
3. Materials and Methods 



3.1. Experimental design 

With a view to determining the effect of different management regimes on the 

survival and growth of ornamental fish, koi carp (Cyprinus carpio L.), under tropical 

conditions, the present investigation was conducted in 9 phases (experiments) in both 

field and laboratory conditions. 

3.1.1. Period of study 

Nine experiments were conducted from February, 2002 to November, 2004. Fish 

culture experiments (field experiments) were generally of 3-month (Experiment Nos. 1, 

2 and 3) or 11-week (Experiment Nos. 4, 5, 6, 7 and 9) duration. The laboratory-based 

behaviour experiment (Experiment No. 8) was carried out during 15 consecutive days 

(20 August to 3 September, 2004). More details on the period of study for any particular 

experiment are presented later, while elaborating the experimental procedures of each 

experiment. 

3.1.2. Site of study and infrastructure 

The field experiments were conducted in the Rainbow Ornamental Fish Farm and 

adjoining areas in Raninagar village, J alpaiguri district, West Bengal, India. The laboratory 

analysis for all the field experiments and the behaviour experiment (Experiment No.8) 

were conducted in the Aquaculture and Limnology Laboratory, Department of Zoology, 

University of North Bengal. 

Two types of concrete tanks were used: small circular tanks (0.8 m diameter; 

capacity: 150 L) and large rectangular tanks (dimension 2.13 x 0.91 x 1.22 m; capacity: 

2000 L). The ponds used in the experiments had a dimension of 9.14 x 6.10 x 1.07 m 

and a capacity of 59600 L. More details on the number of tanks/ponds used in any 

particular experiment and the aquaculture engineering/ management techniques applied 

to the tanks j ponds during any particular experiment are presented later, while discussing 

the experimental procedures of each experiment. 

3.1.3. Study animals 

Koi carp (Cyprinus carpio), ornamental variety of the common carp were used in 

the experiments. In the final two experiments (relating to behaviour study and 

experimental polyculture of ornamental carp), goldfish (Carassius auratus) were also 
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used along with koi carp. All the experimental fish were procured from Rainbow 

Ornamental Fish Farm, Jalpaiguri, which in one of the leading ornamental fish hatcheries 

in India, and the largest in North Bengal region (also the site of our rearing experiments). 

Since ornamental fish breeding and culture is still in its initial stages in India, and there 

is a dearth of selected brooder fish, it was difficult to obtain any particular type of koi 

carp larvae for the experiments. Therefore, we had to depend on supplies that included 

the offspring of mixed commercial production by parents of different koi types, namely, 

Kohaku, Bekko, Showa and Asagi koi. More details on the number and type of koi carp 

or goldfish used in any particular experiment and the average size of fish procured are 

presented later, while discussing the experimental procedures of each experiment. The 

systematic position of koi carp and gold fish are detailed below. 

3.1.3.1. Systematic position of koi carp 

Phylum Chordata 
Sub phylum Vertebrata 

Super class Osteichthyes 
Class Actinopterygii 

Sub class Neopterygii 
Infra class Teleostei 

Super order Ostariophysi 
Order Cypriniformes 

Family Cyprinidae 
Genus Cyprinus 

Species carpio 
Sub species koi* 

Scientific name: Cyprinus carpio L. 

* Subspecies has not been assigned official Latin name yet. 

3.1.3.2. Systematic position of goldfish 

Phylum Chordata 
Sub phylum Vertebrata 

Super class Osteichthyes 
Class Actinopterygii 

Sub class Neopterygii 
Infra class T eleostei 

Super order Ostariophysi 
Order Cypriniformes 

Family Cyprinidae 
Genus Carassius 

Species auratus 
Scientific name: Carassius auratus (L.) 
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3.2. Field experiments 

3.2.1. Studies on the effect of manuring rate on fish production 

(Experiment No. 1) 

3.2.1.1. Experimental procedure 

The koi carp used in this study were the offspring of a mixed commercial 

production by 18 pairs of parents of Kohaku and Showa koi types. The experiment was 

conducted in 21 outdoor concrete tanks (capacity: 2000 L). A 3.175 em GI pipe was 

fitted to the outlet of each tank in such a way, that water in excess of 2000 L would 

automatically flow out. A plankton net (No. 21 with 77 mesh/ cm2) bordered the outlet 

preventing escape of plankton with the outflowing water. A 10 em layer of soil was 

placed on the bottom of each tank, which was then filled with 2000 L of groundwater 

10 days prior to stocking. This interval after manure application is a prerequisite for 

establishing satisfactory environmental conditions for optimum zooplankton production 

in tanks Qana and Chakrabarti, 1993). After a one-week acclimatization period, 8400 

koi carp larvae, 2 - 3 weeks old (0.09 ± 0.025 g), were equally distributed to each tank 

(400 fish/ tank). Since the stocking density was not standardized, fish were stocked at 

0.2 fish/ L, commonly practiced in ornamental fish farms in Asia (Fernando and Phang, 

1985). To study the effect of different application rates of cow and poultry manure on 

its survival and production, fish were treated for 90 days (March to May, 2002), with 

the seven treatments: 

(1) cow dung applied at 0.13 kg/ m3 every 10 days (C1); 

(2) cow dung applied at 0.26 kg/ m3 every 10 days (C2); 

(3) cow dung applied at 0.39 kg/ m3 every 10 days (C3); 

(4) poultry manure applied at 0.13 kg/ m3 every 10 days (P1); 

(5) poultry manure applied at 0.26 kg/ m3 every 10 days (P2); 

(6) poultry manure applied at 0.39 kg/ m3 every 10 days (P3); and 

(7) a control treatment in which a commercial pelleted diet was used as feed (C). 
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The application rates of the manures correspond to 1300 - 3900 kg/ ha. The 

high organic load was used in view of the high manuring rate (initial dose of 

10000 kg/ ha and subsequent application of 5000 kg/ ha), recommended for nursery 

ponds in India (Jhingran, 1991). Three tanks were randomly assigned for each treatment. 

