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Ecology and Conservation ofLoktak Lake, Manipur: An Overview

provides refuge to nunierous migratory birds, mostly migrating from different parts of
the northern hemisphere beyond the Himalayas (Manihar, 1999).While ^'isiting the Manipur
Valley, Dr. N. Annandale remarked on the Loktak lake that "I have not seen an)' other
place in Irtdia, where such enormous swarms of ducks and geese could be observed on the
water as was the case in February on this lake, and wading birds were almost as abimdant
in the surrounding swamps" (Annandale ct ni, 1921). In recognition of the lake's rich
biodiversity and its socio-economic importance, the Ramsar Convention on Wetlands
designated the Loktak lake as a Ramsar Site (Wetlands of International Importance) in
1990.

The lake is situated in the southern part of Manipur valley, surrounded by hills on the
west and the Manipur river in the east flowing southwards parallel to the lake. There are
about 53 human settlements in and around the lake. Tombi Singh and Shyamananda Singh
(1994) reported that origin and evolution of Loktak lake may be ascribed to tectonic
activity and neotectonism remarkably influenced by a long history of fluviolacustral
processes. The isotopic data of the lake sediments suggest that it existed from the middle
of the last glacial period about 25,000 years ago (Mitre et ai, 1986). A map of Loktak lake
along with its associated rivers and tributaries is shown in Figure 1.1.

.S

Figure 1.2:Aview ofLoktak Lake showing thefloating

The characteristic feature of the lake is the presence of phwndis. It has been reported
that phiimdis play an important role in the ecological process and functions of the lake
ecosystem (Tombi Singh and Shyamananda Singh, 1994; Trisal and Manihar, 2002a; Kosygin,
2002; Devi and Sharma, 2008; LDA and WISA, 2004). The Keibul Lamjao National Park in
the southern part of the Lake is considered the only floating National Park in the world as
it is covered by the floating phumdis. This park is the only natural habitat of a highly
endangered brow antlered deer, Cervus eldi eldi (McClelland) locally known as Sangai. The
lake continues to be a vital fisheries resource providing livelihood to a large population.
The lake water is being used for hydropower generation, irrigation, domestic water supply,
fishery and wildlife. Aview of Loktak lake is shown in Figure 1.2.
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Physical Features of the Lake

Loktak lake is a shallow, wind-swept freshwater lake. It is located in Vlanipur between
longitudes 93" 46' - 93° 55'Eand latitudes 24° 25' - 24° 42' N. The lake is oval in shape with
maximum length and width of 32 km and 13 km respectively. It has a surface area of 287
sq. km at 768.5 m above msl at Ithai (LDA and WISA, 2004). At present the average depth
of the lake is 2.7 mwith a maximum depth of 4.6 m. There are 14 hills varying in si/e and
elevation, appearing as islands, in the middle and southern part of the lake. The most
prominent of them are Karang, Sendra, Ithing and Thanga islands. There are a number of
streams originating from the western hill ranges, which directly discharge into the lake.
Of these, Nambul, Nambol, Thongjaorok, Moirang, Awang Khujairok Ngingthokhong,
Potsangbam, Merakhong and Irumbi contribute maximum discharge into the lake. The
mdirect catchment area covers watersheds of 5 important rivers vi/ Imohal Iril Thoubal,
Khuga and Sekmai. All these rivers join together forming Manipur River and' flow towards
south by passing the Loktak lake and drain out into the Chindwin river of Myanmar.

Table 1.1
Morphometric features of Loktak lake, Manipur (Trisal and Maniliar,

Maximum length (km) " ^
Maximum width (km)
Maximum depth (m)
Mean depth (m)
Open water area (sq km)
Phumdi area (sq km)

32

13

4.6

2.7

43.9

Fish farm-cum-agricultural area (sq km) infi q
Island (sq km)
Surface area (sq km)
Total volume (M cum)

Shape 1046
Oval

2.0

287.0

519

:tak Watershed has^^considered as asub-basin of Manipur river ^
780 at the fohilt d th elevation varies frJ
The lake also has t ^
various streams/rivers flowing directlyfrom t'h receives water
the Manipur River system via Tlnry i j western hills, indirect water mp^

Outflow from the lake includes abstraf '̂̂ T channel and direct precipi^®outflow through Ungamel and KhordlTchan generation, domestic
The flows to the lake through Ungamel and KhrTn i 3"^ evapotranspi
upon the relative level of Lter fnThe ake . Hk̂ bi-directional depe'̂me laKe and the Manipur river.
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Ecology of Loktak Lake

Physico-chemical characteristics: The physico-chemical characteristics of Loktak lake
have been studiedby Bhatia (1979), Shyamanda (1991), Tombi Singh (1992), Kosygin (2002).
Recently more detail study was made by the Loktak Development Authority (LDA) and
the Wetlands International South Asia (WISA) during 1999 - 2003 at various points of the
lake.

