showed that districts Katihar

(31,011 ha) followed by Begusarai (20,365 ha) and

Saharsa (12,086 ha) have the highest extent of

wetlands which cover about 10% of the geographical

area of the respective districts. (DoF Government of

Bihar 2008). Around 2700 ha area i.e. less than one-

third of available area has been brought under culture

based fisheries with average productivity of

300–400 kg/ha/yr. The northeast part of Bihar has a

long stretch of shallow floodplain wetlands in Gandak

and Kosi basins, locally known as chaurs covering an

estimated 46,000 ha water spread area. At present,

mainly capture fishery is being practiced in these

resources with production being as less as 40–50 kg/

ha/year, except in some areas where higher fish

production to the tune of more than 1000 kg/ha/year

has been recorded through good management prac-

tices. Presently the lakes have been subjected to a

number of stress factors like heavy infestation of

aquatic weeds, siltation, encroachment, habitat degra-

dation, etc. leading to considerable shrinkage in area

and decline in aquatic biodiversity (DoF Government

of Bihar 2008).

In Uttar Pradesh floodplain wetlands commonly

known as Tal or Jheel are distributed amongst the nine

basins namely Ghagra, Tons, Yamuna, Gomti, Choti

Garju, Sarda, Ramganga, Chambal and Burhi Rapti. A

total area of 1,52,000 ha of Tal or Jheels is available

across the nine districts of the state (Pathak et al.

2004). Though, some information on ecology and

fishery aspects of the wetlands of eastern and northern

states (Sugunan and Bhattacharjya 2000; Vass 1997)

and ecological status and production dynamics wet-

lands of Uttar Pradesh (Pathak et al. 2004) are

available, there is dearth of detail information on fish

productivity and production status of wetlands in Uttar

Pradesh.

In West Bengal, the floodplain wetlands covers an

area of 42,500 ha constituting 22% of the total fresh

water area of the state with individual area ranging

between 2 and 600 ha (Vinci and Mitra 2000). Most of

the beels are under culture-based fisheries regime

since last several years. This however led to injudi-

cious and over stocking that adversely affected the

ecosystem function, production and biodiversity in

several wetlands of the state. Sugunan et al. reported

that wetlands with good management practices of

stocking, fishing schedule, size regulation at capture,

watch and ward, flood control measure, etc. have

yielded fish even up to 3262 kg/ha/year. However,

studies in relation to climate change and implications

on floodplain wetland fisheries are very limited.

Role of wetlands in environmental sustainability

and livelihood security

Besides sustaining fisheries and wild life by acting as a

cradle for many aquatic, terrestrial, avian and
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amphibian life as well as diverse micro and macro

flora, floodplain wetlands have multifaceted environ-

mental utilities. Some of them are mentioned below:

• Wetlands store flood water Wetlands serve as a

huge sponge storing 30% of freshwater on earth.

During dry seasons, the water stored in wetland is

discharged slowly towards nearby habitats to

regulate the water levels. In addition, aquatic

plants absorb water and enhance the water storing

capability of wetlands. During monsoon season

prolonged and heavy rainfall results in rise of

water levels, causing overflow in rivers and

flooding. The process of draining out wetlands

and converting them for other purposes in devel-

oped countries has led to undesirable conse-

quences like loss of ground water level,

unpredictable flash floods, erosion and draught

like situations leading to ecological disasters

(Matthews 2013). Wetlands connected to the river

system either directly or indirectly can hold huge

amount of overflowing or flood water, thereby

reducing the intensity of flood considerably. A

case study on flood in the Brahmaputra valley

indicated that loss and shrinkage of wetlands

resulted in floods with higher intensity in recent

years (Sharma 2013). Reclamation and restoration

of the flood plain wetlands therefore offer tremen-

dous scope for reducing intensity and instances of

flood through enhancing flood water storage

capacity. (Chetia Borah et al. 2013).

