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Abstract: Wak-oya is a tributary of the Kelani River originating in the rain forests
of Southwestern Icthyological Province of Sni Lanka, 1t is impounded by teo weirs
constructed to form reservoirs to supply water to the city of Colombo. This tributary
was studied from the upper feeding canals to the lower end near the river from
January 1990 to August 1992 to obtain information on the physico-chemical and
biological status prevailing in the stream. This study revealed that the changes in
normal variation pattern of some chemical parameters near the weirs and the rubber
factory is mainly due to the release of effluents into the stream. The natural
downstream pattern of species composition, abundance, diversity and spawning
migration of fish is disturbed by the weirs, gem mining on the stream bed and the
chemical contamination of stream water. Despite the disturbed conditions Wak oya
supports twenty eight species of fish of which four are endangered and endemic fo
Sri Lanka. Out of sixteen cyprinids found in the stream, three are dominant and
“found in all habitats. -

Key words: Diversity, fish species, flow regime, Kelani river, spawning migration,
Wak-oya, weirs .

INTRODUCTION

Impounding rivers and streams for supplying water to cities, agriculture and
generation of hydro-electric power is common in many countries. This alters
habitats so that neither the reservoirs nor the tailwaters provide suitable conditions
for native fish fauna. The studies on postimpoundment effects of Tennessee River
of United States reported that after the construction of dams half of the species of
native fish fauna, many of them cyprinids were, eliminated from the river.! In the
newly formed Itezhi-tezhi lake of Zambia, marked changes of community structure
was reported after dam construction. The most obvious was the decline of species
diversity and the shift in species composition from a community with a
preponderance of riverine Alestes lateralis (Boulenger) (Characidae) to one
dominated by cichlids.2 The pre and post-impoundment studies of the Cow Green
Reservoir of England showed that the length-for-age and fecundity of fish species
that live in the inundated region decreased.?

In Sri Lanka, the impoundment of rivers and streams for agriculture and for
hydro-electric power generation is common. One of the main multipurpose projects
is the Accelerated Mahaweli Project. This comprises a series of dams constructed
across the Mahaweli River with water diverted to the arid North-Central Province
through channels. As a result the downstream flow along the main channels of the
river has been reduced and this has affected fish species such as Labeo fisheri
(Jorden & Stark) which prefer deeper pools in fast flowing streams. According to
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the Kalu Ganga multi purpose project prefeasibility report, there are about seven
species of migratory barbs in this area which migrate to feeding canals for spawning.
Life cycles of these fishes have been affected by the construction of dams.’

The ecology and fish production of major reservoirs of Sri Lanka have béen fairly
well studied.®® However ecological surveys of streams are rare. 10-12 Although
impoundment of rivers and streams has been taking place for more than 100 years
in the country, pre and post-impoundment studies are very rare. The prefeasibility
survey of Kaluganga Project has shown that the fish fauna of the river, mamly the
endemic and endangered species could be affected by the impoundments.® The
Wak-oya, which supports a number of endemic and endangered species, has not been
- studied before or after the impoundment. The aim of the present study was to obtain
information on the present physico-chemical and blologlcal status prevailing in Wak
oya after the impoundment.

METHODS AND MATERIALS

The study area is shown'in Figure 1. Kalatuwawa ela joins Wak oya at Labugama
and flows for 14 km before it joins the Kelani river. On the way Wak oya also receives
water from other feeding canals. The two weirs, one at Kalatuwawa and the other
across the upper part of Wak oya are 175 m above the sea level forming two reservoirs
which supply water to the city of Colombo.

The Labugama weir, constructed by the British Colonial Government in 1882, is
26.5 m high and 150 m long. The greatest depth of the reservoir is 22,5 m. The
submerged area is 83 ha while its catchment area is 1012 ha. The Labugama -
reservoir is fed by seven feeding canals. The Kalatuwawa weir, which was
constructed in' 1960, across Kalatuwawa-ela is 30 .m in height and 160 m in length.
The reservoir formed has a submerged area of 195 ha. and a catchment area of 1345
ha. Its greatest depth is 20 m. The Kalatuwawa reservoir is fed by 10 main feeding
canals:

There is generally no downstream water discharge through the weirs. Therefore
just below the weirs the stream becomes very narrow with little water for 1.5 km.
However some water is discharged into the stream during the rainy seasons when
the reservoirs overfiow through spillways. During the renovation of sand beds of
water purification plants some water contaminated with chemicals is added to the
stream.

