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Abstract

Cichlids form the mainstay of the fishery of the Victoria reservoir,
which is the largest and deepest hydropower reservoir constructed under the
accelerated Mahaweli programme. Since there is a significant variation in
the relative abundance of the three species of cichlids that colonize this
reservoir, namely Oreachromis niloticus, O. mossambicus and- Tilapia
rendalli, this investigation was carried out to determine whether there are
any marked differences in their reproductive biology, which favours
successful colonization of one species over the others.

The reproductive biology of the three species was analyzed using
standard techniques by which the mean size al maturity, fecundity, sex
ratio, menthly fluctuations in maturity stages and comelations of
gonadosomatic indices with rainfall were obtained. All three cichlid species
are year-round breeders having around three major spawning peaks. Among
the three species . niloticus has the highest male dominance, the latest
maturation and the best correlation between fecundity and body size, which
appear to be the characters favouring its establishment in the reservoir. The
higher female to male sex ratio in O. mossambicus in the commercial
catches indicates that one of the reasons for the gradual decline of this
species may be the elimination of females which are smaller in size than the
males, and hence could be more susceptible to small meshed gill nets which
are frequently used in this reservoir. The presence of larger heavily yolked
eggs, lower fecundity and the mouth brooding habit of O, mossambicus and
. miloticus make them better adapted for survival in the reservoir than T.
rendalli. T. rendalli has the lowest potential for colonizing this reservoir.
The survival of this species is ensured by having a high fecundity, a 1:1 sex
ratio with prolonged association between breeding pairs, and an carly
maturation of both sexes. The results indicate that the differences in
reproductive biology play an important role in the colonization success of
the three cichlid species in this reservoir.
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Introduction

Victoria is the largest and deepest hydropower reservoir constructed
under the accelerated Mahaweli Programme. The reservoir has a well-
established commercial fishery comprising exotic and indigenous fish
species. Cichlids constitute the mainstay of this fishery. However, the
relative abundance of the three cichlid species (Oreochromis mossambicus,
O. niloticus, and Tilapia rendalli) that colonize the reservoir differs
markedly from each other (Nathanael & Silva, 1996a).

Except for a few studies on the reproductive biology of O.
mossambicus, O. niloticus, 0. mossambicus X O, niloticus hybrds (De
Silva & Chandrasoma, 1980; De Silva, 1986, Amarasinghe & De Silva
1996) and T, rendalli (Chandrasoma & De Silva, 1981) in shallow dry zone
reservoirs, there is no information available on the reproductive biology of
cichlids in deep upland reservoirs of Sri Lanka. As such, the main objective
of this investigation 15 to comparatively analyze some aspects of
reproductive biology, viz., abundance of fry, fecundity, gonadosomatic
index, sex ratio, mean size at maturity ete., of the three exotic cichlid
species found in the Victoria reservoir in order to identify whether there are
any marked differences which favour the successful colonization of one
species over the other two.

Materials and Methods

A fry survey was conducted for a period of one year from March
1992 to February 1993, sampling the littoral zone of the reservoir bi-
monthly at two randomly selected locations. On each sampling day, five
hauls were made by dragging a fine meshed net within a 10-minute period.

Around thirty specimens of each of the three cichlid species were
collected at monthly intervals from fish landing sites for a period of one
year from January to December 1990. They were transported to the
laboratory and the total and standard lengths were measured to the nearest
millimeter. Their weights were also recorded to the nearest milligram. The
fish were then dissected, sexed and their gonad weights were recorded. The
gonadosomatic index (GSI) taken as the ratio between the gonad weight and
body weight was calculated separately for each individual. The mean of
each monthly sample was designated as the monthly GSL

The gonads were separated into six stages more or less similar to
those described by Chandrasoma (1980) to determine the seasonal
fluctuation in gonad maturity. The mean size at maturity of each species,
i.e., the length at which 50% of the population reaches maturity, was
estimated by determining the % of mature individuals of stage I1I and above
in ¢ach 1 em length group as deseribed by Chandrasoma (1980).
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Ovaries in the mature stage were weighed to the nearest milligram,
split longitudinally and preserved in Gilson's fluid. Periodic vigorous
shaking of the jars containing the ovaries assisted in penetration of the
preservative and in separating the eggs. Fecundity of 30 ovaries from each
of the three species was estimated using an Imhof's sedimentation cone. The
eggs within the cone were aerated to ensure uniform distribution, and five
sub samples of 10 ml cach were drawn out. The number of eggs in this
volume was counted and the total number of eggs in the bulk sample was
estimated. The relationships between fecundity and total length and total
weight were also determined. Rainfall data at the dam site of the Victoria
Reservoir was obtained from Head-works of the Mahaweli Authority of Sni
Lanka.

