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Abhstract

The structure, ecosystem processes and dynamics of Victoria, Minmeriya and
Udawalawe reservoirs in Sr Lanka, were studied over a period of two years (1998-
2000) under the FISHSTRAT programme, As a componeni of the overall study,
catchment characteristics and subsequent water quality of the three Sri Lankan
reservoirs were examined Caichment characteristics (viz, geochemistry, altitude,
climate and weather, vegetation and soil, and the land use pattern) are the major
determinants of the overall characteristics of the three rescrvoirs. Accordingly, water
temperature, pH and electrical conductivity, important physical characteristics of
Victoria showed marked differences from Minneriya and Udawalawe

The annual surface temperature ranged between 25.3°C and 30 0°C in
Victoria and it was 27.0°C - 29,5°C and 27.0°C - 31.5 °C in Udawalawe and Minneriya
reservoirs respectively. The open waier was alkaline throughout 1999 in the two dry
zone reservoirs, Minnenya and Udawalawe while it changed from more or less neutral
to alkaline in Victoria. The maximum suspended solids iransported by the Udawalawe
inflow was 4 times than that of the Mahaweli tmink stream and 6.6 times of the inflow
of the Minneriya reservoir There is a similanty with slight exceptions in relative
proportions of major cations and anions in open water and respective inflows mainly
calcium, magnesinm and sodium “ions is balanced by bicarbonate and chloride.

Introduction

FISHSTRAT, the European Union funded INCO-DC programme analyzed
structure, ecosystem processes and dynamics of Victoria, Minneriya and Udawalawe
reservoirs in Sri Lanka, Ubolratana reservoir in Thailand and Lake Taal in the
Philippines over a period of two years (1998-2000). The primary objective of the
FISHSTRAT programme was to denive a management tool for capture fishery and
aquaculture practices based on ecosystem structure processes and dynamics, fisheries
potential and socio-economics of ripaman community. The fundamental aspects of
limnology of these water bodies were studied in detail along with the ecology of the
ichthyofanna and fisheries potential as a resource base and socio-economics of fishers
living in the periphery with a view to propose sound management strategics for
sustainable resonrce use

The first workshop on limnology under the scope of FISHSTRAT activities
was held in Bangkok, Thailand in February 2000 to compile and analyze the already
available data on limnology of five water bodies with a view to fill potential gaps. The
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available data on limnology of five water bodies with a view (o fil! poteniial gaps The
workshop was concluded with an agreement to publish basic information on descriptive
limnology of respective water bodies in local journals. and conlference procecdings
Therefore. the objective of (his paper is to describe (he catchment characteristics and
subsequent water quality of three Sri Lankan rescrvours studicd under the FISHSTRAT
programmemc. as a prerequisite 10 characlerizc €cosystem SiTucture. processes and
dvnamics

Materials and Methods

Study sites

Three rescrvoirs nameh Minnermya. an irmigation tank of ancient calcgory.
Udawalawe. a recently build imgation cum hydropower reservoirs and Victoria. a
modern hydropower resersoir were studied under the FISHSTRAT programme
Minneriza and Victoria resersoirs fall hydrologically within the Mahawel River basin
while the Udawalane reservoir 1s fed by the Walawe River which drains the southern
escarpment of the central highland (Fig 1)

Minnertva Reservorr: Minnenva resenvotr 1s d Jowland shallow irngation 1ank
located 1n the North Central dnv zone (6° 02' N : 80° 33'E) at 9Gin above mcan sea level
(Table 1), The reservoir was built by King Maba Sen in the third century (276 - 303
A D) and it was (urther repaircd and augmented by King Parakramna Bahu (1153 - 1186
A D) Therefore. the Minneriya reservoir 1§ considered as an ancient irrigation tank
but il was abandoned after shifting the ancient Sinhalese kingdom from Polonnarwa (o
Yapahuwa The reservoir was restored in 1902 under (he British regime and
subsequently improved and enlarged in 1933 However. the consiruction of cascading
reservoirs (e g Giritale Minneriya. Kaudulla and Kantale) with a feeder canal diverted
from (he Amban Ganga. a major tributars of the Mahaweli riser is considered as one of
the greatest engineering achiesemenis of dny zone (ank civilizations of ancien! Sri
Lankans )