A single layer of nylon bird netting was used to cover the tanks. Most fish farmers in 

India cannot afford expensive aeration or mechanized water treatment equipments, 

hence water exchange in tanks is generally considered as a cost effective measure for 

water quality management. Since the water exchange rate was not standardized, an 

amount of 100 L water was replaced in each tank two times a week. 

The manures used in the experiment were collected from local dairy and poultry 

farms, and allowed to decompose for 10 days prior to application. No manure was 

added to the tanks in the control treatment, where a commercial diet (Tokyu Corp., 

Japan) was applied. The diet contained 32% crude protein, 4% crude fat, 5% crude 

fibre, 10% crude ash, 9% moisture and 31% nitrogen free extract, and was selected on 

the basis of widespread availability. This level of crude protein corresponds to the 

established requirement for juvenile cyprinids fed to satiation (Lochmann and Phillips, 

1994). The diet was applied at 5% body weight of stocked fish, daily, and was 

mechanically crumbled before being administered during the first month. For the rest of 

the study, original floating pellets (0.24 em in diameter) were applied. Dry food was not 

applied to any other treatment, where the fish fed on naturally grown food. 

3.2.1.2. Data collection 

The amount of total nitrogen and organic carbon in the manures was estimated 

according to methods described later. Water samples were collected weekly from each 

tank and transported to the laboratory within 2 hours. Routine water quality parameters 

were estimated according to methods described later. Samples of plankton were collected 

with plankton net, which was made of standard bolting silk cloth (No. 21 with 

77 mesh/ cm2) two times a week and analyzed according to methods described later. 

Fish were harvested after 90 days and weighed. Individual weight gain, Specific 

Growth Rate (SGR) and survival rate were calculated for each treatment as described 

later. Results in percentage were normalized using Arc Sin Angular Transformation 
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Method (ASATM) (Mosteller and Youtz, 1961; Sokal and Rohlf, 1969) before being 

subjected to further statistical analysis. 

3.2.1.3. Statistical analyses 

A one-way analysis of variance (ANOV A) procedure was performed to detect 

significant differences in water quality parameters as well as growth, survival rate and 

SGR among treatments. A Tukey's Honestly Significant Difference (THSD) test (Zar, 

1999) was used to compare and rank means. A level of significance of P < 0.05 was 

used. The degree of linear relationship between plankton density and fish growth was 

determined by means of correlation coefficients following Karl Pearson's method (Sunder 

Rao and Richard, 1999). 
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tank and transported to the laboratory within 2 hours. Routine water quality parameters 

were estimated according to methods described later. Samples of plankton were collected 

with plankton net, which was made of standard bolting silk cloth (No. 21 with 

77 mesh/ cm2) two times a week and analyzed according to methods described later. 

Fish were harvested after 90 days and weighed. Individual weight gain, SGR, 

survival rate and the number of marketable fish were calculated for each treatment as 

described later. Results in percentage were normalized using ASA TM (Mosteller and 

Youtz, 1961; Sakal and Rohlf, 1969) before being subjected to further statistical analysis. 

3.2.2.3. Statistical analyses 

A one-way ANOV A procedure was performed to detect significant differences 

in water quality parameters as well as growth, SGR, survival rate and number of 

marketable fish among treatments. A THSD test (Zar, 1999) was used to compare and 

rank means. A level of significance of P < 0.05 was used. The degree of linear relationship 

between plankton density and fish growth was determined by means of correlation 

coefficients following Karl Pearson's method (Sunder Rao and Richard, 1999). 
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3.2.3. 

3.2.3.1. 

Studies on the effect of stocking density on fish production 

(Experiment No. 3) 

Experimental procedure 

The koi carp used in this study were the offspring of a mixed commercial production 

by 25 pairs of parents of Kohaku, Asagi, and Bekko koi types. The experiment was 

conducted in fifteen circular concrete tanks (capacity: 150 L). A 3.175 em GI pipe was 

fitted to the outlet of each tank in such a way, that water in excess of 150 L would 

automatically flow out. Fish were subjected to one-week acclimatization period prior to 

the experiment. To study the effect of stocking density on its survival and production, 

675 koi carp larvae, about 3 weeks old (0.14 ± 0.035 g), were randomly assigned to the 

tanks and were cultured for 90 days (September to November, 2002) at the following 

densities: 

(1) 0.1 fish/ L (Dl); 

(2) 0.2 fish/ L (D2); 

(3) 0.3 fish/ L (D3); 

(4) 0.4 fish/ L (D4); and 

(5) 0.5 fish/ L (D5). 

Three tanks were randomly assigned for each treatment. A single layer of nylon 

bird netting was used to cover the tanks. All fish were fed three times a day during the 

90-day culture period, slightly in excess of satiation to eliminate the possibility that 

insufficient food supply may influence growth. The fish were given a commercial pelleted 

diet (Tokyu Corp., Japan) at the amount of 5% body weight of stocked fish daily. For 

water quality management, 5% of water was replaced in each tank every day. 

