Wetlands and their Role in Fisheries and Aquaculture of India
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Introduction

The river system of the country comprises 14 major rivers (catchments >20,000 km2), 44 medium rivers (catchments 2,000 to 20,000 km2) and innumerable small rivers and desert streams (catchments area <2,000 km2). Different river systems of the country, having a combined length of 29,000 km, provide one of the richest fish genetic resources in the world. 

Since time immemorial wetlands have been perceived as life sustaining units of the world. They are considered as future food and fodder resources for human population and its related allies. Ecologically, wetlands are of great significance as they support varied food chains and food webs, regulate hydrological cycle, recharge ground water and maintain its quality by acting as filters, provide refuge to a large number of endangered flora and fauna help in trapping of energy and carbon-di-oxide and in nutrient cycling treatment of waste water and provide natural check to floods. Wetlands also have great recreational and aesthetic values. As a part of the non–traditional agriculture the wetlands also support agricultural economy. Around 6.4% of the earth’s surface is covered with wetlands. The floodplain lakes or wetlands are primarily a continuum of rivers Ganga and Brahmaputra. These are in the form of oxbow-lakes (Mauns, Chaurs, Jheels, Beels as they are called locally), especially in Assam, Manipur, West Bengal, Bihar and eastern Uttar Pradesh (212.213 thousand ha), and are biologically sensitive ecosystems which play a vital role in the inland fish production of the eastern and northeastern part of the country.

FLOODPLAIN WETLANDS

What is floodplain?

A floodplain is a plain land formed along the course of a river by the deposition of sediment, typically dropped by a river during periodic floods. Floodplains are the flat land or lowlands bordering rivers that are subjected to periodic flooding which tend to be most expansive along the lower reaches of rivers. They are either permanent or temporary water bodies associated with rivers that constantly shift their beds especially in the lower stretches. Floodplains contain such features as levees (river embankments built by deposition as the river floods), backswamps (are located in depressions close to the raised levee banks), delta plains (A deposit of clay, silt, and sand formed at the mouth of a river where the stream loses velocity and drops part of its sediment load. Due to the resemblance with triangular shape of the letter delta 'D', the Greeks gave the name delta to such an island.), and oxbow lakes. Rivers with extensive floodplains are the Nile, Ganges, Danube, and Po. Floodplains are generally very fertile, thus making them rich agricultural lands.

What is wetland? 

Wetlands, as defined by Ramsar convention, include areas of marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low tide does not exceed six meters. In simpler terms, wetlands occupy the transitional zone between permanently wet and generally dry environments. They share the characteristics of both the environments, and yet cannot be classified exclusively as either aquatic or terrestrial.

The Convention on Wetlands (at Ramsar, Iran, 1971) - called the "Ramsar Convention" - is an intergovernmental treaty that embodies the commitments of its member countries to maintain the ecological character of their Wetlands of International Importance and to plan for the "wise use", or sustainable use, of all of the wetlands in their territories. On 2nd February in each year is World Wetlands Day. It marks the date of the signing of the Convention on Wetlands on 2 February 1971, in the Iranian city of Ramsar on the shores of the Caspian Sea.

Wetlands of international importance are given the status of ‘Ramsar site'. India has 25 Ramsar sites e.g. Chilika lake (Odisha), East Kolkata wetlands (W.B), Bhoj wetland (M.P.), Deepor beel (Assam), Harike lake (Punjab), Kolleru lake (A.P.), Loktak lake (Manipur), Wular lake (J. K.), Sambhar lake (Rajasthan), Rudrasagar lake (Tripura), Ashtamudi wetland (Kerala), Bhitarkanika Mangroves (Odisha), Keoladeo National Park (Rajasthan) etc.

Types of Wetlands:

• MARSHES - Reeds, rushes, grasses and sedges growing in shallow water along the edge of lakes and rivers.

• FRESHWATER SWAMP FOREST - herb species forests, growing on saturated or flooded soils, normally in a zone along the lower reaches of rivers.

• PEATLAND - spongy waterlogged land formed as a result of slow decomposition of plant materials.

• FLOODPLAIN - flat land or low land bordering rivers that are subject to periodic flooding.

• MANGROVE - wood trees growing along muddy estuaries of large rivers and sheltered coastal areas.

• LAKES - standing bodies of water occupying large basins or small depressions.