The Minneriva tank was fed by its own catchment and the water from the
Amban Ganga dnerted via the Elahera amicul channeled through the 30 km long
Elahera-Minneriva Yoda Ela feeder canal (Fig 2a) In the mmd seventics. the main
stream of the Mahaweli River was partially diverted at Polgolla (Kandy ) and chandelled
northward _through a link (unnel (6 5 km) to Sudu Ganga. a major tribulars of the
Amban Ganga with (he unplementation of the first phasc of the Mahaweli Dexclopinent
Programme The Minneriya tank then receied an additional amount of water from (he
Mahawel River conveved (hrough Bowelenna storage tank smce 1973 resulting in a
significant change m the hs draulic balance of the reservoir

The priman objective of the reservoir is to provide water for rice padds in the
command area (8690 ha) during (wo major cullisation seasons (1 /aha October - March:
lafa Aprl - Scplember) At present. Lhe resen oir fills up to 1is full supply level (268
MCM) during the second mter-monsoon {October - January) inundating an arca of 25 3
km" and the water level recedes Lo ils lowest towards (he end of the dry season (July -
Augusl) The resersoir is more lacusirine in nature and became an important resource of
the commercial fshen following (he introduction of African cichlids in the early 19305
Today Lhe Minnertya reservoir together with its surrounding env irons and infrastruciure
development has become an impertant $0Cio-economic center mn the Nerth Central dny
zone
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Figure 1 Map of SriLanka showing three FISHTRAT reservoirs
m there respective nver basins

Ldawaiawe: Udawalawe. the third largest reservoir (6° 23' N : 80° 50'E) in Sri
Lanka (31 km’) was built in 1962 for irrigation cum hydropower generation. by
damming the trunk stream of the Walawe River in the southern dry zone at 80 m above
mean sea level (Fig 1) The reservolr 1s located within the Udawalawe National Park
aboul 10 km north of the southern coast The Udanalawe reservoir provides Lmigation
water for 29447 ha in the downsiream command area and generates 6 MW of
hyvdroelectricity. Tlus multi fringe reservoir (Fig. 2b) has inflon and outflow i the
north-south direction and the presence of dead trees sunk in the reservoir. the remnant of
of (he jungle is a prominent feature al low water level In addition to irrigation and the
generation of hvdropower. the reservoir has a proven potential of fish production
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Table 1 Morphological and hvdrological characteristics of three FISHSTRAT
reservoirs (D.Depth: A_Area: V. Volume: SL.Shoreline: F.Fetch: Sp.Specific)

Parameter Minnerva Udawalawe Victoria
“Tvpe Irrigation Irngation Hvdropower
Location g 02XN: 80"53'E 6'2TN: 80"50'E 713 N:8"47'E
Basin Mahaweli Walane Mahawelh
Age (vears) 97 33 14
Altitude (o) 96 30 438
Catclinent (km) 249 1164 1891
Area (ki) 253 3408 2757
D jean () 38 79 305
D e (M} 116 39 52 98
Yolume (MCM) 135 268 783
Dead storage (MCM) 2 26 26 34
Shoreline (lkm} 57 33 115
SL development 303 203 6.789
Fetch (kan) 8.99 107 8:37
A'F (ki) 2 83 s 2,59
VF (ki) 1502 2505 91 36
Yield (MCM) 60 71 15 81 17.80
Sp Yield 031 137 094
Issuc (MCM) 1773 423 11 768 44
Yield Issue 134 372 2.32
Flushing rate (vears) - 0.766 631 - 1018

Victoria: Victoria. the deepest {98 m) and the largest reservoir by voinme
(783 MCM) 15 located in the Central Highland of the country (77 13' N: 80° 47'E) at 438
m above mean sea ievel Damming the trunk stream of the Mahaweli River by a double
curvature concrete arch dam at the Vicioria Falls where the Hulu River merges with the
Mahaweli River formed the Victoria reservoir The reservoir which morphologically
shows the shape of W can be divided into two distinct segments called Mahaweli and
Hulu sectors (Fig. 2¢) In addition to the Hulu River. Galmal Ova. a left bank tributary
of the Hulu River 1n the Hulu Sector and Maha Ova and a few other lesser tributaries m
(he Mahaweli Sector also feed the Victoria reservoir The catchmenl area of the
reservoir is 1891 km" The Victoria 15 essentially a hvdropower reservoir with a
capacily of 210 MW In addition of generation hvdropower. fishing is a major activity
throughout the vear

Catchment characteristics

Althongh located in the Highland Series which is a distinct geological feature
of Sri Lanka the three FISHSTRAT reservoirs represent different catchment
characteristics with respecl (o climate. geomorphology. geochemistrs hvdrology.