• Wetlands help carbon sequestration According to

Ramsar Convention about 1/3 of the world’s

terrestrial carbon is trapped and stored in wetlands,

double of that of forests. As per the estimations,

carbon sequestration potential of restored wetlands

(over 50 year period) comes out to be about 0.4

tonnes C/ha/year (International Panel on Climate

Change 2001). The wetland sediments serve as a

long term store house of carbon whereas the plants,

animals, bacteria and fungi serve as transitory

stores of carbon. Wetlands play an important role

in regulating exchange of greenhouse gases to and

from the atmosphere particularly in the global

carbon cycle (Page et al. 2011). All wetlands are

capable of sequestering and storing carbon through

photosynthesis and accumulation of organic mat-

ter in soils, sediments and plant biomass. However

tropical wetlands are known to store 80% more

carbon than temperate wetlands as per the com-

parative studies conducted on carbon sequestration

capacities of wetlands in Costa Rica and Ohio

(Bernal 2008). Wetlands are also involved in

horizontal transport of carbon between eco-sys-

tems. Wetlands can trap carbon-rich sediments

from catchments but may also disperse carbon

through water flow into flood plains. Sediments

deposited on flood plains during large floods

represent a substantial sink of riverine Particulate

Organic Carbon (POC) and Dissolved Organic

Carbon(DOC) and depend on the autochthonous

production in feeding rivers and nature of the

catchments areas or flood plains (Adhikari et al.

2009; Kayranli et al. 2012; Sofies Colin et al.

2014).Whereas draining out, degradation, shrink-

age of wetlands and conversion of wetlands for

other purposes had made them a net source of

Carbon Dioxide and other Green House

Gases(GHG), the restoration of wetlands reverse

them to a storage sink of all these gases which help

in mitigating climate change impact through

reduced emission of GHG (Lal 2008, Adhikari

et al. 2009).

• Wetlands improve water quality Aquatic plants

growing in wetlands act like a filter, which

uptake excessive nutrients and organic matter in

water and remove pollutants including heavy

metals and they also act as a sink for contam-

inants and serve as a low cost measure to

reduce point and non-point pollution (Bystrom

et al. 2000).

• Wetlands provide livelihood security The func-

tions, values and attributes of wetlands towards

mankind is immense (Table 2). A case study on

socio-economic influences of wetlands on the life

of people in Assam, India indicates that wetlands

act as a lifeline for a vast section of neighboring

population (Bhuyan 2016). However the pressure

on these water bodies has increasedmany fold with

the increase in population and change in use

patterns. This has led to a situation of over

exploitation resulting in adverse impact on fish-

eries production potential. The increase in popu-

lation vis a vis increase in anthropological

pressure, in the face of diminishing biological

resources, on the other hand resulted in conflicts

amongst the various user groups.
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Degradation of flood plain wetland fishery

resources

Flood plain wetland fishery resources of the country

are under continuous threat of environmental degra-

dation due to natural as well as anthropogenic

activities, resulting in ecosystem imbalance, shrinkage

in area, decline in bio diversity and decrease in fish

production in an alarming rate. Status and distribution

of wetlands of India as well as causes and conse-

quences of wetland losses are reviewed in detail by

Prasad et al. (2002) by using remote sensing and

Geographical Information System (GIS) tools. The

wetland resources of India have been facing acute

conversion, deforestation, hydrologic alteration (con-

struction of dam/barrages) and chronic loss (alteration

of wetlands, degradation of water quality, ground

water depletion, invasion of alien species and extinc-

tion of natural biota). Wetlands are integral part of

several economic, social, cultural and environmental

activities; particularly in rural India. As such the

negative consequences brought in by the impacts of

degradation of wetland resources have been an issue of

serious concern. Every one claims a stake in them, as

they are in the open access regime, but rarely willing to

pay for the judicious use of the wetlands (Verma

2001). Lack of conformity among government poli-

cies in the areas of economics, environment, nature

conservation and development planning as well as

lack of good governance and scientific management

have been adding to the deterioration of these water

bodies (Turner et al. 2000; Kumar et al. 2013). Several

studies indicated degradation of flood plain as well as

decline in fish production and loss of biodiversity due

to human activities in wetlands of different states of

India (Das 2015; Phukan and Saikia 2014; Singh and

Khundrakpam 2012). The alarming decline in fish

production has been affecting the life and livelihood of

the aboriginal fisherman population as well as other

stake holders that are dependent on these resources

either directly or indirectly. Degradation of produc-

tivity and biodiversity in an important Ramsar site, the

Loktak lake of Manipur has been becoming a serious

concern threatening the livelihood of people depend-

ing on this resource (Singh and Khundrakpam 2012).