3.2.3.2. Data collection 

Water samples were collected weekly from each tank and transported to the 

laboratory within 2 hours. Routine water quality parameters were estimated according 

to methods described later. Fish were harvested after 90 days and weighed. Individual 

weight gain, SGR, Food Conversion Ratio (FCR), survival rate and the number of 
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marketable fish were calculated for each treatment as described later. Results in 

percentage were normalized using ASA TM (Mosteller andY outz, 1961; Sokal and Rohlf, 

1969) before being subjected to further statistical analysis. 

3.2.3.3. Statistical analyses 

A one-way ANOV A procedure was performed to detect significant differences in 

water quality parameters as well as growth, SGR, FCR, survival rate and number of 

marketable fish among treatments. A THSD test (Zar, 1999) was used to compare and 

rank means. A level of significance of P < 0.05 was used. 
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3.2.4. Studies on the effect of live-food treatment on fish production 

against conventional manuring regimen. (A) Comparative account 

of fish production throughout different seasons (culture periods) 

in a year, namely, winter, summer, monsoon and post monsoon 

(Experiment No. 4) 

3.2.4.1. Experimental procedure 

In Jalpaiguri district of North Bengal, four prominent seasons are distinguished in 

a year. Our experiments constituted four 11-week growth trials, that were conducted 

throughout one year, with one trial being conducted in every season: (1) 4 December, 

2002 to 19 February, 2003 (Winter); (2) 4 March, 2003 to 20 May, 2003 (Summer); 

(3) 3 June, 2003 to 19 August, 2003 (Monsoon); and (4) 2 September, 2003 to 

18 November, 2003 (Post Monsoon). 

The koi carp used in this study were the offspring of mixed commercial production 

by 50 pairs of parents of Kohaku, Asagi, Bekko and Showa koi types. Each seasonal 

experiment were conducted in 12 outdoor concrete tanks (capacity: 2000 L). A 3.175 

em GI pipe was fitted to the outlet of each tank in such a way, that water in excess of 

2000 L would automatically flow out. A plankton net (No. 21 with 77 mesh/ cm2) 

bordered the outlet preventing escape of plankton with the outflowing water. A 10 em 

layer of soil was placed on the bottom of each tank, which was then filled with 2000 L 

of groundwater 10 days prior to stocking. To study the effect of live-food treatment on 

fish production against conventional manuring regimen, fish were reared for 11 weeks 

according to one of the four treatment regimes: 

(1) introduction of live zooplankton (live-food system or LF); 

(2) direct fertilization with poultry manure (PM); 

(3) direct fertilization with cow dung (CD); and 

(4) introduction of a commercial pelleted diet (Tokyu Corp., Japan) into the 

tanks (control system or C). 

Three tanks were randomly assigned for each treatment. The poultry manure and 

cow dung were both applied at a dose of 0.26 kg/ m3, every 10 days, in the PM and CD 

treatments, respectively, as standardized in Experiment No. 1. For water quality 
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management, every day about 5% water (100 L) was replaced in each tank, as 

standardized in Experiment No. 2. The stocking density was maintained at 

600 fish/ tank or 0.3 fish/ L, as optimized in Experiment No.3. The fish in each LF tank 

were fed by transferring about 60 L of plankton-rich water every day from a series of 

plankton culture tanks that were fertilized with poultry manure and maintained under 

similar management conditions as the PM treatment. About 60 L of excess water was 

discharged every day from the LF tanks, during the introduction of plankton-rich water. 

A single layer of nylon bird netting was used to cover the tanks. Constant water levels 

were maintained in the culture tanks by supplying groundwater to compensate for loss 

due to evaporation. 

3.2.4.2. Data collection 

The amount of total nitrogen and organic carbon in the manures was estimated 

according to methods described later. In each seasonal trial, water samples were collected 

weekly from each tank and transported to the laboratory within 2 hours. Routine water 

quality parameters were estimated according to methods described later. Samples of 

plankton were collected with plankton net, which was made of standard bolting silk 

cloth (No. 21 with 77 mesh/ cm2) two times a week and analyzed according to methods 

described later. 

In each seasonal trial, fish were harvested after 11 weeks and weighed. Individual 

weight gain, SGR, survival rate, number of fish with deformities and the number of 

marketable fish were calculated for each treatment as described later. Results in 

percentage were normalized using ASATM (Mosteller and Youtz, 1961; Sokal and Rohlf, 

1969) before being subjected to further statistical analysis. 

3.2.4.3. Statistical analyses 

In each seasonal trial, a one-way ANOVA procedure was performed to detect 

significant differences in water quality parameters as well as growth, SGR, survival 

rate, number of deformed fish and number of marketable fish among treatments. A 

THSD test (Zar, 1999) was used to compare and rank means. A level of significance of 

P < 0.05 was used. The degree of linear relationship between plankton density and fish 

growth was determined by means of correlation coefficients following Karl Pearson's 

method (Sunder Rao and Richard, 1999). 
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3.2.5. Studies on the effect of live-food treatment on fish production 

against conventional manuring regimen. (B) Comparative account 

of fish production in different culture systems, namely, concrete 

tanks and earthen ponds (Experiment No. 5) 

3.2.5.1. Experimental procedure 

The koi carp used in this study were the offspring of a mixed commercial 

production by 50 pairs of Asagi, Bekko, Kohaku and Showa koi types. The experiment 

was conducted in 12 concrete tanks (capacity: 2000 L each) and 12 earthen ponds 

(capacity: 59600 L each). A 3.175 em GI pipe was fitted to the outlet of each tank in 

such a way, that water in excess of 2000 L would automatically flow out. A 10 em layer 

of soil was placed on the bottom of each tank, which was then filled with 2000 L of 

groundwater 10 days prior to stocking. The preparation of the ponds for the experiment 

started in September, 2003 when they were emptied of water and sun dried for 2 weeks. 