Thirty three stations representing all possible habitats of the main stream,
the two reservoirs and the feeding canals of reservoirs were selected and
sampled between 8.30 a.m. and 3.30 p.m. once a month from January 1990 to August
1992 (Figure 1). Fishes were sampled using a cast net (radius 2.1 m, mesh size 8
mm). The cast net was operated 3-5 times in each station. Fishes were identified
according to Deraniyagala'® Munro'* and Pethiyagoda.’® The number of species of
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fish and their distribution were recorded. The relative abundance of fish was
caiculated as the number of fish caught per unit operation of the cast net and the
species diversity of fish was calculated as the number of species per station. The
physico-chemical properties which included, conductivity, temperature, total
alkalinity, and the flow velocity of surface water were measured in the field.

The amount of dissolved ions and oxygen was measured titrimetrically or
turbidimetrically using the water samples brought to the laboratory. The
concentration of sodium and pottasium ions was determined using a Corning 410
type Flame Photometer, while that of sulphates was determined with a CECIL CE
373 type Linear Grating Spectrophotometer. ‘The pH of the water was measured
using a OGAWA osk 14830 digital pH meter. - Dissolved oxygen of water was
determined by Winkler’s method while that of chloride ions was. determined by
Harvey’s method. The total hardness of water was determined titrimetrically.
Rainfall data were obtained from the Water Resources Development Board of
Labugama and Kalatuwawa. People of the area were interviewed about the fishery

. information of reservoirs. :

RESULTS
Horizontal variation of physico-chemical parameters

Temperature: There was a downstream increase of mean mohthly values of surface
water temperature of the stream (Fig. 2). The mean of surface water temperature
of the feeding canals (22.7-25°C) was 3 to 59C lower than that of the main stream
and reservoirs. The highest surface water temperature was recorded for Kalatuwawa
Reservoir (30.2+2 °C) while the lowest value was recorded for the feeding canal
Kapuru ella (22.95+0.35 °C).

Flow velocity: The flow velocity of water depends upon the strem slope, flow depth
and resistance to flow by the stream bed. In the main stream, the slope of upper
part was higher than that of other stations and the resistance to flow by stream bed
was very low near the river due to the absence of boulders. Therefore the flow
velocity of the upper and lower parts of the main stream were higher than that of the
middle part (Table 1).

Rainﬁtll: “The monthly rainfall of the Labugama and Kalatuwawa in 1990 is shown
-in the Figure 3 and Figure 5. There were two peaks in the year and the two dry
seasons extended from December to February and August to September.

Conductivity: The conductivity, which is a measure of total dissolved ions in water,
varied from 30 to 175 nﬂqomho cm! among the stations during the period of study.
Generally the conductivity of water of mainstream was higher than that of reservoirs
. and feeding canals (Table 1). The highest mean conductivity was recorded for the
stations just below the weirs (112445 micromho cm™) and rubber factory (96+34
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micromho cm™!) while the lowest conductivity was recorded for the Labugama
Reservoir (406 micromho cm’l). There was 2 downstream increase in the monthly
mean conductivity of water (Figure 2).

Choloride ions: The mean monthly values of concentrations of chloride ions in water
varied from 3.1 X 10 ppm to 39 X 10* ppm (Table 1). The feeding canals and
reservoirs contained lesser amount of chloride jons (3.1 X 10 to 12.02 X 10 ppm)
than that of mainstream (9.6 X 10 to 39 X 10 ppm). There is a downstream
increase of chloride ion concentration of the stream. The highest mean monthly
concentration value of chloride ions was recorded for the station (Station p) near
the river (39 X 10 ppm). '

Na* and K* ions: The mean monthly values of concentration of Na* and K* ions
of water varied from 1 ppm to 5.5 ppm (Table 1). The lowest mean value for the
concentration - of K% and Nat was recorded for the feeding canals of
reservoirs (1 ppm) while the highest value was recorded for the stations below the
rubber factory (5.0 ppm). There was a slight downstream increase of mean values
of K* and Na™ concentrations. '

Sulphate ions: The horizontal variation of sulphate ion concentration in water was
not very clear. The mean monthly values varied form 0.001 mg 1! to 1.5 mg 1!
(Tablc 1). The highest mean value was recorded in the feeding canal no. 3, which is
the upper part of the Wak oya stream above the Labugama reservoir. The lowest
value was recorded in the feeding canal no. 1 Kapuru ella.