Results

Abundance of fry: Figure 1 shows the abundance of cichlid fry in relation
to the annual rainfall pattern and water level fluctuation in the reservoir.
The first peak coincided with the peak southwest monsoonal rains (June-
July). The highest peak coincided with the tail end of the northeast
monsoons [December-Janoary).

Mean sige at maturity: Table 1 gives the mean total length at matunity of
the three cichlid species studied. In all three species females appear to
mature earlier than the males. In T. rendalli both sexes mature at smaller
lengths than the other two species. The male O, niloficus showed 50%%
maturity at mean length of 25.8 cm and it was 22.9 cm and 21.3 cm in the
case of 0. mossambicus and T. rendalli respectively.

Fecundity: There was a marked variation in the fecundity of the three
cichlid species. Both . mossambicus and O, niloticus had a much lower
fecundity and produced larger sized heavily yolked eggs compared to T
rendalli. In the case of 0. mossambicus, the fecundity of a few mature
fernales in the 8 to 10 cm size range obtained from cast net catches during
the drought season was also included in Table 2.

The relationships between fecundity and total length of all three
species were curvilinear whereas those between fecundity and body weight
were linear (Table 2). In all three species the relationship between fecundity
and body weight was more significant than those between fecundity and
body length (Table 2). Of the three species, the most significant relationship
between fecundity and body size (weight) was obtained for O. niloticus
while the least significant relationship was obtained for T, rendalli.
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Figure 1. Fluctuation in the availability of cichlid fry in relation to the
annual rainfall and -water level.

Sex ratio: The sex ratios of the three cichlid species studied are given in
Table 3. The results of the Chi square test with Yates correction (Neave &
Worthington 1992) revealed that there was a significant deviation from the
expected 1:1 ratio in O. mossambicus (¥ = 19.67, p<0.05) and O. niloticus
(i’ =22.05, p<0.05). In T. rendalli, however, (¥ = 4.70, p=>0.05) deviation
from the expected 1:1 sex ratio was not significant. The 1:1 sex ratioin T
rendalli may be due to the prolonged monogamous association of breeding
pairs during substrate spawning. In all three species however, the sex ratio
fluctuated with size. Males were predominant in the larger size classes
whereas females were predominant in the lower size classes. It was also
observed that large meshed gill nets target mostly O. niloticus males (which
are the largest individuals among the cichlids) while small meshed gillnet
catches contain high proportions of small sized O. mossambicus females.
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Table 1. Mean size at maturity for males and females of the three different
cichlid species.

Species Males (cm) Females (cm)
0. mossambicus 22.9 19.2
0. niloticus 25.8 22.6
T rendalli 21.3 18.0

Table 2. Fecundity and the relationships of fecundity to body length (L) and
body weight (W) in the three cichlid species. (r = correlation coefficient; **
p< 0.001; * p<0.01).

0. mossambicus . miloricus T. remdalli
Fecundity 108-713 5701574 1,020-7 495
Total length range (cm)  18-27.5 20,1-28.5 18.2-25.2
Relationship with total 0,681 0.36L" o.19LM"
leagth (r=0.69)** (1 =0.79)% (£ =0.50)*
Relationship with body  3.35W+371.8 SSTWHI382  BIEW=669.4
weight (r=0.78)** (r=0.82)** (= 0.62)%

Table 3. The overall mean female to male sex ratio of the three cichlid
species from the commercial gill net fishery of the Victoria reservoir.

Species Female to male
rato

0. mossambicus 1:0.78

O. niloticus 1:1.44

T. rendalli 1:1.08

Gonad development and spawning: Percentages of the various maturity
stages of females (excluding stage [V) in different months during 1990 for
the three cichlid species are illustrated in Figure 2. Stage I represents
immature individuals who could not be differentiated sexually.
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Figure 2. Monthly percentages of different maturity stages of females of the
three cichlid species.

