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LIMNOLOGICAL ASPECTS OF THREE MAN-MADE LAKES
IN SRI LANKA

KUMARI DE SILVA

(Dr P. K. de Slva, Department of Zoology, University of Peradeniya,
Peradeniya, Si Lanka.)

Introduction

Sri Lanka, atropical island with an area of 65,525 km? (Fig. 1), is situated to
the south of the Indian sub-continent and separated from it by the narrow Palk
Strait. Based on the amount of annua rainfall, two maor climatic zones are
usually recognised in the idand: a wet zone covering the south-eastern quarter
and a dry zone extending over the rest of the country (Fig. 1); the 2000 mm
isohyet is usually the boundary between the two zones. The idand contains no
natural lakes, except for a few small floodplain lakes, but this absence is
amply compensated by the creation of a large number of reservoirs for
irrigating rice fields, most of which date back 800 to 2500 years. These are in
the lowlands at atitudes below 200 m in the drier part of the country (Fig. 1),
and they number more than 10,000 ranging in size from less than 2 ha to more
than 2000 ha. Most of these reservoirs are small, shallow and seasonal, drying
up completely or ailmost completely during the dry season by the end of the
rice-growing period. Of the perennial reservoirs, only a few are large and
exceed 300 ha at the full supply level (FSL), and others are medium-sized (10
to 300 ha) to small in area (<10 ha) (Table 1). In addition to these, afew large,
deep reservoirs have been created recently in the uplands (200 to 1000 m
above sea level) and highlands (>1000 m) primarily for hydroelectric
purposes. Severa of these reservoirs have been created by damming and
diverting the River Mahaweli.

Little information is available on the limnology of these deep reservoirs or
man-made lakes, although such aspects of many lowland, shallow, irrigation
reservoirs have been studied (Fernando & De Silva 1984; De Silva 1988).
Therefore, an investigation was undertaken to study mainly the important
physicochemical characteristics, phytoplankton and fish fauna of three mgor
deep lakes on the River Mahaweli, namely, Kotmaé, Victoria and
Randenigala. The study was based on 10 randomly selected sampling stations
in Kotmalé, 12 in Victoriaand 12 in Randenigala (Fig. 1). These stations were
sampled fortnightly during the period January 1988 to December 1990. Depth
samples were taken using a Ruttner sampler of 1 litre capacity. Temperature,
pH, dissolved oxygen concentration, electrolytic conductivity and turbidity
were measured during sampling, using calibrated portable electronic meters.
Alkalinity was estimated titrimetrically within 24 hours of collection.
Concentrations of important anions such as nitrate, nitrite, phosphate and
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FIG. 1. A: Map of Sri Lanka showing the major rivers. The box sector indicates the region of the
three Mahaweli lakes, and the curved line separates the wet zone in the south-west and the dry
zone in the north and cast. B: The three Mahaweli lakes — Kotmalé. Victoria and Randenigala,

Table 1. The estimated total surface areas of several types of lentic waterbodies in Sri Lanka.

Type of waterbody Area (ha)
Major irrigation reservoirs (ancient) {>300 ha) . 104,000
Medium-scale reservoirs (ancient) { 10-300 ha) IEALLH
Minor irrigation reservoirs (ancient) (>10 ha) 39,000
Floodplain lakes {narural) {mostly seasonal) 24,000
Upland (300 m as]) hydroglectric reservoirs (recent) 11,000

Total area ) 197,060
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slicate were estimated spectrophotometrically using appropriate colour
reactions. The methods used in the study are those given by Golterman et al.
(1978). The precautions given in the same work for collecting and testing
various ions were carefully observed. Phytoplankters were collected using an
Apstein net with an attached distance meter. They were counted in a
Sedgewick-Rafter cell of 1 ml volume. Fish samples were obtained from the
littoral as well as from the catches of local fishermen.

