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Abstract 

Larvae (0.09±0.025 g) of Koi carp (Cyprinus carpio vr. koi) were cultured in outdoor concrete tanks for 90 days. 
Individual weight gain and survival rates were compared among a control (C), three treatments manured every I 0 days with 
cowdung, applied at 0.13 kg/m3 (Cl), 0.26 kg/m3 (C2), and 0.39 kg/m3 (C3), and three treatments manured every 10 days 
with poultry excreta, applied at 0.13 kg/m3 (PI), 0.26 kg!m3 (P2), and 0.39 kglm3 (P3). Weight gain ofKoi carp stocked at P2 
was significantly higher than other treatments. There was a significant difference in survival of Koi carp among the 
treatments, ranging from 65.5% to 86% in C and P2, respectively. The C3 and P3 treatments yielded significantly higher 
values of specific conductivity, NH4 - N, N02 - N, and P04 - P, and significantly lower values of dissolved oxygen than the 
other treatments. Zoobenthos population was low in all the treatments. The results suggest that application rate of 0.26 kg/m3 

every 10 days seems to be the most suitable for Koi carp tanks manured with both cowdung (C2) and poultry excreta (P2), 
through maintenance of better water quality and greater abundance of plankton in the system. Suitable environment in C2 and 
P2 resulted in significantly better growth ofKoi carp than other treatments. 

Key words: Koi carp, Cyprinus carpio vr. koi, cowdung, poultry excreta, application rate, plankton abundance, zoobenthos 

Introduction 

In recent decades, the market for ornamental fish 
has grown steadily. The annual global trade value has 
been estimated to amount to US $ 9 billion (Swain 
and Jena, 2002). The culture of Koi carp ( Cyprinus 
carpio vr. koi) is rapidly growing in India. The term 
'Koi' refers to many strains of ornamental carp that 
have been genetically selected over many generations 
(Feldlite and Milstein, 1999). 

A common approach for increasing fish 
production in ponds is the direct application of 
fertilizer, which enhances production of plankton, a 
natural food item for fish (Chakrabarti and Jana, 
1998). Pond fertilization practices using animal 
wastes are widely used in many countries to sustain 
productivity at low cost (Gupta and Noble, 2001; 
Majumder et a/., 2002). Among manure used, 
chicken's is preferred because of its ready solubility 
and high level of phosphorus concentrations (Knurl
Hansen et al., 1991). Soluble organic matter supplied 
to ponds by using manure stimulates phytoplankton 
growth (Sevilleja et a/., 200 I). Moreover it increases 
biomass of zooplankton and benthic organisms (Atay 
and Demir, 1998). In India, however, cowdung is the 
most common organic manure applied to fish ponds 
(Singh and Sharma, 1999). 

Cyprinid larvae are known to prefer natural food 
items such as free living protozoa and rotifers, and 
larger planktonic organisms like cladocerans and 
copepods at fry and fingerling stage (Jhingran and 
Pullin, 1985). Several pond management techniques 

have been developed to improve environmental 
conditions for cyprinid fry (Rothbard and Y aron, 
1995). Among the techniques, manure usage at 
different rates may significantly influence water 
quality and assist in defining the optimal conditions 
for continuous culture of plankton. Although a 
substantial amount of literature is available on the 
nutrition and culture of common carp (Kalmer et al., 
1990; Keshavanath et al., 2002; Manjappa et al., 
2002), growth of the 'Koi' ornamental variety of the 
common carp (Cyprinus carpio vr. koi) in organically 
manured culture systems have not been well 
documented. 

The present study was designed to test the effect 
of cow and chicken manure on the water quality, 
plankton density, abundance of benthic fauna, and 
growth of Koi carps in outdoor cemented tanks. 

Materials and Methods 

The Koi carps used in this study were the hybrid 
of Kohaku and Showa Koi types, produced in the 
Hatchery Unit of Rainbow Ornamentals, Raninagar, 
Jalpaiguri, India. The experiments were conducted in 
21 outdoor cemented tanks (capacity 2000 L) in the 
aforesaid fish farm. A I 0 em layer of loamy 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 (Jana and Chakrabarti, 1993). 
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Eight thousand and four hundred Koi carps, 2-3 
weeks old (0.09±0.025 g), were equally distributed to 
each tank (400 fish I tank). The stocking density was 
0.2 fish/L, commonly practiced in ornamental fish 
farms (Fernando and Phang, I985). To study the 
effect of different application rates of cow and poultry 
manure on growth and survival, fish were treated for 
90 days (March - May, 2002), with the seven 
treatments; 

(I) Cowdung applied at 0.13 kg/m3 every 10 
days (CI); 
(2) Cowdung applied at 0.26 kg/m3 every 10 
days (C2); 
(3) Cowdung applied at 0.39 kg/m3 every 10 
days (C3); 
( 4) Poultry manure applied at O.I3 kg/m3 every 
10 days (PI); 
(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). 

Three tanks were randomly assigned for each 
treatment. The application rates of the manures 
correspond to I ,300-3,900 kg/ha. The high organic 
load was used in view of the high manuring rate 
(initial dose of IO,OOO kg/ha and subsequent 
application of 5,000 kg/ha), recommended for nursery 
ponds in India (Jhingran, I99I). An amount of IOO L 
water was replaced in each tank two times a week for 
aeration, since most farmers in India cannot afford 
aeration facilities. 

The amount of total nitrogen and organic carbon 
in the cow and poultry manures were estimated 
according to Micro-Kjeldahl's method (Anderson and 
Ingram, I993) and Wet Oxidation method (Walkley 
and Black, 1934), respectively. The manures 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 pelleted feed 
containing 32% crude protein, 4% crude fat, 5% crude 
fibre, 1 0% crude ash, 9% moisture, and 31% nitrogen 
free extract was given in the amount of 5% body 
weight of stocked fish daily. Dry feeds were not 
applied to any other treatment, where the fish fed on 
naturally grown food. 

Water samples were collected weekly at 9 A.M. 
from each tank in 1 L glass sampling bottles and 100 
ml Winkler bottles for dissolved oxygen (DO). 
Collected samples were transported to a laboratory in 
the University of North Bengal within 2 hrs. Water 
quality parameters (DO, free C02, alkalinity, P04-P, 
N~-N, N02-N, N03-N, and specific conductivity) 
were estimated according to methods as described by 
APHA ( 1998). Temperature was recorded by a 
mercury thermometer. The pH was measured in situ 

·-----~-----~,-~,.,.,,...., __ """"'""-''·"'''""'""'<'; ,•. 

using a portable pH meter (Hanna Instruments). 
Samples of plankton were collected with a 

plankton net, which was made of standard bolting silk 
cloth (No. 21 with 77 mesh/cm2

) two times a week. 
Collected plankton were concentrated to 20 ml, and 
preserved in 4% formalin. Enumeration of I ml of 
concentrated plankton was performed under the 
microscope using Sedgwick Rafter counting cell. The 
sediments were sampled manually. Two samples, 
each of about I 00 cm2 area, were collected carefully 
with hand from each tank weekly and washed through 
a series of sieves ranging 260-360 l.l mesh. Benthic 
fauna were identified and counted with the aid of a 
stereoscopic microscope (Macan, 1975). During the 
sampling utmost precaution was taken to avoid 
turbidity in water and an equal amount of soil was 
replaced in each tank precisely in the area from where 
sediments were collected. 

The weight of the fish was recorded at the 
beginning of the experiment, and, every fortnightly 
during the culture period, five random samples of 20 
fish from each tank were captured and excess water 
removed on paper towel through the net before the 
fish were individually weighed to the nearest 0.001 g. 
The selected fish were anaesthetized with tricaine 
methane sulphonate (MS-222) of 0.04 giL 
concentration. 

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. Fish were harvested after 
90 days and weighed. The Specific Growth Rate 
(SGR) was calculated as: 

SGR = 100 [(In W1-ln W0)/t]; 

Where W0 and W1 are the initial and final live 
weight of the fish (g), respectively, and (t) is culture 
period in days (Ricker, 1975). 

The statistical analysis were performed using 
MS Excel and Mstat programmes for Windows. Data 
from the replicates of each group were pooled for one 
way analysis of variance (ANOV A), and where a 
significant difference (P<0.05) was detected, a 
multiple comparison test (Tukey) was applied. The 
degree of relationship between plankton density and 
fish growth was determined by regression analysis 
and Pearson's correlation coefficient (Sunder Rao and 
Richard, 1999). 

Results 

The amount of total nitrogen in cow and poultry 
manures were 2.15% and 2.66%, respectively, 
whereas, the amount of organic carbon were 21.24% 
and 30.19%, respectively. 

Water temperature was between 25°C and 3I oc 
during the 90 days. The temperature did not vary 
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between the different treatments (P>0.05). The 
average pH values were about 7.0 in all treatments 
(Table 1). The DO never dropped below 5.0 mg!L 
during the period of the study in any treatment except 
C3 and P3 (Table I). Significantly higher values of 
P04-P (F6,84>20.64; P<0.05) and specific conductivity 
(F6,84> I4.99; P<0.05) were obtained in the P3 
treatment than in the other treatments. Carbonate 
alkalinity was observed only in the treatments 
manured with poultry excreta (PI, P2, and P3), for 
very limited periods, when free C02 in these 
treatments was absent. The C3 and P3 treatments 
yielded significantly higher values of bicarbonate 
alkalinity (F6,84> Il.68; P<0.05), NH4 - N (F6,s4> 
23.27; P<0.05), N03-N (F6,84>21.79; P<0.05) and 
N02-N (F6,84>I5.6I; P<0.05) compared to the CI, PI 
and control (C) treatments (Table I). 

Examination of plankton showed that the species 
diversity differed considerably between the manured 
treatments and control. Cladocerans, which formed a 
substantial proportion of the total plankton 
composition in the manured treatments, were absent 
from the control treatment. Other zooplankton and 
phytoplankton were represented in the control with 
low number compared to the manured treatments 
(Table 2). Within the manured treatments, the 
abundance (no.IL) of the different species varied 
considerably. Average zooplankton abundance was 
highest in P2 followed by C2, P3, C3, PI, CI, and C. 
The differences between treatments were significant 
(F6,175> II8I.54; P<0.05). The Copepoda was the most 
dominant group ranging from 52.5% of the total 
plankton composition in P2 to 88.74% in the control. 
The phytoplankton population in C3 and P3 were 
significantly higher (F 6,175> 1306.2; P<0.05) than the 
other treatments (Table 2). The benthic fauna was 
represented by three groups: Oligochaeta, Diptera and 
Gastropoda (Table 3). The differences between 
treatments were significant (F6,84>207.97; P<0.05). 
The highest values were recorded in the C3 treatment, 
followed in decreasing order by P3, P2, C2, PI, CI 

and C treatments. Chironomus sp. was the most 
dominant benthic fauna in all the treatments (Table 3). 

At harvest, maximum weight gain of Koi carps 
(Table 4) was achieved in the P2 treatment, followed 
in decreasing order by C2, P3, C3, PI, CI, and C 
treatments (F6,14>702.25; P<0.05). The Specific 
Growth Rate (SGR) was quite high (>3.5) in all 
treatments, though the differences among the various 
treatments were significant (F6,14>823.7I; P<0.05). 
There was a significant difference (F6,J4>31.80; 
P<0.05) in survival of Koi carps among the 
treatments, ranging from 65.5% in C to 86% in P2 
(Table 4). 

Discussion 

There was autochthonous production of plankton 
in all treatments, following the principle of pond 
fertilization. As observed from the gut analysis of 
common carp (Chakrabarti and Jana, I99I), 
zooplankton was the main source of food of the Koi 
carps. Zooplankton in our study was also the primary 
food item that is significantly correlated with the 
growth of Koi carps in all the seven treatments (r = 
0.957; d.f. = I9; P<0.05) (Figure I). 

High application rates of cowdung and poultry 
manure in the C3 and. P3 treatments significantly 
increased (P<0.05) the alkalinity, P04-P, NH4-N, 
N02-N, and NOrN values of the water. NH4-N, 
incorporated from organic manure application, as well 
as metabolism of the water body, might be considered 
an index of environmental stress (Jana and 
Chakrabarti, I993). Jana and Barat (I984) observed 
an inverse relationship between NH4-N and DO. In 
our experiment, lower DO values were recorded in the 
C3 and P3 treatments. Critical evaluation of the data 
revealed that the concentration of NH4-N was 
inversely related to the abundance of cladocerans in 
the C3 (r = - 0.6I4; d.f.=ll; P<0.05) and P3 (r = -
0.688; d.f.=II; P<0.05) treatments. 

Table 1. Mean:;!:SE of major water quality parameters analysed for the seven treatments. Each mean represents 13 samples 
collected at weekly intervals during the 3 month growth period. Different superscripts in the same row indicate statistically 
significant differences between means at P<0.05. 

Parameters Treatments 

Cl C2 C3 PI P2 P3 c 

pH 7.32±0.10 ib 7.23±0.14 ib 7.02±0.136 7 .49±0.11 ib 7.71±0.15. 7 .43±0.15 ib 7.62±0.11 a 

Dissolved oxygen (mg!L) 6.81±0.35 ab 7.14±0.33 ab 5.23±0.27' 6.32±0.21 be 7.29±0.26 ab 5.14±0.24' 7.71±0.32 a 

Free C02 (mg!L) 4.58±0.40. 4.08±0.25 ab 3 .48±0.19 ab 2.98±0.29b 2.96±0.45 b 3.15±0.41 b 3.09±0.19b 

co3 alkalinity (mg!L) 0.65±0.65 1.32±0.89 0.74±0.74 

HC03 alkalinity (mg!L) 55.08±2.38 ed 75.69±4.53 bed 93.54±7.93 ab 64. 73±4.05 ed 78.19±5.57 be I 06.23±9 .28 a 53.15±1.74d 

P04 - P (mg!L) 0.152±0.016 cd 0.271±0.024 be. 0.328±0.038 ab 0.161±0.014' 0.30 1±0.028 ab 0.410±0.044' 0.029±0.002 d 

NH4 - N (mg!L) . 0.129±0.014 de. 0.181±0.022 ed 0.400±0.044 ab 0.287±0.030 be 0.321±0.030 ab 0.429±0.041 a 0.03±0.002 e 

N02- N (mg!L) 0.026±0.003 be 0.032±0.003 be 0.046±0.004 a 0.023±0.003 ed 0.039±0.003 ab 0.053±0.004 a 0.008±0.001 d 

N03- N (mg!L) 0.121±0.011 d 0.30±0.031 be 0.412±0.044ab 0.162±0.019 ed 0.329±0.031 b 0.50±0.061 a 0.03±0.005 d 

0.431±0.023 ed 0.572±0.043 be 0.688±0.054 b 0.412±0.025 ed 0.68±0.056 b 1.151±0.665' 0.272±0.007 d 
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Table 2. Species composition, abundance (no.IL) and relative abundance (% of total numbers) of plankton in culture tanks 
manured with cowdung and poultry excreta at different rates, and Control. Each mean value represents data from 26 samples 
collected two times a week during the 13 week (3 month) growth period. 

Cl C2 C3 PI P2 P3 c 
Species 

(no.IL) (%) (no./L) (%) (no./L) (%) (no.IL) (%) (no./L) (%) (no./L) (%) (no./L) (%) 

Daphniasp. 72.31 11.97 150.20 12.59 60.12 6.50 118.70 14.75 212.39 14.15 71.19 7.04 
Moinasp. 81.20 13.44 191.66 16.07 123.20 13.31 120.12 14.93 254.12 16.93 126.12 12.48 
Bosminasp. 18.24 3.02 26.42 2.22 28.20 3.05 21.30 2.65 31.24 2.08 28.24 2.79 
Cladocera 171.75 28.43 368.28 30.88 211.52 22.86 260.12 32.34 497.75 33.16 225.55 22.31 
Cyclopssp. 180.12 29.81 310.21 26.01 251.50 27.18 214.29 26.64 386.52 25.75 292.55 28.94 152.14 49.04 
Diaptomus sp. 118.36 19.59 260.24 21.82 182.12 19.68 164.12 20.41 290.24 19.34 198.21 19.61 80.06 25.80 
Nauplii 50.24 8.32 94.26 7.90 62.24 6.73 58.13 7.23 112.12 7.47 62.45 6.18 43.12 13.90 
Copepoda 348.72 57.72 664.71 55.73 495.86 53.58 436.54 54.28 788.88 52.56 553.21 54.72 275.32 88.74 
Brachionus sp. 28.23 4.67 46.12 3.87 36.28 3.92 30.12 3.74 58.19 3.88 45.12 4.46 20.33 6.55 
Keratella sp. 12.17 2.02 24.33 2.03 28.20 3.05 29.30 3.64 38.16 2.54 26.16 2.59 
Rotifera 40.40 6.69 70.45 5.90 64.48 6.97 59.42 7.38 96.35 6.42 71.28 7.05 20.33 6.55 
Ch/orel/a sp. 6.24 1.03 8.71 0.73 24.96 2.70 6.11 0.76 16.88 1.12 26.60 2.63 
Navicula sp. 16.79 2.78 30.82 2.58 42.14 4.55 17.30 2.15 42.51 2.83 54.38 5.38 4.24 1.37 
Spirogyra sp. 9.02 1.49 11.35 0.95 27.90 3.01 7.15 0.89 12.65 0.84 28.20 2.79 4.22 1.36 
Scenedesmus sp. 2.25 0.19 9.12 0.98 2.04 0.25 3.07 0.20 6.59 0.65 
Phacussp. I 1.26 1.86 33.16 2.78 45.26 4.89 13.73 1.7 I 39.51 2.63 41.13 4.07 4.02 1.30 
Synedrasp. 2.98 0.25 4.19 0.45 1.90 0.24 3.28 0.22 4.02 0.40 2.12 0.68 
Phxto2lankton 43.31 7.17 89.27 7.48 153.57 16.59 48.23 6.0 I 17.90 7.86 160.92 15.92 14.60 4.71 
Total plankton 604.18 I 192.71 925.43 804.31 1500.88 1010.96 310.25 

Table 3. Species composition and abundance (no./100 cm2
) of benthic fauna in culture tanks manured with cowdung and 

poultry excreta at different rates, and Control. Each mean value of represents the data from 13 samples collected weekly 
during the 3 month growth period. 