Females in spawning condition are present in all months, indicating
that breeding occurs throughout the year with around three major peaks in
all three species. Spearman’s rank comrelation coefficients (MNeave &
Worthington 1992) between the gonadosomatic index and rainfall (Table 4)
indicated that gonad maturation patterns of all three cichlid species studied
were significantly correlated with the monthly rainfall pattern.

Table 4. Spearman’s rank correlation coefficients (r,) between the monthly
mean gonadosomatic index of the three cichlid species studied and monthly
rainfall (* p= 0.05).

Species (ry)
O, mossambicus 0.5105*
O niloticus . 0.5470*

T. rendalli 0.2955*
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Discussion

During the past, cichlids have been the focus of much experimental
work in Sri Lanka since the lucrative cichlid fishery of this country has
provided nutrition and income to many (Costa & Abayasiri 1978; De Silva &
Chandrasoma 1980, Chandrasoma & De Silva 1981, Amarasinghe &
Upasena 1985; Amarasinghe 1988; De Silva & Sirisena 1988; De Silva & De
Silva 1991). But as vet, there is very little published information on
comparative studies on reproductive of different cichlid species that have
colonized Sri Lankan reservoirs.

Spawning cycles of fish are found to be comrelated with environ-
mental conditions. In Sri Lanka, the temperature and photoperiod are
uniformly high throughout the year with minor seasonal variations.
However, the rainfall pattern, which is more significantly variable, imposes
a certain degree of seasonality on the breeding activities of most fish
species. Breeding activities of all three cichlid species appear to peak during
the rainy season when inflow of water and inundation of new areas in the
littoral zone provide suitable conditions for the growth of young. Recent
trends in the Victoria reservoir show a decrease in O. mossambicus in the
catches with a corresponding increase in O. niloticus. O, niloticus appears
to be more selective in its breeding habits, preferming areas close to inflows
(Mathanael & Silva 1996b). Among the three species, O niloficus grows to
the largest size, matures at a comparatively larger size and has the best
comrelation between fecundity and body size with a higher % of males in the
population compared to other two cichlid species. These characteristics may
have enabled this species to establish itself successfully in the reservoir,

The exponent of the fecundity length relationship is known to
approximate 3 for fishes in general (Baegenal 1978). It is stated that
variability of the exponent may be an indication of the adjustment of
fecundity of a population to environmental conditions and an indication of
the degree of adaptability of the species (De Silva 1986). Of the three
species O, niloticus shows the best exponential value (3.15), further
indicating that conditions in the reservoir are suitable for its propagation. €.
niloticus is also known to have a lower temperature tolerance than O
mogsambicus (Balarin & Hatton 1979), and hence may inhabit the deeper,
cooler layers of the reservoir, thereby being less susceptible to gill nets.

O, mossambicus was the most successful colonizer of this reservoir,
contributing for about 58.7 percent by weight to commercial catches in
1990, It displays an ability 1o reproduce even at a very small size, especially
during severe drought. The adaptability of O. mossambicus and its
capability of showing mixed life-history strategies (both r and k selected
strategies; Amarasinghe et al. 1989) together with its ability to withstand
environmental stress could partly account for its initial success in this
reservoir. O. mossambicus also has the highest female to male sex ratio



- §. Nathanael & E.IL. Silva

indicating that it has the advantage of multiplying rapidly, since females are
the critical sex for egg laying. On the other hand, the progressive decline of
O mossambicus in the commercial catches since 1990 may be due to its
inhabiting the warmer upper layers of the water making females more
susceptible to small meshed gillnets. Selecting a correct mesh size and
understanding the reproductive biology and behaviour of these fish species
are therefore important for effective management of the fishery of the
Victoria reservoir,

Results obtained by De Silva (1986) revealed that O, mossambicus
grows to a larger size and has a higher fecundity (318 to 3,169 in fish
ranging in total length between 16.5 to 32.0 ¢m) in shallow dry zone
reservoirs in Sri Lanka than those in the Victoria reservoir. The mean size at
maturity was less for females (De Silva & Chandrasoma 1980) and higher
for males in Parakrama Samudra when compared with those in the Victoria
reservoir. In Parakrama Samudra, females outnumbered the males with a
fernale to male sex ratio of approximately 2:1. Thus, it .appears that
conditions in shallow dry zone reservoirs are more favourable for the
propagation of 0. massambicus than deep reservoirs such as the Victona.

