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Abstract

The once through condenser cooling water for the Kaiga nuclear power plant, Kaiga
of Karnataka state is drawn at the rate of 1,25,205 m>hr' from the Kadra reservoir and
discharged back to the reservoir through a 1.2 km long open channel. The heated effluents
reduce solubility of oxygen and accelerate loss of oxygen locally due to increased biological
activity. Applications of biological indices is the effective tool for the assessment of qualities
of water and biota. During the study period of two years 49 and 22 genera of phytoplankton
& zooplankton respectively were recorded at surface waters. Diversity indices indicate
oligotrophic nature of the lake. Dissimilarity was more amongst the plankters in between
intake and discharge points. Preference of habitats indicates marginal change of rankings of
plankton in zones within 500m and beyond 500m from the point of discharge. Studies
revealed that there was negative impact of evaluated temperature on plankton upto 500 m
from discharge point.
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Introduction

A large number of biotic indices have been developed to assess water quality
(Metcalfe-Smith, 1966).Biotic indices are highly specialized for a particular type of water
pollution, usually organic pollution (Washington, 1984). A biotic index takes into account of
the sensitivity or tolerance of individual species or groups to pollution for a site. The data
may be qualitative (presence-absence) or quantitative (relative abundance or absolute
density).It may conveniently classify the analysis methods for freshwater under; Pollution
indices, which are derived from the responses of certain ‘indicator’ taxa to known pollution
(usually organic pollution);diversity indices, which describe the structure of communities of
organisms and ,when the structure is changed by pollution or other stress, may be used to
measure the extent to which a stressed community differs from an ideal structure;
comparative indices, which may be used to compare the degree of similarity between
community (or subjected to known and measured stress) in either a spatial (‘upstream and
downstream’) or temporal (‘before and after’) context. Alterations in density, taxonomic and
trophic structure, diversity and dominance of plant and animal species are quantified and
related to pollution studies for evaluating ecological impacts in the receiving waters (Ghosh,
2001).Meaningful assessment of river water quality can be made from survey results and
their relative or absolute abundance (Dussart et al.,1980). Present communication deals with
various indices for assessment of aquatic biota of Kadra reservoir, receiving cooling water
discharges from two units each of 220 MW of Kaiga Nuclear Power Plant, Karwar, and
Karnataka. These two units were in operation since December 1999.
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Material and Methods
Sample Collection and Identification

The plankton  samples were collected with the help of a boat from the Kadra
reservoir at nine locations (Fig. 1), namely, intake point (1), discharge point (DP: 2), 50 m
from DP (3), 100 m from DP (4), 500 m from DP (5), 1000 m from DP (6), 100 m from right
side (90°) of 100 m point (7), 100 m from right side (90°) of 500 m point (8) and dam site
point (12 km from DP: 9 ) in each month from January 2001 to December 2002. The
unfiltered water samples were collected for phytoplankton, preserved in lugol’s solution and
enumerated following Lackey Drop (microtransect) method (Lackey, 1938)  under
microscope. Identification of phytoplankton was undertaken using taxonomic keys from
Bellinger (1992), Prescot (1978), and Desikachary (1959, 1987).Water samples were
collected by operating simple conical net (bolting silk no. 20, pore size 75 um) for
zooplankton, preserved in 4% formalin solution and enumerated under microscope using

Sedgwick Rafter (S-R) cell. The identification of zooplankters was confirmed be referring the
keys (Battish, 1992; Pennak, 1978; Ward and Whipple, 1966).

Application of Biological Indices

A number of indices have been developed for the assessment of qualities of water &
biota, and these have been reviewed by Hellawell (1978), Lagler (1956), Hanes (1980) and
Ghosh (1998). In the present study Shannon Wiener, Palmer Pollution, Species Evenness,
Similarity and Habitat indices were applied to the data, generated from plankton samples of
Kadra reservoir.

Shannon Wiener index, the most commonly accepted index in past few decades, is
based on both the number of species present and the relative abundance of each species. This
index is usually used to calculate species diversity but comparisons are also made using the
different taxonomic levels (Hellawell, 1978). Species Evenness index was determined by
using Pielou’s (1966) formula. This index is used to assess how evenly the species were
distributed in any sampling point. Palmer Pollution index employs taxa of algae (Palmer,
1969). The most tolerant genera and species were given ratings which are used to calculate
the index. An alga is recorded as ‘present’, if there are more than 50 individuals /ml. The sum
of the ratings of the algae present is then calculated (Hellawell, 1978). Similarity index
approaches to assess association based on presence, absence or binary data. When species of
stations A and B are compared on the basis of their presence or absence in samples from
different locations, similarity index (S) of Sorensen can be applied. In order to evaluate
preference of the aquatic biota to the reservoir ecosystem the data were analysed in detail
leading to Habitat index. The index is primarily based on density and availability of a species
at different stations within the ecosystem. The steps to determine habitat index have been
described elsewhere (Ghosh, 2002). Standard error was done using statistical software
Statistica version 5.0.