Species 

Tubifex sp. 
Chaetogaster sp. 
Oligochaeta 
Chironomus sp. 
Diptera 
Pi/asp. 
Lymnaea sp. 
Gastropoda 
Total benthic fauna 

Cl 
(no./100 cm2) 

2.92 
1.46 
4.38 
6.76 
6.76 
1.92 
1.84 
3.76 

14.90 

C2 
(no./100 cm2) 

5.92 
2.46 
8.38 
7.69 
7.69 
1.53 
1.92 
3.45 

19.52 

C3 
(no./100 cm2) 

5.53 
2.53 
8.06 

10.69 
10.69 

1.84 
2.23 
4.07 

22.82 

Treatments 
PI 

(no./100 cm2) 
4.61 
1.23 
5.84 
6.30 
6.30 
2.00 
1.23 
3.23 

15.37 

P2 
(no./100 cm2) 

5.76 
3.15 
8.91 
7.38 
7.38 
2.07 
1.46 
3.53 

19.82 

P3 
(no./100 cm2) 

5.38 
3.53 
8.91 
9.23 
9.23 
1.77 
1.84 
3.61 

21.75 

c 
(no./100 cm2) 

1.53 
0.75 
2.29 
2.35 
2.38 
1.76 
1.53 
3.29 
7.96 

Table 4. Mean*SE harvest weight, weight gain, specific growth rate (SGR) and survival rate at the end of 13 week growth 
period (March -May, 2002) of Koi carps reared in concrete tanks manured with cowdung and poultry excreta, applied at 
different rates and Control 

Treatments 
Cl C2 C3 PI P2 P3 c 

Manure 0.13 0.26 0.39 0.13 0.26 0.39 
Application rate (Cowdung) (Cowdung) (Cowdung) (Poultry (Poultry (Poultry 
(kg/m3110 days) excreta) excreta) excreta) 
Harvest weight (g) 3.31±0.05 f 7.47±0.12 b 4.89±0.13 d 4.28±0.10° 9.17±0.07 8 6.47±0.11 c 3.03±0.04f 
Weight gain (g) 3.22±0.05 f 7.38±0.12 b 4.80±0.13 d 4.19±0.10° 9.08±0.07 8 6.38±0.11 c 2.94±0.04g 

SGR(%/day) 4.01±0.07 f 4.93±0.08b 4.44±0.10d 4.29±0.06° 5.14±0.03 8 4.76±0.04c 3.94±0.02g 
Survival rate (%) 70.5±0.56 be 81.5±0.24' 70.25±0.49 be 71.75±0.80 b 86.0±0.32 a 70.25±0.28 be 65.5±0.37 e 
Growth equation* Y=e·L966+0.247T y =e -0.55 I +0.220T Y=e·L26l+0.220T Y=e·L758+0.241T Y=e·0.468+0.211T Y=e·•.o•7+0.222T Y=e·2.336+o.266 T 

*The growth models predict mass offish (Y- g fish) as a function of time (T- weeks). 
Different superscripts indicate statistically significant differences between means at P<0.05. 
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Figure 1. Relationship between weight gain of Koi carp and 
plankton biomass in the seven treatments. 

Differences in the relative abundance of some 
groups of zooplankton might have contributed to the 
differential growth responses of the Koi carps. Lower 
weight gain, SGR and survival rate of Koi carp in the 
control treatment may be attributed to the insufficient 
quantity of zooplankton in the system (Szlaminska 
and Przybye, 1986). Zoobenthos form essential food 
items of many cultivated fishes in Indian ponds 
(Jhingran, 1991). However, in our study, the benthic 
fauna population (Table 3) was low and seemed 
insufficient to sustain fish production by itself. 
Compared to larger pond environment, depleted 
zoobenthos production have been reported in culture 
tanks (Majumder et al., 2002). Although gut content 
analysis of the Koi carps were not carried out in our 
study, it can be assumed that the zoobenthos, with its 
small population played a secondary role to plankton 
as food for the carp. Statistical analysis of the data 
revealed significantly higher concentration of benthic 
fauna {P<O.OS) in C3 and P3 compared to the other 
treatments. This may be influenced by higher rate of 
manure application (Wade and Stirling, 1999). 

It is well known that high yield of fish can be 
achieved by higher abundance of plankton in culture 
system. However, it is not possible to increase the 
application rate of organic manures after a certain 
limit because this may reduce water quality, which 
cause stress for reproduction of essential zooplankton 
thereby causing adverse effect on fish growth. Studies 
on life history parameters of Daphnia sp. and Moina 
sp. (Jana and Chakrabarti, 1993) suggest that growth, 
reproductive potentials, and longevity of each species 
are affected by the nutrient conditions of the culture 
media. Dhawan and Kaur (2002) reported a decrease 
in cladoceran population with increased organic 
manure application in ponds. The presence of 
relatively higher density of zooplankton in C2 and P2 
compared to C3 and P3 could be a consequence of 
relatively suitable environment in terms of water 
quality and food abundance (Jana and Chakrabarti, 
1997). As a result, the weight gain of Koi carps were 

significantly higher (P<0.05) in the C2 and P2 
treatments, compared to the C3 and P3 treatments, 
respectively. Similar decline in plankton biomass due 
to undesirable water quality with very high amounts 
of fertilizers have been reported by many authors (Lin 
eta/., 1997; Garg and Bhatnagar, 2000; Azim eta/., 
2001; Cheikyula et al., 200 I). Perhaps, the 
significantly higher level of nutrients and low 
dissolved oxygen in the C3 and P3 treatments lowered 
the grazing activity by carp in these two treatments, 
compared to the C2 and P2 treatments, respectively. 
Again, the differences in the weight gain of Koi carps 
observed among the different treatments were not 
essentially due to changes in the water quality, since, 
growth in the C 1 and P 1 treatments were significantly 
lower than C2 and P2 treatments, respectively, despite 
having good water quality. It might well be that the 
weight gain is more directly related to differences in 
food concentrations, although the zooplankton density 
and water quality were closely related to each other. 

In any given application rate, the poultry manure 
appeared to be more effective compared to cowdung 
(Table 4). In the present investigation, an application 
rate of 0.26 kg/m3 every 10 days appeared to be the 
most suitable for Koi carp tanks manured with 
cowdung and poultry excreta. Higher application rates 
reduce water quality, deplete the plankton population 
and cause adverse impact on the growth of the Koi 
carp. Further research on husbandry management of 
Koi carp needs to be conducted. 
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EFFECT OF WATER EXCHANGE ON WATER QUALITY AND THE 

PRODUCTION OF ORNAMENTAL CARP (CYPRINUS CARPIO VAR. 

KOI L.) CULTURED IN CONCRETE TANKS MANURED WITH 

POULTRY EXCRETA 

Prithwiraj Jha, Sudip Barat 

Aquaculture and Limnology Laboratory, Department of Zoology, University of North Bengal, 

West Bengal, India 

ABSTRACT. The effect of water exchange on water quality, plankton abundance, and the production of 

koi carp, Cyprinus carpio var. koi L., cultured in outdoor concrete tanks manured with poultry excreta 

was determined. Individual weight gain and survival rates of fish (initial weight 0.09 ± 0.02 g) were 

compared among five culture regimes, where a volume of 100 dm3 water was exchanged: (1) every day 
{WE1); (2) every alternate day (WE2); (3) two times a week (WE3); (4) once a week {WE4); and (5) a 

control treatment with no water exchange (NE). Significantly higher concentrations (P < 0.05) of 
conductivity, NH4-N, N02-N, N03-N, P04-P and bicarbonate alkalinity were recorded in the NE 

treatment. Plankton volume was highest in WE1 (P < 0.05). The weight gain and number ofkoi carp of 

marketable size were significantly higher (P < 0.05) in WEl. There was a significant difference in the 

survival of koi carp among the treatments ranging from 60.43% (NE) to 95.21% (WE1). The results 

suggest a water exchange of 100 dm3 daily {WEl) was the most effective for koi carp tanks manured 

with poultry excreta as better water quality and greater plankton abundance were both maintained in 

the system. 

Key words: KOI CARP (CYPRINUS CARPIO VAR. KOJ), WATER EXCHANGE, WATER QUALITY, 

PLANKTON ABUNDANCE, FISH PRODUCTION 

INTRODUCTION 

Production of animals for the aquarium hobbyist trade is growing rapidly. The 

annual global trade has increased from US$ 4.5 billion in 1995 to about US$ 9 billion 

in 2002 (Swain and Jena 2002). Establishing an ornamental fish culture industry has 

long been felt to be one means to diversify the aquaculture sector in India. 

In the case offood fish culture, the intensification of natural production is stimula

ted through fertilization or organic manuring in ponds (Moore 1985). Since biological 
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productivity is often limited by nutrients, pond fertilization is of great importance to 

supplement nutrient deficiency and augment aquatic productivity through autotrophic 

and heterotrophic pathways (Green et al. 1989, Schroeder et al. 1990, Knud-Hansen 

and Batterson 1994). However, pond fertilization using high amounts of manure can 

lead to water quality deterioration, including the severe depletion of dissolved oxygen, 

high biological and chemical oxygen demand, and high ammonia levels (Boyd 1982). 

Primary production in excessively fertilized ponds can limit light penetration (Hepher 

1962). The resultant stress can ultimately lead to exhaustion, disease, and mortality in 

fish (Francis-Floyd 1990). Moreover, ornamental fish, unlike food fish, are sold by 

number and have to be visually attractive to be accepted in the market, and stressed 

fish may be aesthetically unattractive to potential customers. In light of these factors, 

particular pond management techniques need to be developed to create the best envi

ronment for the fish, while utilizing animal wastes that can sustain productivity at low 

cost. 

Fertilization with manure with water exchange have proved to be more effective 

than manured systems without water exchange in maintaining better water quality and 

lower mortality rates in common carp, Cyprinus carpio L. (Chakrabarti and Jana 1990), 

Indian major carp rohu, Labeo rohita (Ham.), and mrigal, Cirrhinus mrigala (Ham.) 

(Chakrabarti and Jana 1998). The water quality management in the culture of orna

mental fishes in Indian conditions remains to be elaborated. 

The present study was conducted to compare the effect of different water exchange 

regimes on the growth and survival of ornamental fish in manured culture systems. Koi 

carp, Cyprinus carpio var. koi L., were used as a model species and poultry excreta was 

applied as a standard organic manure. 

MATERIALS AND METHODS 

ANIMALS 

A total of 6000 two-week old koi carp larvae were obtained from a local fish farm 

(Rainbo:w Ornamentals, Raninagar, Jalpaiguri, India). The koi carp were the 

offspring of a mixed commercial production by 25 pairs of parents of the Kohaku, 

Bekko, and Asagi koi types. After a one-week acclimatization period, the koi carp of 

an initial weight of 0.09 ± 0.02 g (average BW ± SD; N = 50) were evenly distributed 



EFFECT OF WATER EXCHANGE ON WATER QUALITY AND THE PRODUCTION... 79 

in 15 outdoor concrete tanks (capacity 2000 dm3
). The stocking density correspon

ded to 0.2 fish dm-3
, which is widely practiced in ornamental fish farms (Fernando 

and Phang 1985). All the tanks were manured every 10 days with poultry excreta 

applied at 0.26 kg m-3
, as standardized in an earlier experiment (Jha et al. 2004). 

EXPERIMENTAL PROCEDURE 

A 10 em layer of soil was placed at the bottom of each tank, which was then filled 

with 2000 dm3 of groundwater 10 days prior to stocking. A 3.175 em GI pipe was fit

ted to the outlet of each tank in such a way that water in excess of 2000 dm3 would 

automatically flow out. A plankton net (No. 21 with 77 mesh cm-2
) bordered the 

outlet preventing escape of plankton with the outflowing water. Five experimental 

groups were cultured, each in triplicate, for 90 days (June-August 2002): 

(1) 100 dm3 water ex~hange once daily (WE1); (2) 100 dm3 water exchange every 

alternate day (WE2); (3) 100 dm3 water exchange two times a week (WE3); (4) 100 

dm3 water exchange once a week (WE4); and (5) a treatment without any water 

exchange (NE). A single layer of plastic bird netting was used to cover the tanks. 

DATA COLLECTION 

The amounts of total nitrogen and organic carbon in the poultry manure were esti

mated according to the Micro-Kjeldahl (Anderson and Ingram 1993) and Wet Oxida

tion methods (Walkley and Black 1934), respectively. 

Water samples were collected weekly. Water quality parameters (dissolved oxy

gen, BOD, free carbon dioxide, total alkalinity, conductivity, ammonium, nitrite, nitra

te, and phosphate) were estimated according to methods described by APHA (1998). 

pH was measured in situ using a portable pH meter (Hanna Instruments, Rua do Pin

delo, Portugal). Temperature was recorded with a centigrade thermometer. 

Samples of plankton were collected with a plankton net made of standard bolting 

silk cloth (No. 21) two times a week. The collected plankton samples were concentrated 

to 20 cm3
, preserved in 4% formalin, and counted under a stereoscopic microscope 

using a Sedgwick Rafter Counting Cell. 

The body weight of the fish was recorded at the beginning of the experiment. At 

fortnightly intervals during the culture period, five random samples of 20 fish from 

each tank were netted and excess water removed on paper toweling through the net 
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before the fish were weighed individually to the nearest± 1 mg. For this, the fish were 

anaesthetized with tricaine methane sulphonate (MS-222) at a concentration of 0.04 g 

dm-3
. Dead fish were removed daily, they were not replaced during the course of study, 

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

were used to calculate the percentage of mortality in each treatment. Results in percen

tage were normalized using angular transformation (Sokal and Rohlf 1969) before 

being subjected to further statistical analysis. The fish were harvested after 90 days and 

weighed. The Specific Growth Rate (SGR) was calculated as: SGR = 100 [(ln Wt -ln 

W0) f 1
]; where W0 and W 1 are the initial and final body weight of the fish (g), respec

tively, and (t) is the culture period in days (Ricker 1975). 

STATISTICAL ANALYSIS 

The data on body weights, SGR, and survival rates were compared using one-way 

analysis of variance (ANOVA) and Tukey's HSD test (Zar 1996). The differences were 

considered statistically significant at the probability level ofP ~ 0.05. The degree oflinear 

relationship between plankton density and fish growth was determined by means of cor

relation coefficients following Karl Pearson's method (SunderRao and Richard 1999). 

The number of marketable fish at the end of growth period was calculated using the 

function for a normal distribution curve, where z = (y-!J.) cr ·1
; y is the least marketable 

weight (g), IJ. is the mean weight of the population, cr is the standard deviation of the 

total weight and z follows the standard normal probability distribution which determi

nes 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 total number offish produced. 

RESULTS 

The amounts of total nitrogen and organic carbon in the poultry manure were 

2.66% and 30.19%, respectively. Water temperature ranged between 24 and 35°C 

during the investigation period, whereas pH varied from 6.7-8.6 (Table 1). Higher 

water exchange rates increased the average dissolved oxygen in WEl (7 .94 mg dm-3
), 

which was significantly higher (P < 0.05) than the other treatments. In contrast, signifi

cantly higher (P < 0.05) BOD values were obtained in NE (4.63 mg dm-3
). 
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The NE treatment showed the highest concentrations of conductivity, NH4-N, 

NOz-N, N03-N, P04-P, and bicarbonate alkalinity, which were significantly higher (P < 

0.05) than the other treatments (Table 1). Carbonate alkalinity was observed only in the 

WE1, WE2, and WE3 treatments, for very limited periods, when the free C02 content in 

these treatments was absent. Within the different treatments with water exchange (WEl, 

WE2, WE3, and WE4), there were no significant differences (P > 0.05) between the ave

rage values of bicarbonate alkalinity, ~-N, NOz-N, and specific conductivity (Table 1). 

TABLE 1 

Mean± SE of the major water quality parameters analyzed for the five treatments at weekly intervals during the 
three-month growth period. Data in the same row with different superscripts are significantly different (P < 0.05) 

Treatment 
Parameters 

WE1 WE2 WE3 WE4 NE 

pH* 6.8-8.6 6.8-8.6 6.8-8.5 6.5-8.4 6.2-8.2 

Dissolved oxygen (mg dm.3
) 7.94 ±0.32' 7.37 ± 0.30"b 6.91 ± 0.24b' 6.08 ±0.18' 5.08 ± 0.26d 

Biological Oxygen Demand 1.23 ± 0.17' 1.46 ± 0.23bo 1.99 ± 0.36bo 2.62 ± 0.28b 4.63 ± 0.52" 
(mg dm·') 

Free C02 (mg dm'3) 0.42 ±0.15' 0.49 ± 0.17' 0.61 ± 0.20' 1.86 ± 0.23b 3.16 ± 0.46" 

co3 alkalinity (mg dm'3) 0.66 ± 0.17 0.60±0.19 0.13 ± 0.13 

HC03 alkalinity (mg dm.3
) 95.19 ± 6.89" 102.95 ± 8.42b 110.07 ± 9.66"b 115.5 ± 9.38"b 146.25 ± 11.02. 