39
Catchment characterisucs and waier qualn

pedology and land nse The terrain of the Minneriva catchment is undulating with
scattered rock-knob plains and eroded land v 1th crosional remnants The upper
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figure (2a) Drainage network of Minnenya reservoir

catchment of the Udawalawe reseryoir has a rolling. hilly and steepls dissected terrain
while the lower segment of the calchment is undulating and (lat with rock-knob plains.
The highest point of the upper catchment is at Kirigalpotta. the island's second highest
peak (2.395 m) which 1s located at ihe Horton Plains. The emtire caichment of the
Victoria rescrvoir -is confined to the Central Highland in the hill countrv of the
Mahaweli River basin and (o the southwestern slope of the Kauckles Range. Therefore.
a major part of the Victoria watershed is mountainous. In addition. the terrain of the
catchment 15 hilly and stceply dissecied and rolling  The clevation of the catchment
ranges from 416 m to 3000 m above mean sea level
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Figure {2b). Drainage network of Udawalawe reservolr

Geology and Soils

The three reservoirs and (heir respective catchments arc mainly Jocated in the
Higtilend Seres (Chortiokdie to sedimentsry scriosk ol Procambnan ongin wiTle oy faw
axceptions. These: Pragumbman. geolagss| formis conust predoininnh of sedimenties
eucecsson of 4 vanety of rodo ilde-blended invrbly with chrmokotes- (Coony
19841 Meta-sedimentary rocks are noy [wing o sccesuon of well-blended cole i
cordite proissce (uarz-schists gresiiférions and quurts feldspar gromiss, crvatalline
Himestone und dolomite and - smmal=sllimmic-gmphiie-chins ander - metimarplts
condition. Quartzites are perhaps the most predominant members in the catchments.
which have attained their greatest development in the Central Highland. and in the
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region of Minneriva and Polonnaruwa. The eastern segments of the Udawalawe angd
Minneriva catchments belong to the Vijayan Series and are also of Precambrian origin.
but mainly comprise of rocks of biotite and biotic horn-blend gneisses

When rocks are not expesed. alluvial and erosional deposits of Holocene.
Pleistocene and other formations (Panabokke 1996) largely cover the terrain of the
catchments of the three reservoirs The undulating terrain of Minneriya and Udawalawe
catchments are covered with reddish-brown earth and low humic gley soils.  Alluvial
soils of variable. origin and textures are found in the flat terrain of the Udawalawe
catchment along the river and stream as narrow strips.  The rolling, hilly and deeply
dissected terrain of the Udawalwe catchment consists of reddish brown earth. immature
brown loam and red-vellow podzolic soils However. reddish brown latzolic and
immature brown loam soils are found in hilly and steeply dissected terrain of the
Victoria catchment  The mountainous terram of the Victoria catchment consists of red-
vellow podzolic soils and immature rigasols

Drainage nexworks '

The watershed of the Minneriva reservoir is drained largely by Kin Ova a
seasonal brook and two seasonal iributaries named Batu Ova and Talawature Ela (Fig
2a) The Kiri Ova originates as Nawagolla Ova in Huragala hills at 490 m above mean
sea level about 20 km south of the reservoir Several lesser seasonal brooks and canals
namely Talkote Osa. Eerige Ela and Pihimbiva Ela merge with the Kirt Ova on its right
bank The Minneriva tank has been formed ininally by damming the Kiri Oya.
Subsequentls the Elahera-Minneriva Yoda Ela. a feeder canal has been channeled to
Minneriva tank via Talwatura Ova on its left bank At preseni Minneriya reservoir also