Table 2. Important morphometric features of Kotmale, Victoria and Randenigala lakes (Mahaweli
takes). FSL = full supply levei. ;

Lake features Komale Victoria Randenigala
Year of impoundment 1984 1984 1986
Storage capacity (108 m?} 174 722 860
FSL {m ash 703 438 232
Surface area ar FSL (km?} 6.3 237 23.5
Catchinent area (kin?) 344 1893 2333
Maximum depth (m) . 73 102 50
Mean depth (m) 276 30.8 36.6
Shore line (km) 32 1i5 73
Catchment areaflake area R6.4 EARY 993
Littoral zone at FSL (<3 m depth} (km?) 04 i.6 1.0
Lowest drawdown level (m asl) 663 370 203
Useful storage capacity (1% m?} 152 688 563
Dead storage capacity (106 m®) 22 34 294

Surface area at dead storage (km?2) 1.6 1.8 13.0

Lakes Kotmalé, Victoria and Randenigala

These three deep lakes (Fig. 1) were created, mainly for hydroelectric
purposes, during the period 1984 to 1986, by impounding the River Mahaweli
a different elevations. Of the three lakes, Kotmalé is situated at the highest
elevation (Table 2). It is an inverted L-shaped lake (Fig. 1) created by
damming one of the uppermost branches of the river, the Kotmala Oya. The
catchment of Kotmalé consists mainly of tea (Camellia sinensis) plantations
in the hills, and paddy fields and human habitations at lower elevations,
athough in the hills there are aso some forested areas with sub-montane
evergreen vegetation.

Victoria (Fig. 2), a W-shaped lake, was built by constructing a dam
immediately downstream of the point of confluence of the main branch of the
River Mahaweli and a mgjor tributary, the River Hulu (Fig. 1). Victoria
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receives its water mostly from the Hulu, because water from the main branch
of the Mahaweli is usuadly diverted immediately upstream of the lake into the
dry zone lakes which lie to the north. The headwaters of the River Hulu are in
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the forested Knuckles hills (with moist semi-evergreen forest vegetation),
which form the Knuckles forest reserve, but at lower elevations there are tea
and cardamon (Elettaria cardamomum) plantations and at il lower
elevations there are paddy fields and human habitations.

Randenigala is hatchet-shaped (Fig. 1) and is the third lake on the River
Mahaweli, stuated immediately below Victoria. Although it has severa
streams flowing into it, the main supply of water to Randenigala comes from
Victoria. Therefore, the water level of the lake is mostly controlled by the
outflow of the Victoria lake. The streams flowing into Randenigala originate
in forested areas (with moist semi-evergreen forest-type vegetation), which
form the Victoria-Randenigala sanctuary. More recently, another small lake
was created immediately downstream of Randenigala to catch the outflow of
the latter.

Morphometric features of the three Mahawdi lakes

As the three lakes are situated in the hilly region, their banks are steep and the
littoral zone is narrow along most of the shoreling, in contrast to wide littoral
regions of the shalow irrigation lakes in the dry zone. The frequent
fluctuations of the water level, resulting from the high outflow rate during
periods of greater hydropower production, change the position and extent of
the lake littoral zone frequently. The littoral area, taken as less than 3 m deep,
isonly 6.1% of the total area at full supply level in Kotmalé, 6.6% of Victoria
and 4.1 % of Randenigala.

Major morphometric and hydrological features of the three lakes are listed in
Table 2. The area and capacity curves (Fig. 3) show that Kotmaé has the
lowest ratios of area/depth and capacity/depth, indicating that its basin is the
narrowest and most steep-sided of the three lakes, Randenigala, on the other
hand, is the least steep.

Physicochemical characteristics of the Mahaweli lakes

Table 3 gives the ranges of temperature, pH, dissolved oxygen concentration,
conductivity, turbidity, and the concentrations of important anions in the
Mahaweli lakes. The monthly variation of temperature, pH, dissolved oxygen
concentration, conductivity, turbidity, rainfall, water level, inflow and Secchi
disc depth in Victoria are shown in Fig. 4. In dl three lakes, thermoclines are
present during most months of the year, but these appear to be not very stable.
They tend to disappear during January-February but are well established in
August-November (Fig. 5). Heavy rains occur in January and July, and during
these months the lake temperature varies gradually from top to bottom rather
than establishing a thermocline. May to July are windy months, and the
thermocline is not well marked during this period. The depth of the
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FIG. 4. Monthly variation of some physicochemica variables in Victoria Lake during 1989. Top
panel: conductivity (uS/cm at 25°C), turbidity (nephelometric turbidity units), Secchi-disc depth
(cm). Centre panel: pH, dissolved oxygen (mg/1), temperature (°C). Bottom panel: water level
(metres above sea level), rainfall (mm), inflow volume (m® x 109).
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FIG. 5. Variation of water temperature with depth in the three Mahaweli lakes during 1989.
1 = Randenigala; 2 = Victoria, 3 = Kotmalé (not sampled in January 1989).
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FIG. 6. Variaticn of conductivity, turbidity, temperature, pH and dissolved oxygen with depth of
Victoria Lake on 21 September 1989,

Table 3. Important phsyicochemical characteristics of the subsurface waters (measured at 5 to 10
o below the water surface) of the three Mahaweli lakes during 1988 to 1990. The ranges given

are for the means of samples at all stations; nm = nephelometric wrbidity units.

