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ABSTRACT 

Nelligudda Reservoir (area: 80 ha, mean depth: 3.0 m) is a warm dimictic lake 
with stable thermal stratification for two extended periods (September-October and 
February-May) and with an intermittent period characterised by irregular 
circulation. Continuous mixing occurs during June-August. The water is well 
buffered, hard (mean alkalinity : 142.7 mg/1), moderately rich in electrolytes (mean 
conductivity : 373.4 uS/cm) and low in transparency (mean secchi depth : 51.3 cm). 
Clinograde distribution of oxygen, high sestonic carbon (mean : 5.0mg/l) and 
chlorophyll 'a' values (mean : 98.5 (ig/1) and high primary production rates (2.4 mg 
C/m2/d) suggest that the reservoir is productive . Despite low dissolved nutrient 
concentration (soluble reactive phosphorus <10 ug/1), high algal biomass implies 
internal cycling of nutrients. The reservoir harbours around 20 autochthonous fish 
species of which the exotic Oreochromis mossambicus contributes more than 80% 
to the commercial fishery. Growth overfishing has resulted in the decline of mean 
landing size of O. mossambicus to around 10cm. The importance of maintaining 
a minimum landing size of 20cm is discussed. The catch per unit effort showed 
two peaks with a major one in July and a minor one in March. 
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Introduction 
In India, reservoirs constitute an 

important inland fishery source. As 
opposed to large multipurpose reser
voirs, small reservoirs like the 
Nelligudda reservoir impounded by 
damming small intermittent water 
sources serve as storage of the surface 
run-off for irrigational needs. These 
ecosystems, numbering around 19,000 
with a total surface area of 1.48 million 
ha (Sugunan, 1995), are becoming 
increasingly important not only from 
the point of view of fish production but 
also from a social context as a means 
of providing employment to a sizeable 
section of the rural population. To 

formulate sound scientific management 
measures for augmenting fish produc
tion in reservoirs, basic research on 
reservoir productivity is a must. This 
would provide clues to the production 
potential of the ecosystem and would 
help in setting targets of fish production 
from such water bodies. Though studies 
have been made on the ecology and fish 
yield from small reservoirs (Anon, 1989; 
Selvaraj et al, 1994; Khan et al, 1996), 
due to the wide degree of variations in 
their morphometry, nature and degree 
of watershed, climatic factors and hu
man inteference, the problems related 
to fishery management and their solu
tions are location specific. This paper 
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comprises a part of the detailed studies 
conducted on the limnology and fisher
ies of the Nelligudda reservoir during 
1993 -1995. 

Study site 

Nelligudda reservoir, hereafter re
ferred to as NR, was impounded in 1940 
below the confluence of two seasonal 
streams (12° 50' N, 77° 22' E, 740m msl). 
The principal physical features are: 
maximum depth, 10m; mean depth, 3m; 
area, 80ha at FRL; shoreline develop
ment 2.3; watershed, 7,469 ha (Table 1). 
The lake is sheltered to some extent due 
to its location in the Ramanagaram hill 
ranges. Direct human impact on the 
nutrient budget is still trivial. Alloch-
thonous influences on the nutrient 
budget appear to be significant due to 
large unintercepted watershed. NR 
region, considered a dry zone, is 
characterised by low rainfall (annual 
ranges from 679 to 889mm). The region 
receives both southwest and northeast 
showers with more than 50% being 
received between August and October. 
The variation in total annual inflow 
being wide, a year of high water level 
followed by one or two years of low level 
is characteristic of this region. The 
coldest month is January (mean daily 
minimum of 15°C) and the hottest is 
April (mean daily maximum of 34°C). 
The months of June and July are 

characterised by heavy southwest winds. 
The reservoir has not been brought 
under scientific fishery management in 
the recent past. 