receives Mahaweli water diverted at Polgolla via Sudu Ganga

A vasl area of the upper catchment of the Udawalwe reservoir is drained by
the Weli Ova. Belihul Ova and Walawe Ganga while the lower catchment is drained by
Divavini Ova. Kuda Ova and Malakandura Ova (Fig 2b) Weli Ova which originates
from the west of Haputdle and Ohiva Group merge with Pathaba Ova and then with
Kalkanna Ova. which originates from, the east of the Haputale-Koslanda and
Haldumulla areas respectively  Belilul Ova originates in the Horton Plains and merges
with Kirikeli Ova and Denagama Oya on its left bank and merges with the Walawe
Ganga on its right bank The Walawe Ganga rises from the southemn boundary of the
peak wilderness The Weli Ova merges with the Walawe Ganga at Uggalkaltota,
forming the Walawe River proper At present. the Belihul Ova Denagama Ova and
Walawe Ganga feed the Samanala Wewa reservoir. the voungest hydropower reservoir
in Sri Lanka and its ovtflow merges with the Weli Ova The Walawe River proper then
receives water from Malakandura Osa on its left bank immediatels downsiream of
Uggalkaltota and Divavini Ova on its Right Bank at 5 km downstream of the above
confluence In addition. Kuda Ova a left bank tributarn of the Walawe River in the
lower caichment. which drains the Weligepola arca feed the Udawalawe reservoir
separately since the construction of the reservoir (Fig. 2b)

The entire catchment of the Victoria reservoir i1s confined to hill country and
drained by the Mahaweli River in the Central Mahaweli Vallev and Hulu River in the
Knockles The uppermost inbutary. Hatton Ova, the second major tributary of the
Mahaweli River in the il country drains the western slope of the Hatton Plateau. The
Hation Ova merges with the Kotmale Ova (presently the outflow of the Kotmale
Reservoir) at Pallegama. a few kilometers downstream from the Nawalapitiya townshup-
giving rise to the Mahaweli River proper The Hatton Ova and associated major and
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fesser streams and brooks together dram mainly semi-urbanized and cultivated landscape
This area receives heavy rainfall having its maximum doring the souihwest monsoon

The trunk stream of the Mahawell River also receives water from tnbutaries
such as Atabage Ova and Nilambe Ova on (he right bank and Nanu Oya and Pinga Ova on
the lefl bank, The Hulu Ganga. a major left bank trbutary. which drams the southwestern

Figurc (2¢) Map of the Victoria resenvoir ywhich shows Mahaweli & Hulu sectors

slope of the Knuckles Range. feeds the Victoria reservoir separately after the consiruction
of the dam immediatehh downstream of the confluence of the Mahaweli and Hulu Rivers
The Hulu Ganga also drains a large area having a heavy rainfall during the “second
inter-monscon and southwesl and northeast monsoons (aimal Ova. a left banks tributary
of the Hulu River and Maha Ova a right baok tributary of the Mahaweli River also empty
into the Victoria reservoir separatelv (Fig 2c)

Land use

Major 1and use tvpes in the Minnenya catchment are dry zone secondary forest
(47 1%6) amd scrub (315%) The land use for paddy cultivation (3 3%) and home
gardens (3 4%) is more or less twofold compared to chena cultivation. which is 1.8 % of
ihe iotal area of the catchment The predominani land use tipes in the Udawalwe



Catchment characteristics and waier quafin’

catclunent are montane forest (24.8%) and scrub (13 3%) The area used for chena
cultivation (24 4%) is more or less similar o that of the area covered by the montane
foresi.  Tea plantations and paddy fields cover 7.4% and 4 7% of the catchment area
tespectively.  However. home gardens cover 9.223 ha (9,1%) of the catchment Giher
plantations (6 4 %) are also a prominent feature of the Udawalawe catchment land use
(Table 2) The predominant land use feature of the Victoria catchment. which is the
largest among the three reservoirs. 1s home garden (28.6%). In addition. rea plantations
cover 24 % of the catchment an:d only 20 4% are left as natural forest The grasslands
{9 8%) and paddv fields (8 1%) are also prominent land use features of the Vicloria
catchment

Table 2 Land use types (ha) of the three FISHSTRAT reservoirs (Victoria. Minneriva
and Udawalawe)

Type Minneriva %  Udawalawe %  Victoria %
01 Forest 492 | =—+7=A 28333 2148 27260 204
02 Scrub 7633 315 15.161 153 -
03 Chena 433 18 28 189 247 -
04 Tea - 8.434 74 32.084 24
05 Rubber - 501 ° 04 -
06 Coconut - 345 ) 71 -
07 Paddy 300 Shee) 5410 17 10.784 5.1
08 Grassland 49 02 3172 2.8 13.110 98
09 Home gardens 822 34 9.223 9.1 38.183 286
10 Other Plantation 371 15 EEE S 6.4 -
11. Annual crops . - 4.209 31
12 Bare lands 20 0.1 1.281 11 1411 e
15. Waier bodies 2.636 108 6.056 33 3.633 24
Total 24,259 114,169 133,637
Water analysis