Late rainfall during October, 2003 filled the ponds. 

After a one-week acclimatization period, koi carp larvae, 2 - 3 weeks old 

(0.12 ± 0.008 g), were randomly assigned to the culture tanks and ponds, and were 

reared for 11 weeks (2 December, 2003 to 17 February, 2004) according to one of the 

four management regimes for each of the tank and pond culture systems: 

(1) introduction of exogenous plankton into the culture tanks (TLF) and ponds 

(PLF). Live plankton was cultured in a series of plankton culture ponds where 

poultry manure was applied as fertilizer every 10 days at 0.26 kg/ m3
, as 

standardized in Experiment No. 1. For feeding the larvae, about 30 L and 

1000 L of plankton-rich water, respectively, was transferred to each fish 

culture tank and pond; 

(2) direct application of poultry manure in the tanks (TPM) and ponds (PPM) at 

a dose as mentioned above; 

(3) direct application of cow dung in the tanks (TCD) and ponds (PCD) at the 

similar dose, as mentioned above; and 

(4) a control treatment for the tanks (TC) and ponds (PC), where an imported 

pelleted diet (Tokyu Corp., Japan) was applied. 
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There were three replicates for each treatment. The entire experimental unit was 

covered by a single layer of nylon bird netting. Fish were maintained at a stocking density 

of 0.3 fish/ L, as optimized in Experiment No. 3. For water quality management, every 

day about 5% water (100 L) was replaced in each tank, as standardized in Experiment 

No. 2. However, there was no water exchange for the ponds. Constant water levels 

were maintained in the culture tanks and ponds by supplying ground water periodically 

to compensate for loss due to evaporation. Approximately 30 L and 1000 L of excess 

water was discharged from the live-food tanks (TLF) and ponds (PLF), respectively, 

every day during the introduction of plankton-rich water. A plankton net (No. 21 with 

77 mesh/ cm2) bordered the outlet preventing escape of plankton with the outflowing 

water. 

3.2.5.2. Data collection 

The amount of total nitrogen and organic carbon in the manures was estimated 

according to methods described later. Water samples were collected weekly from the 

tanks and ponds and transported to the laboratory within 2 hours. Routine water quality 

parameters were estimated according to methods described later. Samples of plankton 

were collected with plankton net, which was made of standard bolting silk cloth 

(No. 21 with 77 mesh/ cm2) two times a week and analyzed according to methods 

described later. 

Fish were harvested after 11 weeks and weighed. Individual weight gain, SGR, 

survival rate, number of fish with deformities and the number of marketable fish were 

calculated for each treatment as described later. During the process, all the fish stocked 

in the tanks were weighed individually. However, for the four treatments maintained 

in ponds, individual data could not be recorded from every harvested fish. In its place, 

1000 fish were randomly selected from each unit so as to represent the entire pond, and 

data relating to fish growth parameters were collected from these fishes. Results in 

percentage were normalized using ASATM (Mosteller andY outz, 1961; Sakal and Rohlf, 

1969) before being subjected to further statistical analysis. 

3.2.5.3. Statistical analyses 

A one-way ANOV A procedure was performed to detect significant differences in 

water quality parameters as well as growth, SGR, survival rate, number of deformed 

fish and number of marketable fish among treatments. A THSD test (Zar, 1999) was 

used to compare and rank means. A level of significance of P < 0.05 was used. 
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3.2.6. Studies on effect of live-food treatment on fish production against 

conventional manuring regimen. (C) Examination of food selection 

and food preference of cultured fish in the different treatments 

(Experiment No.6) 

3.2.6.1. Experimental procedure 

The koi carp used in this study were the offspring of a mixed commercial production 

by 40 pairs of Asagi, Bekko and Showa koi types. After a one-week acclimatization 

period, koi carp larvae, 2- 3 weeks old (0.13 ± 0.015 g), were divided into two batches 

for the experiment. 

The first batch was reared in 12 earthen ponds (capacity: 59600 L) and used for 

the growth studies. Larvae were stocked at a density of 0.3 fish/ L, as optimized in 

Experiment No. 3. Fish were reared for 11 weeks (3 March to 19 May, 2004) according 

to one of the four treatment regimes: 

(1) live-food ponds (LF), into which about 1000 L of plankton-rich water was 

transferred every day from a series of ponds culturing live plankton. The 

ponds used for culturing plankton were fertilized with poultry manure 

using a dose of 0.26 kg/ m3 every 10 days, as standardized in Experiment 

No.1; 

(2) poultry manure ponds (PM), where poultry excreta was added directly as 

manure to the ponds at the above dose; 

(3) cow dung ponds (CD), where cow dung was applied as manure to the 

ponds at the above dose; and 

(4) control ponds (C), in which a commercial pelleted diet (Tokyu Corp., Japan) 

was used. 