Total alkalinity: Total alkalinity is a measure of carbonate and bicarbonate ions in
water. There was a downstream increase of mean monthly total alkalinity of water -
(Table 1). The highest mean value for the monthly total alkalinity was recorded for
the feeding canal no. 4 Mul-dola (1.2 mmol 1'!) of the Labugama reservoir while the
lowest value was recorded for the station J (0.26 mmol I'Yy of the mainstream.

Total Hardness: The total hardness which is a measure of calcium and magnesium
ions in water shows a irregular horizontal change. The highest mean value was
recorded for the feeding canal Rat-ela (0.67 mmol I’y while the lowest mean value
was recorded for the feeding canal no. 1 Kapuru ella (0.06 mmol 'Y of Labugama
reservoir.

Dissolved oxygen: Downstream decrease of dissolved oxygen in water was clearly
evident in Wak oya (Figure 2). The highest mean value was recorded for feeding
canals of the reservoirs (8.5+0.4 ppm) while the lowest mean value was recorded for
the stations near the rubber factory (5.78+0.6 ppm). ' ' '

pH value: The mean. pH value was between 6.21 and 7.8. The highest value was
recorded for feeding canal No. 6 of Kalatuwawa Reservoir (7.14+0.93), while the.
lowest value was recorded for the station below the rubber factory (pH=6.3+0.2).
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Figure 3: Seasonal variation of conductivity, chloride lons, total hardness, sulphate lons and dissolved
oxygen in Wak-oya in 1990.
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Seasonal variation of physice-chemical parameters

The seasonal variation in weather in the Wet Zone of Sri Lanka is rainfall. The
variation of monthly values of conductivity, chloride ion concentration, total
hardness, sulphate ion concentration and dissolved oxygen with the monthly rainfall
for the station G is shown in Figure 3. Conductivity, chloride ion concentration and
dissolved oxygen of water showed a positive correlation while total hardness and
sulphate ion concentration showed a negative correlation with monthly rainfatl. This
relationship was also observed at three other stations (C,L & O) representing the
upper, middle and lower parts of the stream,

Horizontal variation of composition, distribution, diversity and relative abundance
of fish .

Composition: Wak oya supports 28 species of fish of which- 16 were cyprinids, 3 were
cichlids, two were from the family Bagridae, and one each from the families:
Siluridae, Ophiocephalidae, Gobidae, Belonidae, Mastocembelidae, Cobitidae and
Gerridae (Table 2). Of these 28 species P. nigrofasciatus, F. cumingi (Gunther), Garra
ceylonensis (Bleeker) and Noemacheilus notostigma (Bleeker) are endangered and
endemic to Sri Lanka.

The downstream variation of the percentage frequencies of the three main types
of fishes the cyprinids, the cichlids and other species are shown in Table 3. A
downstream decrease in cyprinids and a downstream increase in cichlids and other
species were observed. The cyprinids contribute a major part to the composition of
fish in reservoirs and upper and middle parts of the stream while the cichlids and
other species contribute a major part to the composition of fish in the lower part
near the river. The downstream variation of percentage frequencies of individual
species were shown in the Table 4. A downstream decrease in cyprinids and increase
in cichlids and other species were observed.

Table 3: Variation in fish ‘types in 1990.

Station Cyprinids % .. Cichlids % Other spp. %  Total no. of fish
Resevoirs 1 99.80 0 020 - 503
- D 100.00 0 0 8
G ' 99.00 0 1 . 78
L 9915 028 0.57 1196
o) 8810 - 2.40 9.50 194
P