Waler samples were collecled bimonthly for a peried of two years [rom
Augusl 1998 (o July 2000 from the center and the mflow and outflow of Minneriva and
Udawnalawe resenverr In the case of the Vicloria reservoyr water samples were
collected from the Mahaweli (VICy,) and Hulu (VICy) seclors and their respective
‘inflons The outflow of the Victora reservoir was not sampled duc to security reasons
Basic physico-chemical charactenistics such as temperature. pH. conductivity and
alkalinily were determined in sityr  Samples were also processed in the field (o
determine major cations {(Na. K, Ca and Mg) and anions such as CI" and SO,~ and SiO>
1n the laborators  Temperature (glass mercory thermomeler). electrical conductivity (TOC
conductiviny meter. model CM-1K). pH (Expandable {on Analyzer - Onon Research EA
920 and total alkalinitv (acidimetric titration) were determined » st The water samples
filtered through GF/C filter papers were processed 10 detenmine chlonde (argentometric
titration with AgNO:) and sulfate (turbiditimetnic method} The dissolved oxygen contenl
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was delennined using 2 modified Winkler Techmque (HYDRO-BIOS Kiel Dosimat 715
digital titrator) The suspended solid content was measured gravimetrically afier fillering
water through pre-weighed micro fiber membrane filter papers diameter (0 +51) Filtered
nater samples were acidified with conc HNQ: acid and used to delermine the
concentralions of calcium. magnesinn sodium and polassium ions using an Alomic
Absorption Specirometer coupled with a grphite fumace (GBC 933 AA)  The
concentration of silica was determined spectrophotomerrically (UV Shumadze Model 1610)
afler forming heteropols molybdosilicic acid blue complex (APHA 1989)

Results

Table 3 shows the anmual ranges (1999) of ply sico-chemical characteristics of
open water and respective inflows of three FISHSTRAT reservotrs  Minimum surface
temperature (23 3°C) was recorded in Victoria (VICyy) and 1l was 26 1°C in (he Hulu
sector  (VICy) and 27 8°C and 27 0°C in Udawalawe and Minneriva reservoirs
respectivels  The highest surface waler temperature (31 3°C) was recorded in (he
Minneriva reservoir and it was 29 0°C and 30 0°C m VICy and VIC\, respectivels
The highest surface temperature recorded in Udanalawe was 29 5°C Accordmgls. the
range interval of temperature (4 5°C) was found m both Minnerniya and VICy; and it
was 2 9°C mm VICy; and 1 7°C in Udawalase In the casc of warter temperature ol
inflows VIC, had (he lowest temperature (23 3°C) while the lowest temperaturc m
VIC,. Mimnerisa and Udavwalane mflows were 24.0°C. 25 4°C. and 26.1°C
respectively (Table 3)  The inflow of the Minneriva reservoir had the highest range
interval 1n temperawure (4 6°C) while 1t was 3 1°C. 2.6°C and 3 0°C for Udawalanc
VICy and VIC.;were respectively ]

The open water was alkaline (hroughout the vear 1999 m two dry zone
resen oirs. Minneriva (7.32 - 8 33) and Udawalawe (7 33 - 8 38) while # changed from
more or less neuiral o alkaling in VICy (7 09 - 7.89) and in VIC,, (7.10 - 7 89) A more
or less similar trend was found for inflow waters but the inflow of the VICy reached the
pH of 6.70 indicating slightls acidic conditions under stonm condition.  Bicarbonate
alkalinity was relatively low in both VIC, (34 - 46 mg 'y and VICy; (34,- 32 mg )
and it was 61 - 89 mg 1 m Udawalawe and 30 - 132 mg I in Minneriva. Although the
trend was more or less similar in (he case of inflow water. the values were extremely
low In ViVy (19 - 36 mg l']) and VICy; {10 - 40 mg 1';) The range inlerval of
bicarbonatc was highest in Mimneriva (196 mg 1"} and it was 105 mg I " in Udawalawe.
The level of elecirical conductivity of open and inflow waters of the (hree reservoirs
was more or less similar to that of bicarbonate alkalinity (Table 3) Howeser. the
electrical conductivity ranged from 98 - 213 1S in Minnernva and the ranges were 105 -
134 pS. 66 - 81 nS and 69 - 93 uS in Udawalawe. VICyand VIC, respectively