• ESTUARINE, MARINE AND COASTAL ZONE WETLANDS - Estuaries are the contact areas between freshwater and marine environments. Marine zone wetlands consist of permanent shallow water habitats less than six metres deep at low tide.

• MAN-MADE WETLANDS - such as fish and shrimp ponds, paddy fields, reservoirs, examining lakes, gravel pits and sewerage farms and canals.

There are 8 different categories of wetlands in India, differentiated by region:

• The reservoirs of the Deccan Plateau in the south, together with the lagoons and the other wetlands of the southern west coast;

• The vast saline expanses of Rajasthan, Gujarat and the gulf of Kachchh;

• Freshwater lakes and reservoirs from Gujarat eastwards through Rajasthan (Kaeoladeo Ghana National park) and Madhya Pradesh;

• The delta wetlands and lagoons of India's east coast (Chilka Lake); the freshwater marshes of the Gangetic Plain;

• The floodplain of the Brahmaputra;

• The marshes and swamps in the hills of north-east India and the Himalayan foothills;

• The lakes and rivers of the mountain region of Kashmir and Ladakh;

• The mangroves and other wetlands of the island arcs of the Andamans and Nicobars.

What are floodplain wetlands?

Wetlands situated on floodplains of major rivers can be designated as floodplain wetlands which cover a variety of water bodies in India such as beels, jheels, mauns, pats, anoas, boars, hoars, bowrs etc. The floodplains of the Ganga and Brahmaputra rivers have the distinction of nurturing some of the finest wetlands of the country, which perform a variety of social functions. These natural ecosystems have intimate relationship with mankind since their inceptions both directly (fisheries, irrigation, portable water, recreation, water for industries, etc.) as well as indirectly (recharge of groundwater, floor protection, regulation of local climate, aesthetic values, etc.). An estimated 2,013,213 ha of floodplain lakes is available where fish and fisheries remain a traditional economic activity with tremendous socio-economic impact in the rural sector.

Distribution of wetlands under Ganga and Brahmaputra valleys:

	State 
	River basin
	Area (ha)

	Assam
	Brahmaputra and Barak
	100,000

	Bihar
	Gandak and Kosi
	40,000

	West Bengal
	Ghaghra and Ichhamati
	42,000

	Arunachal Pradesh
	Kaneag, Siang, Lohit, Tira, etc.
	2,500

	Manipur
	Iral, Imphal, Thoubal
	16,500

	Tripura
	Gomati
	500

	Meghalaya
	Someshvari, Jinjiran
	213

	Uttar Pradesh
	Ganga, Ghaghra
	11,000


Assam: In India, Assam has maximum area under floodplain wetlands associated with Brahmaputra and Barak valleys. The distribution of floodplain lakes (beels) in different parts of Assam is given in Table 8.

Distribution of floodplain lakes (beels) in different parts of Assam

	Regions
	No. of  beels
	Area (ha)
	River valley/lakes

	Central Assam
	342
	31,080
	Brahmaputra Valley

	Lower Assam
	352
	29,000
	Brahmaputra Valley

	Upper Assam
	376
	23,000
	Brahmaputra Valley

	Bagia border Bangladesh
	322
	800
	Barak valley


The beels are unique water bodies which need in depth scientific study before undertaking any management measure. Fishes make up most of the abundant class of vertebrates, both in terms of number of species and of individuals. They exhibit enormous diversity of size, shape and biology, and in the habitats they occupy. Researchers have arrived at different estimates, most of which range between 17,000 and 30,000 for the numbers of currently recognized fish species. The eventual number of living fish species may be close to 28,000 in the world. It was listed 742 freshwater species of fishes under 233 genera, 64 families and 16 orders from the Indian region and estimated 2,546 species of fish belonging to 969 genera, 254 families and 40 orders. The Indian fish population represents 11.72 per cent of species, 23.96 per cent of genera, 57 per cent of families and 80 per cent of the global fishes. 