Of the three cichlid species studied, T rendalli shows the lowest
colonization success in this reservoir. However, certain features such as
having the highest fecundity, breeding mainly during the rainy season when
‘conditions are favourable for survival of young, and early maturation
ensures their survival in this reservoir. In Parakrama Samudra too, T
rendalli is a poor colonizer and the sex ratio, fecundity and mean size at
maturity are similar to those obtained during the present investigation
{Chandrasoma & De Silva 1981).

Reproductive cycles of the three cichlid species inhabiting the
Victoria reservoir are highly integrated and synchronized with seasonal
rainfall. Differences in reproductive characteristics such as fecundity and
egg size, mean size at maturity, sex ratio, and breeding habits clearly affect
colonization success of the three cichlid species in this reservoir.
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Abstract

At present, the non-cichlid exotics appear to be not significant in
the reservoir fishery of Sri Lanka. They are nonetheless an exploitable
resource for the future as a source of protein for the rural poor. Catch
statistics of the gillnet fishery in the Victoria reservoir maintained for an
18-month period indicate that of the five species of non-cichlid exotics
stocked in the reservoir only two species, namely, the common carp
{Cyprinus carpio) and Rohu (Labeo rohita), had an impact on the
commercial fishery. Although stocking the reservoir ceased since July
1990, there has been a marked increase in the number of common carp in
commercial catches towards the latter part of this investigation. Unlike the
common carp, only large-sized Rohu are being netted, indicating the
possibility of natural breeding of common carp within or in the vicinity of
the reservoir.

Introduction

Reservoirs have played an important role in the development of
ancient agro-civilizations of Sri Lanka. Since S Lanka has no natural
lakes, inland fish production has for & long time been from shallow
irrigation reservoirs in the dry zone. As the accent was on marine fisheries,
the potential of inland waters as a biological resource was rather
unidentified until the second half of the twentieth century.

Since the native fishes of Sri Lanka are truly riverine or
marsh-dwelling, they constitute only a very small proportion of the
reservoir fishery. In order, therefore, to sustain a fishery, reservoirs were
stocked under government patronage with two groups of piscine exotics,
namely the cichlids and the non-cichlids. ;

Among the cichlids, the pandemic Oreochromis mossambicus is a
proven success, on which the entire inland fishery of Sri Lanka has become
established. Comparatively little information 15 available however, on the



8. Nathanael & E.LL. Silva

contribution of non-cichlid exotics to the reservoir fishery of Sn Lanka.
Among non-cichlid exotics, the common carp is a popular food fish and has
the potential of providing a stable source of high quality fish seed needed
for fish culture.

The Mahaweli River has been held back by a double curvature,
concrete dam at the Victoria Falls, 3 km downstream of the confluence of
the Mahaweli and the Hulu rivers, giving rise to the Victoria reservoir
{(7°15' - T°19' N and 80°39" - 80" 48" E). The Victoria reservoir was
commissioned in 1985, inundating some large cocoa and coffee estates with
rich soils. The reservoir, with its steep banks and imregular shoreline, is
characterized by a typical intermediate lotic-lentic type of ecosystem. Some
hydrological and morphometric characteristics of the Victonia reservoir are
given in Table 1.

Table 1. Some hydrological and morphometric characteristics of the
Victorna reservioir. )

Maximum Flood Level (m) 4412
Lowest draw down level (m) 370.0
Annual draw down (m) 28-712
Gross storage capacity (millionm”)  722.0
Catchment (km®) 1,891
Area (ha) 2,270
Maximum depth (m) 102
Mean depth (m) 322
Shoreline (km) 115
Shoreline development 6.66

Following inundation, the Victoria reservoir has been colonized by
several indigenous rniverine fish species, which had no significant
commercial impact. The Ministry of Fisheries therefore, stocked this
reservoir with African cichlids and non-cichlid exotics (Indian, Chinese and
common carps) with a view towards utilizing this water body to enhance
fish yield. _

Edirisinghe (1990) records the susceptibility of the common carp to
gill nets in the Victoria reservoir while Silva (1991) and De Silva & De
Silva (1991) have estimated the percentage contribution of non-cichlids in
the fishery of three Mahaweli reservoirs. However, no systematic studies
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have been conducted hitherto to determine the role of non-cichlid exotic
fish in any of the Sri Lankan reservoirs. The present study was therefore
carried out to investigate on the role of non-cichid exotics in the fishery of
the Victoria reservoir in the Mahaweli river basin in Sri Lanka (Fig. 1).