Three ponds were randomly assigned for each treatment. Constant water levels 

were maintained in the culture ponds by supplying ground water to compensate for 

loss due to evaporation. In the live-food system (LF), about 1000 L of excess water would 

be discharged every day during the introduction of plankton-rich water. A plankton 

net (No. 21 with 77 mesh/ cm2) bordered the outlet preventing escape of plankton with 

the outflowing water. The entire experimental unit was covered by a single layer of 

nylon bird netting. 
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The second batch was used for studying the food selection. A 10 em layer of soil 

was placed on the bottom of six outdoor concrete tanks (capacity: 2000 L), which was 

then filled with control pond water. The tanks were fertilized with poultry manure at 

the rate of 0.26 kg/ m3 every 10 days. Fish were stocked and maintained at a density of 

0.3 fish/ L. Forty eight fish were removed randomly at weekly intervals from the outdoor 

tanks. Each fry was placed in a plastic container (5 L capacity) and starved for 48 hours 

for gastric evacuation under laboratory conditions. Four containers, each containing 

one fry, were randomly placed on the bottom of different areas of each of the above 

12 ponds (three for each management regime). The containers were covered with a net 

to prevent fish escaping but still permit free movement of plankton between the jar and 

the surrounding water. As such, the containers represented the management regime of 

the pond in which they were placed, in terms of water quality and plankton diversity. 

After 12 hours, the fish were removed from the containers and sacrificed for examination 

of food selection and food consumption. 

3.2.6.2. Data collection 

The amount of total nitrogen and organic carbon in the manures was estimated 

according to methods described later. Water samples were collected weekly from the 

ponds and transported to the laboratory within 2 hours. Routine water quality 

parameters were estimated according to methods described later. Samples of plankton 

were collected with plankton net, which was made of standard bolting silk cloth 

(No. 21 with 77 mesh/ cm2) two times a week and analyzed according to methods 

described later. 

Fish were harvested after 11 weeks and weighed. Individual weight gain, SGR, 

survival rate, number of fish with deformities and the number of marketable fish were 

calculated for each treatment as described later. However, individual data could not be 

recorded from every harvested fish. In its place, 1000 fish were randomly selected from 

each unit so as to represent the entire pond, and data relating to fish growth parameters 

were collected from these fishes. 
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Qualitative and quantitative estimation of plankton consumed was done by 

analyzing the gut of koi carp of the second batch. Routine examination procedures 

were followed for gut analysis Qhingran et al., 1988). Average values from 12 containers 

used for each regime were used for further calculations. The extent of prey selection by 

koi carp was determined according to methods as described later. Results in percentage 

were normalized using ASATM (Mosteller and Youtz, 1961; Sokal and Rohlf, 1969) 

before being subjected to further statistical analysis. 

3.2.6.3. Statistical analyses 

A one-way ANOV A procedure was performed to detect significant differences in 

water quality parameters as well as growth, SGR, survival rate, number of deformed 

fish and number of marketable fish among treatments. A THSD test (Zar, 1999) was 

used to compare and rank means. A level of significance of P < 0.05 was used. 
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3.2.7. Studies on the effect of live-food treatment on fish production 

against conventional manuring regimen. (D) Estimation of 

bacteriological counts of water and bottom sediment in the different 

treatments (Experiment No. 7) 

3.2.7.1. Experimental procedure 

The koi carp used in this study were the offspring of a mixed commercial production 

by 40 pairs of Asagi, Bekko, Kohaku and Show a koi types. The experiment was conducted 

in 12 earthen ponds (capacity: 59600 Leach). After a one-week acclimatization period, 

koi carp larvae, 2-3 weeks old (0.12 ± 0.007 g), were stocked in the experimental ponds 

and maintained at a density of 0.3 fish/ L, as optimized in Experiment No.3. Fish were 

reared for 11 weeks (02 June to 18 August, 2004) according to one of the four treatment 

regimes: 

(1) live-food ponds (LF), into which about 1000 L of plankton-rich water was 

transferred every day from a series of ponds culturing live plankton. The 

ponds used for culturing plankton were fertilized with poultry manure using 

a dose of 0.26 kg/ m3 every 10 days, as standardized in Experiment No. 1; 

(2) poultry manure ponds (PM), where poultry excreta was added directly as 

manure to the ponds at the above dose; 

(3) cow dung ponds (CD), where cow dung was applied as manure to the ponds 

at the above dose; and 

(4) control ponds (C), in which a commercial pelleted diet (Tokyu Corp., Japan) 

was used. 

Three ponds were randomly assigned for each treatment. A single layer of nylon 

bird netting was used to cover the ponds. Constant water levels were maintained in the 

experimental ponds by supplying ground water periodically to compensate for loss due 

to evaporation. However, as the experiment was conducted during the rainy season, 

evaporation losses were minimal and were mostly compensated naturally, by rainwater. 

Approximately 1000 L of excess water was discharged from the live food ponds (LF), 

everyday during the introduction of plankton-rich water. A plankton net (No. 21 with 

77 mesh/ cm2
) bordered the outlet preventing escape of plankton with the outflowing 

water. 
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3.2.7.2. Data collection 

The amount of total nitrogen and organic carbon in the manures and sediment 

samples were estimated according to methods described later. Water and sediment 

samples were collected weekly from the ponds and transported to the laboratory within 

2 hours. Routine physico-chemical parameters were estimated according to methods 

described later. Samples of plankton were collected with plankton net, which was made 

of standard bolting silk cloth (No. 21 with 77 mesh/ cm2) two times a week and analyzed 

according to methods described later. 

For bacteriological analysis, water samples were collected weekly in presterilized 

glass bottles (125 mL), and processed within 6 hours of collection. Weekly sediment 

samples were collected using hand and stored in presterilized plastic containers. Isolation 

and enumerations of total aerobic heterotrophic bacteria, Aeromonas sp. and 

Pseudomonas sp. were carried out according to methods described later. 