By virtue of their unique position, location and carrying capacity, these two lakes have emerged as major life sustaining entities. These water bodies are extremely rich in nutrients and have immense production potential as reflected by their rich nutrient status in the water phase. The shallow nature of these beels with their rich nutrient status and penetration of light upto the bottom have led to the infestation of weeds to such an extent that both these beels have remained choaked with macrophytes. Studies made in some beels of Assam give valuable information regarding limnological features, productivity status and management measures for these resources. However, as beels are peculiar ecosystems each having a separate identity, a general study on the various limnochemical parameters and assessment of the fisheries potential is very essential. With these objectives in mind, the present investigation was undertaken to study the ecological parameters and formulate a general management measures for optimizing fish production from such waters. In order to gather systematic information two beels Dighali and Ghorajan were taken as case studies. Dighali beel (910 40’E longitude & 26014’N latitude) with a waterspread area of 250 ha lies 35 Km northwest of Guwahati city within Hajo circle of Kamrup District at an elevation of 55 MSL while Ghorajan beel (26 0 13’N latitude and 91042’E longitude), a floodplain lake of the river Brahmaputra is situated near North Guwahati at about a distance of 25 km from Guwahati. The present investigation deals with hydrological features of the beels, the qualitative and quantitative spectrum of biotic communities present in the system, fish production potential together with various management measures for optimizing fish production from such systems.

The beels of Assam have indicated very high fish yield potential in the range of 476-2,324 kg/ha. The Assam beels have showed the pre-dominance of small fish species (Puntius spp., Chanda spp., Mystus vittatus, Nandus nandus, A. mola). Carnivorous catfish (W attu, A. coila, O. bimaculatus), air-breathing species (H.fossilis, A testudineus), murrels (c. punctatus) and featherbacks (N. notopterus) also dominate these waters. The beels of Assam are one of the prime sources of natural capture fishery dominated by small fish species including many species of ornamental Importance. The yield rates range between 14.0 and 488 kg/ha/year. The beels, however, lack scientific fishery Barak management except in a few stray cases (Boiya beel, Hailakandi and Kalpa beel, Barpeta).

Table: Production of some beels of Assam

	
	Name of beel
	Average fish production

(kg/ha/yr)

	Brahmaputra
	Dogra
	116

	
	Dighali
	36

	
	Siligujan
	418

	
	Ghorajan
	14

	Barak
	Sone
	97

	
	Barchumati
	488

	Average production

(Assam)
	
	172


Beel of Assam:
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Loktak lake of Manipur:
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Fish and Fisheries in beel:

Fisheries resources in Assam, particularly beel fisheries is facing resource depletion mainly due to environmental degradation coupled with lack of scientific management practices. Though the average fish production from the beels of Assam is 160 Kg ha -1 yr -1(Dutta and Lahon, 1987), the average fish production from the beels under investigation is far from below. Dighali beel depicted an yield of 34.7 Kg ha -1 yr -1 and 37.27 kg ha -1 yr -1 during 2015 and 2016 respectively while in Ghorajan , the yield was represented by 13.5 kg ha -1 yr -1. Low production in many of the beels have been reported by Lahon (1983) in Salsella beel (116 Kg ha-1 yr -1), Kar (1984) in Sone beel ( 90 Kg ha -1yr -1), Bhagawati and Kalita (1987) in Rangai beel (31 kg ha -1 yr -1) and Hagal beel (70 Kg ha-1 yr -1), Yadava (1987) in Dhir beel (377 kg ha -1 yr -1) recorded high fish production. The dominance of trash fishes and those feeding on the higher food chain reflected upon the poor fishery of the beels. The uneconomic minnows, demios, barails etc provide forage base for the development of predatory catfishes, feather backs, and live fish population of the beel which in turn affect the recruitment potential of the commercially important important carps.Wallago attu contributes more than 20%, live fishes 20% and Notopterus notopterus 5% clearly reflect the prevailing situation in the beels.The dominance of Wallago attu and its occurrence round the year provide ample proof of its extremely predatory habits and existence of favourable condition for reproduction. 

The knowledge of natural stock from which it comes is very important(Gulland, 1955). It has been observed that majority of the recruits in these beels come to the fishery from the adjoining rivers. Most of the fishable stock enters into the beels during the first year of life and are constantly vulnerable to regular capture. However, the stock is supplemented by fresh recruits every year. 

During monsoon catch is low in all the beels because of higher water level and restricted fishing activities. Post monsoon and winter facilitates the operation of almost all types of gears and hence fetches more catches. Various indigenous gears and traps are operated during different seasons. During monsoon, hooks, lines and traps are used for fishing. Cast net, gill net and dip net are prominent nets used in these beels. Katal and banas fishing are done during winter and monsoon respectively. Odum (1960) felt that a harvest of 1.2% of primary production of fish would be excellent. Based on Odum’s theory, the fish production potential of Dighali beel was found to be 865 kg ha-1 yr-1 against actual harvest of only 14.4 Kg ha -1yr-1 showing utilization of 1.7%.Ghorajan beel has production potential of 728 kg ha-1yr-1 against actual yield of only 14 Kg ha-1yr-1showing utilization of only 1.9%.