48.25 ' 0 51.75 31

Values are mean monthly percentages. D = uppef part, G&L = middle part, O&P = lower
part. : ’
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Distribution: The three species, Puntius filamentosus (Valenciennes), Danio
malabaricus (McClelland) and Rasbora daniconius (Hamilton-Buchanan) are evenly
distributed in the stream including feeding canals, reservoirs and the mainstream and
they form a major part of the fish population. Therefore, they are the dominant and
best adapted species in the stream. The two species Garra ceylonensis and
Noemacheleilus notostigna were confined mainly to the feeding canals of reservoirs
with rapids and’ pools, stream bed with boulders and water with higher oxygen
concentraion and low temperature. P, nigrofasciatus and P bimaculatus (Bleeker)
inhabited the upper parts of feeding canals (Heen-ela, Puwakpitiya ela and Rat ela)
and mainstream with shade and fields of Aponogeton crispum for shelter.
Occasionally these fish were found in the stations of the mainstream where feeding
canals open to the mainstream. The species such as P chola (Hamilton-Buchanan)
and P, vittatus (Day) which are common in marshes were occasionally found in the
middle and lower parts of the mainstream. P cumingi, which is very rare in this
stream was found in the lower part of the feeding canal viz. Heen ela where
the water is very clear and the bottom is sandy. P sarana (Hamilton- -Buchanan), B
dorsalis (Jordon) and Xenentodon cancila (Hamilton-Buchanan) inhabited the
middle and lower parts of the stream. Tor khudree (Gunthcr) which inhabits the
reservoirs was not found in the stream below the weirs. The other cyprinids namely
Labeo dussumieri (Valenciennes), Esomus danrica (Valnciennes), Rasbora caveri’
(Brittan) and Amblypharyngodon melettinus (Valenciennes) were occasionally found
in lower parts of the stream. The three Cichlids, Etroplus maculatus (Bloch), E
suratensis (Bloch) and Oreochromis mosambicus were confined to the lower part of
the mainstream and the feeding canal Heen-ela. The species namely Glossogobius
giruis (Hamilton-Buchanan), Macrones keletius(Valenciennes) and the brackish
water species Pentaprion longimanus (Cantor) were limited to the part of the stream
near the river which flooded by river water during the peaks of rainy seasons. Very
rarely Glossogobius giurus and Mastacembelus armatus (Lacepede) were also found
in reservoirs. There were no fish at all for 1 1/2 km below the Kalatuwawa weir. The
species Macrones vittatus, Ompok bimaculatus (Bloch) and Ophiocephalus striatus
(Bloch) were found in the feeding canal Heen ela. These fish were caught during
the sampling at night.

Diversity: There is a downstream increase of diversity of fish measured as the number
of species per station (Fig. 4). In feeding canals of reservoirs the diversity of fish
" varied from 2 to 5 while in reservoirs it varied form 6 to 7. In the stations of the main.
stream, the diversity of species varied from 2 to 13. The maximum number of species
was found in the station 0 in the lower third of the stream. However, when the stream
reaches the river the diversity reduced again. In the stations near the weirs (C & D)
the diversity was very low (0 to 2)

Relative Abundance: The horizontal variation of mean relative abundance of fish
measured as the number of fish per unit operation of the cast net is shown
in Figure 4. The highest relative abundance was recorded for the two reservoirs
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(29.5 + 18.7 and 43.3 * 16.9 fish/unit operation) while the lowest relative abundance
was recorded for the stations near the weirs (0-0.14 + 0.26 fish/unit operation).
Below the weirs there is a downstream increase of relative abundance (Fig. 4).
However, when the stream reaches the river the relative abundance of fish decreased
again.

Table 4: Variation in fish species in 1990.

Species stations
' A D G L 0] P
% % % % % %
P. ﬁIameniosus 59.8 0. 30 30 - 142 12.5
P. dorsalis -0 0 58 19 26 -
P. sarana 0 0 0.14 063 25 8
P. nigrofasciatus 0 0 0.12 0.29 0 0
P. bimaculatus 0 0 0 0 0 0
P. amphibius 0 0 0 0.18 0 0
P. cumingi 0 ] 0 0 0 0 .
P. vittatus 0 0 2 0 0.78 0
P. chola 0 0 0 0.85 3 0
D. malabaricus 35 0 52 30 608 25.5
R. daniconius 5 50 9 18 34 0
R. caveri . -0 0 0 0 0 0
Garra ceylonensis 0 0 0.24 0 0 0
E. danrica 0 0 0 0.1 0.5 0
A. melatinus 0 -0 0 0 0 2.25
L. dussumieni 0 -0 0 0 1.8 0
Tor khudree + 0 0 0 0 0
* E. maculatu S0 0 0 0 0 0
E. suratensiss 0 0 0 0.3 0.82 0
O. mosambicus 0 0 0 0 22 0
X. cancila 0 -0 0.83 0.22 13 0
Macérones kelétius 0 .0 0 0.4 0 9.25
Mastocembadlus armatus 0.2 0 0 0 0 0
G. giuris 0.1 0 0.8 0 6.86 40.75
N. notostigma 0 0 0 0 0 0
P. logimanus 0 0 0 0 ' 0 1.75
Total number of fish 503 8 78 1196 194 31