Materials and methods

During the 18-month study period from March 1990 to September
1991, catch statistics were collected at least thrice a month from individual
fishermen of the major fish landing sites around the reservoir.

The total weight of the catch and the number and the weight of
non-cichlid exotics present in the catch were recorded on each sampling
date. The total lengths of common carp and Rohu in the gillnet catches were
measured to the nearest millimeter. On each sampling day, data was
collected from 20 - 25% of the total fishing operations of the reservoir.

Data on water level fluctuation of the reservoir during the study
period was obtained from the Headworks Division of the Mahaweli
Authority.

F:gu.n: 1. Accelerated Mahaweli Project arca and Victoria reservoir mth
main fish landing sites.
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Results

The major fishing gear operated in the reservoir was the gillnets.
These were laid late in the evening and hauled in early moming of the
following day. Nets were laid down to a depth of about 3-5 m. There were
48 fiberglass boats and a few log crafts operated by about 66 fishermen in
the reservoir during the study period. Until July 1990, only the gillnets with
a minimum mesh size of 9 cm stretched mesh were allowed to be used in
the reservoir. However, after withdrawing the state patronage for inland
fisheries in July 1990, gillnets with smaller mesh sizes were also used.
Sporadic cast netting and hook and line fishing, too, were employed, but
they did not contribute significantly to the overall catch.

The number of non-cichlid exotics stocked after sealing of the
reservoir is given in Table 2. Although five species of non-cichlid exotics
have been stocked in this reservoir, only two species, namely the common
carp (Cyprimus carpio) and Rohu (Labeo rohita), have appeared
consistently in commercial catches during the study period.

Figure 2 shows the temporal vaniation of the relative abundance of
different types of fish, ie., indigenous, exotic cichlids and non-cichlid
exotics, in the commercial catches and the fluctuation in water level
Common carp contributed for 4 - 12% and Rohu for 0.08 - 0.70% (by
number) of the commercial catch during the study period. Common carp
and Rohu tend to appear more in the catches during the periods of high
drawdown (24 - 35% common carp, and 1.25 - 5% Rohu by weight).

The common carp has been the predominant non-cichlid species in
the Victoria reservoir, which appeared throughout the study period with an
increase towards the end of the study period (Fig. 2), the highest percentage
of common carp was in July 1991 and the lowest was in October 1990. The
highest percentage of Rohu was recorded in August 1991, and the lowest
was in May - June 1990, A few mirror carps and red carps, probably
accidentally stocked or transplanted from elsewhere, appeared sporadically
in some landings.

Rohu caught in the reservoir, were large with an average weight of
3.0 kg and a total length ranging from 35 cm to 62 cm. The size of common
carp in gillnet catches varied from 11 cm to 75 em. Monthly variations in
the mean length of common carp in commercial catches during the study
period is given in Figure 3. Figure 4 illustrates the size-classes of common
carp caught between March to August 1990 and 1991, Figure 4 indicates
that the common carp in this reservoir could grow to a large size while
individuals of small sizes too are caught.

=
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Table 2. The number of fingerlings of non-cichlid exotics stocked in the
Victoria reservoir after scaling in 1984 (Source: Ministry of Fisheries and
Ocean Resources).

Species Common name  Country MNumber
of origin stocked
Cyprinus carpio Common carp Europe 151,500
Aristichthys nobilis  Big head carp China 39,975
Crenopharyngodon  Grass carp China 6,500
idella
Cirrhinus mrigala  Mrigal India 22,500
Labeo rohita Rohu India 140,510
Discussion

Preliminary observations revealed that except for the common carp
(Cyprinus carpio), non-cichlid exotics do not appear to play a significant
role in the commercial fishery of the Victoria reservoir, Although Rohu
appeared in gillnet catches of the commercial fishery during the study
period, the fate of this species is doubtful, especially since there is no
evidence of its breeding naturally in the reservoir.

Common carp is very popular as a food fish among people living in
the vicinity of the Victoria reservoir. These fish grow to a larger size than
exotic cichlids, which at present are the mainstay of the commercial fishery.
Although the stocking densities of common carp and Rohu are almost the
same, the contribution of common carp to the fishery is much higher than
that of Rohu. Moreover, unlike Rohu, a wide size range of common carps
(including small sized fish) are netted.