P04 -P (mg dm.3
) 0.226 ± 0.028" 0.253 ± 0.031 h 0.294 ± 0.035" 0.428 ± 0.061"" 0.563 ± 0.080" 

NH4 -N (mg dm-3
) 0.163 ± 0.021 b 0.183 ± 0.025" 0.202 ± 0.027" 0.308 ± 0.044 b 0.753 ± 0.148" 

N02 -N (mg dm.3
) 0.021 ± 0.005" o.026 ± o.oo5" 0.027 ± 0.006" 0.038 ± 0.010" 0.211 ± 0.048" 

N00 -N (mg dm.:J) 0.187 ± 0.022" 0.217 ± 0.028" 0.272 ± 0.033b 0.390 ± 0.056"b 0.608 ± 0.096" 

Specific Conductivity 0.586 ± 0.051 b 0.612 ± 0.053b 0.672 ± 0.065b 0.786 ± 0.072b 1.156 ± 0.146" 
(m mhos cm·1 

) 

• for pH, the range of recorded values are presented 

On average, plankton volume was highest in the WE1 treatment followed in 

descending order by the WE2, WE3, WE4, and NE treatments (P < 0.05) (Table 2). The 

plankton volume primarily consisted of zooplankton. Phytoplankton accounted for 

9.53% (WE1) to 46.08% (NE) of the total plankton content. The abundance (no. dm-3
) 

of the different plankton groups also differed considerably. The average number of cla

docerans in WE1 (597.09) was 462% the average number of the same group in the NE 

treatment (129.17). The copepoda was most dominant among the zooplankton in all 

the treatments ranging from 47.65% in WEl to 53.91% in NE (Table 2). 
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TABLE 2 

Species composition, abundance (no. dm"3
), and relative abundance (%of total numbers) of plankton in 

culture tanks manured with poultry excreta under different water exchange regimes. Each mean value 
represents data from 25 samples collected two times a week during the three-month growth period 

Treatment 

Species WEI WE2 WE3 WE4 NE 

(no. dm·) (%) (no.dm·') (%) (no. dm·) (%) (no.dm·) (%) (no.dm) (%) 

Chiarella sp. 30.12 2.01 29.12 2.06 26.24 2.14 40.16 4.43 52.12 8.14 

Navicula sp. 38.24 2.55 42.12 2.98 40.76 3.33 43.71 4.82 56.11 8.76 

Spirogyra sp. 25.12 1.67 23.06 1.63 31.12 2.54 51.16 5.64 68.24 10.66 

Scenedesmus sp. 8.70 0.58 8.12 0.57 9.22 0.75 16.44 1.81 28.18 4.40 

Phacus sp. 36.15 2.41 42.26 2.99 48.12 3.93 64.14 7.07 80.15 12.52 

Synedra sp. 4.61 0.30 5.03 0.35 5.62 0.46 6.78 0.74 10.20 1.59 

Total phytoplankton 142.94 9.53 149.71 10.59 161.08 13.17 222.39 24.52 295.00 46.08 

Daphnia sp. 252.30 16.82 200.72 14.20 178.66 14.61 91.29 10.06 39.12 6.11 

Moinasp. 276.24 18.41 258.22 18.27 194.52 15.91 128.24 14.14 66.05 10.32 

Bosminasp. 68.55 4.57 63.32 4.48 63.20 5.17 50.14 5.53 24.00 3.75 

Cladocera 597.09 39.80 522.26 36.96 436.38 35.69 269.67 29.73 129.17 20.18 

Cyclops sp. 324.05 21.60 368.24 26.06 272.14 22.26 184.62 20.36 95.12 14.86 

Diaptomus sp. 252.44 16.83 205.12 14.52 196.02 16.03 126.55 13.95 60.28 9.42 

Nauplii 70.12 4.67 66.24 4.69 66.16 5.41 44.28 4.88 22.14 3.46 

Copepoda 646.61 43.10 639.60 45.27 534.32 43.70 355.45 39.19 177.54 27.73 

Brachia nus sp. 67.08 4.47 60.92 4.31 56.12 4.59 32.14 3.54 20.18 3.15 

Keratella sp. 46.22 3.08 40.32 2.85 34.66 2.83 27.20 :wo 18.22 2.84 

Rotifera I 13.30 7.55 101.24 7.16 90.78 7.42 59.34 6.54 38.40 5.99 

Total zooplankton 1357.00 90.47 1263.10 89.41 1061.48 86.83 684.46 75.48 345.11 53.92 

Total elankton 1499.94 1412.81 1222.56 906.85 640.11 

The final body weight of the koi carp ranged from 3.01 to 9.56 gin the different tre-

atments (Table 3). At harvest, maximum weight gain was achieved in the WEI treat-

ment, followed in descending order by the WE2, WE3, WE4, and NE treatments (P < 

0.05). There was a direct correlation (r = 0.986; d.f.= 13; P < 0.01) between the weight 

gain of koi carp and the amount of plankton present in the five treatments (Fig. 1). All 

the data related to regressions of the natural log of average fish weight over time for 

each treatment fitted an exponential model with R2 values of 0.729, 0.717, 0.739, 

0.882, and 0.903 for the WEI, WE2, WE3, WE4, and NE treatments, respectively 

(Table 3). 
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Fig. 1. Relationship between weight gain of koi carp and plankton abundance in the five treatments. 

TABLE3 

Mean ± SE of fish growth parameters at the end of the three-month growth period (June - August, 2002) 
ofkoi carp reared in concrete tanks manured with poultry excreta under different water exchange 

regimes. Data in the same row with different superscripts are significantly different (P < 0.05) 
-==:=-o=o- -- - -=---=--- .-;o-o=-o"----+--=-::--..o·---·-

Treaunent 

WE1 WE2 WE3 WE4 NE 

Initial body weight (g) 0.09 ± 0.02. 0.09 ±0.02" 0.09 ± 0.02 a 0.09 ±0.02 a 0.09 ± 0.02. 

Harvest weight (g) 9.56 ± 0.08. 8.18 ± 0.08 b 7.39 ± 0.10 h 5.75 ±0.08' 3.01 ± 0.11 d 

Weight gain (g) 9.47 ±0.08 a 8.09 ± 0.08 b 7.30 ± 0.10 b 5.66±0.08' 2.91 ± 0.11 d 

SGR (% day-1
) 5.16 ± 0.05 a 5.08 ± 0.06 b 4.89 ±0.12' 4.61 ± 0.08 d 3.92 ± 0.03' 

Survival rate (%) 95.21 ± 1.03. 89.61 ± 0.76 h 81.96 ± 0.89' 74.84 ± 0.34 d 60.43 ± 2.39 ' 

Growth Equation• y = c -l.!l6+1U20t Y=c -1.55+0.:\0!) I y = e -l.M+0.:\06l y = e -t.81+0.292t y -= e -2.1}4+0.262 t 

(R2 = 0.729) (R2 = 0.717) (R2 = 0.739) (R2 = 0.882) (R2 
= 0.903) 

*The growth models predict weight of fish (Y = g fish) as a functwn of time (t =weeks) 

The Specific Growth Rate (SGR) was quite high (> 3.5) in all the treatments, 

although the differences among the various treatments were significant (P < 0.05). The

re was a significant difference (P < 0.05) in the survival of koi carp among the treat

ments, ranging from 60.43% (NE) to 95.21% (WEl). To determine the output of 

marketable fish, the percentage and number of fish exceeding a total weight of 4 g was 
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estimated from the size-frequency distribution at the end of the study. The number of 

marketable fish was significantly higher in WEI (P < 0.05), followed in descending 

order by the WE2, WE3, WE4, and NE treatments (Table 4). 

TABLE4 

The average number of marketable fish (those heavier than 4.0 g) produced, together with marketable 
tlsh produced expressed as a percentage of total number of fish produced (A) 

and as a percentage of number of fish stocked (B) in the five treatments 
=~=~~-- -- -=--~-=== 

Marketable fish (%) 
Treatment 

Numhcr of rnarkctahlc fish 
produced (fish tank-') • A B 

WEI 

WE2 

WE3 

:mo ·· 
:158" 

327' 

100 

100 

100 

95.21 
89.61 

81.75 
WE4 300 d 100 74.90 

NE 0.05' 0.020 0.012 

• Different superscripts in this column represent statistically significant differences (P<0.05) 

DISCUSSION 

There was autochthonous production of plankton in all the treatments, following 

the principal of pond fertilization. As observed from the gut analysis of common carp 

(Chakrabarti and Jana 1991), zooplankton formed the main source of food. Water 

exchange rates had a direct influence on the water quality in the different treatments. 

The lack of water exchange in the NE treatment significantly lowered the dissolved oxy

gen (P < 0.05) and simultaneously increased specific conductivity, P04-P, NH4-N, 

N02-N, N03-N, and BOD, compared to the other treatments (Table 1). According to 

Pechar (2000), the gradual accumulation of organic matter in a water body leads to the 

subsequent dominance of biodegradation and decomposition processes and causes an 

oxygen deficit. The resulting release of nutrients leads to excessive levels of autotrophic 

production, as well as changes in the species composition of plankton. Water quality 

deteriorates through the dynamic, multiple feedback process. 

NH4-N, incorporated from the application of organic manure as well as the metabo

lism of the water body, might be considered an index of environmental stress (Jana and 

Chakrabarti 1993). High concentrations ofNH4-N were found to restrict the occurren

ce of many small protozoans like ciliates that are considered as excellent food for clado

cerans (Pfister et al. 2002). The presence of a relatively higher density of cladocerans in 
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the WE1, WE2, WE3, and WE4 treatments, compared toNE, might be a consequence 

of a better environment in terms of water quality and food abundance. According to 

Herbert (1978), the maximum size reached by individuals of a particular species of 

Daphnia depends upon the food supply. Studies on life history parameters of Daph

nia sp. (Jana and Pal 1983, Murugan 1989) and Moina sp. (Jana and Pal 1985) also 

suggest that growth, reproductive potential, and the longevity of each species are affec

ted by the nutrient conditions of the culture media. 

Perhaps the significantly high level of nutrients and BOD, along with low dissolved 

oxygen concentration in the NE treatment, lowered the grazing activity of the carp. The 

results clearly indicate that no water exchange in the NE treatment yielded the lowest num

ber (P < 0.05) of saleable fish. In contrast to food fish production, where the total number of 

fish produced determines productivity, ornamental fish can only be sold once they have 

reached a particular size. The systematic discharge of water in WE1, WE2, WE3, and WE4 

treatments significantly increased (P < 0.05) the number of marketable fish (fable 4). The 

greater dilution of the manure in these four treatments improved water quality (fable 1) 

and caused greater plankton abundance (fable 2) compared to the NE treatment, although 

the plankton volume within the four water exchange regimes differed significantly 

(P < 0.05). Differences in the relative abundance of some groups of zooplankton might have 

contributed to the differential growth responses and the survival of the carp. The unavaila

bility or a non-continuous supply of preferred food have been reported to influence canni

balism in koi carp larvae (Appelbaum et al. 1986, Van Damme et al. 1989). Rothbard 

(1982) reported low survival rates in common carp as a result of severe competition for 

food when stocked at high densities. Interestingly, reduction in cannibalism in common 

carp was demonstrated by Von Lukowicz (1979), when a continuous supply of live food 

was maintained. Food availability is probably the most important factor determining the 

cannibalism rate in fish larvae (Hecht and Appelbaum 1988). As reported in this paper, the 

influence of plankton level on the growth heterogeneity and survival rate (Table 3) of koi 

carp larvae supports this last hypothesis. 

The survival rate of koi carp was also influenced by water quality. Nitrite ions are 

toxic to fish, causing methaemoglobinemia (Tomasso et al. 1979). It is present in water 

as an intermediate in the bacterial oxidation of ammonia, the major nitrogenous waste 

product of fish, to nitrate (Das et al. 2004). An increase in the nitrite content in water 

exerts considerable stress on the fish resulting in growth suppression, tissue damage, 
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and mortality (Lewis and Morris 1986) resulting in poor biomass production. Dimi

nished respiration ability in nitrite-exposed grass carp, Ctenopharyngodon idella (Val.), 

was reported by Alcaraz and Espina (1997). Korwin-Kossakowski and Ostaszewska 

(2003) also reported the adverse impact nitrite exposure had on common carp respira

tion and growth. Allowable levels are therefore low; N02-N levels above 0.06 mg dm-3 

have been observed to cause a minimal degree of harm in rainbow trout, Oncorhynchus 

mykiss (Walbaum), after three weeks of exposure (Wedemeyer and Yasutake 1978). 

The need to draw on such data arises from the relative absence of data on ornamental 

fishes. During the current experiment, koi carp larvae were exposed to an average 

N02-N concentration of 0.211 mg dm-3 in NE for three months, which was higher than 

the 0.06 mg dm-3 limit reported for rainbow trout. Compared to N02-N, N03-N is rela

tively harmless and can cause stress only at very high levels (Asano et al. 2003). 

Unionized ammonia is also regarded as highly poisonous to fish (Arillo et al. 1981). 

The permeability of the uncharged and lipid soluble unionized ammonia (NHa) to pla

sma membranes is higher compared with the ionized form, and therefore it is conside

red to be the more toxic form (Meade 1985). Earlier studies have shown that common 

carp are relatively sensitive to unionized ammonia with a reported LCso value of 

0.44-1.9 mg dm-3 (Dabrowska and Sikora 1986, Xu et al. 1994). Although unionized 

ammonia was not measured in the current experiment, it can be assumed that high 

temperature and pH levels during the entire growth period would block the ionizing 

process of NH3 to the relatively non-toxic NH4-N (Ng et al. 1992). In the current study, 

the average NH4-N in NE was 0.753 mg dm-3
, when the average pH was 7.36 and the 

average temperature was above 30°C. Under these conditions, the percentage ofNHa in 

the water was estimated to be about 2% ofthe NH4-N (Emerson et al. 1975), i.e., 0.015 

mg dm-3
, which is below the threshold limit of 0.44 mg dm-:l. However, according to 

Parma de Croux and Loteste (2004), even an incidental increase in the pH to more than 

8.0 in such a situation could lead to high mortality due to a significant increase in NH3 

toxicity. Mortality might also arise due to depressions offeeding when water quality is 

sub-standard (Asano et al. 2003). These factors probably influenced the low survival 

rate (60.43%) of koi carp in the NE treatment. 

The continuous supply of oxygen through aeration is known to promote nitrifica

tion in ponds, thereby lowering ammonia levels (Avnimelech et al. 1986). Since most 

farmers in India cannot afford aeration equipment, water exchange is used as an alter-
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native to maintain water quality. However, high levels of water exchange could flush 

out nitrifying bacteria leading to reduced nitrification and increased ammonia concen

trations (Diab et al. 1992, Milstein et al. 2001). Perhaps the solution lies in a low level 

of water exchange (only 5%, as in the present study) but with increased frequency. 

From the present investigation, a daily water exchange rate of 100 dm3 (WEI) appe

ared to be the most effective for koi carp tanks manured with poultry excreta. No water 

exchange (NE) resulted in water quality deterioration, the depletion of the plankton 

population, and an adverse impact on fish growth. 
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STRESZCZENIE 

WPI:.YW CZf;STOTLIWOSCI WYMIANY WODY NA JEJ JAKOSC I PRODUKCJt; 

KARPIA KOI (CYPRINUS CARPIO VAR. KOI L.) W BASENACH BETONOWYCH 

NAWOZONYCII ORGANICZNIE 

Okreslono wplyw cz~stotliwosci wymiany wody na jej jakosc oraz zasobnosc planktonu i produkcj~ 

karpia koi, Cyprinus carpio var. koi L. w betonowych basenach podchowowych, nawozonych kurzym obor-
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nikicm. l'or6wnano indywidualnc tempo wzrostu i pr.t.czywalnosc ryb (masa pocz<1tkowa 0,09 ± 0,02 g) w 
czterech wariantach doswiadczalnych, w kt6rych woda o obj~tosci 100 dm3 byla wymieniana: (1} codzien

nie (grupa WEI}, (2) co drugi dziefl (grupa WE2), (3) dwa razy w tygodniu (grupa WE3}, (4) raz na tydzien 

(grupa WE4)- grupa kontrolna (NE) bez wymiany wody. W grupie kontrolnej (NE) stwierdzono istotnie 

wyiszy (P < 0,05) poziom nast~pui'lcych wskaznik6w jakosci wody: NH4-N, NOz-N, NOa-N. P04-P, kon
duktywnosci, zasadowosci w~glanowej. Zag~szczenie planktonu bylo najwyisze w grupie WEl (P < 0.05). 
Przyrost biomasy ryb r6wniez byl istotnie wyiszy w grupie WEl (P < 0,05). Przeiywalnosc ryb w poszcze
g6lnych grupach byla istotnie zr6znicowana I wahala si~ od 60,43% (grupa NE) do 95,21% (grupa WEl). 
Wyniki badan wskazuj<4, ze w podchowie karpia koi w basenach betonowych, nawozonych organicznie, 
zar6wno ze wzgl~du na utrzymanie odpowiedniej jakosci wody, jak i zag~szczenia planktonu najbardziej 
efektywna byta wymiana 100 dm3 wody dziennie (grupa WEI}. 
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ABSTRACT. To test the effect of different stocking densities on their 
growth, survival rate, and number of marketable fish, advanced lar
vae (0.14±0.035 g) ofkoi carp, Cyprinus carpio vr. koi, were cultured 
for 90 days in 150-L concrete tanks at different densities: 0.1 fish/L 
(Dl); 0.2 fish/L (D2); 0.3 fish/L (D3); 0.4 fish/L (D4); and 0.5 fish/L 
(D5). There were three replicates for each treatment, where the fish 
were fed daily, slightly in excess of satiation to eliminate the possibil
ity of food supply being a limiting factor to growth. The D4 and D5 
treatments recorded significantly higher (P < 0.05) values of ammo
nium-N, nitrite-N, nitrate-N, phosphate, and specific conductivity, 
and significantly lower (P < 0.05) values of dissolved oxygen, com
pared to the other treatments. Weight gain for koi carps stocked at D 1 
(7 .28 g) was significantly higher (P < 0.05) than that of fish in the 
other treatments. There was a significant difference in survival rates 
of koi carps among the treatments ranging from 62.43% in D5 to 
93.26% in D 1. The number of marketable fish above a set size of 4 g 
was significantly higher (P < 0.05) in D3, compared to other treatments 
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with higher or lower stocking densities. Therefore, a stocking rate of 
0.3 fish/L would be suggested as optimal. [Article copies available for a fee 
from The Haworth Document Delivery Service: 1 -800-HA WORTH. E-mail address: 
<docdelivery@ haworthpress. com> Website: <http://www.HaworthPress.com> 
© 2005 by The Haworth Press, Inc. All rights reserved] 

KEYWORDS. Koi carp culture, Cyprinus carpio vr. koi, stocking den
sity, growth, marketable fish, water quality 

INTRODUCTION 

Ornamental fish has grown into one of the world's most popular hob
bies. According to a recent report, about 1.5 billion fish worth US$6 bil
lion are traded annually, and the entire industry, including accessories, is 
estimated to be worth about US $14 billion (Singh and Dey 2003). To 
supply the growing market, fish farmers need to keep fish at the highest 
sustainable stocking densities to produce a large number offish (Olivier 
and Kaiser 1997). Knowing the optimal stock density is one of the basic 
factors of intensive fish culture. This density should be the resultant value 
of the environmental requirements of a given fish species and broadly un
derstood economic efficiency (Holm et al. 1990; Kuipers and Sum
merfelt 1994; Szkudlarek and Zakes 2002). Fish stocking density is the 
most sensitive factor determining the productivity of a culture system as 
it affects growth rate, size variation and mortality (Kaiser et al. 1997). 