Conservation Strategies 
1. The first and foremost task is to eradicate the weeds by taking up pilot projects wherein both chemical and biological control measures should be applied. Removal of macrophytes is likely to increase nutrient status and phytoplankton density. 

2. Beels are connected with channels which are subjected to continuous siltation during floods. Continuous siltation and petrified nutrients have led to the shallowness of these channels. As a result autostocking process has been hindered to a great extent and hence these channels should be desilted by some manual means. 

3. Restriction of paddy fields in marginal areas and pockets of these beels is necessary to increase fish production. This practice reduces the effective water area of the beels.Also during late winter, necessary water is provided from the feeding cannal affecting the main fishery of the beel. 

4. Breeding season should be practically closed season for fishing. Catching of brood fishes should be restricted. 

5. Beels should be brought under fisherman’s co-operative societies which can exercise control both at production and market level so that maximum receipt accrue to fisherman. 

6. Stocking of seed in beels according to abundance of food in different trophic levels. 

7. Marginal areas should be utilized through pen culture. 

8. Construction of sluice/spill for maintaining optimum water level. 

9. Bio-degradable pollution should be converted to fertilizers. 

10. Leasing policy should be such which can encourage stocking and proper management of beels. 

West Bengal: There are more than 150 beels in West Bengal, with an estimated water spread area of 42,000 ha. The beel ecosystem of the state largely been dominated by very rich endemic fish species. However, certain exotic species like Hypophthalmicthys molitrix, Ctenopharyngodon idella and Cyprinus carpio have also been introduced in these water bodies. A total of 24 endemic fish species have so far been recorded from the West Bengal beels and amongst them Puntius spp., A. mola, Channa spp., Nandus nandus, Gadusia chapra, L. bata and the Indian major carps are important. Status and yield of some productive beels are depicted in Table below. 

Status and yield of some productive beels of West Bengal

	District
	Beel
	Area  (ha)
	Depth (m)
	Type of

beel
	Macrophyte

Infestation level
	Fish (kg/ha/yr)
	Fishery information

	Hooghly
	Dekole
	117.6
	1.0-1.8
	Closed;

lake like
	Weed

choked
	13-36
	Capture fishery;

closed season

(January-April)

	Cooch Behar
	Gorai chara
	50.0
	4.0-6.8
	Open

(R. Dharala);

ox-bow lake
	Moderate
	325
	Stocking,

Indian major

carps

	Bardhaman
	Bansdaha
	26
	1.7-6.5
	Closed

(R.Bhagirathi),

ox-bow lake
	Moderate
	1100
	Stocking,

Indian major

carps, G. chapra

	24-Parganas
	Gopalpur (Beriboar)
	131.0
	4.5-12.6
	Closed (R.

Ichhamati) (Ushaped

cutoff

meander)
	Low
	420-

771
	Stocking, Indian

major carps, grass

carp, silver carp,

Gudusia chapra.

Catch quota 15

kg/day/person


The fish potential of West Bengal beels indicated poor to moderate status from 43.8-320 kg/ha/year. The North Bengal beels with alkaline pH showed better potential as compared to South Bengal beels with acidic pH. However, fish yield of various beels has increased substantially with the adoption of various management practices.

Bihar: The North Bihar (the Gandak and Kosi Basins), due to its geo-morphological features and geographical locations is bestowed with an estimated area of 50,000 ha under floodplain wetland resource. The state has oxbows (mauns) and tectonic (chaurs) types of lakes. These water bodies in Bihar have been studied in detail.

Ox-bow lakes (Mauns): Chaurs and Mauns (or Mans) are formed by the shifting of river course which remains waterlogged for best part of year. Chaurs are natural tectonic depressions and Mauns (or Mans) are Ox-bow lakes, which are the cutoff portions of river meanders. Oxbow lake is a crescent-shaped lake (U-shaped or like the shape of oxbow) that is formed when a wide meander from a stream or river is cut off from the main channel to form a lake.
It is of two types:

(1) The 'Live' or 'open' lakes

(2) ‘Dead' or 'closed' lakes

Open lake has connections with river and a dead lake has lost its all connections with the river.