Materials and methods 
Water samples were collected from 

August 1993 to August 1995 from differ
ent depths of the water column at a fixed 
station near the centre of the reservoir 
using Mac Vuit sampler (Litterick and 
Macvuti, 1985). Temperature and oxy
gen profiles were recorded (every week 
upto November 1994 and every fort
night thereafter) from surface to bottom 
at one metre interval. Temperature was 
measured, immediately after lifting the 
sampler, using a mercury thermometer 
graduated at 0.1°C interval. No signifi
cant difference was observed between 
the temperature measured this way and 
by using a sampler fitted with a revers
ing thermometer. Oxygen was esti
mated by the azide modification of the 
Winkler's method, total alkalinity using 
bromo-cresol green as indicator, soluble 
reactive phosphorus and total phospho
rus (after persulphate digestion) by 
ascorbic method and ammonia by phe
nol hypochlorite method (Wetzel and 
Likens, 1991). pH was measured by a 
combined glass-calomel electrode 
(Toshniwal model CL 24) and conductiv
ity by a conducti-vity bridge (Elico 
model). pH, alkalinity, conductivity, 

TABLE 1. Morphometric and edaphic characteristics of Nelligudda Reservoir 

Morphometry 

Year of construction 

Elevation (m msl) 

Maximum depth (m) 

Area at FRL (ha) 

Mean depth (m) 

Catchment area (ha) 

Shore line devp. 

1940.0 

740.0 

10.0 

80.0 

3.0 

7,469.0 

2.3 

Edaphic factors 

Water temperature (°C) 

Transparency (cm) 

Alkalinity (mg-1) 

Conductivity (u.S) 

Chlorophyll fug1) 

Sestonic carbon (mg4) 

Gross prod. (mgC nr2 d1) 

Mean (± S.E.) 

25.6 (0.5) 

51.3 (34.6) 

142.7 (28.3) 

373.4 (74.3) 

98.5 (74.0) 

5.0 (5.1) 

2.4 (0.8) 
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phosphorous and ammonia were moni
tored fortnightly at 2m intervals from 
surface to bottom. A white Secchi disc 
(20cm) was used to measure transpar
ency. Integrated sample of the top 2m 
of the water column, collected with the 
help of Lund's tubing, was used for the 
analyses of particulate organic carbon 
(POC) and chlorophyll 'a' (fortnightly 
from January 1994 to April 1995). POC 
was determined by the wet oxidation 
method (Wetzel and Likens, 1991). 
Aliquots of unfiltered samples ('whole') 
and that filtered through a 35 um 
nylobolt mesh ('<35 um faction') were 
filtered on to pre-ashed (500°C) GF/C 
filters. The filter papers with the residue 
were stored at 4°C prior to analysis. 
Chlorophyll 'a' data is presented else
where (Krishna Rao et al., 1996 MSS). 

Weekly catch and effort data on the 
fish resources of NR were collected 
from January 1994 through August 
1995. As all the fish landings arrived 
at one point on the shore, it was 
possible to accurately record the day's 
total catch. The catch per unit effort 
(CPUE) is expressed as catch per craft-
day The only craft used was coracle. 
Monofilament surface gill nets, ranging 
from around 25 to 50mm mesh bar was 
the principal gear used during all the 
seasons. Each coracle unit consisted of 
two fishermen and 5-7kg of nets (10-
14 pieces). During the period of intense 
fishing, the nets were examined for 
fish, twice a day, once around 0600h 
and again around lOOOh. The fish 
fauna was identified following Talwar 
and Jhingran (1991). 

Fig. 1. Variations in water level and physico-chemical parameters (column averages of 
temperature, alkalinity and conductivity). 
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Results 
Physical characteristics 

The temporal variation in water 
level and physico-chemical parameters 
are given in Fig. 1 whereas the mean of 
the edaphic factors are presented in 
Table 1. The total rainfall received in 
1993 and 1994 were 1,117mm and 
736mm respectively. The reservoir 
became just full in 1993 due to suffi
cient inflow. The fluctuation in water 
level was negligible from mid October 
1993 to January 1994, when thick 
growth of aquatic weeds {Hydrilla, 
Vallisnaria and Potamogeton) devel
oped. Thereafter, the level rapidly 

decreased, due mainly to drawndown 
for irrigation, to reach the dead storage 
level by July 1994. Poor inflow in 1994 
resulted in low water level in the second 
year. 