The lake water quality showed well marked seasonal fluctuation. The surface water
temperature, in general, ranges from 16.0° in winter to 34.6°C insummer with an average
value of24.rC. The maximum light penetration values (2.98m) are recorded during post-
monsoon atThanga and minimum (0.51m) during monsoon atLoktak Proper near Moirang.
The lake water is usually turbid; the low value of transparency being attributed to several
factors, of which silt derived from catchment areas and plankton are significant. The lake
water is slightly acidic. It ranges from 5.4 to 9.6. In general, lower pH values were found
in the northern and southern zones of the lake. The maximum and minimum pH values of
the lake water often exceeds both the upper and lower tolerance limits (6.0- 8.5) prescribed
by 151 (1982) for inland surface waters. Recent extensive studies on the Keibul Lamjao
National Park (KLNP) showed that park water is acidic in nature and it may lead to
change inmicrobial population, generally implicated for degeneration of phimidis. Avery
low value of pH (3.8) has been reported from the core zone area of KLNP (Trisal and
Manihar, 2004). The acidic nature of the park water may be attributed to dissolution of
high concentration of carbon dioxide, which forms carbonic acid and high percentage of
organic matter in the pwndis and soil.

The dissolved oxygen (DO) content varies greatly at different parts of the lake and at
different seasons. The maximum dissolved oxygen content was observed in open water
area of Takmu (12.3 mg/1) during pre-monsoon and the lowest at Patangkhong (1.6 mg/-
1) during monsoon. In general, level of DO is alsooften hypoxic (< 4 mg/1) in the northern
and southern part of the lake. It is may be due to poor flushing ofwater and decaying of
phwndis. In addition the northern zone receiving heavy discharge of sewage from the
Nambul and Nambol Rivers. Depletion of DO is an indicator ofseveral types of pollution
in water.

The biochemical oxygen demand (BOD) varied between 2.9 mg/1 at Takmu and 13.8
mg/1 near Toubul. The higher level of BOD at Toubul may be attributed to high pollution
load brought in by the rivers from the urbanized areas of Jmphal and Bishnupur. The
average value is more than the permissible level (3 mg/L) for class 'D' water prescribed
3y ISI (1982). The free CO^ values ranged between 1.7mg/l at Takmu during pre-moT\soon
md 35.2 mg/1 at Keibul during monsoon. Usually, free CO^ was lower in open water ared
)f the western side of the central zone compared to the eastern side of this zone.
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Floral diversity: The studies on the flora of Loktak lake has been made bv vari<
workers (Tombi Singh and Shyamananda Singh, 1994; Shyamjai Singh, 2002; Devi and
Sharma, 2008). The lake is covered with thick vegetation which includes emergentS;
submerged and floatmg type life forms. Vegetation plays an important rc^Ic in the ecological
processes and functions of lake ecosystem besides being of great cultural significance to
the people (LDA and WISA, 2004). The rich plant diversity of the lake is of considerable
importance as food, fodder, fuel and gene pool.

Tombi Single and Shyamananda Singh (1994) reported a total of 233 specie?

^eciffifrSriT ri (2002) reported atotal of 145 pla"'
and ll IZ.t V . categorized them as 123 tcrrestr.a'
Vhtmdi Leas ThI 'T 'k categorized into phuvnii and '•o"'phumdi areas^The macrophytic species in non-phumdi areas arc represented bv emerge"'''
submerged, floating and rooted floating leaf types depending uZirl l; depth- Th '̂
Central Zone, which is relatively free of phumdis, excepting aiLphums is dominated

TrifrtheXThe ftl d.ffere. i
has been observed in southern zonp nnH\ highest number of sp ,
zone (78) in decreasing order. followed by northern zone (92) and cen

known as phumdis (BgurfTs^^ThesTT floating mats or islands loe^
and organic matter atlrToi ;! /. "'"^^^ are heterogeneous mass of soil, vegcWJThe bases of it normally have tWrk° ^nd occurs in all sizes and
2004). The high proportion nl ' from 0.2 mto 2,95 m(LDA and WiSJ
high buoyancy to keep it afloat^ T phi'mdi gives it alow specific gravity «j
that about one meter thick p/iwmrfiea^^ Shyamananda Singh (1994)and larger size of about 2meters thick^" animals and human be
small hut with 4to 5people The ac readily support jj
indicates that 1626 8 tonnes nf > °f mineral accumulation within the pi'" gi\
potassium are accumulated (Trisal anf '̂ "u phosphorous and 621 tonne
2004).P/,.mdfepi '°™andMamhar,
the lake water. Nutrient comr^^ '!'"" '̂®®
components of p/zumdis are vf' '̂ 'ff^rent - r

from entering the water body Th» i ||||||ii^»ite
deteriorate the water quality and PnK ^
shallowing process when they sink inside^th^l 'w ^ '
•nie main species foujid in the phumdis are Alplnk
PhrfZtT^ Hedychium, Impatient Figure 1.3: Aclose view ofPhmgmites, Saccharum, and Zizania. Overall 60 Ph"nidis in the Laktak Lake



Ecology and Conservation ofLoktak Lake, Manipur: An Overview

species are common to phwnciis in all the zones. Phunidis are also used by the local
communities for fishing purposes. These phumdis are locally called athaphums and are usually
round in shape. They are either naturally present in the lake area or have been brought
from different parts of the lake for aquaculture purposes.