Characteristics Kotmale Victoria Randenigala
Water temperature (°C) 24.0-27.6 24.8-30.1 26.2-30.6
Disselved oxygen concentration (mg/iy 7.5-89 6.0-8.0 64383
pH 6.8-7.2 6.7-7.8 6.8-7.6
Conductivity (pSfcm) 40-53 53-92 78-100
Turbidity {ntu) o 1.0-4.6 1.0-4.5 1.04.2
Secchi-disc transparency (cm) 136-226 160-283 251-301
Total alkalinity (mequiv./1) 0.23-0.43 0.45-0.82 0.68-0.97
Nitrate {mg/1) 29-45.6 27228 5.1-385
Nitrite {mg/1) 0.01-0.1 0.01-0.1 0.01-0.1
Orthophosphate (pg/ <j-t24 <5-9.1 <5-10.5
Silicate (ug/) 0.1-8.5 0.5-9.1 0.5-10.6
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thermocline also changes somewhat during different months but usualy it is
present at depths between 5 and 15 m. The epilimnion is not very deep. Bauer
(1983) is of the opinion that the shallow low-country reservoirs in Sri Lanka
are unlikely to develop and retain for long periods of time strong thermoclines
and chemica stratification. Sreenivasan (1970) showed that thermal
gratification is rare even in much deeper reservoirs in southern India.

Down the thermocline, dissolved oxygen concentrations decreased rapidly
but conductivity and pH declined more gradually (Fig. 6). Turbidity increased
with depth. Concentrations of nitrates were highest a the thermocline, but
nitrates and phosphates, especialy the latter, were relatively low in al three
lakes (Table 3). The rapid turnover of water is one of the factors which tend to
work against the accumulation of these ions in the lakes.

All three lakes have a rapid turnover. The yearly inflows of Kotmale,
Victoria and Randenigala are respectively about 480, 1850 and 2070 million
cubic metres for the period 1987 to 1990. The catchments of the lakes receive
high rainfall; during 1987 to 1990 annua rainfal at Kotmale, Victoria and
Randenigala respectively ranged between 2216 and 3365 mm, 1033 and 1860
mm, and 1264 and 1590 mm. Since the capacities of the three lakes are,
respectively, 174, 722 and 860 million cubic metres, it appears that, at least
theoretically, the water in each lake could be completely replaced in periods of
only three to four months. The constant heavy outflow at a considerable depth
(intake gates are located 38, 52 and 29 m below FSL, respectively, in Kotmalé,
Victoria and Randenigala lakes (Table 2)), as well as the frequent fluctuations
of the water levels, aso could affect the establishment of stable thermoclines.

In general, the physicochemical parameters considered above are al higher
in the irrigation reservoirs situated elsewhere, at low elevations in the dry
zone (Table 4).

Macrophytes and phytoplankton

Aquatic macrophytes, floating or rooted, were not observed in any of the
Mahaweli lakes, and the primary productivity was amost entirely due to
phytoplankton. The frequent changes of water level affect the establishment of
rooted macrophytes.

The net phytoplankton consisted of al three mgor groups, namely,
Cyanobacteria, Chlorophyta and Bacillariophyta, but Chlorophyta dominated
all three lakes in terms of the number of taxa present. Desmids were the most
common, mainly species of Saurastrum and Cosmarium. Table 5 gives alist
of phytoplankters identified from the Mahaweli lakes.

Cyanobacteria

Fifteen species of blue-green agae belonging to 14 genera were identified
(Table 5). The common genera were: Microcystis, Gomphosphaeria,
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Merismopedia, Coelosphaerium, Dactylococcopsis, Lyngbya and Oscillatoria.
Microcystis and Merismopedia were present continuously throughout the year
and, being colonial and large forms, they imparted a bluish colour to the
surface waters when present in abundance: Microcystis was the dominant
genus and contributed more than 50% to the numbers in all months.