Dissolved oxvgen n Minneriva ranged from 6.84 gl wo-8 11 mg I and
was 7 11-8.02 mgl” in Udawalawe (Table 3). VICy and VICy, had dissolved oxygen
ranging from 3.89 ing " to 8.02mg I'" and 6.31 mg 1" 10 8.14 mg 1" respectively.
The dissolved oxvgen conlent 1n inflow walers was ranged m a sumilar pattern without
marked vanations Suspended solid contents m open water and m mflows of (he three
water bodics showed marked variations (Table 3). In Minnerisa reservoir (he range
was 1 0-34 7 mg I’ while n Udawalawe it ranged betvween 2 - 23 mg 1! Both seclors
of the Victoria had more or less sunilar contents of suspended solids (VICy = 0.0 - 12
mgl'and VICy=10-12mg '), Similarly. the inflow of the Minneriva reservolr
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Table 3  Ranges of phvsicochemical parameters of three FISHSTRAT reservoirs
(MIN. Minneriva: UDA. Udawalawe: VICy, Victoria Hulu Ganga sector: VICy.
Victoria Mahaweli sector)

Parameter MIN UDA VICyH VIG
Temp. ("C] 270-31.3 278-295 261-290 255300
Inflow 269-31.0 261-301 23.5-261 24.0-27.0
pH 732-835 733-858 7.09-789 7.1-789
Inflow 733-835 724.798 703-837 6,7-767
Alkalinity (mg1') 56 - 132 61 -89 33-46 34-32
Inflow 34 -230 51- 156 19 -36 10 - 46
EC (nS) 98 - 213 102-134  66-81 69 - 93
Inflow 74 333 74 - 223 29 - 60 36 - 78
TDS mg1* 81 - 188 83 - 128 48 -69 47-79
Inflow 51-290 69 - 195 23 - 57 21-70
Secchi Depth (cm) 43 - 280 50 - 205 135 - 280 95 -270
Diss O, (mg1™) 6.84-8.11 7.11-802 698-878 631-814
Inflow 6.82-8.23 732-874 789-875 732-821
Sus Solids (mgl'y 01-33 2.0-23 06-12 01-12
Inflow 01 -77 04 - 504 01 - 11 07 - 126
Chloride (mg ') 180-148 2.10-500 440-638 400-6 38
Inflow 603-128 1,70-496  200-3 67 300-603
Sulphate (mg 1) 127-844 201-355 (48-103 0.66 - 2 30
Inflow 143-613 180-692 044-162 098 -8:77
Silica (mg 1) 103-223 023-166 046-073 0.55-102
Inflow 119-408 025-196 084-132 066 -1 04
Sodium (mg I} 478-813 416-638 314-444 310-319
Inflow L 11-895 300-106 303-433 249-502
Potassium (mg 1) 163 -2 94 181-28 091-17 12-2095
Inflow 0.96-237 124-274 053-147 095-224
Calcium (mg 1) 912-149 R04-1435 307-630 377-815
Inflow 485-2197  709-157 204-57 233-371
Magnesium (mg1') 337-73 35-493 187-301 187-34
Inflow 263-827 299-492  144.237 120-298
TDS (ng 1) 81 - 188 83 - 128 48 - 69 47-74
Inflow 51 - 290 69 - 195 28 - 37 21-71
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Figure 3 Maucha's ionic field diagrams