Average temperature of the water 
column (1.0m below the surface to the 
bottom) varied sinusoidally from a 
winter low of around 22°C (December -
January) to a summer high of around 
28°C (May). A minor peak during 
September - October occurred when 
the weather was hot and wet (Fig.l). 
The depth-time distribution of tem
perature is presented in Fig. 2. In the 
first year, the reservoir exhibited 

IO-1 

Fig. 2. Depth-time diagram for water temperature over the study period. Isopleths are drawn at 
intervals of 1°C. 
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stable thermal stratification for two 
extended periods namely late August 
to early November and again from 
February to mid May 1994. Complete 
circulation after the first stratification 
occurred during 4th - 11th November 
1993 due to convective cooling (Fig. 3A). 
The period mid-November to January 
was characterised by frequent forma
tion and breakdown of stratification. 
The reservior was in continuous 
circulation from June to August. In 
the second year, low water level 
prevented the establishment of a 
stable stratification. The thermocline 

depth during stable stratification was 
usually near 4.0 m. During the course 
of present studies, a maximum 
metalimnetic temperature gradient of 
2.1°C was observed on 17 September 
1993 when the thermocline was 
sharp. 

Chemical characteristics 

With few exceptions, the surface 
waters were well oxygenated down to 
3.0 m (>3mg/l). The peaks and troughs 
in.surface oxygen coincided with winter 
and summer though no significant 
correlation was observed between 
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Fig. 4. Depth-time diagram for oxygen over the study period. Isopleths are drawn at intervals of 2 mg/1. 
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oxygen and temperature. The depth-
time distribution of oxygen is presented 
in Fig. 4. During stable stratification, 
hypolimnion was anoxic for several 
weeks with the water emanating hydro
gen sulphide smell. During other 
periods, calm weather lasting a few 
days was sufficient to totally deplete or 
reduce the oxygen to a very low level 
(e.g. 15-22 September 1994, Fig. 3B) 
indicating high decomposition activity. 
When the thermocline was sharp, a 
precipitous drop in oxygen was noticed 
(e.g. on 27 October 1993 oxygen at 4 and 
5 m depths were 7.9 mg/1 and nil 
respectively; Fig 3A). Mixing followed 
by a calm weather raised the oxygen 

level in the surface layers due to greater 
photosynthesis (e.g. 15 - 22 September 
1994; Fig. 3B). 

Transparency showed clear season
ality during the first year with the 
minimum of 27 cm recorded in rainy 
season (inorganic turbidity) and the 
maximum of 118 cm in winter (high 
water level and low winds). In the 
second year, transparency remained low 
allthrough due to high algal standing 
crop (Fig. 1). The depth-time distribu
tion of pH is presented in Fig. 5. pH 
of the surface waters registered narrow 
fluctuations during both the years 
(mostly between 8.5 and 8.9). Overall, 
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Fig. 5. Depth-time diagram for pH over the study period. Isopleths are drawn at intervals of 0.4. 
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pH in the second year was higher than 
the first year. During stratification, 
similar to oxygen, pH showed strong 
clinograde distribution (Fig. 3 A2 & B2). 
Both alkalinity and conductivity para
meters showed more or less similar 
trend in seasonal variation with the 
peaks occurring in summer and the 
troughs in rainy season (Fig. 1). The 
maximum and minimum alkalinity 
values were 160 and 70mg/l and the 
conductivity values were 453 and 196 u 
S/cm (25°C) respectively. 

Total phosphorus (TP) as well as 
soluble reactive phosphorus (SRP) were 
below our detection limit (<10 ug/1) 
during most part of the studies, except 
during September - December 1993 
when concentration upto 110 (Ĵ g/1 was 
recorded, the period coinciding with 

TABLE 2. Fish fauna of Nelligudda reservoir 

good inflow. Depth-wise analysis re
vealed a uniform distribution even 
during stratification. Ammonia-nitro
gen was low (trace to 56.0 ug/1) near the 
surface on most occasions. However, 
high values (325 - 400 |ig/l) were re
corded even near the surface during 
July - August 1995, the period coincid
ing with the collapse of algal bloom. 
Ammonia showed strong vertical het
erogeneity during the stratification. In 
the bottom water, ammonia ranged 
from traces to 400 p.g/1. 