Absence of proper boundary demarcation in most

of the flood plain wetlands of the country encourages

illegal encroachment in the wetland area (Lahon

2003). Human encroachments for housing and utiliza-

tion of marginal areas of the wetlands for agricultural

activities have led to habitat destruction and shrinkage

of wetland area (Fig. 2). Transformations of wetland

area for urban development as well as diversion of

land use pattern are among other major problems.

Siltation is another significant factor that leads to

reduction in area and depth in most of the flood plain

wetlands. This problem is registered to be particularly

severe in the wetlands of Brahmaputra basin. Because

of its erosive nature and high voltage flowing force,

the river Brahmaputra carry very high quantity of silt

which is deposited in the wetlands and other areas

during flood resulting in shrinkage of wetland in terms

Table 2 Functions, values and attributes of wetlands

Functions Values Attributes

Water storage

Storm protection and flood

mitigation

Shoreline stabilization

Ground water recharge, discharge,

Water purification

Retention of sediments, nutrients

and pollutants

Stabilization of local climate

particularly temperature and

rainfall

Carbon sequestration

Breeding, nursery for wildlife.

Water supply—maintenance of

quantity and quality

Fish and other food and medicine

production

Agriculture—through maintenance

of water table and seasonal use

of resource for agriculture.

Grazing

Timber production

Energy sources such as peat and

plant matter

Support to wild life

Biological diversity: wetlands support

avifauna, especially waterfowl; fish,

reptiles, and invertebrate species as well

as several plant species, besides a

variety of microorganisms

Cultural heritage: open landscapes,

Food and nutritional security

Livelihood security

Traditions

Recreation and tourism
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of area and depth. Annual sediment volume carried by

river Brahmaputra is around 800 million tonnes which

is one of the highest in the world (Sharma 2013). Over

4500 wetlands in the Brahmaputra valley are rapidly

degrading due to wanton encroachment, weed infes-

tation and siltation (Sharma, 2013). There was an

overall decline of area of Deepor Beel wetland (a

Ramsar site) of Brahmaputra valley upto14.1% during

the period from 1990 to 2007 as reported by Sharma

2013. In addition, flood control measures like erection

of embankment as well as sluice-gate near the feeding

river or along the wetland area affect productivity of

wetland by way of preventing or limiting auto-

stocking and annual flushing. Over exploitation

including killing of juvenile and brood fish is a major

factor for depletion of fish stock in flood plain wetland

fisheries. In several states, however Rules have been

imposed to conserve biodiversity through prohibition

on killing of gravid fish and juveniles during specified

period of the year in the light of the Indian Fisheries

Act, 1897. The state of Assam is one of them,

enforcing Assam Fisheries Rules 1953, amended and

reinforced in 2005 (Govt. of Assam 2005).

Many flood plain wetlands are subjected to pollu-

tion through surface runoff from paddy field, tea

garden or other agricultural activities where pesticides

or weedicides are used. Effect of pesticides on non-

target organisms including fish has been a major threat

for wetland biodiversity. Studies on impact of com-

monly used pesticides on common wetland fish

species like Monopterus cuchia (Ham-Buch) support

this view (Baruah et al. 2013a, b). In addition to that,

pollution from domestic and industrial wastes and jute

retting also cause harmful impact on the ecology and

biodiversity the flood plain wetland ecosystem in

specific areas. These freshwater bodies are often

subject to changes in land use in their catchments

leading to reduction in inflows and deterioration of

quality of the ‘‘runoff’’ traversing through agricultural

fields and urban areas. On the other hand, many of

them act as the ‘‘sink’’ for untreated effluents from

urban centers and industries.

Extensive growth of weed, particularly the water

hyacinth infestation is a menace to flood plain wetland

fisheries. This fast expanding weed leads to faster

eutrophication in the wetlands by slowing down water

current and depositing debris and silt at the bottom.

Besides water hyacinth, Ipomoea infestation is also

common that cause degradation of the wetland

ecosystem and shrinkage of water spread area through

eutrophication (Fig. 3).