Discussion

Limnologicalis reservoirs in Sri Lanka differ fundamentally in their basin and
catchment morphology. depth. flow-through-regime and nutrient status and underwater
light regime. consequently their biological productivity (Duncan er ol 1993) The V-
shaped mountain basins of the upland reservoirs (e g. Victoria) have.small areas of littoral
zome and a greatly reduced extent of botiom sediment compared to those of shallow
irmigation teservoirs located in the lowland dry zone (eg. Minneriva and Udawalawe)
Duncan ef af. (1993) came to this conclusion based on the results of an extensive
fimnological study conducted in Parakrama Samudra. an ancient manmade lake in the north
central drs zone (Schiemer 1983) and other related hmnological studies in Sri Lanka (Sikva
& Davies 1986. 1987 Pivasiri 1991) However no siudy has compared the limnology of
two distinct types of Sti Lankan reservoirs simultaneously before the implementation of the
FISHSTRAT programme n 1998 Therefore the results of the FISHSTRAT programme
will be extremels important to explain the limnological characteristics and in tumn the
fisheries poiential of Sri Lankan manmade water bodies
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Slightls low water temperature and pH of the hvo major inflons emptying inio
Victoria compared to two lowland dn zone rteservoirs may be attributed fo the
gcographical location and pedology of the respective catchments Red-yellow podzolic
soils and soft laterite of the catchimment of Victoria 1s acidic (Panabokke 1996)
Landscape morphologs. land use forms and weathering processes taking place in both
terrestrial and aguatic systems also play an important role with respect 1o surface water
pH in the tropics (Tailing & Lemoalle 1998. Silva 1998)  Further. n euvirophic
reservoirs. the pH increascs as a result of bicarbonate assimilation processes by
phytoplankton The occurrence of hard rocks with a narrow over burden in the highland
(Cooras 1984) results in rainwater discharges as springs aller percolating a short
distance m steep slopes  The low concentration of total dissohved salts and
subsequently the low elecirical conductivity of inflon of Vicloria and Udawalane
reser oirs also man be attributed (0 limited weathering. Weathering Jimitation of steep
slopes is succecded by transport limitation on shallow slopes with thick soils (Stallard
1983) This is in agrecment with the results of three FISHSTRAT reservoirs examined
dunng this study

The Walane River transports an enormous amount of suspended solids into
the reservoir However the magniiude of sedimeni (ransporl 1nto resersoirs is not
reflected either by the amounl of suspended solid content and Sechelu disk visibility in
the open water due to sedimentation taking place aleng the stream flown within the
reservoir. I the case of Udawalawc a major portion of suspended matier is transporied
via Kalkanna Oya. which drains the Haldulmulla area and is subjected to reguiar
landshdes In addition. read deselopment activities taking place in Beragala-Haputale
area has also resulted in loading a large amount of sediments to Pathaha Oya and
Kalkanna Oya

A wide range of Sechchi disk visibiiify and the lowest values recorded during
lon water level especially in Minneriva and Udawalawe is an indication of mixing
behaviour and re-suspension of bottom sediment in shallow resersoirs The re-
suspension of boitom sedument 1s extremely high during peak monsoons when wind
velocity may reach even up to 3 m s”. This may result 1n the development of high
waves of about |-m in Minneriva and Udawalawe These two reservours also hase a
relatively high wind travel distance or [eich compared to Victona The development of
wind mduced waves arc relativels low in Victoria which has a steep basin swrounded
by a hilly landscape Therefore. the open water column of Victoria shows penmnanent
stratification, Piyasiri (1991) classified Victoria as an ohgonmuctic water body with a
sharp thermocling established below 20 m depth The dails density changes in the upper
13 - 200 m strata may  result in relocation of phy wplankton exen during calm day s without
disturbing the thenmochine (Schiemer persn  Couun ) The ertical distnbution patterns of
dissolved oxvgen of the three reservoirs will be discussed clsewhere