'Total' as well as '<35 um faction' of 
POC showed near identical trend in 
fluctuations (Fig.l). After exhibiting 
low values (<3 mg/1) during summer 
stratification of 1994, the concentration 
gradually increased upto September 
1994 coinciding with circulation and 

Family Species 

Cyprinidae 

Bagridae 

Siluridae 

Cichlidae 

Channidae 

Cobitidae 

1. Amblypharyngodon mola (Hamilton-Buchanan)* 

2. Cyprinus carpio Linnaeus 

3. Danio aequipinnatus (McClelland) 

4. Labeo boggut (Sykes)* 

5. Esomus danricus (Hamilton-Buchanan) 

6. Salmostoma belachi Jayaraj et al.* 

7. Puntius dorsalis (Jerdon)* 

8. P. sarana (Hamilton-Buchanan)* 

9. P. sophore (Hamilton-Buchanan)* 

10. Parluciosoma daniconius (Hamilton-Buchanan)* 

11. Barilius bendalisis (Hamilton-Buchanan) 

12. Garra gotyla gotyla (Gray) 

13. Mystus cavasium (Hamilton-Buchanan) 

14. M. vittatus (Bloch) 

15. Ompok bimaculatus (Bloch) 

16. Oreochromis mossambicus (Peters)* 

17. Channa gachua (Hamilton) 

18. C. striatus (Bloch) 

19. Lepidocephalus thermalis (valenciennes) 

20. Nemachielus deninsoni Day 

•Common in commercial catches. 
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thereafter rapidly increased to reach a 
high of 13mg/l in April 1995. The 
'<35 urn faction' of POC constituted 
more than 90% of 'total' POC. 

Correlation analyses 

Transparency showed strong posi
tive correlation with water level (r = 
0.93) whereas pH, conductivity and 
POC showed strong negative correlation 
with water level (r = -0.62, r = -0.72, 
r = -0.74 respectively). Strong associa
tion of conductivity with transparency 
(r = -0.55) and alkalinity (r = -0.75), tha t 
of pH with transparency (r = -0.59) and 
POC (r = 0.77), that of POC with trans
parency (r = -0.80) were observed. 
Strong association also existed between 
chlorophyll 'a ' and t r a n s p a r e n c y 
(r = -0.87). 

Fishery 

The NR harbours a variety of fish 
species (Table 2) but the fishery was 
significantly dominated by Oreochromis 
mossambicus, contributing over 80% to 
the fish catches. The major carnivores 
(although present in sparse density) 
were Channa gachua, C. striatus, Ompok 
bimaculatus, Mystus cavasius and M. 
vittatus. In addition, some smaller 
species (eg. Parluciosoma daniconius, 
Puntius sarana) that are known to be 
important predators of fish fry espe
cially that of O. mossambicus (in the 

F M A M A S O N D J F 

Fig. 6. Changes in the mean monthly catch per 
unit effort and water level. 

Fig. 7. Changes in the total catch. 

littoral zone) may have a regulatory role 
on the population density of O. mossam
bicus (Schiemer and Duncan, 1987). 

The temporal variation in CPUE is 
illustrated in Fig. 6. The CPUE showed 
near identical seasonal variations dur
ing both 1994 and 1995, with a primary 
peak around July and a secondary one 
around March. CPUE was at its lowest 
level in winter and could be due to 
dispersal of fish in the relatively high 
volume of water as well as poor activity 
patterns of fish. The CPUE remained 
high during major part of 1994 and the 
highest value of around 50 kg was 
recorded in June. After September 
1994, a sharp decline occurred without 
further recovery. The CPUE was below 
5 kg on most occasions in 1995 and the 
fishing intensity during this period was 
only around 0.25 craft/ha as compared 
to around one craft/ha during June -
September 1994. 

The monthly fish landings ranged 
from a low of around 200 kg/ha (May 
1995) to a high of 30 t/ha (July 1994) 
Fig. 7). Consistently high catches were 
recorded during June - October 1994 
(the period coinciding with receeding 
water level) followed by a sharp decline 
thereafter, the latter due to dwindling 
of stocks consequent to overexploitation 
in 1994, using small meshed gill nets. 
Estimation of annual fish production 
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Fig. 8. Length-frequency distribution of O. 
mossambicus in the commercial catches (n : 
number of fish measured). 

based on the absolute data on fish 
landings would be an overestimate due 
to severe overfishing. As the data 
pertains to a period of 20 months, the 
mean of the total landings for the first 
12 months (January - December 1994, 
114 t) and last 12 months (September 
1994 - August 1995, 76 t) is taken as the 
estimate of the annual yield of 761. 
Considering this as the biomass (though 
an underestimate) and assuming that 

O. mossambicus 

P. daniconius 
12% 

Fig. 9. Proportion of minor cyprinids in relation 
to O. massambicus in the experimental 
dragnetting. 

sustainable yield is one third of biom
ass, the fish production would be a high 
of 460 kg/ha/a (average waterspread 
area : 55ha). 