Unavailability of efficient tools and gears specifi-

cally designed for flood plain wetlands also hamper

harnessing the maximum potentiality of these

resources. Harvesting in Flood plain wetlands is

mostly done by indigenous traps and gears that have

low catch efficiency (Jhingran 1991) (Fig. 4). Baruah

et al. (2013a, b) reported five types of fishing method

using different indigenous trapes and gears in flood

plains of river Brahmaputra. However in recent years

several new fishing gears with enhanced efficiency

have been reported that are developed for flood plain

wetlands (Gogoi et al. 2016).

Fig. 3 Aquatic weed infestation in flood plain wetland of

Assam

Fig. 2 Human encroachment in flood plain wetlands of Assam
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Impact of climate change on flood plain wetland

Climate change is projected as an important driver for

loss and change in wetland ecosystem throughout the

globe (UNESCO 2007). Wetlands are generally con-

sidered as naturally resilient to minor variations in

climatic conditions, but rapid and intense climate

change may exceed the resilience thresholds of

wetlands. The impact of climatic variations on the

wetland ecosystems will greatly depend upon temper-

ature and water availability through run-off in the

inland fresh water bodies and on sea level rise and

storm surges in wetlands of coastal areas (Poff et al.

2002). Limited study on the impact of climate change

on wetland in India suggests that high altitude

wetlands and coastal wetlands are some of the most

vulnerable classes to climate change (Patel et al.

2009). Although specific information on assessment of

climate change impact on floodplain wetlands is

scanty, it is obvious that change in climate will bring

about irreparable change in the ecology of the

floodplain wetlands too, as evident from a study on

potential changes in floodplain inundation and con-

nectivity between river and floodplain wetlands under

projected future climates, conducted in the river

catchment area in Western Australia (Karim et al.

2015). Limited analysis also suggests that the inland

natural wetlands, particularly those in arid and semi-

arid regions will be impacted through alteration in its

hydrological regime due to changes in precipitation,

runoff, temperature and evapo- transpiration (Patel

et al. 200l). Geographic shift of fish species affecting

productivity and biodiversity of wetland has been

predicted (International Panel on Climate Change

2013). Higher intensity of flood may result in erosion

of floodplain wetland embankment, change in

sediment input and nutrient load along with acceler-

ated hydro-cycle affecting particularly the closed

wetlands as predicted by International Panel on

Climate Change (2013) A study on the river Brahma-

putra basin of India indicated that climate change

manifested by increased temperature may have pro-

found impact on the connecting floodplain wetlands,

as the rising temperature may trigger melting of

glaciers in the Himalayas, which along with rising

actual evapo-transpiration and erratic rainfall pattern

may cause repercussions on the river hydrology

(Sharma 2013).

Any variations in climatic conditions specifically

the rainfall pattern and temperature have a great

influence on the water spread, turbidity and aquatic

vegetation of the wetlands. Seasonal variations in flora

and fauna of wetland have been reported by many

scientists, which again indicate the climate depen-

dency of wetland resources for their sustainability.

The reduction in the water spread of wetlands from

post-monsoon (77%) to pre-monsoon (39%) and

aquatic vegetation from pre-monsoon (14%) to post

monsoon (9%) as reported by Panigrahy et al. (2012).

The state level climate change trends in India (Rathore

et al. 2013) indicated that among the different states,

where the flood plain wetlands are available there is

significant increase in Annual mean temperature in

states like Arunachal Pradesh, Assam, Bihar, Manipur

and Tripura (Fig. 5).

However, no significant trend has been recorded in

Uttar Pradesh, West Bengal and Meghalaya. Signif-

icant decreasing trend in rainfall during summer has

been recorded in state Assam, whereas there is

significant increasing trend in Bihar, West Bengal,

Meghalaya and Manipur. During monsoon, there is

increasing trend in Bihar, Meghalaya andWest Bengal

Fig. 4 Harvesting indigenous fishes using traditional traps and gears in wetlands of Assam
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whereas decreasing trend in Arunachal Pradesh,