Species of Anabaena, Microcystis and Oscillatoria appear to be widespread
in Si Lanka and were present in dl three Mahaweli lakes as well as in
irrigation reservoirs of the dry zone (Mendis 1965; Rott 1983) and in Beira
Lake in the lowland wet zone (Costa & De Silva 1978). However, genera such
as Anabaenopsis, Chroococcus and Pseudanabaena, which were recorded in
Parakrama Samudra reservoir, were not collected in the three Mahaweli lakes.
Seenyya (1971) found that blooms of green algae, especially blooms of
Microcystis, are antagonistic to the development of Volvocales. Thus
Microcystis, which was present in significant numbers throughout the study
period in al three lakes, may have affected the growth of Volvocales, which
were present only in very low numbers. Costa & De Silva (1978) aso
reported similar observations in Lake Beira in Colombo. Aphanocapsa and
Gleotheca, recorded from Beira, were not found in the Mahaweli lakes or in
Parakrama Samudra

In general, the Cyanabacteria are known to predominate the phytoplankton
biomass in shallow tropica waters (Sreenivasan 1970). Holsinger (1955)
reported Cyanobacteria (Myxophyceae) as the dominant phytoplankton group
in Lake Beira, but Costa & De Silva (1978) found that Chlorophyta formed
the mgor part of phytoplankton in this lake. Dokulil et al. (1983) reported that
the phytoplankton assemblage in Parakrama Samudra reservoir is dominated
by Cyanobacteria and Bacillariophyta; chlorophyte species occurred in low
numbers. However, by number of taxa, Chlorophyta (which includes 30
species), dominate in Parakrama Samudra; Cyanobacteria are represented by
22 species (Rott 1983).

Chlorophyta

The three Mahaweli lakes contained 27 species (seven genera) of desmids and
25 gpecies (20 genera) of non-desmid green algae. Desmids were the
dominant group and the mean number of desmids per litre was much higher
than the total counts of other Chlorophyta and Cyanobacteria taken together.
Saurastrum, with 16 species, was the dominant desmid genus by the number
of taxa The common species were S sebaldi, S arctiscon and S
pseudopelagicum. These three species respectively contributed 75%, 8% and
5% by numbers, while all other species of Staurastrum contributed only 12%.
Cosmarium was represented by 5 species (Table 5) and was more abundant
than Staurastrum by numbers.

Saurastrum, Cosmarium and Pediastrum (Chlorophyta), which were
present in the dry zone irrigation reservoirs as well (Mendis 1965), appear to
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be widespread in Sri Lanka. Genera such as Botryococcus, Crucigeniella,
Franceia, Monoraphidium, Quadricoccus and Tetrastrum, which were present
in Parakrama Samudra (Rott 1983), were not collected in the three Mahaweli
lakes during the present study. Some of the nannoplanktonic species may not
have been collected because the mesh size of the net used (55 um) is too
large.

Mougeotia and Closteriopsis were common among non-desmid
Chlorophyta. The rest of the green algal species did not add much
quantitatively to the phytoplankton abundance of the three lakes.

The phytoplankton in the Mahaweli lakes is dominated by Chlorophyta, by
number of taxa, and this compares well with the situation in Lake Beira,
Colombo.

Bacillariophyta

Ten species (nine genera) of diatoms were identified in the Mahaweli lakes, of
which the two filamentous species Melosira granulata and M. undulata were
dominant. The remaining eight diatom species were non-filamentous forms
and were not of much quantitative significance. The diatom Melosira was also
present in Parakrama Samudra, but Costa & De Silva (1978) did not record it
in Lake Beira. Cyclotelld, which is a common diatom in both Parakrama
Samudra and Beira, and Syredra, which is common in Parakrama Samudra
(Rott 1983) and other dry zone irrigation reservoirs (P. K. de Silva,
unpublished data), were not observed in the three Mahaweli lakes.

Zooplankton

An investigation on the zooplankton of the three lakes was undertaken
subsequent to that of the phytoplankton, and is still not complete. However, it
appears that rotifers (six genera), cladocerans (nine genera) and copepods
(five genera) are common, as they are in lowland irrigation reservoirs. These
common species are as follows.

Rotifera: Asplanchna brightwelli, Brachionus caudatus, Keratella tropica,
Notholca sp., Lecane spp., Trichocerca sp.

Cladocera: Alona sp., Bosmina sp., Bosminopsis sp., Ceriodaphnia cornuta,
Diaphanosoma exisum, Leptodora sp., Moina sp., Moinadaphnia sp.,
Simocephalus sp.

Copepoda: Diacyclops sp., Ergasilus sp., Eudiaptomus sp., Mesocyclops
leuckarti, Thermocyclops sp.