According to Devi and Sharma (2008)structure of phwndi is composed of three \'ertical
zones viz., (1) uppermost root zone (10-15 cm in thickness), (2) mat zone (25-65 cm) which
is a layer of densely interwoven live, dead and decaying roots with some litter
accumulation, located just below the root zone and (3) the peat zone (10-25 cm) below the
mat zone which mainly compose of decomposed materials. However, phumdi supports
rich luxuriant vegetative growth of different plant species above the water surface. A
vertical section of phiimdi is shown in Figure 1.4. Therefore, Phumdis may be divided into
4 zones namely:

1. Vegetative zone

2. Root zone

3. Mat zone

4. Peat zone.

The formation of phumdis initiated with a dense growth
of floating aquatic plants like Snlvinia, Eichhornia, Pistin, AzoUa
etc., which accumulates some suspended silt and organic
matter with their rich branching root system. The plants
associated with the phumdis may be classified into primary
and secondary plants. Those macrophytes, which initiated
the formation ofphimtdis may be considered as primary plants.
They usually float on water and form interlocking of roots.
They trap silts from the water and also receive soil particles
from the atmosphere thereby making favourable habitat for
secondary plants to invade. Plants like grasses and other
herbs invade first and later semi-terrestrial and terrestrial

plants establish their growth on the phwndis. These plants
absorb nutrients from the lake in order to sustain their life.
As the nutrient supply is abundant in the lake, vegetation of
different species of tall weeds and bushes grow up to three
meters tall. The dead organic matters of these plants are also
deposited on the phumdis, making them more fertile and
thicker. In due course of time, the formation becomes more

"irm and their thickness increases both horizontally as well
>S vertically, Figure 1.4. Vertical section

of Phumdi.
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from both natural and cultural eutrophication. The high nutrients level in the lake ecosystem
may be attributed to the fact that the lake is receiving sewage and domestic waste from
the municipal areas and human settlements including those dwelling in the phum huts,
residue of fertilizers from the surrounding agricultural fields and erosion of nutrient rich
top soil of the catchment area. As a result the lake is heavily infested with aquatic weeds
and phiimdis. At present the lake is heavily eutrophic and is under delicate balance of
phytoplankton-macrophyte competition and is always ready to tilt in any direction of
either rapid water quality deterioration or rapid shallowing due to unchecked biomass
accumulation (Tombi Singh and Shyamananda Singh, 1994). It is reported that the lake
receives 137.74 tonnes of P and 1152.14 tonnes of N per sq km per year from its catchment
(Shyamananda, 1991).

The nutrient inflow into the lake from its feeder rivers were studied in the recent

years. Trisal and Manihar (2004) reported that a large population living within Nambul
catchment generates daily 72.23 million tonnes of solid waste and 31,207 cum of sewage.
Nambol also contributes 4.9 million tonnes of solids waste and 2,121 cum of sewage
annually. All these wastes directly or indirectly discharged into the lake. Further, rivers
like Awang Khujairok, Ningthoukhong, Potsangbam, Merakhong and Irumbi draining
the agricultural fields having high amount of fertilizer, contributes high concentration of
nitrogen and phosphorus. A significant outcome of the water quality assessment shows
that the river Nambul and Nambol discharged a heavy load of nutrients (2,338 and 243
tonnes/year of nitrogen; 270and 34 tonnes/year of phosphorus and 2,081 and 198 tonnes/
year of potassium for Nambul and Nambol respectively) into the lake. The processes of
eutrophication combined with siltation accelerate the aging process of the lake.

Water quality deterioration/Pollution: Pollution is one of the main problems,
which many lakes are facing in northeast India. The Loktak lake is receiving pollutants
from bothpointand non-point sources. It receives organochlorine pesticides and insecticides
from the surrounding agricultural fields. Due to insufficient scientific knowledge many
farmers utilized pesticides and fertilizers in their fields more than what they required in
order to produce more products. This also er\hances the process of pollution in the lake.
Nitrates can be converted in the human digestive tract by certain bacteria to nitrites.
Nitrites when react with haemoglobin in the blood, the ability of the latter to take up
oxygen is greatly reduced (Verma and Agarwal, 1987). The lake also receives huge amount
of polythene and other waste plastic items from the human settlements. The mouth of
Nambul river in the lake is often piled-up with huge quantity of plastic wastes and broken
glass. These substances are non-biodegradable in nature and create numerous problems
in the lake ecosystem.