Generally accepted phenomenon is that surface water in the tropics arc rich in
Na” and CI” compared o Ca™ and HCOx simce calcareous formations like limestone are
not well representative over much of fhe Lropics and the principle source of Na and CI°
15 sea spray {Gibbs 1970. Mevbeck 1985 Mevbeck er o/ 1989 Talling and Lemoalle
1998) In contrast. Ca~ and Mg domunance over Na and K m Sn Lankan surface
water has beepn shown during seieral instances (Gunatilaka & Senaraine 1981
Gunawardena and Adikan 1981 Dissanavake & Weerasooriya 1986 Silva 1998
1999) A sodium-potassium tvpe of nater is generally prevalent in ihe wel zone of Sri
Lanka. while calciun tipes are more common in the drs zome (Dissanasake &
Weerasooriva 1986) In St Lanka almost all the land where tea grows 1s slightly acidic
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and continuously intensic application of nitrogenous fertilizers tend to increase the
acidity resuiting in mobilization of Ca™ and Mg~ in the soils (Ponnamperuma 1987)
The source of bicarbonate may be either lithogenic or atmospheric fall-out but the
concentrations are strongly related to Ca™ concentrations. which reflect the weatherng
of limestone and dolomite. Salt detached in wind driven occanic spray and bome in rain
contnbutes (o major ions especially Na . CI" and Mg ~ in fairly high concentration that
are likel to decline sharply towards the hinterland (Gaudel & Melack 1981 Stallard &
Edmond 1981 Lewis er o/ 1987 Wood & Talling 1988) A relativels lugh
concentrations of Na and CU were found in a headwaters of Sri Lanka with the onset of
the soulhwest monsoon (May-September) which drives oceanic winds lowards the
maniand (Silva 1998) Further rain water 1n Sri Lanka also contains a fair amount of
Na~ and €1 (Silva and Manuw cera in press)  Burning segetation in the tropics 15 also
a major contributor of salt into surface waters (Lewis 1981 Lewnis & Weibezahn (981
Crutzen & Anchrea 1990, Bootsma ef of 1996) Buming of scrub jungles for the
preparation of land for chena cultivation 1s a common practice in Sri Lanka Of the
(hree resersoirs understudied. Udanalawe caichment has the highest percentage of
chend
The sources of sulfate to surface waters include rocks. fertilizer. atmospheric
precipitaiion and drv deposition A tremendous amount of sulfate containing
nutrogenous fertilizers are being regularly applied to tea plantations in S Lanka but
therr behas 1or in terrestrial and aquatic ecoss stems is unknovwn. The rock minerals are
the primars source of silica but the concentration changes 1n inflow and open water of
fhree reservoirs as a result of varable calclunent characlenstics and bio-assimilation
within the resenoirs respectively The mineral products of weathering and so the
export of salts are also influenced by climate and especially the mean annual water run-
off (Dunne 1987) The situation may be different in tropical reservoirs with differcnt
waler retention time v here both cation and anion undergo complex bio assimilation and
mineralization processes under different physico-chemical characteristics, Decrease in
major tons in open water can be altributed 0 sex eral factors. Sedimentation could
happen partly by biological assimilation such as CaCQ: deposition bs moelluses K
incorporation by macrophytes and Si Incorporation by diatoms (Carmouze 1983
Carmouze er «. 1978) Non-biological transfer to sediments occurs on a large scale by
transformations of sediment minerals fasoured by an alkaline medium nich in soluble
silicate
The concentrations and relative abundance of major tons and silica in surface

water is not unique throughout the (ropics It'is essentially a site specific phenomenon
-governed primarily by landscape geology climate and weather A greater part of the
Braalian Ainazon produced waters arc tvers poor m hthogenmic dissolved salts
Difference in (he Amazon ssstems: acidic black water with low ionic content and v hite
water with high ionic content are reflected in geochemistry of sub-watersheds (Silol
1984 Stallard & Edmund 1983. 1987). A similarits of St Lankan siream waters to the
Brazilian Amazon has been discussed by Weninger {1972) emphasizing poor dissolved
calt contenl 1n mountain streams Talling (1976) also reported a slrong chemical
disergence in two main sectors of Upper Nile with cationic calcium dominant m the
Blue Nile and Na~ dominance in the White Nile A study by Lesack. {1993) on
solwie export from a small forested sub v atershed off the yuddle Amazon demonstrated
chemical dn ergence between several wwansport pathways
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Conclusions

Calchment characteristics (v17. geochemisirn altitude climate and vweather
vegetation and soil. and the land usc pattern) are the major determinants of the overall
phssico-chemnical characteristics of three FISHSTRAT resemoirs i St Lanka)
Accordingly water temperature. pH and electrical conductivity. tmportant phssical
characieristics of Victoria shovned marked differences from Minneriva and Udawalawe.
which can be attributed to its geographical location and pedology

With respect 1o cations. Ca  was the nchest while Na™ and Mg ™~ were more
or less similar m concentration in ail three water bodies Burt Potassium had the owest
concentration In ¢ontrasl. Na~ was dominant in the inflows of VIC,; and VIC.; which
1s nol unusual (Silva 1998) Although bicarbonate 1on concentrations were relatively
Tugher. rescr oir water vwas also rich 1n chloride vwhen compared 10 sulphate, Na™ K
1atio was high in Victona while Ca”":HCO; was higher mn both Minneriva and
Udawalawe It 15 apparent that silica concentralion has been reduced wilhin the
reseryoirs. mainh in Minnerva and Udawalave
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