Fish were harvested after 11 weeks and weighed. Individual weight gain, SGR, 

survival rate, number of fish with deformities and the number of marketable fish were 

calculated for each treatment as described later. However, individual data could not be 

recorded from every harvested fish. In its place, 1000 fish were randomly selected from 

each unit so as to represent the entire pond, and data relating to fish growth parameters 

were collected from these fishes. Results in percentage were normalized using ASA TM 

(Mosteller and Youtz, 1961; Sokal and Rohlf, 1969) before being subjected to further 

statistical analysis. 

3.2.7.3. Statistical analyses 

A one-way ANOV A procedure was performed to detect significant differences in 

water quality parameters as well as growth, SGR, survival rate, number of deformed 

fish and number of marketable fish among treatments. A THSD test (Zar, 1999) was 

used to compare and rank means. A level of significance of P < 0.05 was used. 
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3.2.8. Studies on experimental ornamental fish polyculture. 

(A) Behavioural responses of two popular ornamental carps, koi 

carp and goldfish to monoculture and polyculture conditions in 

aquaria (Experiment No.8) 

3.2.8.1. Experimental procedure and data collection 

About 2 - 3 weeks old larvae of koi carp (0.13 ± 0.03 g), and goldfish (0.18 ± 0.05 g) 

were brought to the laboratory, where they were acclimated for nearly 3 weeks prior to 

study. The koi carp used in this study were the offspring of five pairs of parents of Bekko 

koi type, while the goldfish were of normal (common) variety. At first, the koi carp and 

goldfish larvae were divided into two batches. Both batches of fish were treated to similar 

acclimation and experimental protocols, except for the food applied to each batch, which 

was different. Fish were stocked in filtered and aerated single species aquaria and 

maintained under artificial lights (12 hours light: 12 hours dark photoperiod). The tanks 

were filled with tap water (water volume 150 L; 20 fish/ tank). The physico-chemical 

parameters were similar in all the holding tanks (pH 7.0 - 7.2; dissolved oxygen 

6.5 - 6.8 mg/ L and water temperature 24°C - 26°C). Fish were fed with live tubifex 

worm (first batch) and live zooplankton (second batch) during this period in the amount 

of 5% body weight of stocked fish daily (adjusted every weekly). The same food was 

used later during the experiments. The tubifex worm was procured from the local market, 

while zooplankton was cultured in outdoor concrete tanks (capacity: 2000 L) under 

management conditions similar to the live plankton culture tanks in Experiment No.4. 

Two parallel experiments were conducted for the two batches during 15 consecutive 

days from 20 August to 3 September, 2004 in six 150 L tanks (three tanks for each 

experiment) maintained under similar physico-chemical conditions as the holding tanks 

(pH 6.9 - 7.2; dissolved oxygen 6.5 - 6.9 mg/ L and water temperature 23°C- 26°C). In 

these trials, monoculture or polyculture groups totaling 20 fish were used in each 

aquarium. The treatments (for each batch) were: 

(1) koi carp, monoculture; 

(2) goldfish, monoculture; and 

(3) koi carp and goldfish, polyculture, stocked at 1:1. 
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On an average, the 5 - 6 weeks old fish used during the study had a mean 

weight of 0.86 ± 0.11 g (koi carp) and 1.49 ± 0.38 g (goldfish). The order of trials was 

randomized with respect to treatment and 15 replicate trials (one trial every day) were 

performed for each treatment. Grid markings on the tanks allowed the vertical height in 

the water column of the fish to be estimated. The tanks were screened with black art 

paper from four sides and an eye-slit was cut on the front side allowing the experimenter 

to observe and record the behaviour of fish without disturbing them. In each trial, the 

fish were placed in the tank and left to settle for 1 hour. This was followed by a period 

of focal sampling (Martin and Bateson, 1990) to record the behaviour of individual fish: 

a randomly selected individual for each species was watched for 15 minutes, during 

which time, its depth was recorded every 30 seconds by reference to the markings on 

the tank. This was followed by a 5-minute sampling period in which the occurrence 

and direction of all agonistic interactions (chases, nips) involving a randomly chosen 

individual of each species were recorded. Then a small amount of food was applied and 

the above procedures, involving both periods of focal sampling were repeated. Each 

trial therefore yielded data on aggressive encounters and the depth of the species 

concerned, both in presence and absence of food. 

Aggressive behaviour was measured as the number of attacks, defined as 

accelerated swimming movements (chases), followed by nips - a bite, and/ or flight or 

pursuit. In the first batch, live tubifex worm was applied in feeding baskets and placed 

on the floor of the tanks. For the second batch, the food (plankton) was added centrally 

onto the water surface and the live plankton dispersed rapidly over the entire water 

surface. This way of offering food generally results in greater feeding opportunity and 

promotes uniformity of feeding and growth (McCarthy et al., 1999; Gomez-Laplaza, 

2002). 

3.2.8.2. Statistical analyses 

Differences in the mean chasing frequency, mean nipping frequency and mean 

depth recorded for each species between the monoculture and polyculture treatments 

were examined using Student's paired t-test (Gupta, 2000). Significance was accepted 

at P < 0.05. Separate analyses were carried out on the 'food present' and 'food absent' 
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data for each batch. Primary data (number of nips and chases) were log-transformed 

prior to analysis and standardized by dividing the number of attacks received by focal 

fish per trial by the number of potential aggressors. For interspecific attacks, the number 

of aggressors was 'n', where n = group size of the attacking species. For conspecific 

attacks, the number of aggressors was n- 1. 
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3.2.9. Studies on experimental ornamental fish polyculture. 