While the effect of management techniques on growth and production 
of food fish has undergone intensive investigations, little is known about 
the growth rates of ornamental fishes under husbandry conditions. In 
comparison to food-fish production, the densities at which ornamental 
fishes have been kept are rather low. In Singapore, the largest producer of 
ornamental fish in Asia, the stocking rate have been reported to be as low 
as 0.02-0.1 fish/L (Ng et al. 1992) to less then 0.3 fish/L (Fernando and 
Phang 1985). Among other literatures available, values range from 0.4 
fish/Lin angelfish, Pterophyllum scalare (Degani 1993) and swordtails, 
Xiphophorus helleri (Mondal et al. 2004) to 0.5 fish/L for the gourami, 
Trichogaster trichopterus (Cole et al. 1997). The koi carp, Cyprinus 
carpio vr. koi is traditionally cultured at a density of0.25 fish/Lin Hawaii 
(Asano et al. 2003 ). However, to our knowledge, there have not been any 
research studies on stocking rates for koi carp production in tropical con
dition. The objective of this study was to investigate the effect of different 
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stocking densities on the growth, survival and number of marketable koi 
carps. The experiment was conducted in outdoor concrete tanks. 

MATERIALS AND METHODS 

A total of 675, three-week-old koi carp larvae (0.14±0.035 g), off
spring of a mixed commercial production of Kohaku, Asagi, and Bekko 
koi types, were obtained form a local fish farm (Rainbow Ornamentals, 
Jalpaiguri, India1). After a one-week acclimatization period, fish were 
randomly assigned to fifteen concrete circular tanks (capacity: 150 L) at 
densities of 0.1 (D1), 0.2 (D2), 0.3 (D3), 0.4 (D4) and 0.5 fish/L (D5), 
with three replicates for each density. 

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, 
floating pelleted diet (Tokyu Company, Japan) containing 32% crude 
protein, 4% crude fat, 5% crude fiber, 10% crude ash, 9% moisture, and 
31% nitrogen-free extract. This level of crude protein corresponds to the 
established requirement for juvenile cyprinid carps fed to satiation 
(Lochmann and Phillips 1994) and was selected on the basis of wide
spread availability. The diet was mechanically crumbled before being 
administered during the first month; for the rest of the study, original 
floating pellets (0.24 em in diameter) was applied. A single layer of plas
tic bird netting was used to cover the tanks. Since most farmers in India 
cannot afford aeration facilities, 5% of the water was replaced in each 
tank every day. The tanks were cleaned daily to remove algae that were 
attached to the walls. 

Water quality parameters (dissolved oxygen, free C02, alkalinity, 
P04 - 3-P, NH4 +-N, N02 --N, N03 --N, and specific conductivity) were 
estimated weekly according to methods as described by APHA (1998). 
The pH was measured using a portable pH meter (Hanna Instruments, 
Rua do Pindelo, Vila do Conda, Portugal). Daily temperature was re
corded by a centigrade thermometer. The weight of the fish was recorded 
at the beginning of the experiment, and then, every fortnightly during the 
culture period. Four random samples of 10 fish from each tank were net
ted and excess water removed on paper towelling through the net, before 
the fish were individually weighed. Dead fish were removed daily, and 

1. Use of trade or manufacturer's name does not imply endorsement. 
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were not replaced during the course of study. Differences between the 
number of fish stocked and the number of fish at harvest were used to cal
culate percent mortality in each treatment. Fish were harvested after 90 
days and weighed (to 1 mg) individually. For this the fish were anaesthe
tized with tricaine methene sulphonate (MS-222) of0.04 giL concentra
tion. The specific growth rate (SGR) was calculated as: 

SGR = 100 [(lnW1-lnW0)/t]; 

where W 0 and W 1 are the initial and final live weight of the fish (g), re
spectively, and (t) is the culture period in days (Ricker 1975). Food con
version rates (FCR) were expressed as diet fed (g) divided by the weight 
gain (g) of the fish (Olivier and Kaiser 1997). Fish growth, survival, and 
feed conversion were assessed by one way analysis of variance and 
Tukey's multiple range test at P = 0.05level of significance (Zar 1996). 
The number of marketable fish at the end of growth period was calculated 
using the function for a normal distribution curve, where z = (y- ,.Vo'); y 
is the least marketable weight (g), fl is the mean weight of the population, 
cr is the standard deviation of the total weight, and z follows the standard 
normal probability distribution which determines the probability of find
ing 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 = (I - P) * total number of fish produced. 

RESULTS 

Fish Growth, Survival, and Feed Conversion 

Weight gain of koi carps was affected by the stocking density (Ta
ble 1 ). At harvest, maximum weight gain was achieved in D 1, followed in 
decreasing order by D2, D3, D4, and D5 treatments (P < 0.05). All the 
data related to regressions of the natural log of average fish weight over 
time for each treatment fitted an exponential model (Table 1 ). The spe
cific growth rate (SGR) was quite high (> 3.5) in all the treatments, 
though there were significant differences (P < 0 .05) within the treatments 
(Table 1), except D2 and D3, where the SGR did not record significant! y 
differently from each other (P < 0.05). Stocking density similarly influ
enced survival rates of fish, and the D 1 (93.36%) and D5 (62.43%) re
corded marked significant differences (P < 0.05). Calculated FCR values 
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TABLE 1. Mean±SE harvest weight, weight gain, SGR, and survival rate at the end of three-month growth period (Sep
tember-November 2002) of koi carps reared in concrete tanks at different stocking densities. Different letters indicate 
statistically significant differences between means at P < 0.05. 

Treatment 

01 02 03 04 05 

Harvest weight (g) 7.42±0.05 a 6.69±0.04 b 6.46±0.03 c 4.12±0.07 d 3.48±0.05 e 

Weight gain (g) 7.28±0.05a 6.55±0.04 b 6.32_+0.03 c 3.98±0.07 d 3.34±0.05 e 

SGR (%/day) 4.38±0.03 a 4.26±0.02 b 4.22±0.02 b 3.72±0.04 c 3.54±0.03 d 

Survival rate (%) 93.36±0.89 a 83.40±0.64 b 82.27±0.56 b 73.30±0.28 c 62.43±0.15 d 

Feed Conversion Ratio 1.82±0.02 a 2.03±0.02 b 2.07±0.03 b 2.83±0.04c 2.88±0.03 c 

Growth equation 1 y = e -1.58 + 0.29 T y = e -1.76+ o.29T y = e -1.85+0.29T y = e -2.09 + 0.27T y = e -2.36 + o.27T 

R2 = 0.84 R2= 0.89 R2 = 0.91 R2 = 0.96 R2 = 0.98 

1The growth models predict mass of fish (Y = 9 fish) as a function of time (T =weeks). 

T" 
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averaged 1.82-2.88 among the treatments, with the maximum value 
(2.88) recorded in 05, that had the highest stocking density (Table 1 ). 

Number of Marketable Fish 

To determine the output of marketable fish, the percentage and num
ber of fish above a total weight of 4 g was estimated from the probability 
distribution at the end of the study. Although all the fish collected from 
theD 1, 02, and D3 treatments could be marketed, since they achieved the 
minimum marketable size, the highest number of marketable fish were 
produced in D3 (Table 2), which had a stocking density of 0.3 fish/L. 
When the fish were stocked at densities higher than 0.3 fish/L, it was ob
served that the number, as well as percentage offish above the set market
able size (4 g) decreased (Table 2). 

Water Quality 

Water temperature was between l7°C and 26°C during the 90-day 
grow-out period. The pH values in all treatments never dropped below 
5 .8, with a maximum average of7 .05 recorded in the D 1 treatment. There 
were marked differences in water quality among the treatments (Table 3). 
Values of dissolved oxygen were significantly lower in D4 and D5 (P < 
0.05), compared to other treatments. Carbonate was absent in all treat
ments during the entire study period. Average HC03- alkalinity, phos
phate, nitrate-N, nitrite-N, and ammonium-N were significantly higher 
(P<0.05) in D4and D5,comparedtoothertreatments(Table3). Specific 
conductivity was significantly higher in D5, than in other treatments (P < 
0.05). 

DISCUSSION 

Growth rate offishes depend on many factors, but within the limits of 
the genetic growth potential of the species, they are principally a function 
of the availability of preferred food. Backiel and LeCren ( 1967), Hepher 
( 1967), Bardach et al. ( 1972), Suresh and Lin (1992), Gress et al. (1996), 
Irwin et al. (1999), Metusalach et al. (1999), and Sharma and Chakrabarti 
(1999) indicated that growth of many species is density dependent and 
that there was an inverse relationship between stocking density and indi
vidual size of fish produced, primarily because the food supply has to be 
shared between individuals. 
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TABLE 2. Average number marketable koi carps (those heavier than 4.0 g) produced, together with marketable fish pro
duced, expressed as a percentage of total number of fish produced (A) and total number of fish stocked (B) in the five 
treatments with different stocking densities. Different letters in a column indicate statistically significant differences (P < 
0.05). 

Treatment Stocking density Number of market- Marketable fish ('Yo) 
able fish produced 

(Fish/L) (FishfTank) (FishfTank) A B 

01 0.1 15 14 d 100.00 93.36 

02 0.2 30 25 c 100.00 83.40 

03 0.3 45 37 a 100.00 82.27 

04 0.4 60 30.42 b 69.14 50.70 

05 0.5 75 0.05 e 0.11 0.07 

~ 
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TABLE 3. Mean±SE of major water quality parameters analyzed for the five treatments. Each mean represents 14 sam
ples collected at weekly intervals during the 3-month growth period. Different letters in the same row indicate statistically 
significant differences between means at P < 0.05. 

Treatments 

Parameters 01 02 03 04 05 

pH 7.05±0.04 a 6.93±0.05 a 6.83±0.05 a 6.50±0.08 ab 6.33±0.09 ab 

Dissolved oxygen (mg/L) 6.57±0.15 a 6.15±0.18 ab 5.42-+0.42 be 5.24±0.22 c 4.82±0.26c 

Free C02 (mg/L) 5.03±0.18 b 5.17±0.20 b 5.53±0.23 b 6.67±0.31 a 6.81±0.31 a 

HC03 - alkalinity (mg/L) 35.14±0.nc 37.65±1.16 c 40.22±1.45 be 47.45±2.33 ab 53.69±3.02 a 

N03 - - N (mg/L) 0.1 05±0.006 c 0.151±0.011 be 0.172-+0.014 b 0.235±0.018 a 0.263±0.020 a 

N02- - N (mg/L) 0.019±0.001 b 0.021±0.001 b 0.023±0.002 b 0.031±0.003 a 0.034±0.003 a 

NH4+- N (mg/L) 0.145±0.005 c 0.175±0.008 be 0.237±0.016 b 0.357±0.026 a 0.432±0.037 a 

P04-3- P (mg/L) 0.152±0.011 b 0.182±0.013 b 0.217±0.016 b 0.312±0.024 a 0.342-+0.024 a 

Specific conductance 
(mmhos/cm) 0.22±0.002 c 0.23±0.005 c 0.25±0.008 b 0.31±0.013 b 0.37±0.018 a 

~ . .- --
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In our experiment, all the fish were fed to satiation. In addition, in the 
outdoor tanks, fish had access to algae, hence, food availability alone 
cannot have caused the differences in the growth rate between the differ
ent treatments. It is well known that carp fry respond quite rapidly to dif
ferent stocking densities in their competition for space, as well as food. 
Overstocking usually results in low survival rate, while reduced stocking 
leads to rapid growth of the fry (Rothbard 1982; Rothbard and Y aron 
1995). Cage culture experiments in Israel have shown common carp to be 
extremely sensitive to stocking density (Feldlite and Milstein 1999), 
where food availability was not a problem, but increased stocking density 
reduced the space volume available per fish. Violating behavior require
ments for space can affect growth through endocrine responses or disrup
tion to feeding efficiency (Pankhurst and Vander Kraak 1997; Schreck et 
al. 1997). Fox and Flowers (1990) reported on increased losses due to 
cannibalism in juvenile walleye, Stizostedion vitreum, grown at high 
densities in intensive culture ponds. Cannibalism in many species of fish 
appears to be directly influenced by the availability of space and shelter 
(Smith and Reay 1991; Herbert et al. 2003). 

Shelton et al. ( 1981) found that increasing stocking density had a pro
found negative impact on the growth of grass carp, Ctenopharyngodon 
idella, in small impoundments. Among ornamental fishes, a similar ef
fect of population density on growth rate was found by Olivier and Kaiser 
( 1997) with juvenile swordtails, Xiphophorus helleri, fed to satiation, 
and Degani (1993) with angelfish, Pterophyllum sea/are, although, the 
latter experiment was conducted indoors and the initial size of fish were 
more than 1g. For our experiment, advanced larvae (0.14±0.035 g) ofkoi 
were selected, since, tropical fish breeders in India usually sell fish larvae 
(of 2-3 weeks age) to fish growers. 

Large-scale fish production involves fry stocking in earthen ponds 
from where marketable fish are harvested after 3-4 months of culture. 
One of the bottlenecks in this industry is the large-scale loss offish during 
the post-larval stage, where mortality rates are very high before the fish 
reach 1g size. Given the sensitivity the koi carps have shown to increas
ing stocking density in the present experiment, more studies on hus
bandry aspects of koi carp rearing needs to be conducted that would 
enable fish produces to increase survival rates, thereby increasing profits 
without further investments. 

Environmental conditions in the culture tanks were influenced by the 
stocking density. High accumulation of excrements and metabolic was
tes from the fish led to significantly higher concentrations of nitrogen 
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compounds and simultaneously lowered the dissolved oxygen in D4 and 
D5, compared to other treatments. Low dissolved oxygen is considered 
as one of the limiting factors to fish production. A clear-cut relationship 
between fish yields and increasing levels of aeration was documented for 
Tilapia sp. (Teichert-Coddington and Green 1993). Repeated exposure 
to low dissolved oxygen can slow the growth process in goldfish, 
Carassius auratus (Stone et al. 2003). 

Different species are differently sensitive to nitrogen toxicants. One of 
the common problems in koi carp culture is depression of feeding when 
water quality is sub-standard. Asano et al. (2003) observed periods of de
pressed feeding in koi carps cultured in tanks when ammonia levels were 
high and dissolved oxygen was low. Although unionized ammonia was 
not estimated in our experiment, it is known to be in equilibrium with the 
development of ammonium ions in water (Barat and Jana 1990). 

Nitrite is also toxic to many species of fishes (Barat and Jana 1991 ). 
Korwin-Kossakowski and Ostaszewska (2003) reported on adverse im
pact on the growth of common carp due to nitrite exposure. Compared to 
other nitrogen toxicants, nitrate is toxic only at very high levels (Asano et 
al. 2003). Although daily water exchange helped in controlling the am
monium, nitrite and nitrate concentration in the tanks, the significantly 
higher growth and survival rates ofkoi carps in theDl, D2 and D3 treat
ments, compared to D4 and D5, could be influenced by the better water 
quality in terms of higher dissolved oxygen and lower levels of nitrogen 
toxicants. Jana and Barat ( 1992) reported marked changes in water qual
ity due to high stocking load of fish in culture tanks. Physiological stress 
and impaired growth due to poor water quality associated with crowding 
have been reported in rainbow trout, Oncorhynchus mykiss (Zoccaratoet 
al. 1994) and summer flounder, Paralichthys dentatus (King et al. 2000). 

