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Abstract   The present investigation was carried out

in four reservoirs of Tamil Nadu namely, Mettur,

Thoppiar, Poondi reservoirs and Kolavai lake, for a

period of 6 months from March–August, 2014, where

the cage culture has been already initiated by the

state fisheries department. The water and sediment

samples were collected from these selected reservoirs

at point and non-point sources of the cage culture

units and analyzed for their physico-chemical param-

eters. The plankton diversity, chlorophyll content,

heterotrophic bacterial load and total E. coli popula-

tion were also assessed from these reservoirs. Dur-

ing the study period, pH, sulfate, nitrate and BOD

values were found within the permissible range for

drinking water quality (BIS, 2012). The alkalinity val-

ues were found optimum in all the four reservoirs,

except in Thoppiar reservoir. Among the four reser-

voirs, nitrite and phosphate values were observed

maximum at Mettur dam. The average chlorophyll

content (39.10 µg/l) was noticed at Kolavai lake. The

sediment characteristics such as pH, electrical con-

ductivity, total organic carbon and available phos-

phorus values were also found within the standard

limit. The maximum plankton count (4.07 × 105 Nos./

m3) was observed at Thoppaiyar Dam. The optimum

water and sediment quality characteristics and the

absence of E. coli observed in these selected cage

culture unit clearly showed that the small cage farm-

ing in the reservoirs does not have major environ-

mental impacts on the water and sediment quality.

Keywords   Sediment, Chlorophyll, Ammonia, Nitrite,

Nitrate.

Introduction

Cage culture is commonly practiced worldwide in both

freshwater and marine environments, including open

ocean, estuaries, lakes, ponds and reservoirs [1]. Gen-

erally growing fish in cages may have negative envi-
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ronmental consequences. Cage cultured fish are en-

tirely dependent on formulated diets. Relatively small

portion of the organic matter and inorganic nutrients

in feed applied to cages is transformed to fish biom-

ass. It is estimated that for every ton of fish produc-

tion in cage culture, 132.5 kg of nitrogen and 25.0 kg

of phosphorus are released into the environment [2].

Furthermore, for tilapia cage culture, it was reported

that 81—90% of carbon is lost from the cages to the

surrounding environment [3]. For a reservoir where

there is not much exchange of water, accumulation of

these wastes potentially results in water quality dete-

rioration such as eutrophication and anoxic water as

reported in lake Cirata in Indonesia [4].

The possible consequences associated with

cage culture farming include discharge of particulate

and dissolved nutrients through uneaten waste feed,

fecal matter and excretory products [5]. This may nega-

tively impact the environment by causing anoxic con-

ditions in sediments (due to organic enrichments)

underlying the cages, thus changing the invertebrates

abundances and compositions. In addition it may

cause eutrophication due to nutrient enrichment of

the water column [6]. Several studies have reported

that nitrogen and phosphorus released from fish cage

can affect chemical parameters of sediment [7, 8].

Increased nutrients in cages lead to changes in

plankton assemblages and therefore the most affected

ecological attributes are species composition, rich-

ness, diversity and species abundance of the plank-

tonic assemblages. Furthermore farmed fish may es-

cape and interact with other fish in the wild, the re-

sults of which is the spreading of diseases and para-

sites. All these may result into ecological simplicity,

and decrease in genetic diversity (due to genetic di-

lution) and increased mortality of the wild stocks (due

to transferred diseases).

Extensive studies on the ecological aspects and

fisheries of certain lakes, rivers and reservoirs have

already been made by several workers [9, 10]. How-

ever, the environmental impact of cage culture is of-

ten ignored and rarely subjected to study. There are

no reported directly on the environmental impact of

cage culture on the water quality of reservoirs of

Tamilnadu.

Materials and Methods

The present investigation was carried out at four se-

lected locations in Tamilnadu viz., Mettur Dam,

Thoppiar Dam, Poondi Reservoir and Kolavai lake, in

which the cage culture had been already initiated by

the State Fisheries Department. In each reservoir, 12

cages were installed in two rows. Each cage size is 4 ×

4 × 3 m with mesh size of 2 mm. GIFT tilapia and

Pangassius sp were stocked at the rate of 60/m3. The

fishes were fed with floating pellet feed.

The water, sediment and plankton samples were

collected once in a fortnight from these selected res-

ervoirs at cage site and two control sites (5 m and 10

m away from the cage site). The water samples were

collected in clean plastic containers without any air

bubbles and labeled in the field. The sediment samples

were collected with the help of snapper and brought

to the laboratory in the polythene bags. The sedi-

ment samples were oven dried at 60oC for 24 h and

grounded well and subjected for analysis.

Water quality parameters such as dissolved oxy-

gen, temperature, alkalinity, hardness, total suspended

solids, total dissolved solids, total organic carbon,

ammonia-N, nitrate-N, nitrite-N, inorganic phospho-

rus, BOD, COD and sulfate were analyzed as per the

procedures of APHA [11]. The sedimentary organic

carbon was estimated by K-Jeldahl method. The bio-

logical parameters such as plankton diversity and

chlorophyll content were also analyzed. The total E.

coli population was enumerated once in a month from

these reservoirs.