(B) Comparison of food selection and growth performance of koi 

carp and goldfish in monoculture and polyculture rearing in tropical 

ponds (Experiment No.9) 

3.2.9.1. Experimental procedure 

The koi carp used in this study were the offspring of a mixed commercial production 

by 40 pairs of Asagi, Bekko and Showa koi types, while the goldfish were of normal 

(common) variety. After a one-week acclimatization period, 2- 3 weeks old larvae of 

koi carp (0.12 ± 0.014 g) and goldfish (0.16 ± 0.018 g) were divided into two batches for 

the experiment. 

The first batch of fish was reared for 11 weeks (5 September to 18 November, 2004) 

in 21 earthen ponds (capacity: 59,600 L) in Raninagar village, Jalpaiguri, India. To study 

their growth, survival and food selection under monoculture and different polyculture 

regimes, seven treatments were examined: 

(1) koi carp monoculture (100%K); 

(2) 90% koi carp and 10% goldfish (90%K-10%G); 

(3) 70% koi carp and 30% goldfish (70%K-30%G); 

(4) 50% koi carp and 50% goldfish (50%K-50%G); 

(5) 30% koi carp and 70% goldfish (30%K-70%G); 

(6) 10% koi carp and 90% goldfish (10%K-90%G); and 

(7) goldfish monoculture (100%G). 

There were three replicates for each treatment. Fish were maintained at a stocking 

density of 0.3 fish/ L, as optimized in Experiment No.3. Fish in each pond were fed by 

transferring about 1000 L of plankton-rich water from a series of ponds culturing 

plankton. The ponds used for culturing plankton were fertilized with poultry manure 

using a dose of 0.26 kg/ m3 every 10 days, as standardized in Experiment No.1. During 

the introduction of plankton-rich water, about 1000 L of excess water was discharged 

everyday from each pond. A plankton net (No. 21 with 77 mesh/ cm2
) bordered the 

outlet preventing escape of plankton with the outflowing water. 
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Every week, four fish of each species were randomly removed from each pond and 

sacrificed for examination of food selection and food consumption. The second batch of 

fish were maintained at a stocking density of 0.3 fish/ L in seven outdoor concrete tanks 

(capacity: 2000 L) under seven treatments of monoculture and polyculture combinations, 

similar to the first batch. About 30 L of plankton water were channeled into each tank 

daily for feeding the fish and similar amount of excess water was discharged. Fish 

cultured in these seven tanks were transferred to the experimental ponds corresponding 

to their respective treatments from time to time to substitute the fish of the first batch, 

which were captured for gut examination every weekly, to ensure that the results of the 

growth trial were not affected. 

3.2.9.2. Data collection 

Water samples were collected weekly from the ponds and transported to the 

laboratory within 2 hours. Routine water quality parameters were estimated according 

to methods described later. Samples of plankton were collected with plankton net, which 

was made of standard bolting silk cloth (No. 21 with 77 mesh/ cm2) two times a week 

and analyzed according to methods described later. 

Fish were harvested after 11 weeks and weighed. Individual weight gain, SGR, 

survival rate, number of fish with deformities and the number of marketable fish for 

each species were calculated for each treatment as described later. However, individual 

data could not be recorded from every harvested fish. In its place, 500 fish of each 

species were randomly selected from each unit so as to represent the entire pond, and 

data relating to fish growth parameters were collected from these fishes. 

Qualitative and quantitative estimation of plankton consumed was done by 

analyzing the gut of koi carp and goldfish every weekly. Routine examination procedures 

were followed for gut analysis (Jhingran et al., 1988). The extent of prey selection by koi 

carp was determined according to methods as described later. Results in percentage 

were normalized using ASATM (Mosteller and Youtz, 1961; Sokal and Rohlf, 1969) 

before being subjected to further statistical analysis. 
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3.2.9.3. Statistical analyses 

A one-way ANOV A procedure was performed to detect significant differences in 

water quality parameters as well as growth, SGR, survival rate and number of deformed 

fish for each species among treatments. The total number of marketable fish (koi carp 

plus goldfish) produced in each treatment was also assessed by one-way ANOV A A 

THSD test (Zar, 1999) was used to compare and rank means. A level of significance of 

P < 0.05 was used. 
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3.3. Methodology 

3.3.1. Water quality analyses 

Routine water quality parameters like Dissolved Oxygen (DO), Biological Oxygen 

Demand (BOD), Free Carbon dioxide (Free C0
2
), Carbonate (C0

3
) and Bicarbonate 

(HC03) alkalinity were determined titrametrically according to methods as described 

by APHA (1998). Specific conductivity was determined using a conductivity meter bridge 

(Systronics, Model304). Temperature was recorded by a mercury thermometer. The pH 

was measured using a portable pH meter (Hanna Instruments, Model pHep). 

With the aid of spectrophotometer (Systronics, Model 106), the concentration of 

nutrients like Ammonium- N (NH4 - N; Phenol-hypochlorite Method), Nitrite - N (N02 - N; 

a-Napthalamine and Sulphanilic Acid Method) and Phosphate- P (P0
4

- P; Stannous

Chloride Method) was determined according to methods as described by APHA (1998). 

The concentration of Nitrate - N (N0
3 

- N; Brucine Method) was also determined using 

a spectrophotometer (Systronics, Model106) as described by Trivedy and Goel (1984). 

3.3.2. Estimation of Total Nitrogen and Organic Carbon in the manure 

and sediment samples 

The amount of Total Nitrogen and Organic Carbon in the organic manures in all 

the field experiments and sediment samples (Experiment No. 7) was estimated according 

to Micro-Kjeldahl's Method (Anderson and Ingram, 1993) and Wet Oxidation Method 

(Walkley and Black, 1934), respectively. 