Assam, Manipur and Tripura. Similar trend in rainfall

was recorded during post monsoon period also

(Rathore et al. 2013) (Fig. 6). The degradation and

loss of wetlands is a worldwide phenomenon influ-

enced by non-climatic factors such as drainage of

wetlands, water withdrawal, deforestation and land

reclamation, habitat fragmentation, discharge of sew-

age, eutrophication and pollution, over-exploitation,

and the introduction of exotic species. The impacts of

climate change are expected to exacerbate the degra-

dation of many wetlands because of the complex

relationships and feedbacks between climate and

wetlands (though the hydrological cycle). Limited

study on impact of climate change on wetlands

indicates that the trend of declining rainfall and

increasing atmospheric temperature have significant

impact on the wetlands and river system in India (Das

et al. 2013; Sarkar and Karnatak 2016). Investigations

carried out by ICAR-CIFRI reported shift in seasonal

pattern of rainfall and changes in annual trends in

mean minimum and maximum temperature at various

stations in major rivers basins (Das et al. 2013). Direct

and indirect impacts will be the alterations in temper-

atures, hydrology, and increased heat stress in wildlife,

pest and disease vectors, soil erosion, and flood runoff

resulting in a decreased recharge of floodplain aquifers

(Sarkar et al. 2016). It is predicted that, wetlands and

their functional capacity within most eco-regimes will

decline and the geographic location of certain wet-

lands may shift. Under currently predicted future

climate scenarios, the spread of exotics will probably

be enhanced, which will increase pressure on water-

sheds and ecosystems. Increased temperature may

Fig. 5 State level climate

change trends in India,

meteorological monograph

no. ESSO/IMD/EMRC/02/

2013 (Source Rathore et al.

2013)
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lead to stronger; advanced and longer stratification of

lakes and reservoir and greater de-oxygenation of

bottom layers. Overall, an increase of 1 �C in global

temperature is expected to increase 4% in river runoff.

Change in flooding area, intensity, timing and duration

of flood are also expected. Impact on aquatic ecosys-

tems can be predicted with large scale change in

temperature, precipitation, winds and acidification.

Negative impacts on physiology of fish in predicted

in localities affected by increase in temperature and

limitation in oxygen transport. This will result in

changes in pattern of distribution, species combination

and population abundance of fish species. Climatic

changes could have impact on physiological state of

cultured stock also. This would not only affect

productivity but also increase vulnerability to disease,

impose higher risks and reduce return to farmers. As

fish are poikilothermic, any changes in habitat tem-

perature will significantly influence metabolism,

growth rate, total production, reproductive efficacy,

breeding season and susceptibility to diseases and

toxin. Impact of climate changes are likely to disturb

the natural rhythm of biological function of fish

particularly reproduction and growth. The abundance

and species diversity of natural fish population are

predicted to be particularly sensitive to climatic

disturbances, since lower water level and lack of

rainfall may reduce the number of individuals able to

spawn successfully. The timing of flood events is a

critical physiological trigger that induces fish to

migrate and spawn at the onset of the flood. Enhanced

temperature during breeding and early larval devel-

opment stage may even give rise to sex-biased fish

population which may have impact on growth of

Fig. 6 State level climate

change trends in India,

meteorological monograph

no. ESSO/IMD/EMRC/02/

2013 (Source Rathore et al.

2013)
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natural population subsequently (Angienda et al.

2010; Baroiller and Cotta 2001). However marginal

enhancement of temperature during winter in tropical

climate of Assam is found to have positive impact on

cultivable fish by way of advanced gonadal develop-

ment and breeding (Chetia Borah and Bujarbaruah

2016).

Climate changes induced temperature variation will

have a much stronger impact on the spatial distribution

of fishing and fish farming activities and on their

productivity and yield. Yield of aquatic product will

vary through changes in ecosystem, species distribu-

tion, seasonality and habitat. Availability and stability

of supply will be impacted by increased risk and

reduced predictability that may ultimately lead to

market chain disruption. The impact will be more

critical in areas where per capita consumption of

aquatic protein is high.

The way forward

In a developing country like India, climate change

could represent an additional stress for socio-eco-

nomic development of rural mass whose life and

livelihood are intertwined with climatic conditions.

Climate induced rising temperature and changing

rainfall pattern in Indian subcontinent presents a

potential danger to the already disappearing wetlands

of the country. It is projected that the trend will be

magnified in coming years and degradation of the

wetlands will be further exacerbated by climate

change induced challenges. The climate change

related impact on wetlands will increase the vulner-

ability of the section of people that depends on these

resources for their nutritional and livelihood security.