Results and Discussion

Water quality parameters are of much importance in

fish culture system for the good growth of fishes,

especially in the case of cage culture system under

controlled condition. The dissolved oxygen content

of the reservoir water was found optimum both at

cage (3.89 to 9.71 mg/l) and control sites (4.38 to 10.6

mg/l) in all reservoirs (Figure 1). Water temperature

plays an important role in creating layers of different

densities in water column during thermal stratifica-

tion which results in the uneven distribution of nutri-
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Fig. 1. Water quality parameters observed at different reservoirs. M
1
–cage site at Mettur reservoir, M

2
–control sites at Mettur

reservoir, T
1
–cage site at Thoppaiyar reservoir, T

2
–control sites at Thoppaiyar reservoir, K

1
–cage site at Kolavai lake, K

2
–

control sites at Kolavai lake, P
1
–cage site at Poondi reservoir, P

2
–control sites at poondi reservoir.

ents and dissolved gases. The water temperature

above 30oC causes high mortality rate in the cage

culture of tilapia in Tasik Kenyir reservoir in Malaysia

[12, 13]. The water temperature of these selected res-

ervoirs in the present study ranged from 29 to 34oC at

cage sites and the maximum temperature was observed

during summer months. High water temperature in

most of the water bodies are experimenced due to the

low water level, high air temperature and clean atmo-

sphere [14]. In Odathurai reservoir, Erode district,

Tamilnadu, the reported temperature range was 24.5

to 30.20 C [15]. The pH values ranged from 7.4 to 8.5

at the cage site with an average value of 8.02. The

observed values were within the desirable limit from

6.5 to 8.5 as recommended by Bureau of Indian stan-

dards [16]. The total alkalinity may be used as the

tool for the measurement of productivity. In the present

study the alkalinity ranged between 8–370 mg/l. There

was no significant difference in the alkalinity values

observed at cage sites with respect to their control

site in all the reservoirs. These values were found

optimum in all the reservoirs, except in Thoppiar res-

ervoir, where maximum of 370 mg/l was observed. This

shows that water at Thoppiar reservoir is alkaline and

the increase in higher alkalinity may not be due to

cage culture. The higher alkalinity values in summer
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Fig. 2. Plankton population observed at different reservoirs.

M
1
–cage site at Mettur reservoir, M

2
–control sites at Mettur

reservoir, T
1
–cage site at Thoppaiyar reservoir, T

2
–control

sites at Thoppaiyar resevoir, K
1
–cage site at Kolavai lake,

K
2
–control sites at Kolavai lake, P

1
–cage site at Poondi reser-

voir, P
2
–control sites at poondi reservoir.

Fig. 3. Total Plate Count (TPC) observed at different reser-

voirs. M
1
–cage site at Mettur reservoir, M

2
–control sites at

Mettur reservoir, T
1
–cage site at Thoppaiyar reservoir, T

2
–

control sites at Thoppaiyar resevoir, K
1
–cage site at Kolavai

lake, K
2
–control sites at Kolavai lake, P

1
–cage site at Poondi

reservoir, P
2
–control sites at poondi reservoir.

season may be due to photosynthetic rate. The alka-

linity values of Indian reservoirs ranges between 40

and 240 mg/l [17].

In the present study, the minimum hardness value

of 74.07 mg/l was found at the cage site of Poondi

reservoir.  The maximum hardness value of 492.49 mg/

l was observed at cage site as well as control site of

Kolavai lake, indicating higher concentration of cal-

cium and magnesium in the lake water. However, the

hardness values were below the desirable limit of 300

as CaCO
3
 mg/l as recommended by Indian standard

[16]. All the reservoir water could be grouped under

moderately hard category except Kolavai lake. Sul-

fate concentration in the entire reservoir ranged from

traces to 9.07 mg/l. The level of sulfate was higher in

cage sites when compared to control site in all se-

lected reservoirs, however, these values were found

within the permissible range for drinking water qual-

ity [18]. The dulfate content of Ramsagar reservoir

ranged from 1.50 to 8.87 mg/l. The values of BOD

provide information regarding quality of water and

helps in deciding the suitability of water for consump-

tion. The range of BOD and COD values was 0.2 to

8.24 and 0.08 to 37.29 mg/l respectively. Similar BOD

value was reported in Ramsagar reservoir, India and

the COD values ranged from 3.60 to 17.40 mg/l [19].

The maximum BOD value was noticed in Mettur

Dam, which indicates higher organic load when com-

pared to other reservoirs. The chlorophyll content in

all the reservoir waters ranged from 1.08 to 151.7 µg/l

at cage site and from 1.45 to 171.51 µg/l at control site.

The maximum chlorophyll content of 151.70 µg/l was

observed in the cages of Thoppiar reservoir.