Values are mean monthly percentages. A= reservoir, D=upper part, G&L =middle
. part, O & P=lower part.
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Figure 6: Seasanal variation in frequencies of four dominant fish specles, P. fUamentosus, P. dorsalis
R. daniconius and D. malabaricus at station G in 1990.

Seasonal variation of relative abundance and diversity of fish

Relative abundance: The seasonal variation of relative abundance of fish in sampling
Stations C, G, L and O representing the whole length of mainstream is shown in
Figure 5. In the station C which is near the weir, there were no fish at all after March
1990. The seasonal variation of relative abundance of fish in stations G and L which
represent the middle part of the stream shows a similar pattern of variation. In these
two gfations the abundance of fish negatively correlates with rainfall and in the month
of January, February and August where the monthly rainfall was very low the
abundance of fish was higher than that of other months. In the station O, which
flooded with river water during the peaks of rainy seasons, the abundance of fish was
very low and the abundance of fish show a positive relationship with the monthly
rainfall.

The seasonal variation of the abundance of the most common four
species, P. filamentosus, P. dorsalis, D. malabaricus and R. daniconius of the station
G is shown in Figure 6. It shows that the population of these species varied with the
monthly rainfall. '
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Diversity: The seasonal S/ariation of diversity of fish in the Stations C, G, L and O
representing the upper, middle and lower parts of the mainstream is shown
in Figure 7. It shows that after peaks of rainfall the diversity of fish increased.

DISCUSSION

The native fish fauna of the Tennessee river system havc been affected by dams,
introduced species, toxic spills, mining and agnculturc According to the studies of
Tennessee river system, some riverine fish species did not survive in the reservoirs
.and after the inundation the species richness and relative abundance of fish
drastically changed with a shift of composition of fish. The reservoir of the Clinch
River of U.S. supported 17 families 'and 65 species of native fish before its
. impoundment in 1936. Fish sampling subsequent to thc impoundment mdlcatcd the
loss of four families and several genera of Cyprinidae.!

- The reduction of spccies richness in reservoirs is due to the habitat changes of -
that part in the stream. The removal of free flow of water, the increase of depth of
water, the removal of shady water plants due to inundation, the increase of surface
water temperature, the accumulation of dissolved ions and silting are the main
habitat changes that affect the fish fauna. Deposition of silt on spawmng grounds

" prevent the hatching of eggs of fish. 16

With the construction of the two weirs across Wak oya stream, the upper part of
Kalatuwawa ela and its feeding canales and the upper part of Wak oya were
inundated. Most of the free flowing parts of the stream with riffle habitats were
eliminated. The present study shows a reduction of the species richness of inundated
part of the stream compared to the free flowing part of the stream. The part of the
stream below the weirs supports 26 species while the inundated part which is a large
water body supports only 6 species. This proves the effect of above habitat changes.

The endemic and endangered species such as F. nigrofasciatus, . cumingi, Garra
ceylonensis, and Noemacheilus notostigna are found in the feeding canals of
reservoirs but not in reservoirs. It shows that these species were eliminated from the
inundated part. However, due to the lack of preimpoundment data it is very difficult
to conclude the number of species eliminated from the inundated part of the stream.

The three cyprinids, Danio malabaricus, Rasbora daniconius and Puntius
filamentosus were found in all habitats including the feeding canals, reservoirs and
the main stream. It shows that these species were adapted to live in reservoirs. Tor
khudree and Mastacembelus armatus were also adapted to the reservoirs.

Although the species richness is low in reservoirs the relative abundance of fish
is higher than that of feeding canals and the mainstream. This may be due to the
increase of habitat area with higher amount of phytoplankton and zooplankton. The
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accumulation of dissolved ions and the calm water of reservoirs may be the reasons
for the increase of plankton. This affects the food supply of fish of reservoirs and
~ hence the abundance of fish.