The landing size of O. mossambicus 
was small and around 40 - 100 g 
(7.5 -15 cm). The size which was 
around 10 - 15cm (mean : 12.7cm) 
during June - September 1994 to 
7.5 - 12.5cm (mean : 10.4cm) after Janu
ary 1995 (Fig. 8). 

Based on observations made on 
experimental dragnetting (E.G. Jayaraj 
unpublished), minor cyprinids like Labeo 
boggut, Parluciosoma daniconius, 
Salmostoma belachi and Puntius spp. 
(P. dorsalis, P. sarana and P. ticto) 
appear to be abundant (Fig. 9). 

Discussion 

The productivity of a lake depends 
on nature and extent of the catchment 
area as well as the lake's morphometry. 
NR, with unintercepted large water
shed and i t s proximi ty to the 
bourgeoning metropolis of Bangalore, 
has the advantage of receiving large 
quantity of organic rich allochthonous 
materia] and is corroborated by the 
anoxic hypolimnion during the period of 
inflow (September - October 1993 and 
August 1995). The morphological fea
tures of NR namely small surface area, 
sufficient depth and its sheltered loca
tion have strong effect on its physical 
structure. The lake thus exhibited 
stable thermal stratification for two 
extended periods i.e. September - Octo
ber 1993 and again from February-
May 1994, the former characterised by 

hot and wet weather and the latter by 
hot and dry weather (summer). The 
mixing during the intermittent period 
was due to convective cooling. 
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Continuous mixing during June-August 
was due to high winds and low water 
level. A number of workers have 
observed thermal stratification in tropi
cal lakes wi th the fall in the 
metalimnetic temperature of less than 
1°C (Lewis, 1973; Taylor and Gebre-
Mariam, 1989). Despite rains and 
inflow, existence of stratification during 
September-October must be due to cool 
and dense inflow entering the lake 
along the bottom as a density current. 
This was corroborated by low values of 
conductivity and alkalinity in the bot
tom waters as compared to surface 
waters (Fig. 3 Bl & B2). Damas (1955) 
also observed Lake Mohasi in tropical 
Rawanda, only 13.8m deep, stratified 
during rainy season. 

Though thermal stratification has 
been recorded in a number of Indian 
reservoirs - Tungabhadra (Rao and 
Govind, 1964), Rihand (Singh, 1985), 
Markonahalli (Krishna Rao unpub
lished) - there has been no mention of 
its stability as observations have been 
made at time intervals of about a month 
or more. Sreenivasan (1990) did not 
find stratification in a number of 
lowland Tamilnadu reservoirs. His 
speculation that 17°N latitude may be 
a dividing line for stratification is not 
true. In addition to geographical 
location (latitude), morphometry (sur
face area and depth) and vulnerability 
to wind stress have significant bearing 
on the thermocline stability (Lewis, 
1973). NR is sufficiently deep to 
support thermocline that will be in 
equilibrium with strongest periods of 
the stratification period. Tropical lakes 
are divided according to frequency of 
circulation into polymictic, warm mono-
mictic and oligomictic types (Hutchinson, 

1957; Lewis, 1973). In a year of high 
water level, NR exemplifies a warm 
dimictic lake. There is no earlier record 
of a warm dimictic lake from India. 