Ammonia is the prime source of nitrogenous

waste from excretion of fish, uneaten feed and de-

composition of plant. Due to intensive aquaculture

activities, the primary source of ammonia is from ex-

cessive fish feed [19]. In the present study, the higher

ammonia concentration of 0.515 µg.at.NH
3–

N/l was

observed at cage site of Kolavai lake and the values

were found slightly lower than the previous reports

[20–23]. Nitrite concentration of Nova Avanhandava

reservoir ranged from 2.69 to 3.49 µg/l [24]. The maxi-

mum nitrite value of 3.896 µg.at.NO
2
-N/l was observed

at cage site of Kolavai lake and minimum of 0.502

µg.at.NO
2
-N/l was noticed at Poondi reservoir. Nitrate
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values ranged from 0.0037 to 0.0928 µg.at.NO
3
-N/l  in

all the reservoirs. Similar nitrate level was noticed in

the Ramsagar reservoir [18]. The organic nitrogen frac-

tions such as ammonia –N and nitrite –N values found

slightly higher at control sites than the cage sites in

the present study. There is not much variation in the

nitrate values of cage and control sites.

Phosphorus is considered as an important ele-

ment limiting algal growth. Reservoir with phospho-

rus concentration between 30 and 100 µg/l are cat-

egorized under Eu – polytrophic. In the present study,

Mettur and Thoppiar dam showed maximum phos-

phate concentration of 28.76 and 28.43 µg.at.PO
4
-P/l

respectively. Poondi reservoir showed minimum value

of 0.0032 µg.at.PO
4
-P/l. The availability of phosphate

is of a very low order and rarely exceeds 0.1 mg/l in

Indian reservoirs, except for a shorter period during

the monsoon [19]. The two way ANOVA performed

with water quality parameters showed significant dif-

ference between cage and control sites in all the four

reservoirs (p<0.05).

Plankton

Increased nutrients in cages lead to changes in plank-

ton assemblages and therefore the most affected eco-

logical attributes are species composition, richness,

diversity and species abundance of the planktonic

assemblages. On the basis of presence, absence and

dominance of certain type of planktonic forms level

of water pollution can be assessed. The phytoplank-

ton population was found maximum (4.07 × 105 count/

m3) at Thoppaiyar Dam and minimum (0.96×105 count/

m3) at Mettur reservoir (Figure 2). The overall plank-

ton count was found higher at control site than the

cage site. The optimum water temperature, exuberant

sunshine with adequate essential nutrients might have

induced the rapid growth of plankton.

Sediment quality

The sediment quality characteristics such as pH, elec-

trical conductivity, total organic carbon and available

phosphorus were analyzed both at cage and control

sites of all the four reservoirs. Reservoirs with soil pH

ranging from 6.5 to 7.5 (circum neutral pH) are catego-

rized as medium productive ones and Mettur Dam

and Kolavai lake comes under this category. Reser-

voirs with alkaline soil having a pH exceeding 7.5 are

considered highly productive and this category in-

cludes Thoppiaru Dam and Poondi reservoir. There is

no difference in the pH value of cage and control

sites. The electrical conductivity of the reservoirs

ranged from 4.2 to 89.19 mS with the maximum value

at Kolavai lake and minimum at Mettur reservoir.

It is estimated that more than 70% of organic

matter entering into the sediment of the reservoir

comes from autochthonous sources and the macro-

phytes are the major source of organic matter. The

total organic carbon of the sediment samples of these

reservoirs ranged from 2.39 to 11.2% and the maxi-

mum was found at Thoppiaru dam. Unlike carbon,

phosphorus cycle is long and it takes many years for

recycling. The available sedimentary phosphorus

ranged from 3.98 to 5.98 mg/100g and the maximum

was observed at Poondi reservoir. This study clearly

reveals that the sediment characteristics were within

the desirable limits. The ANOVA results revealed that,

pH, electrical conductivity, total organic carbon and

available phosphorus of the sediment samples were

not statistically significant.

Microbial assessment

The reservoir water is being used for drinking pur-

pose, it is essential to enumerate the microbial load of

each reservoir due to cage culture farming. Environ-

ment rich in organic matter favor the proliferation of

microorganism. The microbial load (TPC) was maxi-

mum (50 × 104 cfu/ml) at Thoppiar reservoir, and mini-

mum (1.25 × 104 cfu/ml) at Poondi reservoir/ml (Figure

3). The site with floating net cages exhibited contami-

nation with faecal streptococci than other sampling

sites [22]. But, in the present study, E. coli count was

nil throughout the sampling period, which shows the

suitability of water for human consumption.

Conclusion

The overall increase in the nutrient levels like ammo-
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nia, nitrite, nitrate and phosphate values were found

higher at control site than the cage sites. It is clear

that only the mass input of exogenous nutrients may

cause negative impact on water quality. The cage

culture activity with the minimum number of cages

(12 numbers) for short term duration does not have

noticeable impact over the water quality at cage sites,

but the long term effects are need to be monitored for

the sustainability of cage farming. The physico-chemi-

cal parameters of all the four reservoir waters were

within the desirable limit as recommended by the Bu-

reau of Indian Standards, 105000 for fish culture, irri-

gation and drinking water [16]. The optimum physico-

chemical properties of water and sediment in the res-

ervoirs couples with absence of E. coli clearly indi-

cates that the small cage farming units do not have

major environmental impact on the water and sedi-

ment quality of the reservoirs.
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