The results from the probability distribution table (Table 2) indicate 
that stocking koi carps at a density of 0.3 fish/L, rather than at higher or 
lower densities, yielded the highest number of marketable fish. In con
trast to food fish production, where producers focus primarily on the total 
number of fish produced (Jolly and Clonts 1993), ornamental fish can 
only be sold when they have reached a particular size. While the results 
consistently showed that increasing density reduced growth (Table I), it 
would appear logical to reduce the stocking density, so that a faster 
growth rate is allowed, and the fish can quickly reach the smallest market
able size (4 g). 

However, no significant increase in price for koi carps that grow larger 
than the minimum marketable size ( 4 g) in India provide strong financial 
incentives for farmers to maintain fishes at the smallest marketable size. 
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The goal of production is to produce the highest number of fish of the 
given size ( 4 g) with consistently low size variation. Hence, although the 
weight gain ofkoi carps was considerably higher in D 1 and D2 treatments 
(Table 1), D3 (0.3 fish/L) seemed to be the optimal density for stocking 
koi carps, since, the number of marketable fish was highest in that 
treatment. 

As an adjunct to maintaining density, farmers could seek to increase or 
reduce fish growth through genetic selection. The fry of the European 
race of common carp cultured under crowded conditions were found to 
grow several times more slowly than the fry of the Chinese race (Hualata 
et al. 1982). It should be remembered that the term 'koi' describes many 
strains of ornamental carp that have been genetically selected over many 
generations (Feldlite and Milstein 1999). Thus, one should not be sur
prised to find results with different growth and survival rates to those re
ported here for the offspring of mixed Kohaku, Asagi, and Bekko koi 
types. 

The results suggest average size and survival rate ofkoi carps to be in
versely related to stocking density, and, are in agreement with earlier 
studies with other fish species (Shelton et al. 1981; Degani 1993; Stone et 
al. 2003). From the data obtained, it can be recommended to stock koi 
carp fry at a density of0.3 fish/L. The productivity should be measured in 
terms of number of marketable fish, which would favor a density of 0.3 
fish/L, compared to higher or lower stocking densities. 
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Abstract 
The effects of different management regimes on the feeding habits and food selection of koi carp 
(Cyprinus carpio var. koi L.) larvae were examined. Weight gain, fish deformities, and survival 
were compared in an 11-week growth trial conducted in tropical ponds maintained according to 
four culture regimes: (1) live food system; (2) poultry manure treated system; (3) cow dung treat
ed system; and (4) a control. The lvlev's Electivity Index showed that koi larvae avoided phyto
plankton and preferred cladocerans, an important source of natural food in all the regimes. In the 
poultry and cow manured ponds, the larvae were negatively elective towards copepods although 
they were more abundant than cladocerans. Weight gain and survival was significantly higher in 
the live-feed system {p<0.05) than in the other systems. Fish deformities were significantly high
er (p<0.05) in the control. 

Introduction 
One of the bottlenecks in the ornamental fish 
culture industry in India is the large-scale loss 
of fish during the larvae and postlarvae peri
ods. To explain differing survival rates, early 
marine studies focused on the feeding behav
ior of young larvae (Hjort, 1914 ). Even in mod-

ern aquaculture, food is considered the most 
powerful variable affecting growth and metab
olism (Kinne, 1962; Beamish and Dickie, 
1967; Miller et al., 1988; Bunnell et al., 2003). 
Natural food is indispensable in the early life 
offish (Crowder et al., 1987; Hart and Werner, 
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1987; Rottmann et al., 1991; Adeyemo et al., 
1994; Welker et al., 1994; AI-Harbi and 
Siddiqui, 2001 ). Management strategies of 
fish husbandry are likely to influence species 
composition and abundance of plankton in the 
environment (Diana et al., 1991; Milstein et 
al., 1995; Garg and Bhatnagar, 1996; Akpan 
and Okafor, 1997; Jakubas, 2002; Mischke 
and Zimba, 2004) which could, in turn, affect 
the feeding habits, growth, and survival of the 
target fish species. 

Two types of plankton feeding behavior 
are particulate feeding and filter feeding. In 
nature, switching from particulate to filter 
feeding behavior is a function of factors such 
as the density and size of the prey (Lazzaro, 
1987; Dewan et al., 1991; Ushakumari and 
Aravindan, 1992; Xie, 1999; Serajuddin, 
2000). Some plankton pass undigested 
through the gut of planktivorous fishes. In this 
case, since the fish expends energy to cap
ture prey but receives no energy from con
suming it, the fish may recognize and reject 
such undesirable organisms. lvlev (1961) and 
Vinyard (1967), respectively, reported on 
slightly negative electivity towards ostracods 
by bleak, Alburnus alburnus L., and bluegill, 
Lepomis macrochirus Raf. 

The koi carp, Cyprinus carpio var. koi L., is 
a popular ornamental fish. There are several 
reports on the husbandry of this fish (Feldlite 
and Milstein, 1999; Asano et al., 2003). 
However, to our knowledge, there have been 
no studies of the feeding habits and food pref
erences of the koi in Indian conditions. The 
objective of the present study was to investi
gate the food selection, growth, and survival 
of koi larvae reared under different manage
ment regimes in tropical ponds. 

Materials and Methods 
Study animals. Koi carp (Cyprinus carpio var. 
koi L.) larvae (0.13±0.015 g) from mixed com
mercial production by 40 pairs of asagi, 
bekko, and showa koi were obtained from a 
local fish farm {Rainbow Ornamentals, 
Jalpaiguri, India), and divided into two batch
es after a one-week acclimatization period. 

Experimental design. The first batch was 
reared in 12 earthen ponds for 11 weeks 

(March 3-May 19, 2004) and used for the 
growth and survival studies. Each pond (9.14 
x 6.10 x 1.07 m) had a capacity of 59,600 I. 
Larvae were stocked at the optimum density 
of 0.3 fish/1 (Jha and Barat, in press). Three 
ponds were allotted to each of four manage
ment regimes: (a) live food ponds, into which 
about 1000 I of zooplankton water was trans
ferred every day from plankton culture ponds. 
The plankton ponds were fertilized with 0.26 
kg poultry manure/m3 at the beginning of cul
ture and every 10 days thereafter (Jha et al., 
in press); (b) poultry manure ponds, where 
poultry excreta was added to the koi larvae 
ponds at the same dose as above; (c) cow 
dung ponds, where cow dung was applied to 
the koi ponds at the above dose; and (d) con
trol ponds, in which a commercial pelleted 
feed (Tokyu Corp., Japan) containing 32% 
crude protein was used. 

Constant water levels were maintained in 
the culture ponds by supplying ground water 
to compensate for loss due to evaporation. In 
the live food treatment, about 1000 I of water 
was discharged every day during the intro
duction of the plankton water. A plankton cloth 
was tied over the outflow water pipe to pre
vent any loss of zooplankton during this 
process. 

The second batch was used to study food 
selection. A 10-cm layer of soil was placed on 
the bottom of six 2000-1 outdoor concrete 
tanks exposed to direct sunlight which were 
then filled with control pond water. The tanks 
were fertilized with 0.26 kg poultry manure/m3 
two weeks prior to stocking the carp fry and 
once every 10 days thereafter (Jha et al., in 
press). The koi were stocked and maintained 
at a density of 0.3 fish/1. Forty-eight fish were 
randomly removed at weekly intervals. Each 
fry was placed in a plastic container (5 I 
capacity) and starved for 48 h for gastric evac
uation under laboratory conditions. Four con
tainers, each containing one fry, were ran
domly placed on the bottom of different areas 
of each of the above twelve ponds (three for 
each management regime). The containers 
were covered with a net to prevent fish 
escape but allow free movement of the plank
ton between the container and the surround-
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ing pond water. Hence, the containers repre
sented the management regime of the pond in 
which they were placed in terms of water qual
ity and plankton diversity. After 12 h, the fish 
were removed from the containers and sacri
ficed for examination of food selection and 
food consumption. 

Data collection. Consumed plankton were 
identified and counted by analyzing the guts 
of koi in the second batch. Routine proce
dures were followed for gut analysis (Jhingran 
et al., 1988). Average values from the 12 con
tainers used for each regime were used for 
further calculations. The extent of prey selec
tion was determined using the formula of lvlev 
(1961): E= (r1- P1)/(r1 + P1). where E is the 
electivity value, r1 is the relative quantity of 
any ingredient in the gut expressed as a per
cent, and P1 is the relative quantity of the 
same ingredient in the food complex, also 
expressed as a percent. Application of this 
formula results in a range of values from +1.0 
indicating a very high degree of selection to 
-1.0 for complete avoidance. A value of 0 indi
cates that the feed is present in the diet in the 
same proportion as it is found in the environ
ment, viz. a complete lack of selection. 

Water samples were collected from the 
ponds at weekly intervals and analyzed 
according to methods described by APHA 
(1998). pH was measured in situ using a 
portable pH meter (Hanna Instruments, Rua 
do Pindelo, Portugal). Temperature was mea
sured with a centigrade thermometer. 
Samples of plankton were collected with a 
plankton net made of standard bolting silk 
cloth (no. 21 with 77 mesh/cm2) twice a week. 
Plankton samples were concentrated to 20 ml 
and preserved in 4% formalin. Plankton in a 1-
ml concentration were counted under a 
stereoscopic microscope using the Sedgwick 
Rafter Counting Cell. 

For growth studies, 1000 fish were ran
domly collected from each pond and individu
ally weighed to the nearest 0.001 g at the 
beginning of the experiment and at harvest 
and the number and percent of fish with defor
mities were recorded. 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 survival. 
Final survival and percent of deformities were 
normalized using angular transformation 
(Sokal and Rohlf, 1969). The specific growth 
rate (%/day) for each treatment was calculat
ed using the formula of Ricker (1975). 

Statistical analysis. Analysis of variance 
(ANOVA) followed by Tukey's Honestly 
Significant Difference Test were used to 
determine significant differences between 
groups with respect to water quality, fish 
growth and survival, and number of deformed 
individuals. 

Results 
The compositions of planktonic food organ
isms in the environment and gut contents are 
presented in Table 1. Cladocerans were in 
higher abundance in the diet (82.14%) and 
environment (63.89%) than copepods 
(17.85% and 29.69%, respectively) in the live 
food treatment. Cladocerans were higher in 
the live food treatment than in the other treat
ments. In the cow dung treatment, cladocer
ans were more abundant in the fish gut 
(44.71%) than copepods (40.12%). Moina 
was the most dominant cladoceran in all the 
treatments, ranging in the environment from 
5% in the control to 27.95% in the live food 
treatment and in the gut from 6.34% in the 
control to 31.81% in the live food treatment. 

Copepods were more abundant in the 
control and manured ponds, ranging from 
48.71% in the cow dung treatment to 61.33% 
in the control. Cyclops was the most dominant 
copepod in all the treatments. The average 
number of plankton per liter was highest in the 
live food treatment, followed by the poultry 
manure, cow dung, and control treatments, in 
that order (p<0.05; Fig. 1). 

The larvae preferred cladocerans in all the 
treatments and were generally negative 
towards copepods except in the control where 
the electivity index was insignificant (0.005) 
and indicated an absence of any food selec
tion. Electivity of rotifers was negative in all 
treatments with values ranging from -0.181 in 
the poultry manure treatment to -1.0 in the live 
food treatment. Likewise for phytoplankton 



Table 1. Percent plankton in the gut of koi carp larvae and in experimental ponds, and lvlev's Electivity Index*. ...... 
00 

Live food Poultry manure Cow dung Control 

%in %in lvlev %in %in Mev %in %in /vlev %in %in lvlev 
gut environment Index gut environment Index gut environment Index gut environment Index 

Daphnia 22.25 14.72 0.204 12.72 7.36 0.267 14.08 7.31 0.316 4.94 3.06 0.235 

Moina 31.81 27.95 0.065 18.13 11.69 0.216 18.24 11.93 0.209 6.34 5.00 0.118 

Ceriodaphnia 25.26 19.61 0.126 10.15 7.01 0.183 10.52 7.75 0.152 4.28 3.62 0.084 

Bosmina 2.91 1.59 0.293 1.28 1.32 -0.015 1.86 1.89 -0.008 4.51 3.03 0.196 

Cladocera 82.14 63.89 0.125 42.29 27.41 0.213 44.71 28.90 0.215 20.08 14.73 0.154 

Cyclops 11.89 16.67 -0.167 21.62 24.84 -0.069 18.78 23.49 -0.111 32.26 31.80 0.007 

Diaptomus - 0.90 -1.0 6.90 7.63 -0.050 4.19 6.48 -0.215 11.56 11.49 0.003 ~ 
lb 

Nauplii 5.96 12.11 -0.340 17.59 18.84 -0.034 17.14 18.72 -0.044 18.19 17.93 0.007 
lb 
::J 
Q. 

Copepoda 17.85 29.69 -0.249 46.12 51.32 -0.053 40.12 48.71 -0.097 62.02 61.33 0.005 ~ 
Brachionus - 1.60 -1.0 3.51 4.87 -0.162 2.29 4.69 -0.344 3.92 5.04 -0.125 iil .... 
Keratel/a - 0.67 -1.0 2.63 3.97 -0.203 0.87 3.75 -0.623 2.19 4.16 -0.310 

Rotifera - 2.29 -1.0 6.14 8.85 -0.181 3.16 8.44 -0.455 6.12 9.21 -0.201 

Chlorella - 0.81 -1.0 0.59 2.25 -0.585 1.82 2.63 -0.182 2.51 3.76 -0.199 

Navicula - 1.91 -1.0 2.32 4.75 -0.344 4.92 5.47 -0.053 4.28 5.14 -0.091 

Spirogyra - 0.63 -1.0 1.02 1.76 -0.266 1.60 1.71 -0.033 2.05 2.65 -0.128 

Scenedesmus - 0.04 -1.0 - 0.25 -1.0 - 0.46 -1.0 - 0.30 -1.0 

Phacus - 0.58 -1.0 1.50 3.03 -0.338 3.65 3.18 0.069 2.93 2.03 0.181 

Synedra - 0.12 -1.0 - 0.33 -1.0 - 0.46 -1.0 - 0.82 -1.0 

Phytoplankton - 4.12 -1.0 5.44 12.42 -0.391 12.00 13.94 -0.075 11.77 14.73 -0.112 

* Electivity index= (r1 - P1)/(r1 + p1), where r1 is the relative quantity of the ingredient in the gut expressed as a percent, and P1 is 
the relative quantity of the same ingredient in the food complex. also expressed as a percent. 
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Fig. 1. Average number of plankton per liter. 

which ranged from -0.075 in the cow dung 
ponds to -1.0 in the live food ponds. 

Water temperature ranged 27-36°C with 
no differences between treatments at any 
time. pH and dissolved oxygen were signifi
cantly higher in the live food treatment than in 
the manured treatments (Table 2). Average 
specific conductivity and nitrite-N were signifi
cantly higher in the poultry ponds than in the 
others. Total alkalinity, here referring to bicar
bonate alkalinity as carbonate, was absent in 
all treatments. Alkalinity, BOD, phosphate-P, 
ammonium-N, and nitrate-N were significantly 
higher in the manured treatments than in the 
live food and control treatments. 

At harvest, the highest weight gain and 
specific growth rate were obtained in the live 
food treatment (Table 3). The number of 
deformed carp was highest in the control. 
Survival significantly differed among treat
ments, ranging 70.60-96.16%. 

Discussion 
Electivity indices ranging from -0.3 to +0.3 are 
generally considered insignificantly different 
from zero, and thus indicate non-selective 
feeding (Lazzaro, 1987). According to this 
interpretation, the koi larvae in our experiment 
did not show any significant food selectivity 
towards most planktonic organisms. Analyzed 
by plankton types, a strong rejection (below 
-0.3) was observed only towards phytoplank
ton in the live food and poultry manure treat
ments and towards rotifers in the live food and 
cow dung treatments. There were no inci
dences of strong selection (above +0.3). 
Analyzed by individual plankton, there was 
only one incidence of strong positive selection 
(towards Daphnia in the cow dung treatment). 

Xie and Takamura (1996) and Serajuddin 
(2000), however, defined electivity values 
above +0.01 as positive and below -0.01 as 
negative, reducing the non-selective feeding 
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Table 2. Water quality parameters (means of 12 samples collected weekly for 11 weeks±SE). 

Treatment 

Parameter Live food Poultry manure Cow dung Control 

pH 7.42±0.11 a 6.67±0.13 b 6.03±0.15 e 7.19±0.09ab 

Dissolved oxygen (mg/1) 7.32±0.10 a 5.19±0.23 b 5.67±0.18 b 6.97±0.13 a 

BOD (mg/1) 1.67±0.06 e 2.61± 0.14 a 2.18±0.10 ab 1.82±0.08 be 

Free C02 (mg/1) 2.57±0.10 e 3.47±0.12 a 3.18±0.16 ab 2.84±0.13 be 

Total alkalinity (mg/1) 31.75±1.18 b 79.92±5.14 a 70.25±4.28 a 34.42±1.86 b 

P04-P (mg/1) 0.23±0.021 b 0.53±0.059 a 0.45±0.039 a 0.28±0.024 b 

NH4-N (mg/1) 0.151±0.014 b 0.332±0.032 a 0.273±0.024 a 0.295±0.027 a 

N02-N (mg/1) 0.009±0.001 e 0.034±0.003 a 0.021±0.002 b 0.012±0.001 e 

N03-N (mg/1) 0.164±0.014 b 0.412±0.045 a 0.343±0.032 a 0.19±0.016 b 

Specific conductivity 0.26±0.016 e 0.64±0.041 a 0.46±0.026 b 0.27±0.012 e 
(mmhos/cm) 

Different superscripts in a row indicate statistically significant differences (p<0.05). 