Thermal stratification produced the 
expected classical changes in the chemi
cal structure of the NR such as oxygen 
depletion, pH reduction, increase in 
ammonia and accumulation of hydrogen 
sulphide in the hypolimnion (Golterman, 
1975) and reflects the productivity of 
the reservoir. Similar to NR, clinograde 
distribution of oxygen has also been 
observed in some of the Indian reser
voirs (Singh, 1985). Higher pH in the 
second year was due to higher photo-
synthetic activity (Krishna Rao, MSS), 
resulting in removal of more carbon 
dioxide (Huchinson, 1957). Narrow 
fluctuation in pH indicates the good 
buffering capacity of the water. Strong 
vertical heterogeneity in ammonia dur
ing stratification may be due to its 
release from decomposition of detritus 
and anaerobic denitrification of nitrate 
(Keeney 1973). The alkalinity and 
conductivity values suggest that NR is 
a hard water lake with the water 
moderately rich in electrolytes. Despite 
low SRP concentration, high primary 
production rates (2.4g Cm2/d) recorded 
from the lake (Krishan Rao, 1996) is an 
indication of efficient P cycle mecha
nism. Excretion by zooplankton, rich in 
cyclopoids (Krishna Rao, 1996), may 
contribute significantly to the soluble P 
and N pools as in the case of Lake 
George (Ganf and Blazka, 1974). The 
orthograde distribution of phosphate 
during stratification has also been 
observed by Taylor and Gebre-Mariam 
(1989). The concentration of POC (also 
referred to as sestonic carbon) which 
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includes the phytoplankton as well as 
detritus in suspension, gives a rough 
estimate of particulate food available to 
zooplankters. Rotifers prefer food less 
than 35 urn (Morgan, 1980). The POC 
values for NR vis-a-vis published infor
mation suggest that the lake is produc
tive (Duncan and Gulati, 1980 ; Hart, 
1987). The relation of water level with 
transparency, pH, conductivity and POC 
agrees with the published information 
(Patil and Gouder, 1985; Desai and Soni, 
1994). Evaporation, with the progres
sion of summer, leads to concentration 
of nutrients and increase in algal 
biomass and POC. Strong association 
between transparency and chlorophyll 
'a' indicate that turbidity was mainly 
due to alga. 

High yield recorded in NR, as 
compared to 100 - 300 kg/ha obtained in 
scientifically managed reservoi rs 
(Jhingran, 1992; Selvaraj et al., 1994) is 
primarily due to the shallowness of the 
habitat, high trophic status and over
whelming dominance of herbivore-
detritivore, O. mossambicus (Fernando 
and Holick, 1982). Predicted fish yield 
of 137 kg/ha based on morphoedaphic 
index (MEI) (Joews and Griffith, 1979) 
is low. Attempts to apply the MEI to 
predict the fish yield for Asian reser
voirs have not been successsful as these 
reservoirs do not confirm to the require
ments on which the original MEI 
concept was based (De Silva, 1992). 
According to McConnell et al. (1977), 
gross photosynthesis (Pg) provides a 
fairly dependable guide to fish produc
tivity. Assuming a transfer efficiency of 
1% between gross production and fish 
production, the fish yield would be 
around 840 kg/ha and this may be more 
reasonable than our calculation. The 

small size of O. mossambicus was due 
to growth overfishing as recruitment 
overfishing is unlikely for O. mossam
bicus in a shallow reservoir like NR, as 
the cichlids are said to maintain their 
reproductive capacity at original level 
by changing their growth rate and 
maturity size, even at high mortality 
levels (lies, 1973). The decline in mean 
landing size from June-September 1994 
(12.7cm) to January 1995 (10.4cm) 
further confirms the overexploitation, 
which was aided by the low water level 
(water level - June 1993 : 8.5m, June 
1994 : 5.5m and June 1995 : 3m) (Fig.l). 
For opt imum ut i l i sa t ion of O. 
mossambicus, the minimum landing 
size need to be maintained at or above 
20cm through restriction of mesh size 
to around 100 mm (Amarsinghe, 1987). 
The strategies for their exploitation 
without causing any damage to the 
fishery of O. mossambicus have to be 
worked out (De Silva and Sirisena, 
1987; Sirisena and De Silva, 1988). 
Despite riverine origin, the contribution 
of Indian major carps in augmenting 
fish production in Indian reservoirs is 
well documented (Selvaraj et al, 1994; 
Anon., 1998). Further, major carps 
fetch three times the price of O. 
mossambicus. Hence, is it worthwhile 
to continue with O. mossambicus or to 
take steps to stock major carps is a moot 
point. 

Summarising, NR can be categorised 
as a warm dimictic lake in a year of 
high water level, when the lake shows 
stable thermal stratification for two 
extended periods (September-October 
and February-May) with the intermit
tent period characterised by irregular 
circulation. Continuous mixing occurs 
during June-August. The water is well 
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buffered, hard, moderately rich in 
electrolytes and low in transparency. 
Clinograde distribution of oxygen, high 
POC and chlorophyll 'a' values and high 
primary production rates suggest that 
NR is productive. Despite low dis
solved nutrient concentrations, high 
algal biomass implies internal cycling 
of nutrients. The fishery is monospe
cific, gill net fishery with predominant 
contribution by the exotic O. 
mossambicus. The mean landing size 
of O. mossambicus indicates overexploi-
tation. 
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