As estimated, 4,735 ha area under ox-bow lake is available in the Bihar with major congregation in East and West Champaran Districts followed by Muzaffarpur, Begusarai and Samastipur (Table 11). Ox-bow lakes and abandoned river courses are one of the prime resources of fish protein in North Bihar. These lakes are in very poor state owing to high degree of eutrophication as reflected by the massive infestation of aquatic weeds, besides other indisciplined human interference. Most of the lakes are choked with weeds to the tune of 50- 100%, hence, they are in the advance state of swampification. The prized economic fishes, Indian major carps in particular, have either completely been eliminated or their population has dwindled to an alarming proportion. Fishes of less economic value have occupied the niche on a large-scale along with the dominance of predators.

Distribution of Ox-bow lakes in North Bihar

	Location/District
	Area (ha)

	East Champaran
	2.076

	West Champaran
	1,951

	Muzaffarpur
	748

	Begusarai
	220

	Samastipur
	40


In spite of the fact that the ox-bow lakes of Gandak basin exhibited relatively high diversity of fish fauna, the medium-size like Notopterus spp., Mystus cavasius, Clarias batrachus, Chana gachua, Mastacembelus armatus, Mastacembelus pancalus, and big fishes like Wallago attu, Channa marulius and C. straitus dominate the fishery up to 35%. Shrimp fishery is very common in these lakes as indicated by the extensive use of a large number of traps especially during the summer months.

Tectonic lakes (Chaurs):

The northeast part of Bihar has a long stretch of floodplains in Gandak and Kosi basins. This part has a distinct tract of depressed landmass, the region of tectonic lakes. The series of shallow lakes locally known as chaurs exist in these areas to the tune of about 46000 ha. These water bodies support a rich biodiversity, but are biologically sensitive and fragile in nature. The major lake areas under this resource are used for fish culture are: Kabar Tal area (Begusarai), Kusheswarasthan area (Darbhanga), Sirnri Baktiarpur area (Saharsa) and Gogabeel areas (Katihar). In addition to these, Barila chaur area under Vaishali district is also important. Stocking density, however, does not seem to have been arrived at on any rational basis. Funds available at the disposal of the managers and seed availability generally govern the stocking density, hence stocking rates are highly variable. In Bhornra beel stocking density varied between 97 and 171 kg of fry/ha, in Akaipur beel, density varied between 59 and 253 kg/ha, in Kola beel the stocking rate was between 84 and 356 kg/ha and in Gopalnagar it varied between 110 and 259 kg/ha. The fish yield rate from these beels indicated differential response. Yield varied between 307 and 937 kg/ha in Bhornra, 633 and 915 kg/ha in Akaipur, 534 and 3,020 kg/ha in Kola, and 719 and 2,124 kg/ha in Gopalnagar beel. In these water bodies of the culture-based fishery, growth of fish is density dependent and mortality is size dependent. Thus, it is very important to generate advice on size at stocking and stocking density. Unfortunately, no beel is maintaining sufficient data on the size and number of fishes stocked species-wise. There is no clue on the survival rate of fishes as well. The quality and amount of data available at the beels in this regard are not sufficient to make any sound scientific findings on stocking-yield relationship.

Conclusion

The wetlands discussed above are under facing environmental degradation due to natural and anthropogenic factors. The main emphasis should be to conserve these natural habitats and hence formulation of management measures with proper application of scientific technologies is essential. Fisheries management can serve to conserve the ecosystem along with the existing flora and fauna which will directly benefit humans, terrestrial and also aquatic life. A major policy, financial and technological support are the requirements of the hour to utilize the vast potential resources present in the wetland ecosystem. The different stakeholders including scientists, planners, entrepreneurs should put their heads together for wetland development both from ecological and fisheries point of view. India currently needs to produce about 8.2 millions fish to cater to the domestic demands. With the present fish production at the rate of 6.4 million tones, the country’s current deficit is at the rate of 22% of the domestic demand. India’s future fisheries development plans are aimed at making substantial contributions for doubling fish production for the welfare of the fishermen population as well as the consumers. In this context fish culture in the wetlands would be playing a significant role for increasing the aquaculture production of the nation in the coming years.
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