Fish fauna

As in other lakes and rivers in Sri Lanka, the Family Cyprinidae dominated
the fish fauna by number of species, but by biomass the exotic cichlids
(tilapias) were dominant.
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Table 6. The fish fauna of three Mahaweil lakes in the period 1988 to 1990,

Family/Species Status in Sri Lanka
Anguillidae

Anguifle nebulosa Common
Cyprinidae

Cyprinus carpio Exotic, restricted to some yeservoirs

Danio malabaricus Common

Esomus thermoicos Common

Labeo fisheri Endemic, restricted to Victoria-Randenigala region

Puntius dorsalis Common

F. filamentosus Common

P. sagrana Commen

Rasbora daniconius Common

Tor khudree Common
Bagnidae

Mystus vittattes Common
Siluridae

Ompok bimaculaius Common
Heteropneustidae

Heteropreustes fossilis Common
Chichlidaes

Etroplus macularus Common

Oreachiromis mossambicus Exotic, very common

. niloticus Exotic, common

Tilapia rendafli Exotic, rare
Gobiidae

Glossogobius giuris Common
Belontiidae

Belontia signata Endemic. frequent
Channidae

Channa gachua Common

C. marulins Rare
Mastacembilidae

Mastacembelus armatus Common

Twenty-two species of fish were recorded from the three Mahaweli lakes
(Table 6), most of which are small, riverine species. The absence of natura
lakesin Sri Lankais reflected in the absence of indigenous lacustrine fish. The
species found in lowland irrigation reservoirs are aso riverine fishes, together
with a few estuarine species. The absence of lacustrine species may be one of
the reasons why the exatic tilapia Oreochromis mossambicus became well
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established in lentic waters in a short period of time after its introduction in
1952.

The conversion of the River Mahaweli into a series of lakes has affected
populations of the endemic fishes Garra ceylonensis and Labeo fisheri, the
latter being restricted to the Victoria and Randenigala areas. This riverine fish
has become rare since the creation of Victoria and Randenigala, and L. fisheri
should be considered as an endangered species. G. ceylonensis, which is
grictly a riverine fish, has disappeared with the change of habitat, but is still
present in feeder streams. In any case, it is a common species found in al
major river catchments in Sri Lanka. The creation of the lakes aso affects the
upstream spawning migration of the mahseer Tor khudree. But, since other
streams suitable for spawning are present both upstream and downstream of
the lakes, their creation has effectively isolated populations present in
different locations. Channa marulius is usually present in rivers but spawns at
low dtitudes; the juveniles then often migrate up to an dtitude of about 600
m. This fish will disappear from the River Mahaweli above Randenigala
because the lake is a barrier to its migration. The catadromous Anguilla
nebulosa will also disappear from the lakes and upper regions of the river
because the downward migration of the adults for spawning and the upward
migration of juveniles for feeding and growth are both prevented by the dams
of the series of lakes built along the Mahaweli.

Three tilapias, Oreochromis mossambicus, O. niloticus and Tilapia rendalli,
were present in Victoria and Randenigala, but the last species was not caught
in Kotmale. The three tilapias together constituted 67%, 59% and 69% of the
fishermen's catch (by netting) on Kotmale, Victoria and Randenigala. O.
mossambicus dominated the catches and this fish usually forms about 90% of
the catch in lowland irrigation reservoirs (De Silva 1988).

The moipho-edaphic index (MEI) (the ratio of water conductivity to mean
depth) is a good indicator of fish production in many lakes and reservoirs
(Henderson & Welcomme 1974). The three Mahaweli lakes have low
conductivities and large depths, and therefore they have low values for the
MEI: 2.2, 2.8 and 3.0, respectively for Kotmale, Victoria and Randenigala.
These ratios are much lower than those of Sri Lankan lowland irrigation
reservoirs, which range from 127 (Udawaawe reservoir) to 251.9
(Yodhawewa reservoir) (De Silva 1988). Thus, only a low fish yield per
hectare could be expected from an upland lake, in comparison to that of
shallow, lowland irrigation reservoirs. In fact, the respective annua fish yields
of 38 and 70 kg per hectare in Kotmale and Victoria and a potential annual
fish yield of 70 kg per hectare in Randenigala (de Silva 1992) show that these
large, deep lakes do indeed have a relatively low fish productivity compared
with that of the shallow irrigation reservoirs a low elevations (De Silva
1988).
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