Table 3. Growth (means±SE), rate of deformities, and survival in koi raised in different man
agement regimes. 

Treatment 

Parameter Live food Poultry manure Cow dung Control 

Harvest weight (g) 8.67±0.16 a 6.23 ± 0.18 b 4.37±0.12e 3.56 ± 0.11 d 

Weight gain (g) 8.54±0.16 a 6.10±0.18 b 4.24±0.12 e 3.43±0.11 d 

SGR (%/day) 5.45±0.14 a 5.03±0.10 b 4.56±0.07 e 4.30±0.07 d 

Deformed individuals(%) 1.9 d 10.05 b 5.57 e 18.07 a 

Survival rate (%) 96.16 a 90.5 b 81.86 e 70.60 d 

Different superscripts in a row indicate statistically significant differences between means 
(p<0.05). 



Food selection, growth, and survival of koi in different management regimes 121 

range to -0.01 to +0.01. According to this def
inition, food selectivity of koi larvae was clear
ly demonstrated in our results, with positive 
selection of cladocerans and negative selec
tion of other groups. 

Cladocerans were found in larger propor
tions in the diet than in the environment in all 
the treatments, implying that cladocerans con
stitute an important source of natural food for 
koi larvae in any culture system. The positive 
selection of cladocerans in all the treatments 
suggests that koi larvae prefer cladocerans 
despite the dominance of copepods in all but 
the live food treatment. This shows that koi 
larvae do not necessarily feed on the most 
abundant type of plankton. In the live food 
treatment, the cladoceran dominance resulted 
from the introduction of supplemental zoo
plankton cultured in plankton culture ponds 
with cladocerans as the major inoculum. 

The feeding strategy of planktivores is 
based on the structure and functioning of their 
branchial feeding apparatus viz. gill rakers 
(Serajuddin, 2000). The presence of mucous 
helps to consolidate and transport food, pos
sibly improving the retention efficiency of the 
filter. Characteristics such as the shape and 
size of the suspended particles and alteration 
capabilities of the mesh size of gill rakers also 
play important roles in food retention 
(Serajuddin, 2000). Food items may be reject
ed because they are larger than the mouth 
size of the fish.The koi larvae in our experi
ment were relatively young (0.13-8.67 g), and 
their mouth size may have prevented their 
consuming larger plankton. In nature, the 
small size of the carp fry mouth (Dabrowski 
and Bardega, 1984) acts as a constraint for 
optimal diet breadth during early stages 
(Werner, 1974). 

The avoidance of food organisms may also 
be linked to taste, especially when fish probe 
the aggregation of food items and as demon
strated by the differential secretion of mucous 
by grass carp (ctenopharyngodon idella Val.) 
in varied food conditions (Omarova and 
Lazareva, 1974). Negative selectivity in the 
manured and control treatments to outright 
rejection in the live food treatment of phyto
plankton agrees with earlier experiments with 

other fish species including Cat/a cat/a Ham. 
(Jafri and Mustafa, 1975), brown trout, Salmo 
trutta L. (Fitzmaurice, 1979), and common 
carp, Cyprinus carpio L. (Chakrabarti and 
Jana, 1990). 

The higher weight gain, SGR, and survival 
in the live food treatment could be attributed to 
the significantly higher abundance of cladocer
ans in that treatment. The highest concentra
tion of zooplankton was in the live food treat
ment because of the regular addition of plank
ton to the ponds and as a result of the improved 
water quality (lower BOD, ammonium, and 
nitrite; higher DO and pH) that is conducive to 
reproduction of some of the zooplanktons that 
constitute the main food items for carp (Jana 
and Chakrabarti, 1993). The plankton intake of 
planktivorous fishes varies with feeding condi
tions. Jana and Chakrabarti ( 1990) reported 
that plankton intake of common carp, Cyprinus 
carpio L., in a live food system was higher than 
in a manured or control system. 

The direct relationship between plankton 
intake and average body weight was demon
strated in carp by Chakrabarti and Jana 
(1991). The significantly lower weight gain, 
SGR, and survival rate in the control may 
have been due to an insufficient quantity of 
plankton in the system. From the experimen
tal results, it seems that the larvae did not pre
fer the imported pelleted feed provided in this 
treatment, similar to results obtained in an 
earlier experiment (Jha et al., in press). 

The observed deformities were mostly 
scoliosis and bent fins. Ornamental fish, 
unlike food fish, must be visually attractive to 
be marketable; deformed fish are aesthetical
ly unattractive to potential customers. The 
percentage of deformed fish in the various 
treatments cannot be explained by the avail
able data. The absence of any earlier report 
relating deformities in koi to husbandry man
agement makes it difficult to draw conclu
sions. The deformities may have a genetic 
background since the experimental larvae 
were the offspring of a mixed commercial pro
duction of different koi types and randomly 
stocked in the ponds. They may also have 
been environmentally induced. The signifi
cantly higher percent of deformed fish in the 
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control could be attributed to the lower abun
dance of plankton in the environment. A high 
incidence of deformities in fish fed commercial 
food was reported for crucian carp, Carassius 
carassius l. (Myszkowski et al., 2002). 

From the findings of the present investiga
tion, in which food selection of koi carp larvae 
reared under different management regimes 
in tropical ponds was reported for the first 
time, raising koi carp larvae in live food ponds 
with added plankton appears to be a better 
alternative than the conventional system of 
applying poultry manure or cow dung. 
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Jha P., Jha S., Pal B.C., Barat S. 2005. Behavioural responses of two popular ornamental carps, Cyprinus 
carpio L. and Carassius auratus (L.), to monoculture and polyculture conditions in aquaria. Acta 
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Abstract. Experiments were conducted to document behavioural responses of koi carp, Cyprinus carpio L., and 
goldfish, Carassius auratus (L.) to monoculture and polyculture conditions in aquaria. Two parallel experiments, 
otherwise involving similar experimental protocols, were carried out with two batches of fish, fed with live tubifex 
worm (first batch) and live zooplankton (second batch). Each of the trials, randomized with respect to treatment, 
yielded data on aggressive encounters (chases, nips), both in presence and absence of food. The two species exhib
ited considerable variation in the extent and type of aggression displayed, koi carp being the more aggressive 
species. Frequency of attack increased in the presence of food. The impact of aggressive behaviour of koi carp 
was conspicuous by the increased level of attack on goldfish in polyculture trials in both experimental batches. 

Key words: koi carp Cyprinus carpio, goldfish, Carassius auratus, aggressive behaviour, monoculture, polycul
ture conditions 

INTRODUCTION 
Fish polyculture is attempted by stocking two or more 

species with different feeding habits and different habitat 
preferences (Lutz 2003). The productivity of the aquatic 
system is thus increased by introducing more than one 
compatible fish species in a culture system, where the 
growth and survival of one species is not negatively 
affected by the other. To test the interactions between 
species in polyculture systems, behavioural studies on 
fish-fish interactions are suitable evaluation tools 
(Milstein 1992, Kramer et al. 1997, Shumway 1999). 

Prominent among freshwater ornamental carps cul
tured in India are koi carp, Cyprinus carpio L., and gold
fish, Carassius auratus (L.). Since the marketable size of 
koi carp and goldfish are quite similar (> 4.0 g), and both 
species require a similar culture period of 11 to 12 weeks 
to attain the marketable size (Jha and Barat 2005 a), there 
is a general tendency among fish producers and hobbyists 
to stock them together. However, further work on the 
impacts of polyculture on the overall culture performance 
of each species is necessary. Behavioural studies on the 
interspecific interrelationships is one tool for evaluation. 
The objective of the present study was to compare the 
behavioural responses of koi carp and goldfish stocked in 

mono- and polyculture combinations to assess their 
behavioural compatibility. 

MATERIALS AND METHODS 
About 2- to 3-week-old larvae of bekko type koi carp, 

Cyprinus carpio L. (0.13 ± 0.03 g; n = 50), and goldfish, 
Carassius auratus (L.) (0.18 ± 0.05 g; n =50) were collect
ed from a local hatchery (Rainbow Ornamentals, 
Raninagar, Jalpaiguri, India) and transferred to a laboratory 
at the University of North Bengal, where they were accli
mated for nearly three weeks prior to the study. At first, the 
koi carp and goldfish larvae were divided into two batches. 
Both batches were subjected to similar acclimation and 
experimental protocols, except for the food applied to each 
batch, which was different. The fish were maintained in aer
ated and filtered aquaria, under artificial lights (12 L: 12 D 
photoperiod). The tanks were filled with tap water (water 
volume 150 L; 20 fish/tank). The fish were fed live tubifex 
worm (first batch) and live zooplankton (second batch) dur
ing this period, offered daily in the amount of 5% body 
weight of the fish stocked (the actual amount of food was 
adjusted every weekly). The same food was used later dur
ing the experiments. The tubifex food was procured from 
the local market, while zooplankton was cultured in con-

' Correspondence: Dr. Sudip Barat, Department of Zoology, University of North Bengal. District Darjceling, West Bengal 734 013, India, e-mail: sudipbamt@rediffinllil.com 
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crete tanks under protocols described earlier (Jha and Barat 
2005 b). The physico-chemical conditions were similar in 
all the holding tanks (temperature 24-26°C; pH 7.0-7.2; 
dissolved oxygen content 6.5-6.8 mg · L-1). 

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 physico-chemical condi
tions similar to those of the holding tanks (temperature 
23-26°C; pH 6.9-7.2; dissolved oxygen 6.5-6.9 mg · L - 1). 

In these trials, monoculture or polyculture groups totalling 
20 fish were used in each aquarium. The treatments (for 
each batch) were: (l) koi carp, monoculture; (2) goldfish, 
monoculture; and (3) koi carp and goldfish, polyculture, 
stocked at I: I. On the average, the 5- to 6-week-old fish 
used during the study had a mean weight of 0.86 ± 0.11 g 
(koi carp; n = 50) and 1.49 ± 0.38 g (goldfish; n = 50). 

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 location (depth) of the fish in the water col
umn to be estimated. The tanks were screened with black 
art paper from four sides and an eye slit was cut on the 
front side, which allowed 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 set
tle for I h. This was followed by a period of focal sam
pling (Martin and Bateson 1990) for 5 minutes in which 
the occurrence and direction of all antagonistic interac
tions (chases, nips) involving a randomly chosen individ
ual of each species were recorded. Then, a small amount 
of food was applied and the above procedures were 
repeated. Each trial therefore yielded data on aggressive 
encounters of the species concerned, both before food 
application and in the presence of food. 

Aggressive behaviour was measured as the number of 
attacks, defined as accelerated swimming movements or 
a sudden burst of speed by one fish towards another ( chas
es), followed by nips-a bite, and/or flight or pursuit. In the 
first batch, live tubifex were applied in feeding baskets and 
placed on the floor of the tanks. For the second batch, the 
food (plankton) wa<; added centrally onto the water surface 
and the live plankton dispersed rapidly over the entire water 
surface. This way of offering the food generally increases 
feeding opportunity and promotes uniformity of feeding 
and growth (McCarthy et al. 1999, Gomez-Laplaza 2002). 

Differences in the mean chasing and mean nipping fre
quency recorded for each species between the monocul
ture and polyculture treatments were examined using 
Student's paired t-test (Student 1908, Gupta 2000). 
Significance was accepted at P < 0.05. Separate analyses 
were carried out on the "food present" and "food absent" 
(before application of food) data for each batch. Primary 
data (number of nips and chases) were log-transformed 
prior to the analysis and standardised 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 - I. 

RESULTS 
Attack levels as estimated from the standardised chasing 

and nipping frequency per trial for both species were signif
icantly higher in polyculture treatments, compared to mono
culture treatments, both before food application and in the 
presence of food (P < 0.05). The attack level also increased 
markedly in the presence of food, compared to when food 
was absent in both experimental batches (Table 1). These 
aggressive acts were very short, and often did not involve 
actual physical contact. When physical contact occurred, in 
most cases it involved a momentary pinch by pushing the 
snout of one tish against the abdomen or tins of another. 
Total attacks per trial (chases plus nips) as estimated from 
the different species level interactions (Table I) showed 
that goldfish received more attacks under polyculture con
ditions in both batches, compared to koi carp. Under 
monoculture conditions, the incidence of attacks in gold
fish tanks were lower compared to koi carp tanks, mar!Jng 
the koi carp as a more aggressive species. Chasing (Figs. I 
and 2) and nipping (Figs. 3 and 4) frequencies followed 
similar trends, although the chasing frequency was higher 
than the nipping frequency (Table I). 

DISCUSSION 
The two species exhibited considerable variation in the 

extent and type of aggression displayed. Goldfish in mono
culture treatments appeared less aggressive, compared to 
monocultured koi carp in both experimental batches. Even 
in the polyculture treatments, goldfish attacked con
specifics or other species (koi carp) very rarely. On the 
other hand, koi carp were overwhelmingly more aggres
sive. The frequency of attack increased significantly in the 
presence of food. Food was shown to increase the rates of 
aggression in gouramis, Trichogaster trichopterus (Pallas) 
(Syarifuddin and Kramer 1996) and poeciliids, Gambusia 
holbrooki (Girard) and Xiphophorus helleri Heckel 
(Warburton and Madden 2003). The broader diversity of 
species-specific behaviours and salient stimuli may also 
have enhanced the levels of activity. In a study of conspe
cific and interspecific interactions between brook trout, 
Salmo gairdneri (Oncorhynchus mykiss (Walbaum)), 
Newman (1956) postulated that the presence of food 
increased feeding activity, which in turn increased aggres
sive activity as the focus of attacks was displaced from the 
food to fellow fish of both species. He further noted that 
feeding fish displayed some movements that are associated 
with aggression, such as body undulations, swift darting 
and biting, and suggested that such movements constituted 
sign stimuli eliciting attacks from other species. 

The significantly higher rate of attacks in the polycul
ture treatments compared to monoculture conditions for 
both batches of fish undermines the very logic behind 
stocking koi carp and goldfish together. Although 
the impact of nipping on the rate of spinal and caudal 
abnormalities or fin deformities were not estimated in the 
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Table 1 
Standardised frequency of attacks calculated for koi carp (K) and goldfish (G) in the two experimental batches 

Interaction n Total attacks/trial Nips: chases Food: no food 

First Batch (Live tubifex as food) 

Monocu1ture 

K~K 982 1.258 0.426 2.778 

G~G 496 0.544 0.424 3.945 

Polycu1ture 

K~K 345 0.913 0.520 3.492 

K~G 2753 2.944 0.584 1.769 

G~G 328 0.846 0.065 1.735 

G~K 161 0.077 0.185 + 

Second Batch (Zooplankton as food) 

Monoculture 

K~K 660 0.845 0.335 1.807 

G~G 369 0.294 0.556 2.379 

Po1yculture 

K~K 233 0.571 0.903 1.584 

K~G 2246 2.708 0.605 1.396 

G~G 537 1.330 0.360 1.509 

G~K 174 0.156 0.902 + 

"Total attacks"= chases plus nips; (+)indicates an increase in the presence of food, but where a ratio cannot be calculated due to a zero "no food" value 

present experiment, it could be suggested that sustained 
attacks, particularly on goldfish by koi carp under polycul
ture conditions could induce stress and increase the rate of 
deformities in a pond polyculture. It should be remem
bered that ornamental fish need to be visually attractive to 
be acceptable on the market, and deformed or stressed fish 
could be aesthetically unattractive to potential customers 
(Jha and Barat 2005 b). 
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The two food items used the two experimental batches 
(tubifex and plankton) were selected with a due considera
tion to the food availability under pond conditions. 
The impact of aggressive behaviour of koi carp was clearly 
demonstrated by the increased level of attack on goldfish in 
the polyculture treatments in both the experimental batches. 
Working with introduced poeciliid, Gambusia holbrooki and 
native Australian fish, Pseudomugil signifer Kner, Howe et 
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Fig. 1. Standardised (per capita) chasing frequency per trial estimated for koi carp and goldfish under monoculture (M) and poly
culture (P) conditions in aquaria in the presence and absence of food (tubifex) 
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Fig. 4. Standardised (per capita) nipping frequency per trial estimated for koi carp and goldfish under monoculturc (M) and poly
culture (P) conditions in aquaria in the presence and absence of food (plankton) 

al. (1997) observed that the prerequisites for competition 
exist when mixed populations of fish species are trapped in 
shrinking ponds during drought. In India, ornamental fish 
ponds are generally much smaller, compared to other aqua
culture ponds, and competition pressure may severely 
affect the production status of the "non aggressive" species 
under such confined habitat conditions. 