The dams affect not only the fish fauna of inundated part but also the fish fauna
of the lower part of the streams and rivers below the dams. In the South Folk Holston
River of the U.S., preimpounding sampling yiclded 43 species, where 17 species were
collected in the tailwaters after the operation of the dam. Thirty two species were
collected in the Watauga River of the U.S. before the construction of Wilber dam,
compared to only 13 species in the tailwaters after the impoundment_‘.1 Elimination
of fish species in tailwaters was due to the stressful conditions created for fish by the
altered flow regime and cold water discharges with reduced oxygen concentration.!
There is no hydro-electric power porduction at Kalatuwawa and Labugama and
hence there is no discharge of water from the resovoirs. The down flow regime of
this stream is therefore severely disturbed. It is evident by the dried portion of the
stream below the Kalatuwawa weir and the narrowness of the mainstream below the
weirs. Therefore the absence of fish for about 2-km of the stream below the weirs
is due to the altered flow regime of the stream. Although there was no fish just below
the weirs, there was a downstream recovering of species richness and relative
abundance of fish. This was due to ‘the reestablishment of the stream by feeding
canals below the weirs.

Generally most of the cyprinids in streams migrate to feeding canals in the rainy
seasons for spawuing.s'12 This was confirmed by the observation of upward
migration of P sarana, P filamentosus, F. bimaculatus, D. malabaricus and R.
daniconius over the anicuts of Pussali oya. The weirs across Wak oya completely cut
off the lower part of the stream from the upper part which contained large number
of feeding canals. Therefore the two weirs prevent the upward migraton of fish for
spawning. This would have significant impact on migratory species that utilized the
feeding canals above the weirs. The seasonal changes of diversity and abundance of
fish of the main stream may be due upward migration of some fish species during
the rainy season. -

While deforestation and urbanization have been major causes of the decline in
number of native fishes, their impact has been greatly increased by gem mining
activities, which causes streams already denuded of cover and shade to become
turbid and silty.* It is common for the people of Waga-Kalatuwawa area to excavate
the Wak oya stream bed for gems in the dry season. This causes the formation of
stagnant pools, increase dissolved ions and turbidity of water, which are unfavourable
for stream fish. The large.scale removal of boulders from the stream for the
decoration of gardens of urban areas is the latest hazard to the stream fish fauna. It
removes the insect larvae on boulders which is a main food source of some fish.
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. There are toxic spills from the rubber factories and water puriﬁcatidn plants.
‘During the renovation-of sand beds of water purification plants, water contaminated
with alum, Ca(OH), and free chlorine is released to the stream. The effect of this
contamination was evident by the absence of fish in the part of the stream near the
weirs. The effect of release of waste water of rubber factory was clearly evident by
the absence of fish in the feeding canal, Heen ela near the factory during the dry
season. Normally in dry seasons the water below the factory turns milky and fish are
rarely caught. Bathing is not possibale in this part of the stream due to the acidity.

.The downstream increase of conductivity, dissolved ions, temperature, diversity
and abundance of fish; and the downstream decrease of dissolved oxygen is a general
pattern of streams.!” However, the present study shows that ther€ is a abnormal
increase of conductivity and dissolved ions and decrease of pH value in water just
below the weirs and rubber factory. This was due to the release of chemically
contaminated water to the stream. Besides these abnormalities the variation of the
physico-chemical parameters shows the general pattern of streams. The downstream
increase of temperature tend to decrease the dissolved oxygen in water. The
horizontal distribution pattern of fish in part may be a reflection of the availability
of oxygen, food, dissolved ions, space and the velocity of water. Increasing dissolved
ions along the lengh of downstream influence the distribution of certain fish species
which require particular levels of inorganic ions or specific food items. The increase
of habitat area, depth and velocity of water and abundance of food items may be

" another fact to the downstream increase of abundance and diversity of fish.

The results of present study indicate that it is valuable to conduct pre-and
post-impoundment surveys of all streams and rivers of Sri Lanka to evaluate the
richness of fish and other aquatic fauna. It is also important to make a minimum
water discharge in impounded streams and rivers to maintain the flow regime and
to make fish ladders for the migration of fish. '
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