Results and Discussion
Phytoplankton

During the study period 49 genera of phytoplankton were identified from water
samples collected from Kadra reservoir. Four major groups, viz. bacillariophyceae,
cyanophyceae, chlorophyceae & pyrohphyceae were recorded. Groups bacillariophyceae,
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cyanophyceae and chlorophyceae were represented primarily by Navicula sp., Melosira sp.,
Synedra sp. etc.; Anacystis sp., Chroococus sp., Synechosystis sp., Anabaena sp. etc.; and
Chlorella sp., Scenedesmus sp., Ankistrodesmus sp., Pediastrum sp. etc. respectively. It is
reported that excessive growth of certain algal genera, such as, Scenedesmus, Anabaena,
Aphanizomenon, Anacystis , Oscillatoria, Pediastrum, Melosira etc. indicate nutrient
enrichment of aquatic bodies (Palmer, 1969; Kumar, 1990). Although these plankters were
present in the Kadra reservoir, the density was not much higher.

Shannon Wiener diversity values were generally higher in winter and summer seasons
as compared to monsoon season (Fig. 2). Minimum diversity of phytoplankton was found at
20 m from DP in monsoon when the temperature was found to be 34°C. Martin Creek
Power station on  the Delaware showed distinct reductions in species-diversity when
temperature in the discharge point had reached 37°C (Langford 1983). The alterations in the
phytoplankton community were only partially reflected in a slight decrease in species
diversity at the heated water area (DP and 100m from DP, points) as depicted in Fig 2.
Several studies shown that species diversity of phytoplankton decreased in areas consistently
heated over 30°C (Patric, 1969; Trembley, 1960; Simmons, 1974; Langford, 1983). In
contrast, Carpenter (1973) and McMahon and Docherty (1975) reported that phytoplankton
diversity may increase with small temperature increments (5 — 10°C) provided that the
maximum temperature does not exceed 32 — 35°C. It is widely accepted that species diversity
decrease in aquatic communities under stress(Odum, 1971; Wetzel, 1975).This may be
applicable to cases of more severe pollution, but in the present study the species diversity
index did not alter remarkably due to alterations in phytoplankton structure and dynamics.
Since pollution tolerant species replaces the susceptible species, Green and Vascoto (1978)
had earlier opined that the relation between high diversity and high environment quality was
not always valid. Species Evenness Index (SEI) values, as depicted in Fig. 2, varied from
1.27(monsoon, DP, 33.5°C) to 2.91 (winter, 100 m from DP, 31.5°C). The values indicate
that distribution of phytoplankton genera was most uneven at DP as compared to 100 m from
DP, where the genera were most evenly distributed. Palmer Pollution Index (PPI) value (0)
support the oligotrophic nature of the lake water at all sampling points throughout the study
period. The PPI value was ‘zero’ since none of the phytoplankton genera was found above 50
no. ml! in any of the water sample collected from different sampling points of Kadra
reservoir. Similarity Index values denote that availability of similar types of genera amongst
certain points like intake & DP, DP & 500 m etc. were poor in all the seasons (Fig 3). The
decrease in Sorenson’s similarity index between these stations in this study indicated less
faunal overlap and predictability of community composition. The decrease in predictability
of community composition could be correlated with increase in water temperature due to
discharge of warm water in the reservoir. However, increased (>0.6) similarity indices were
recorded in stations between intake & 500 m, intake & 1000 m, intake & dam site, DP & 50
m, DP & 100 m, 1000 m & dam site and 1000 m & 100 m from right side (90° angle) of 500
m. Habitat Index of each genus of plankton was evaluated in two zones of the reservoir
(Table 1), namely, Zone 1 comprising of sampling points within 500 m from DP (DP, 50 m
from DP,100 m from DP,100 m from right side (90° angle) of 100 m point,500 m from DP
and100 m from right side (90° angle) of 500 m point) and Zone 2 covering the points beyond
500 m from DP (intake, 1000 m from DP and dam site). The index values reveal that
Melosira sp. and Anacystis sp. were the most preferred phytoplankton at zonel and zone 2
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respectively. Kumar (1990) reported that the extra load of certain algae, such as, Melosira
sp., Anacystis sp. etc. is an indication of nutrient enrichment of the water body. However, in
Kadra reservoir, phytoplankton did not find to be correlated with nutrients significantly.
Although, the average temperature values at zone 1 were found to be 33°C, zone 2 had 30°C.
Thus, it may be inferred that the temperature 33°C and 30°C may be favorable for Chlorella
sp. and Anacystis sp. respectively. According to Hickmann (1974), temperature ranges 27-
36°C are favorable to Chlorella sp. Although Zygnema sp., Spirulina sp., Gomphonema sp.
etc. were not recorded at zone 1, these were found to be present at zone 2. It, thus, clearly
indicates that these phytoplankters avoid higher temperature, and prefer zone 2 possessing
comparatively less temperature(30°C).Wallace (1955) reported optimum growth temperature
of Gomphonema sp. between 22-26 °C, much lesser than zone 1. Lower rankings of
Cerasterias sp., Selenastrum sp. etc. indicated that these genera did not prefer the Kadra
reservoir habitat irrespective of temperature.