Although the present laboratory-based findings are not 
sufficient to be applied in a predictive way to judge inter
specific interrelationships in ponds, they do illustrate 
behavioural mechanisms by which koi carp may negative
ly impact goldfish under confined conditions in ponds. 
A major limitation of the present study lies in its direct 
observation method allowing space for individual errors 
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and selective judgments. Nevertheless, the data are clearly 
indicative of behavioural interactions between the species 
concerned and further studies are encouraged to increase 
precision of observations (e.g. by video-recording and 
electronic image analysis systems). Further research is also 
required to investigate how dynamic behavioural interac
tions are affected by variation in abundance ratios as well 
as food availability and temperature, i.e. factors that play 
significant roles in tropical pond conditions. 
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Abstract 

'lb compare the effect of polyculture against conven
tional monoculture on ornamental carp production, 
investigations on food selection and growth perfor
mance of koi carp (K), Cyprinus carpio L. and goldfish 
(G). Carassius auratus (L.) were conducted in a 11-
week rearing experiment in two monoculture (100°/c, 
K and 100% G) and five polyculture (90% K-10% G. 
70% K-30% G. 50% K-50% G. 30% K-70% G and 
10% K-90% G) conditions in tropical ponds. There 
were three replicates for each treatment. Environ
mental conditions and food availability were simi.lar 
in all the treatments. Ivlev's electivity index showed 
that both fish species avoided phytoplankton and 
preferred cladocerans to other zooplankton groups 
(copepods and rotifers) in monotypic conditions. 
However, in the polyculture treatments, the positive 
electivity of goldfish towards cladocerans reduced 
significantly (P < 0.05), while the percentage of cope
pods, rotifers and phytoplankton in the gut content 
increased. No significant differences in weight gain, 
specific growth rate and deformities were recorded 
at harvest for koi carp between the different treat
ments (P > 0.05). Even the survival rate of koi carp re
corded above 90% in all the treatments. However, the 
goldfish recorded significantly better weight gain, 
specific growth rate and survival in monoculture 
(100% G). compared with the polyculture treatments 
(P < 0.05). Goldfish deformities were lowest (P < 0.05) 

in the monoculture treatment (2.42%). The number 

of marketable fish above a set size limit of 4 g total 
weight was significantly higher in the two monocul
ture treatments. compared with the five polyculture 
treatments (P < 0.05). Keeping in view of the dietary 
similarities of koi carp and goldfish, and the aggres
sive nature of koi carp in polyculture. it is suggested 
to refrain from polyculture of goldfish and koi carp 
until further documentations relating to optimum 
stocking density and management of polyculture of 
ornamental carps are available. 

Keywords: koi carp, Cyprinus carpio L., goldfish, 
Carassius auratus (L.), pond polyculture, food selec
tion, growth performance, marketable fish 

Introduction 

Polyculture is the only possible way of simulta
neously producing more than one fish species from 
the same rearing space (Papoutsoglou, Petropoulos 
& Barbieri 1992; Papoutsoglou, Miliou, Karakatsouli, 
Tzitzinakis & Chadio 2001). The principle of polycul
ture is based on the fact that cultured fish species feed 
on different levels of food chain and environment 
(Milstein. Wahab & Rahman 2002). The productivity 
of the aquatic system is thus increased by more effi
ciently utilizing ecological resources within the en
vironment. Stocking two or more complimentary 
fish species can increase the maximum standing 
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crop of a pond by allowing a wide range of available 
food items and the pond volume to be utilized (Lutz 
2003). 

Most of the lit:eratu re available on the husbandry of 
ornamental fish suggests monoculture (Kestemont 
1995: Asano, Ako, Shimizu & Tamaru 2003; Kaiser, 
Endemann & Paulet 2003: McGovern-Hopkins, Iwai 
& Tamaru 2003). One of the possible reasons could 
be the differences in the culture period for different 
fish species (Watson & Shireman 1996). While food 
fish producers can sell any amount of fish harvested, 
ornamental fish are sold by number and have to be of 
a minimum size to be accepted in the market (Olivier 
& Kaiser 1997). Some species have a market for small 
individuals. and the farmer may harvest the pond 
after only 8-10 weeks of grow-out. Others may 
require much longer culture periods. The extreme 
diversity of the industry prohibits gross generaliza
tions in this area. Besides, frequent netting and sort
ing of fish of saleable size is not advisable, as it may 
cause damage to the !ish. 

Rapid increase in market demand during the past 
decade has shifted producers of ornamental fish in 
India from small-scale tank culture to large-scale fish 
culture in earthen ponds. Pond culture has also pre
sented the opportunity to polyculturc ornamental 
cyprinids, particularly species like koi carp. Cyprinus 
carpio L. and goldfish. Carassius auratlls (L.), that re
quire a similar culture period of 10-12 weeks to at
tain the marketable size, could be stocked together 
to optimize the utilization of available resources. At. 
present, polycullure is being practiced on some orna
mental ftsh farms. However, the stocking ratio and 
management methods are mostly determined by the 
respective farmer on an ad hoc basis, and vary from 
one farm to another. According to our knowledge, 
there is no documentation available on the growth 
and feeding habit of ornamental cyprinids under 
polyculture conditions. 

The aim of the present study was to evaluate and 
compare the growth and food selection of koi carp 
and goldfish raised in monoculture and different 
polyculture combinations in ponds under almost si
milar environmental conditions and food availability. 

Materials and methods 

Two- to three-week old larvae of koi carp, C. carpio 
L. (0.12 ± 0.014 g) and goldfish, C. auratus (L.) (0.16 
± 0.018 g) were obtained from a local flsh farm 
(Rainbow Ornamentals, Jalpaiguri. India), and accli-

matized in 24 outdoor concrete tanks (capacity: 
2000 L) for 1 week prior to the experiment. After the 
acclimatization period, !ish of each species were di
vided into two batches. The first batch of fish was 
reared for 11 weeks (5 September-18 November, 
2004) in 21 earthen ponds (L x W x H: 9.14 x 
6.10 x 1.07 m: capacity: 59 600 L) in Raninagar vil
lage, Jalpaiguri, India. To study their growth, survival 
and food selection under monoculture and different 
polyculture regimes. seven treatments were exam
ined: (1) koi carp monoculture (100% K): (2) 90°/., koi 
and 10% goldfish (90% K-10% G): (3) 70% koi and 
30% goldfish (70% K-30'}'(, G): (4) SO'Y., koi and 50% 
goldfish (SO% K-50% G): (5) 30% koi and 70% goldfish 
(30% K-70% G): (6) 10% koi and 90% goldfish (10'X, 
K-90% G): and (7) goldfish monoculture (100% G). 

There were three replicates for each treatment. The 
stocking density corresponded to 0.3 fish L -l, as op
timized earlier (Jha & Barat 2005a). Fish in each pond 
were fed by transferring about 1000 L of zooplankton 
water from a series of ponds culturing plankton. The 
introduction of exogenous plankton was found out to 
be more effective in maintaining better growth and 
survival rate of ornamental cyprinids compared with 
direct application of organic manure in the ponds, or 
supplemental feeding with commercial diets (Jha & 

Barat 2005b). During the daily introduction of plank
ton-rich water. about 1000 L of excess water was dis
charged from each pond. A plankton cloth was tied 
over the outflow water pipe to prevent any loss of zoo
plankton during the process. The ponds used for cul
turing plankton were fertilized with poultry manure 
at 0.26 kg m- 3 at the beginning and subsequently 
once in every 10 days (Jha, Sarkar & Barat 2004). 

Every week. four randomly selected fish of each 
species were removed from each pond atll:OO hours 
and sacrificed for examination of food selection and 
food consumption. Routine examination procedures 
were followed for gut analysis (Jhingran, Natarajan. 
Banerjea & David 1988). The extent of prey selection 
by koi carp and goldfish were determined using Iv
lev's formula (Ivlev 1961): E = h -pJ)/(r1 +p1): where 
E is the electivity value, r1 is the relative quantity of 
any ingredient in the gut expressed as percent and 
p1 is the relative quantity of the same ingredient in 
the food complex. also expressed as percent. The ap
plication of this formula gives a range of values from 
+ 1.0 for a very high degree of selection to - 1.0 for 
complete avoidance. A value of zero indicates that 
the prey is present in the diet in the same proportion 
as it is found in the environment, viz. complete ab
sence of food selection. 
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The second batch of fish was maintained at a stock
ing density of 0.3 fish L - 1 in seven outdoor cement 
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 a similar amount of excess water (30 L) was dis
charged. Fish cultured in these seven tanks were 
transferred to the experimental ponds corresponding 
to their respective treatments every week to substi
tute the fish of the first batch, which were captured 
for gut examination, to ensure that the results of the 
growth trial were not affected. 

Water samples were collected from the ponds once 
weekly. The concentrations of nutrients (P04 -P. NH4 -

N, NO rN. N02-N) and routine water quality para
meters (free C02, alkalinity, dissolved oxygen, biologi
cal oxygen demand, specific conductivity) were 
analysed according to methods as described by 
APHA (1998). pH was measured in situ using a porta
ble pH meter (Hanna Instruments, Rua do Pindelo, 
Portugal). Temperature was recorded by a centigrade 
thermometer. Samples of plankton were collected in 
plankton net made of standard bolting silk cloth (No. 
21 with 77 mesh em- 2

) twice a week. Collected 
plankton samples were concentrated to 20 mL, and 
preserved in 4% formalin. Enumerations of 1mL of 
concentrated plankton were performed under a 
stereoscopic microscope using Sedgwick Rafter 
Counting Cell. 

For growth rate determinations, individual fish 
weights were recorded both at the beginning and 
during harvest. Five hundred fish of each species 
were randomly collected from each pond and 
weighed individually to the nearest 0.001 g. For this, 
the fish were anaesthetized with 0.04 g L- 1 of tri
caine methane sulphonate (MS-222). Among these 
500 fish, the number and percent of fish with body 
deformities were recorded. Dead fish were removed 
daily and 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. 
Data were normalized using angular transformation 
(Mosteller & Youtz 1961). The specific growth rate 
(SGR; %day -- 1

) for each treatment was calculated 
as: SGR = 100 [(lnWr-lnW0 ) t- 1

]; whereW0 and Wr 
are the initial and final live weight of the fish (g), re
spectively, and t is culture period in days (Ricker 
1975). 

A one-way ANOVA procedure was performed to de
tect significant differences in water quality para-

meters as well as growth, survival, SGR and 
deformities in each fish species among treatments. A 
Tukey's test (Zar 1999) was used to compare and rank 
means. A level of significance of P < 0.05 was used. 
The number of marketable fish at the end of growth 
period was calculated using the function for a nor
mal distribution curve, where z = (y- ~)/cr; y is the 
lowest marketable weight (g), ~ is the mean weight 
of the population, cr is the standard deviation of the 
total weight and z follows the standard normal prob
ability distribution which determines the probability 
of finding fish above a given range. The number of 
marketable fish (n) was then determined using theta
ble value of the normal probability distribution (P) as 
follows: n = (1 - P)* h; h is total number of fish pro
duced minus deformed or damaged fish. 

Results 

The plankton abundance and species diversity were 
similar in all the ponds, as they received daily plank
ton water from the same source. Cladocerans were in 
higher abundance in the environment (54.11%) com
pared with copepods (38.05%). Rotifers constituted 
2.62% of total plankton composition, while phyto
plankton comprised 5.21 %. Moina and Daphnia were 
most abundant among cladocerans, while Cyclops 
were the most dominant copepod (Table 1). 

Table 1 Species composition, average abundance (no. L - 1
) 

and relative abundance (% of total numbers) of planktonic 
organisms present in the experimental ponds 

Plankton no.L _, % 

Daphnia 314.20 17.04 

Moina 389.15 21.11 

Ceriodaphnia 218.07 11.83 

Bosmina 76.17 4.13 

Cladocera 997.59 54.11 

Cyclops 380.24 20.62 

Diaptomus 39.60 2.15 

Nauplii 281.64 15.28 

Copepoda 701.48 38.05 
Brachionus 28.92 1.57 
Keratella 19.39 1.05 
Rotifera 48.31 2.62 
Chi orella 18.35 0.99 
Navicula 40.12 2.18 
Spirogyra 21.07 1.14 
Scenedesmus 1.32 0.07 
Phacus 14.10 0.77 
Synedra 1.19 0.06 

Phytoplankton 96.15 5.21 

Total plankton 1843.53 
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Table 2 Ivlev's electivity index applied to the gut contents of koi carp larvae along with percentage of planktonic organisms 

in the tlsh gut 

lreatment 
················ 

100% K 90% K-10% G 70% K-30%G 50% K-50%G 30% K-70% G 10% K-90% G 
---------- ------- ------- --------- --····------------

_ .. __________________ 
%In lvlev'a %In lvlev's %In lvlev'a %In lvlev's %In lvlev's %In lvlev's 

Plankton gut Index gut Index gut Index gut Index gut Index gut Index 
--···--···-·-·--·-------------·-· ·------------------··-···---···-··-·------------------

Daphnia 28.29 0.248 30.14 0.278 29.70 0.271 31.22 0.294 30.16 0.276 30.51 0.263 
Moina 29.51 0.166 30.96 0.189 27.39 0.129 26.09 0.142 29.79 0.171 32.16 0.207 
Ceriodaphnia 16.96 0.179 15.29 0.125 17.51 0.194 14.52 0.102 17.53 0.194 12.32 0.021 
Bosmina 8.64 0.363 9.65 0.401 10.36 0.431 12.04 0.469 6.29 0.335 12.05 0.469 
Cladocera 63.62 0.214 86.04 0.226 64.98 0.222 65.87 0.227 65.79 0.226 67.04 0.233 
Cyclops 9.13 ... 0.386 8.05 - 0.436 10.16 -· 0.340 9.86 ·- 0.353 8.68 . 0.407 9.05 .... 0.390 

Diaptomus 1.08 -0.331 0.95 -0.387 0.82 -0.448 0.21 -0.822 0.11 -0.903 0.16 -0.861 
Nauplii 4.19 -0.569 4.05 -0.581 3.34 -0.641 3.78 -0.603 4.85 -0.518 3.63 -0.616 
Copepoda 14.40 -0.451 13.05 -0.489 14.32 -0.453 13.85 -0.466 14.04 -0.461 12.84 -0.495 
Brachionus 0.28 -· 0.697 0.11 -· 0.869 0.17 -0.805 0.10 --0.880 - -1 - ·-1 
Keratella 0.65 -··0.235 0.51 .... 0.346 0.34 0.511 0.12 . 0.795 0.07 ... 0.875 0.04 ····0.927 
Rotifera 0.93 -0.476 0.62 -0.617 0.51 -0.674 0.22 -0.645 0.07 -0.948 0.04 -0.970 
Chloral/a 0.14 ·- 0.752 - --1 - -· 1 - -1 - -1 - ·1 
Navicula 0.50 -0.627 0.21 -0.824 0.14 -0.879 0.06 -0.946 0.10 -0.912 0.08 -0.929 

Spirogyra 0.32 --0.562 0.08 -0.869 0.05 -0.916 - - 1 - - 1 - -·1 
Scenedesmus - -1 - -1 - -1 - -1 - -1 - -1 
Phacus 0.09 -0.791 - -1 - -1 - -1 - -1 - -1 

Synedra - -1 - -1 - -1 - -1 - -1 - -1 
Phytoplankton 1.05 -0.665 0.29 -0.894 0.19 -0.929 0.06 -0.977 0.10 -0.962 0.08 -0.969 

Treatments represent monoculture or kol carp (100% K) to various combinations or poiyculture with goldfish (G). 

In both fish species, cladocerans were relatively 
higher in diet abundance, ranging from 83.62% 

(100% K) to 87.04°1<• (10% K-90% G) for koi carp (Ta
ble 2), and 66.62% (90% K-10% G) to 94.62% (100% 
G) for goldHsh (Table 3). The copepods, on the other 
hand contributed only 12.84% (10% K-90% G) to 
14.40% (100% K) in koi carp gut (Table 2), and 5.38'Yn 
(100% G) to 29.93% (90% K-10% G) in goldHsh gut 
(Table 3). 

The results of the electivity index estimate re
vealed that both species of fish preferred cladocerans 
in all treatments. Electivity towards other zooplank
ton groups (copepods and rotifers) and phytoplank
ton were negative for both the cyprinids. However, 
for goldfish, the values for the positive electivity to
wards cladocerans differed significantly (P < 0.05) 

from one treatment to another, ranging from 0.104 

(90% K-10% G) to 0.272 (100% G). Likewise. the va
lues of the negative electivity towards the copepods 
also differed significantly (P < 0.05) among the gold
fish stocked in the various treatments (Table 3). How
ever, for the koi carp, the levels of the positive 
selection of cladocerans, or negative selection of co
pepods, as evidenced from the electivity indices (Ta
ble 2) did not differ significantly between the different 
treatments (P > 0.05). 

Water temperature was between 19 and 30 "C dur
ing the 11-week growth period. However, there was 
no difference in the water temperature between the 
different treatments on any particular sampling date. 
The 100% K and 90% K-10% G treatments recorded 
significantly lower values of dissolved oxygen 
(P< 0.05), compared wllh all other treatments (Table 
4). The range of the recorded pH values was also low
er in these two treatments. SigniHcantly higher 
(P < 0.05) values of free C02 and total alkalinity were 
also recorded in 100% K and 90% K-10% G than all 
other treatments. Highest values of BOD and N03-N 
were recorded in 100% K (P < 0.05). However. there 
were no significant differences in the values of speci
fic conductivity. NOrN. NH4 -N and P04 -P, recorded 
in the different treatments (P > 0.05; Table 4). 