3.3.3. Plankton analyses 

Samples of plankton were collected with plankton net, which was made of standard 

bolting silk cloth (No. 21 with 77 mesh/ cm2). Collected plankton were concentrated to 

20 mL, and preserved in 4% formalin. Enumerations of 1 mL of concentrated plankton 

were performed under the microscope using Sedgwick Rafter Counting Cell according 

to methods as described by APHA (1998). Plankton was identified with the aid of 

Needham and Needham (1963), and Battish (1992). 
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3.3.4. Analyses of fish growth parameters 

Fish were weighed both at the beginning of each experiment and at harvest. For 

recording the weight, fish were captured and excess water removed on paper towel 

through the net before they were individually weighed to the nearest 0.001g. The selected 

fish were anaesthetized with Tricaine Methane Sulphonate (MS-222) of 0.04 g/ L 

concentration. The Specific Growth Rate (SGR) was calculated using the formula of 

Ricker (1975): 

SGR = 100 [(In Wt- In W0)/t] 

where, 

W0 = initial live weight of the fish (g), 

wt =final live weight of the fish (g), and 

T = culture period in days. 

In Experiment No. 3, Food Conversion Rates (FCR) were expressed as Olivier and 

Kaiser (1997): 

FCR =Diet fed (g)/ Weight gain (g) of the fish 

Dead fish were removed daily, they were not replaced during the course of study, 

and differences between the number of fish stocked and the number of fish at harvest 

were used to calculate percent mortality in each treatment. In Experiment Nos. 4, 5, 6, 

7 and 9, the number and percent of fish with body deformities were also recorded at 

harvest. However, fish deformities could not be recoded in the earlier experiments due 

to logistic reasons. 

The number of marketable fish at the end of growth period in each experiment 

was calculated using the function for a normal distribution curve, where z = (y -~-t)/ a; 

y is the least marketable weight (g), ll is the mean weight of the population, a is the 

standard deviation of the total weight and z follows the standard normal probability 

distribution which determines the probability of finding fish above a given range. The 

number of marketable fish (n) was then determined using the table value of the normal 

probability distribution (P) as follows: 

n = (1-P) x F* 

*For Experiment Nos. 2 and 3, F =total number of fish produced. For Experiment 

Nos. 4, 5, 6, 7 and 9, F = total number of fish produced excluding deformed individuals. 

(Fish deformities were not calculated for Experiment Nos. 2 and 3). 

Marketable fish was not estimated for Experiment Nos. 1 and 8. 
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3.3.5. Estimation of food selection by fish 

Gut content analyses were carried out for koi carp (Experiment Nos. 6 and 9) and 

goldfish (Experiment No.9). The fish were dissected. The alimentary canal was removed 

without rupture or content-loss and weighed. Gut contents were preserved in 4% 

formalin. The weight of the gut content was determined as the difference between the 

weight of the full alimentary canal and the weight of the empty alimentary canal. The 

gut content was microscopically inspected for plankton and other available food particles. 

Availability of any ingredient in the gut was expressed as percent of that particular 

ingredient in gut contents: 

Availability of any ingredient in the gut= [(Ingredient weight' Gut content weight) x 100]. 

The extent of prey selection by fish was determined using Ivlev's formula (Ivlev, 

1961): 

where, 

E = electivity value, 

r 1 = relative quantity of any ingredient in the gut expressed as percent, and 

p 1 = relative quantity of the same ingredient in the food complex, also expressed 

as percent. 

The application of this formula gives a range of values from +1.0 for a very high 

degree of selection to -1.0 for a complete avoidance. A value of '0' indicates that the 

element is present in the diet in the same proportion as it is found in the environment, 

viz. complete absence of food selection. 

3.3.6. Enumeration of bacterial population 

In Experiment No. 7, water samples were collected in presterilized glass bottles 

(125 mL), while sediment samples were collected using hand and stored in presterilized 

plastic containers. All bottles and containers used in the bacteriological investigations 

were sterilized earlier by means of autoclaving at 15 lbs pressure (121 ° C) for 15 minutes. 

The suspension of sediment was prepared by mixing 1 g of wet sediment in 99 mL 

sterile distilled water. The Total Aerobic Heterotrophic Bacteria were enumerated in 
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Nutrient Agar Medium by serial dilution of the sample, followed by the conventional 

Spread Plate Technique (Chen and Kueh, 1976; Cappuccino and Sherman, 1992). 

Aeromonas sp. and Pseudomonas sp. were similarly enumerated on Aeromonas Isolation 

Medium Base and Pseudomonas Isolation Agar, respectively. All the bacteriological 

media were obtained from Himedia Laboratories Ltd., Mumbai, India. The compositions 

of the culture media are presented in Annexure 1. After inoculation, the petridishes 

containing the culture media were incubated at 37° C ± 1° C for 48 hours. The populations 

of bacteria were expressed in terms of cfus./ mL (colony forming units) in case of water, 

and cfus.j g for the sediments. Arithmetical means from three petridishes for each 

dilution were used in the study. 

3.3.7. Statistical analyses 

For verification of the recorded data in the different experiments, various statistical 

analysis were performed, namely, one-way ANOVA, THSD test, Student's paired 

t-test, Karl Pearson's correlation, Standard Deviation and Standard Error, Normal 

Distribution and so on. Details on the type of statistical analysis applied to any particular 

experiment have been elaborated earlier, while discussing the field experiments. 
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