Zooplankton

Moore et al. (1996) reported that zooplankton have direct and indirect effects
due to elevated temperature (> 25 °C). The intensity of temperature stress may be
magnified by exposure of aquatic organisms to other environmental stresses, such
as, low oxygen levels, salinity changes, desiccation etc. (Hawkes, 1969). However,
Marlene et al. (1986) suggested that apart from thermal stresses, mechanical
stresses appeared to be the major cause of zooplankton mortality during condenser
cooling. During the study period, 22 genera of zooplankton were identified from
water samples of Kadra reservoir. Four major groups of zooplankton, namely,
copepoda, rotifera, cladocera and diptera were found to inhabit the water body. The

copepoda was represented by  Cyclops sp., Diaptomus sp., and Nauplius larvae, while

cladocerans were  represented by Bosmina longirostris, Bosminopsis dietersi and
Ceriodaphnia reticulata. Among rotifers, a total of 15 genera were found, of = which
Brachionus was represented by six species, viz. B. calyciflorus, B. angularis, B. caudatus, B.
havanaensis, B. rubens and B. quadricauda. These were recorded in almost all the
sampling points. Rotifers, viz. Brachionus sp., Tricocerca sp., Lepadella sp., Lecane sp.,

Filinia sp. etc. contributed significantly to zooplankton productivity in Kadra reservoir.
Literature revealed that these rotifers were commonly found in the mesotrophic and
oligotrophic waters (Batish, 2002) and are significant component of zooplankton
(Wetzel, 2001). Dominance of rotifers amongst the zooplankton was also recorded
earlier in wide varieties of Indian lakes (Prabhavati and Sreenivasan, 1977; Sharma

and Michael, 1980).
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Shannon Wiener Index (SWI) values (Fig.4) varying from 1.86 (summer,DP, 36.2°C)
to 2.73 (monsoon, 500 m from DP, 32.0°C) indicated semi-productive nature of the Kadra
reservoir water. In general, marginal increase in zooplankton diversity was found from DP
onwards. In contrast, studies in British river had shown both increase and decrease in the
diversity below power station discharge (Langford, 1972). Evenly distribution of species, as
indicated by Species Evenness Index (SEI) values, was found to be maximum in monsoon at
100 m from DP where temperature was 33.5°C, whereas minimum was recorded in summer
at DP where temperature was 36.2°C (Fig.4). The Similarity Index values indicated more
similar compositions in the zooplankton community amongst the points DP, 50 m from DP
and 100 m from DP, and also amongst intake, 500 m from DP,1000 m from DP,100 m from
right side ( 90° angle) of 100 m point and dam site. In general, Similarity Index values
between intake and the points close to DP were comparatively less as compared to those of
other stations (Fig. 5) during different seasons. Habitat Index of each genus of zooplankton
at zones 1 and 2 of the reservoir (Table 2) indicated that preferable zooplankton of both the
zones were Nauplius larva, Cyclops sp., Ceriodaphnia sp., Bosmina sp., Diaptomus sp. etc.
The zooplankton Cephalodella sp., Lecane sp. and Diptera larva were least common at both
the zones. These plankters do not prefer the Kadra reservoir irrespective of temperatures. On
the other hand, Tricocerca sp., Brachionus angularis and Brachionus calyciforus, which were
ranked at 10, 14 and 16 in zone 1, preferred the zone 2 of less temperature by improving the
rankings at 9, 11 and 15 respectively. The decrease in population of some species from the
heated area could be correlated with elimination or poor density of phytoplankton, which are
their preferred food (Bowen, 1976).

In general, the plankton showed high sensitivity to elevated temperature, resulting in
decreased diversity and similarity indices near the discharge point. While Palmer’s index
values of phytoplankton indicated the reservoir as oligotrophic nature, Shannon diversity
indices of the plankton denoted the reservoir as semi productive. Dissimilarity was more
amongst the plankters in between mixing and non-mixing zones. Preference of habitats
indicates marginal change of rankings of phytoplankton and zooplankton in zones within
500m and beyond 500m from the point of discharge. Applied indices were also valuable for
determining mixing and non mixing zones of Kadra reservoir. The data base would serve as
reference source of power plant authorities using once-through condenser cooling system and
discharging warm waters in fresh water lakes /rivers, and also to regulating agencies while
evaluating water quality standards.
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