Besides, although stocking this reservoir with non-cichlid exotics
ceased completely after July 1990 as a consequence of changing of the
government policy on inland fisheries, there has been a steady increase in
the proportion of common carp in gillnet catches, Furthermore, collection of
commaon carp fingerlings in rivulets leading to the Hulu River by the first
author strengthens the view that common carp breed naturally in the
Victoria reservoar, or in the upstream of inflows such as the Hulu River and
Maha Oya.

Records on natural breeding of common carp in Sn Lankan
reservoirs are scarce. De Silva (1983) reports that there is increasing
evidence for natural breeding of common carp in certain reservoirs since
males in running condition have been observed on many occasions. This
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Figure 2. Temporal variation in the relative abundance of non-cichlid
exotics, exotic cichlids and indigenous fish in the commercial catches and
the fluctuation of water level in the Victoria reservoir during the study

period.
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Figure 3. Mean length of common carp in the commereial catches during

the study period. The number of fish measured is given within brackets. -

Vertical bars indicate standard deviation. .
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Figure 4. The size-classes of common carp caught from Marcﬁ to August in
1990 and 1991 '

observation holds true for the Victoria reservoir as well, since on several
occasions females in spawning condition and sexually mature males were
collected from a fish market in close proximity to the reservoir, Sreenivasan
& Thayaparan (1983) stated that common carp may be breeding in Ulhiti
Ovya and the Maduru Oya reservoirs. Hettiarachchi (1983) suggests that
villizs in the downstream of the Mahaweli River could provide ideal habitats
for culturing carp fingerlings.

Unlike exotic cichlids, common carp does not nest or provides
parental care. This may result in low survival of young especially in
shallow lowland reservoirs where avian and piscine predation is high
{Schiemer & Duncan, 1983). It is possible that the success of common carp
in the Victoria reservoir could be due to low predator pressure, It is also
likely, that a large proportion of these bottom dwellers escape being trapped
in gillnets laid in surface waters of the reservoir as suggested by De Silva
{1992). Further, the presence of tree stumps at the bottom precludes the use
of any type of bottom gear in the reservoir, thereby increasing the survival
of this species.

Results obtained during this preliminary investigation highlight the
necessity of long term monitoring of the fishery at the Victoria reservoir to
obtain detailed information on the status of common carp in the commercial
fishery. In the face of heavy illegal fishing, following the withdrawal of
state patronage and supervisory control, it appears that natural recruitment
alone would not be sufficient to sustain the common carp fishery in this
reservoir. Therefore, introducing aquaculture practices to the community
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living in the vicinity of the reservoir to produce fingerlings for stocking and
the development of a fingerling buy back system with the participation of
the private sector may be very useful for the sustainability of the common
carp fishery in this reservoir,

Rohu, on the other hand, did not show evidence of breeding in the
reservoir, since only large size fish were netted over the entire study period.
It was also not possible to collect Rohu fingerlings in the littoral zone or in
any of the rivulets leading to the Hulu River. Although Robhu disappeared
from the catches for a short time during the study penod, it appeared again
even after cessation of stocking, possibly having been brought in with the
inflowing water after heavy rains. Pethiyagoda (1991) reports on the
possibility of Rohu breeding in the Gintale tank, while Chandrasoma (1992,
1996) has shown that stocking of Rohu appeared to be profitable in some
lowland perennial reservoirs.

Three out of the five non-cichlid exotic species stocked in the
Victoria reservoir appear only rarely in commercial landings. All thess
species are riverine fish and are therefore incapable of breeding in the
reservoir. Decades of government attempts to stock these species in order to
increase fish production appears to be an unmitigated failure im both upland
and lowland reservoirs of S Lanka, since the recovery rates are very low,
frequent stocking with fingerlings i3 expensive, and no sustained fishery has
hitherto been established. It is therefore necessary to abandon such ad hoc
stocking strategies, and concentrate on developing more effective methods
to develop the inland fishery of Sri Lanka.

The results of this study show that of the non-cichlid exotics, the
COMMON carp appears o a very promising resource for future propagation
in the Victoria reservoir. More detailed studies are therefore necessary to
develop and exploit the full potential of this resource in the future.
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