As such, research efforts should be put towards

addressing the climate change related challenges vis

a vis revamping and judicious exploitation of the

fisheries potential of the floodplain wetlands. Most of

the research carried out on wetland in India deals to the

ecological and hydro-biological and biodiversity

aspects. However the importance of wetlands in

relation to climate change implications in fisheries,

livelihood and nutritional security of the community

has not been adequately addressed. Steps for address-

ing not only the climatic change related issues but also

the biological, physical, socio-economic and institu-

tional factors influencing potential changes on the

wetland ecosystem and strategies for their sustainable

restoration are essential. Research thrust for enhancing

productivity and improving availability of aquatic

protein by way of sophistication of harvesting tech-

nology and minimization of post-harvest loss may be

added to the agenda.

For conservation of the floodplain wetlands, devel-

oping digital data base and digital mapping of the

floodplain wetlands by using geo-spatial technology

should be given priority (Patra 2013; Tang et al. 2016).

Secondly, a better understanding on the effect of

management and transformation of floodplain wet-

lands onCarbon sequestration is the need of the hour. A

better understanding on how degradation and land use

change are affecting C stocks of flood plain wetlands

and emission of greenhouse gases to the atmosphere

will help in developing need based research strategy

and policy making for floodplain wetlands.

Very little information is available on restoration or

enhancement of floodplain wetlands where degraded

systems could be used for mitigation opportunities as

well as for socio-economic development of population

through community participation. Although it is

commonly understood the tropical wetlands provide

a variety of critical services, more data on the

magnitude and significance of other services is needed

to justify their conservation and restoration. Similar

studies need to be conducted between unmanaged and

managed tropical wetlands and altered ecosystems to

understand impacts on biodiversity, nutrient cycling,

rearing of fish and coping-up strategy for abatement of

impact of storm and flood.

Conservation, restoration and wise use of the

wetlands will be a cost effective strategy for climate

change adaptation with strong benefits for poverty

reduction and biodiversity conservation. Sensitization

of the community and capacity building of stakehold-

ers on climate change will aid in effective implemen-

tation of the policies and to respond effectively to the

threats or opportunities brought in by climate change.

Attention for conservation and revamping of the

productivity of these potential resources of India is

urgently required at state, national and international

level. Wetland Rules imposed by Govt. of India should

incorporate specific and effective clause for protection

of the flood plain wetlands of different states.

Emphasis should be paid to bring more and more

flood plain wetlands under the provisions of Ramsar

sites.
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Adaptation and mitigation strategies

Specific adaptation and mitigation measures to cope

up impact of climate change on flood plain wetlands

need to be developed and popularized so as to address

the climate change related challenges in the life and

livelihood of the population that are dependent on

these ecosystems either directly or indirectly. Adap-

tation to climate change refers to a proactive approach

preparing in advance for what might come in future.

The extent to which people and system are affected by

climate change is determined by three factors: (1) their

exposure to specific changes (2) their sensitivity to that

change and (3) their ability to respond to the impacts.

Fisheries that rely on climate change susceptible

systems are likely to have most potential exposure to

impacts. Considering the uncertainties of the climate

change it is necessary to introduce climate resilient

strategies that both support general development and

climate adaptation in the vulnerable region. Protection

of wetland biological diversity and integrity are

important activities to improve the resiliency of

wetland ecosystems so that they continue to provide

important services under changed climatic conditions.

Appropriate adaptation and mitigation strategies

would bring community empowerment in the face of

climate change vulnerability. Some of the strategies

for adapting to impending threats of climate change

are suggested in Table 3.

Every year World Wetland Day is celebrated on

February 2 with a particular theme related to wetland

development and conservation. The theme of theWorld

Wetland Day for the year 2017 was ‘Wetland for

reducing risk of natural disaster’. This theme was

selected to increase awareness of people about the vital

and multifaceted role of wetlands for reducing natural

disaster. But the question is how best we can protect the

floodplain wetlands from degradation and disappear-

ing, so that they can help us in reducing the risk of

natural disaster as well as impact of climate change.

Protection and conservation of floodplain wetlands will

contribute to address the global burning issues of water

crisis and greenhouse gas emission and will ensure a

greener world for future generation. Revamping and

restoring the productivity of floodplain wetlands can

contribute substantially towards achieving the major

Sustainable Development Goals envisaged by United

Nations for 2016–2030 i.e. to end poverty and hunger

and secure nutrition, ensure healthy life and promote

wellbeing for all ages of the global population.
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