At harvest, there were no significant differences in 
the weight gain, SGR and the percentage of deformed 
fish estimated for koi carp among the various treat
ments (P > 0.05; Table 5). The survival rate of koi carp 
ranged from 92.59% (30% K-70% G) to 95.70% 

(90% K-10% G). However, polyculture had a signiH
cant effect on the growth parameters of goldHsh 
(Table 5) and the highest weight gain (9.36 g) was re
corded in the monoculture treatment (100% G). The 
survival rate of goldfish was significantly higher 
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Table 3 Ivlev's electivity index applied to the gut contents of goldfish larvae alongwith percentage of planktonic organisms in 
the fish gut 

Plankton 

Daphnia 

Moina 

Ceriodaphnia 

Bosmina 

Cladocera 
Cyclops 
Diaptomus 

Nauplii 

Copepoda 
Brachionus 

Keratelfa 

Rotifera 

Chiarella 

Navicula 

Spirogyra 

Scenedesmus 

Phacus 

Synedra 

Phytoplankton 

Treatment 

90% K-10% G 

%In 
gut 

19.04 
20.12 
15.01 
12.45 
66.62 
16.27 

2.05 
11.61 
29.93 

lvlev's 
Index 

0.055 
-0.024 

0.118 
0.502 
0.104 

·-0.118 
-0.024 
-0.136 
-0.119 

70% K-30% G 

%In 
gut 

19.18 
20.56 
14.38 
13.06 
67.18 
15.70 
2.34 

11.29 
29.33 

Mev's 
Index 

0.059 
-0.013 

0.113 
0.519 
0.108 

--0.135 
-0.066 

-0.150 
-0.129 

0.64 -0.421 0.65 -0.414 
0.75 --0.166 0.68 -0.214 
1.39 -0.307 1.33 -0.327 

0.30 - 0.535 0.35 - 0.478 
0.81 -0.458 0.88 -0.425 
0.74 -0.213 0.60 -0.310 

-1 - -1 

0.21 -0.571 0.33 - 0.400 
-1 - -1 

2.06 -0.433 2.16 -0.414 

50% K-50% G 

%In 
gut 

20.Q1 

21.86 
15.47 

12.69 
70.03 
15.21 
1.85 

10.12 
27.18 

lvlev's 
index 

0.080 
0.017 
0.133 
0.509 
0.128 

--0.151 
-0.075 
-0.203 
-0.166 

0.38 -0.610 

0.70 -· 0.200 
1.08 -0.416 
0.31 -0.523 
0.63 -0.552 
0.57 -0.333 

-1 

0.20 -0.588 
-1 

1.71 -0.506 

30% K-70% G 

%in 

gut 

22.31 
22.78 
17.94 
14.23 
77.26 
12.37 
1.82 
7.55 

21.74 

lvlev's 
Index 

0.134 
0.038 
0.205 
0.550 
0.176 

--0.250 
-0.083 
-0.338 
-0.273 

0.28 -0.697 

0.26 - 0.603 
0.54 -0.658 
0.05 -0.904 
0.19 -0.840 
0.06 -0.900 

-1 
0.16 -0.656 

-1 

0.46 -0.838 

10% K-90% G 

%in 

gut 

27.02 
23.37 
16.08 
15.18 
81.65 
10.14 

1.38 

6.32 
17.84 

Mev's 
Index 

0.226 
0.051 
0.152 
0.572 
0.203 

-0.341 
-0.218 
-0.415 
-0.362 

0.14 -0.836 
0.18 --0.707 
0.32 -0.782 

-1 

0.09 -0.921 
-1 
-1 

0.10 -0.770 
-1 

0.19 -0.930 

100% G 

%in 
gut 

35.10 
28.25 
15.10 
16.17 
94.62 

2.08 
0.18 
3.12 
5.38 

lvlev's 
index 

0.346 
0.143 
0.121 
0.593 
0.272 

-0.817 
-0.845 
-0.661 
-0.752 
-1 

·-1 
-1 

-1 
-1 

-1 

-1 

-1 

-1 
-1 

Treatments represent monoculture of goldfish (100% G) to various combinations of polyculture with koi carp (K). 

Table 4 Mean ± SE of selected water quality parameters analysed for the seven treatments at weekly intervals during the 

11-week growth period 

Parameters 

pH* 
Dissolved 

oxygen 

(mgl 1
) 

Free C02 
(mgl ') 
BOD (ml - 1) 

Total 
alkalinity 

(mgl 1
) 

P04-P 
(mgl - 1

) 

NH4-N 
(mgl - 1 ) 

N02-N 
(mgl··') 

N03-N 
(mgl -1) 

Specific 

conductivity 
(mhoscm-') 

Treatment 

100% K 90%K-10%G 70%K-30%G 50%K-50%G 30%K-70%G 10%K-90%G 100%G 

5.~7.4 

5.75 ± 0.28b 
5.~7.4 

5.72 ± 0.09b 

2.92 ± 0.09" 2.86 ± 0.14° 

1.31 ± 0.04" 1.19 ± O.OB"b 

38.26 ± 2.19" 37.10 ± 1.87° 

6.Q-8.1 
5.92 ± 0.14°b 

2.60 ± o.oa0 

1.20 ± 0.06 .. 

30.04 ± 1 .0400 

6.~7.9 

6.27 ± 0.31° 

2.51 ± 0.12b 

1.08 ± o.osoo 

28.19 ± 0.72° 

6.4-8.1 
6.20 ± 0.16° 

2.58 ± 0.11b 

0.95 ± 0.100 

31.12 ± 1.2900 

6.4-8.0 
6.24 ± 0.19° 

2.62 ± 0.16b 

6.6-7.8 
6.31 ± 0.28° 

2.59 ± 0.14b 

1.05 ± 0.09° 1.01 ± 0.05° 
30.60 ± 0.8800 33.92 ± 1.4o" 

0.32 ± 0.041" 0.32 ± 0.035° 0.30 ± 0.031" 0.29 ± 0.034" 0.27 ± 0.028" 0.29 ± O.D18" 0.28 ± 0.028" 

0.167 ± 0.030" 0.165 ± 0.021° 0.168 ± 0.014° 0.152 ± 0.028" 0.155 ± 0.029" 0.152 ± 0.022" 0.155 ± 0.021° 

o.o15 ± o.oo4" O.D15 ± o.oo5" o.013 ± o.oo1• 0.012 ± o.oo3" O.D13 ± o.oo2" 0.012 ± o.oo3" 0.011 ± o.oo2• 

0.160 ± o.o18" 0.142 ± o.o14b 0.135 ± o.015b 0.116 ± o.o12" 0.125 ± o.o1s"" o.128 ± o.o11bc 0.121 ± o.o12" 

0.26 ± 0.013" 0.25 ± 0.0128 0.23 ± 0.0148 0.21 ± 0.029" 0.23 ± 0.032" 0.24 ± 0.014" 0.23 ± 0.018° 

*!'or pH, the range of recorded values are presented. 
Data in the same row with different superscripts are significantly different (P< 0.05). 
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Table 5 Growth performance estimated In koi carp and goldfish after mono and polyculture rearing for 11 weeks 

Treatment 

100%K 90% K-10% G 70% K-30%G 50% K-50% G 30% K-70%G 10% K-90% G 100% G 
-----~------·----- ------·--·---·- -- . 

Kolclll'p 

Final weight (g) 8.05 + 0.098 8.og + 0.188 7.95 + 0.12" 7.90 ± 0.188 7.90 + 0.31" 7.88 ± 0.14" 
Mean growth 7.93 ± 0.098 7.97 ± 0.188 7.83 ± 0.12" 7.78 ± 0.188 7.78 ± 0.31 8 7.76 ± 0.14" 
Increment (g) 
SGR (% day··') 5.45 ± 0.09" 5.47 ± 0.188 5.44 ± 0.128 5.44 ± 0.188 5.44 ± 0.31 8 5.43 ± 0.148 

Survival (%) 95.508 95.70" 94.44111> 94.11°b 92.5gb 92.73b 

Deformed 1.91" 2.028 1.73° 2.048 2.268 1.78" 
individuals (%) 

Goldfish 

Final weight (g) - 3.65 ± 0.21° 3.80 ± 0.24° 3.87 ± 0.22° 4.01 ± 0.28° 6.44 ± 0.2~ 9.53 ± 0.31 8 

Mean growth - 3.48 ± 0.21° 3.63 ± 0.24° 3.70 ± 0.22" 3.84 ± 0.28° 6.27 ± 0.22b 9.36 ± 0.31 8 

increment (g) 
SGR (%day_,) - 3.97 ± 0.21 8 4.03 ± 0.24° 4.05 ± 0.22" 4.10 ± 0.28° 4.71 ± 0.22° 5.21 ± 0.31 8 

Survival (%) - 54.361 60.70" 65.51° 71.90° 81.07b 91.41 8 

Deformed - 11.538 8.93b 7.07" 4.23° 3.17"" 2.42" 

individuals (%) 

DiiTerenl superscripts in u row represent statislically signi!icanl differences (P < (J.OS). 

Table 6 The average number of marketable koi carp (K) and goldfish (G) (those heavier than 4.0 g) produced, together with 
murketuble fish produced expressed as a percentage of total number offish produced• (A) und as u percentage of number offish 
stocked (B) In the different treatments 

Number of fish stocked Number of marketable fish produced• 
(fish pond ···') (fishpond-') Marketable fish(%) 
·-·············-······················-······-··-········ ·····-········-····· .. ···--····-----··-··-····-····-··--··-··-··-··-----··- ···--···---·-···----··---···· --····-··-··-- ·········- ····-····-·····. 

Treatment K G Total K G Total (A)* (B) 

100% K 17880 - 17880 16735 - 16735° 100" 94.08 

90% K-10% G 16092 1788 17880 15078 36.61 15114.61"b 95.16" 84.53° 

70% K-30% G 12516 5364 17880 11602 561.87 12163.87" 84.59" 68.03" 

50% K-50% G 8940 8940 17880 8231 1448.57 967g.57° 71.94° 54.141 

30% K-70% G 5364 12516 17880 4846 4355.66 9201.66° 69.108 51.46g 

10% K-90% G 1788 16092 17880 1626 12536 14162"" 100" 79.21° 

100%G - 17880 17880 - 15909 159098 b 100" 88,g8b 

•Excluding deformed fish. 

Different superscripts in a column represent statistically significant differences (P<O.OS). 

(P<0.05) in the monoculture treatment (91.41%), 
compared with the different polyculture treatments 
(Table 5). The percentage of goldfish deformities was 
highest in 90% K -10% G. followed in decreasing order 
by 70°/c, K-30% G, 50% K-50% G, 30% K-70% G,10% 
K-90% G and 100% G treatments (P< 0.05;T-dble 5). 

To determine the output of marketable fish, the 
percentage and number of fish above a total weight 
of 4 g (excluding deformed individuals) was esti
mated from the probability distribution at the end of 
the study (Table 6). Polyculture had a direct effect on 
fish production as the monoculture treatments for 
each species produced the highest percentage of mar
ketable fish (Table 6). Among the various polyculture 

treatments. 90% K-10% G and 10% K-90% G pro
duced a significantly greater number and percentage 
of marketable fish (?<0.05), compared to other treat
ments (Table 6). All the fish harvested in the 100% K, 
100% G and 10°/tJ K-90% G treatments (excluding de
formed fish) attained marketable size (T'dble 6). 

Discussion 

The similarity in the types of organisms present in 
the gut of koi carp and goldfish may be because of 
the fact that all ponds were maintained under similar 
management conditions and the plankton water was 
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supplied from a series of ponds, also similar in size 
and management. Hence there was no difference in 
food resource between the experimental ponds. 
Water quality was quite similar in all the treatments. 
Lower pH and dissolved oxygen in 100% K and 90% 
K-10% G treatments may be explained by koi carp 
stirring up mud from the bottom. Although earlier 
reports on koi carp are lacking, other carp species 
are known to create management problems in fish 
ponds by stirring up pond bottoms, thereby releasing 
nutrients from the soil (Wahab, Rahman & Milstein 
2002), creating turbidity and lowering dissolved oxy
gen (Lutz 2003). 

Goldfish showed better weight gain in monocul
ture, compared with polyculture treatments, while 
the koi carp recorded no significant differences in 
growth between different treatments. Within the dif
ferent polyculture treatments, the highest growth for 
goldfish was recorded in 10% K-90% G. Polyculture 
had a negative effect on goldfish production, however, 
absence of any earlier report relating to polyculture 
of coloured cyprinids in tropical pond conditions 
makes it difficult to draw conclusions about factors 
responsible for this reduced growth rate and produc
tion. One of the possible reasons could be differences 
in the food selection between the two species, and 
competition for food between them under polycul
ture conditions. 

The koi carp diet in the monoculture treatment 
(100% K) consisted of 12 genera of plankton, which 
was reduced to fewer species in the different polycul
ture treatments. A rejection of phytoplankton was 
observed in all treatments, and is consistent with ear
lier findings (Jha & Barat 2005b). However, four gen
era of phytoplankton were identified in koi carp 
intestines collected from 100% K, compared to two 
genera in 90% K-10% G and 70% K-30% G, and 
one in each of the 50% K-50% G, 30% K-70% G and 
10% K-90% G treatments. Greater diversity of food in 
the guts of monotypic populations may suggest that 
segregation by cohabiting fish species results in con
sumption of a narrower range of food items in polyty
pic communities, than when only one species is 
present (Andrusak & Northcote 1971; Clady 1981). 
Being the more aggressive species tn polyculture, koi 
carp could select its preferred group of plankton 
(cladocera) within this narrow range, and the electiv
ity towards cladocerans recorded similar in all the 
treatments. 

In goldfish. phytoplankton was absent and only six 
genera of zooplankton were found in the intestines of 
monotypic populations (100% G). The plankton di-

versity significantly increased (P < 0.05) in the gut 
content of polycultured goldfish communities (Table 
3). However, greater diversity of the diet does not ne
cessarily suggest better feeding conditions, as fish po
pulations often consume a greater variety of food 
items under adverse conditions than when food sup
plies are unlimited (Ivlev 1961). Greater diversity of 
plankton from the guts of polycultured goldfish may 
be influenced by the consumption of their preferred 
food (cladocera) by the koi carp. In monoculture, 
goldfish recorded a very strong selection for the cla
doceran, Daphnia (0.346) and the genera contributed 
35.10% of the gut contents in 100% G. which was sig
nificantly reduced in polycultured goldfish (P < 0.05), 
recording only 19.04% in goldfish gut content in 90% 
K-10% G, with an electivity of 0.055. Simultaneously, 
there was an increased consumption of copepods, ro
tifers and phytoplankton in polyculture compared to 
monoculture. 

Behavioural observations in an earlier experiment 
showed that koi carp were more active in polyculture 
treatments, compared with monoculture (Jha, Jha, 
Pal & Barat 2005). Similar aggressive behaviour of 
polycultured koi carp was also noted during the pre
sent study and could account for the increased rate of 
deformities and fin damages observed in goldfish in 
the polyculture treatments. However, it was not pos
sible to document details of the interspecific interac
tions between koi carp and goldfish in pond 
conditions. The deformities in both species were 
mostly scoliosis, spinal and caudal abnormalities 
and bent fins, and could not have been induced envir
onmentally, as the management conditions of all the 
treatments were similar. Ornamental fish must be vi

sually attractive to be marketable and deformed or 
damaged fish are not saleable, even if they attain 
marketable size. 

The main tool for managing polyculture systems 
and maximizing fish production is the knowledge of 
fish-fish and fish-environment quantitative relation
ships (Milstein 1992). One problem frequently en
countered in polyculture involves the overlap of food 
or habitat preferences among species or antagonism 
(I,utz 2003). Brummett and Alon (1994) indicated 
that although growth of redclaw crayfish Cherax 
quadricarinatus (VonMartens) was not adversely af
fected by the presence of nile tilapia, Oreochromis ni
Ioticus (L.) in polyculture, tilapia growth and food 
conversion were significantly impacted by redclaw 
crayfish. Yashouv (1968) related similar problems en
countered in polyculture of tench, Tinea tinea (L.) and 
common carp, C. carpio L. In spite of feed being ap-
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plied to ponds, the two species apparently competed 
for the same resources and carp production was re
duced when tench was present. Studies on stable car
bon and nitrogen isotope values from ponds 
polyculturing silver carp, Hypophtlwlmichthys moli
trix (Val.) and bighead carp. Aristicl!thys rwbi/is (Rich.) 
in China suggested that there were various degrees 
of dietary overlap between the two species with an 
average of 60% of their food from the same trophic 
level (Gu, Schell. Huang & Yie 1996). In another ex
periment. Mattson (1998) recorded similar feeding 
preferences in Oreocllromis shirarws (Boulenger) 
and Barbus paludilwsus (Peters), when offered an ar
ray of planktonic food in aquaria. In a study on poly
culture of tench, common carp and bigmouth 
buffalo, Ictiobus cyprinellus (Val.). Adamek. Sukop, Re
ndon and Kouri! (2003) observed food competition 
between tench and carp (60.8%) and between tench 
and bigmouth buffalo (47.4%). Vromant, Nam and 
Ollevier (2002) recorded signi!icant interspeci!ic 
competition between nile tilapia and common carp 
in polyculture systems in intensively cultivated 
rice !ields. Preliminary data available on koi carp 
and gold!ish suggested that both species are likely 
to prefer the bottom tank level (Sandford 1998) and 
eat similar food items (Axelrod & Vorderwinkler 
1970). 

Another problem with polyculture wherever la
bour costs are relatively high involves handling and 
sorting specit's at harvest. In our experiment, every 
pond was netted three times at harvest, which could 
have aggravated body and lin damages. particularly 
in goldfish. According to Milstein (1992). polyculture 
is the appropriate technique when the goal is produc
tion of low-cost !ish. When the goal is production of 
more expensive !ish, monoculture simplifies the 
management (Wohlfarth & Schroeder 1979: Hepher 
& Pruginin 1981). The financial risks associated with 
each species in the different combinations requires 
evaluation (Milstein 1992). 

Polyculture had a direct effect on the number of 
marketable fish. Monoculture treatments yielded 
the largest number of saleable fish. In contrast to 
food fish production, where the total number of fish 
produced determines productivity, ornamental fish 
can only be sold once they have reached a particular 
size (4 g or more). From the present study, a diminish
ing return becomes apparent in ornamental carp 
polyculture, compared to monoculture. Besides, 
keeping in view of the dietary similarities of koi carp 
and goldfish, and the aggressive nature of koi carp in 
polycuture, possibly leading to increased deformities 

and lower weight gain and SGR of polycultured 
gold!ish communities, it is suggested to refrain from 
polyculture of goldfish and koi carp until further re
sults relating to optimal stocking density and man
agement of polyculture of ornamental carps are 
available. 
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