The excess amount of nutrients may also cause pollution due to over-production of
aquatic weeds, planktons and phumdis. Under the prolonged cloudiness during rainy
season, they may decay and consume more oxygen than they produce, leading to oxygen
depletion in the water. The bacterial decomposition oforganic waste also consumes huge
amount ofoxygen from the water, which may diminish below the point (anoxic condition).
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7. Habitat improvement of Keibul Lamjao National Park (KLNP): Thepopulation
of the highly endangered brow antlered deer, Ccnnis eldi elcii locally known as Saugni,
is threatened due to the changes in habitat characteristic of KLNP. A long term
management plan has to be developed integrating the hydrological, ecological and
socio-economic aspects in order to conser\'e this highly endangered specie and its
habitat.

8. Awareness and education programmes: In conservation and management of any
lake, participation of local communities is quite necessary. In fact no conservation
programme is successful without cooperation of communities. Therefore, proper
awareness and education programmes may be given to "the local communities.

9. Monitoring of lake environment: A meaningful interpretation of the causes and
mechanisms of deterioration in the lake is only possible, if periodic surveys of different
ecological aspects are carried out. This emphasizes the need to monitor the lake's
environment on a regular basis. Base line data may be collected systematically for
planning and management of the lake. Further, monitoring of lake ecosystem would
also assess the efficacy of control measures put into operation for the conservation of
the lake.

Conclusion

From the above discussion it is clear that Loktak lake has rich bioresources and plays
very important role in the ecological and economic security of the people of Manipur
However, the lake is experiencing severe environmental stress and serious habitat
degradation especially in the northern and southern zones of the lake due to various
anthropogenic activities. The consequences of increasing nutrient load are apparent, through
deterioration of water quality characteristics and symptoms of eutrophication with prolific
growth of aquatic weeds and pJnimdis. Direct discharge of untreated human wastes from
the plnim hut dwellers and settlements in and around the lake has further aggravated the
nature and extent of eutrophication. Proliferation of phumdis, siltation and human
encroachments have combined with natural processes to reduce the area of open water
within the lake. At present, the condition of the lake has reached a critical stage from the
ecological angles and if proper conservation measures are not taken, the lake is likely to
deteriorate further. However, establishment of a Lake Development Authority and
notification of the Manipur Loktak Lake (Protection) Act, 2006 may be considered as
major steps taken by the state government towards promoting sustainable management
of the lake.

The various measures proposed for the conservation of the lake include afforrestation
of the catchment area, control of land reclamation and other encroachments, flushing and
increase in water circulation, treatment of sewage with improved sanitation and waste
disposal programme, control of phumdis and aquatic weeds, enhancement of fish diversity





Current Status and Fisheries Enhancement of

Rudrasagar Lake in Tripura
—S. Mimilkumar*, A. Paul and A. Dey

[The Rudrasagar lake is a Ramsar site located in Tripura, a northeastern state of
India. It has always been one of the famous tourist spots in the state.
Responsibility of managing the lake lies with the state fisheries department.
The lake had been leased out to a fishermen's cooperative society. The society
generates revenues through issuing of rights for fishing In the lake, cultivation
ofsurrounding areas and runningof tourist boats. Thelake itself is in the process
of autogenic succession and various factors like increasing silt loading due to
deforestation, expansion of agricultural land and intensive farming, and
settlements forever increasing human population, are exertingenormous pressure
on the lake ecosystem. Unless some urgentmanagement measures are taken up,
the lake, which has lot of socioeconomic importance, faces uncertain future. In
this chapter, the current status of the lake has been discussed along with some
issues related with fisheries development in the lake.

Key words; Rudrasagar, Tripura, ecology, water quality, fisheries.]

Introduction

Tripura, one of the northeastern states of India, is situated between latitude 22^56'
and 24032' N and longitude 90°12' and 90°21' E. The drainage systemsare Khowai, Dhalai,
Manu, Jari and Longai rivers in the north, Gumti and Howra rivers in the east, the tidal
rivers ofFenny and Muhuri in thesoutheast, mixing theBay ofBengal through Bangladesh.
The Gumti is the largest river flowing from east to west direction. Temperature ranges
between 35-40" C during summer and 10-15" C during winter, with 70-85% humidity

*College ofFisheries, Central Agricultural Uiiiversity, Lembucherra, Tripura West - 799 210.
Presentaddress: Central bistituteofFisheries Education, Versova, Mumbai - 400061 (India).




