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Abstract: The experiment was conducted to examine the effect of equal stocking density (180 fish/pond) with
varying species ratios (90:60:30, 60:90:30 and 75:75:30) of Labeo rohita, Cirrhinus mrigala and Tilapia nilotica
one (T ), two (T ) and three (T ), respectively for growth performance and survival rates. Fish species were fed1 2 3

once daily at the rate of 2% of body weight. Comparison of means revealed significantly higher average body
weight in T (90.10 ±13.79 g) followed by T  (74.07 ±13.01 g) and T  (79.71 ±12.2 g), moreover analysis of1 2 3

a c b

variance showed highly significant (p<0.01) difference in body weight among treatments. The gross (2057.5 kg)
and net (2002.2 kg) fish production/hectare/year was also higher in T  than T  and T . Furthermore 90:60:301 2 3

stocking ratio in T  was found most suitable compared to 60:90:30 in T  and 75:75:30 in T , for Labeo rohita,1 2 3

Cirrhinus mrigala and Tilapia nilotica. Hence, the present study showed that the optimal ratio of major carp
to tilapia in polyculture can efficiently utilize available resources for maximum production.
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INTRODUCTION including, type of organisms consumed, consumption

Aquaculture has been encouraged in all over the The general practice is to divide fish into different types
globe for its contribution in economy, nutrition and according to their foraging in natural habitats, such as
healthy food for man [1, 2]. It is a low energy expenditure phytoplankton, zooplankton, benthic animals,
and  protein  yielding  in comparison to other sectors [3]. macrophytes, or detritus feeders. The distinction between
Furthermore aquaculture is one of the fastest-growing the different feeding habits is not always absolute.
food-producing sectors in the globe and during recent Although species such as rohu (Labeo rohita), mrigal
decades total production has been significantly improved (Cirrhinus mrigala) and tilapia (Tilapia nilotica) are
compared to previous decades. This improvement in omnivorous, their adaptability varies in different climatic
production has been achieved through semi-intensive conditions [8].
polyculture in ponds [4, 5]. Pakistan has been blessed Specific interactions among fish species are
with vast area of both marine and inland fisheries important in the sustenance of composite culture [9].
resources, which have great development potential and Suitable selection of fish species can boost nutrient flux
can support a variety of fish species of nutritional and and maximization of the productivity, both in terms of
economic importance [6]. quantity and quality [10]. Moreover fish growth depends

Global aquaculture production is largely influenced upon the stocking density. The species cultured at lower
by the culture of major carps and other cyprinids [7]. stocking density with a low cost diet can enhance the fish
However questions still exist relating to fish food, growth  performance [11]. However the impact of stocking

mechanisms, digestibility and nutritive value of plankton.



Total number of fish harvestedSurvival (%) = x 100
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density on the growth of fish species under different (T ), (T ) and (T ), respectively. To disinfect ponds and to
ecological conditions is still lacking. Stocking fish beyond stabilize pH of water, liming was done with calcium oxide
an optimum level can enhance fish mortality leading to @ 2.5 kg/pond with dusting method as described by
reduced production [12, 13]. Fish culture on a small scale Wahab et al. [21]. The inlets of the ponds were properly
has  often  failed  due  to  inadequate knowledge screened with gauze of fine mesh to avoid the entry of
regarding ideal stocking density [14]. In practice, the any intruder into or exit of fish from the ponds. All the
densities at  which  farmers  keep  their  stock  are  based ponds were watered up to a level of 1.5m and this water
on  experience  and  institution,  with  codes of practice level was maintained throughout the experimental period.
and handbooks being used as a guide. Thus, the impact Maize gluten (30%) was used as diet in all the
of  fish stocking density during the traditional pond experimental ponds. The fishes were fed at the rate of 1%
culture  needs  to  be  addressed  in  a coherent manner total wet body weight daily. At the time of stocking, the
[12, 15]. morphometric characteristics of fish i.e. body weight,

In aquaculture the physico-chemical conditions of standard length and total length were measured, recorded
water  and  presence of different types of flora and fauna and then fishes were released into their respective ponds.
have an effective control on productivity. Water quality Samples of 10 fish from each species were captured
is determined by ecological parameters. Important fortnightly from these ponds by random sampling, using
ecological parameters are temperature, pH, dissolved nylon drag net. Their body weights, standard lengths and
oxygen, electrical conductivity and light penetration. A total lengths were recorded and fishes were released back
proper  range  of  these  factors is necessary for fish into their respective ponds after morphometeric analysis.
culture [1, 6]. Feeds and feed delivery represent major The growth rate of the cultured species was taken as
economic costs in intensive fish culture [16]. The role of increase in body weight, standard length and total length.
artificial  feed  in  intensive  fish  farming cannot be Water samples were collected fortnightly from the
ignored as nutritional requirements of fish depend upon surface, column and bottom of each pond at five different
the feed supplied. The quantity and quality of feed locations to minimize the possibility of chance error.
consumed have a pronounced effect on growth rate, Water samples were filtered and stored in one liter clean
efficiency of feed conversion and chemical composition stoppered glass bottles and rushed to the laboratory for
of fish [17, 18, 19]. analysis. Dissolved gases, temperature and pH were

The productivity of the aquatic system can be determined at the spot from the surface, column and
increased by utilizing ecological resources within the bottom of the pond. Temperature (°C) and dissolved
environment more efficiently. Moreover stocking of two oxygen (mg/L) were determined directly by a digital water
or more complimentary fish species can enhance standing quality analyzer (YSI, model 58, USA). The light
crop of a pond by allowing a wide range of available food penetration was determined by Secchi disc while pH and
and the pond volume to be utilized [20]. Therefore the electrical conductivity were determined with a pH meter
present study was designed to evaluate the suitable (HI-8520 HANNA) and conductivity meter (MC-1 Mark V)
socking ratio in composite fish culture to increase per unit respectively. Total solids and total dissolved solids were
area production. estimated by oven drying at 103 0C and then converted to

MATERIALS AND METHODS was measured by using phenolphthalein and methyl

A six-month feeding experiment was conducted at hardness of sample was estimated by titrating the sample
Fisheries  Research  Farms, University of Agriculture, against ethylene diamine tetra acetic acid (EDTA) using
Faisalabad Pakistan to investigate the effect of same erichrome black T indicator.
stocking density with different ratios on the survival and Survival percentage was calculated at the end of the
growth of Labeo rohita, Cirrhinus mrigala and Tilapia experiment by counting the number of fishes in each tub
nilotica using three earthen ponds having dimensions of and is calculated as follows:
30×16×2m (0.048 ha). Fishes were stocked at equal
stocking density (180 fish / pond) with varying fish
species  ratios  as  90:60:30,  60:90:30  and   75:75:30  in

1 2 3

planktonic biomass [22]. Alkalinity of the water sample

orange indicators while titrating with sulphuric acid. Total
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RESULTS The gross production of the fishes, i.e. Labeo rohita,

Physico-Chemical Parameters: Table 1 reveals the 28.1 kg, 16.8 kg and 4.5 kg, for T  was 21.8 kg, 16.2 kg and
comparison of averages of physico-chemical parameters 3.1 kg and for T  was 24.8 kg 16.2 kg and 3.5 kg,
viz., temperature, pH, light penetration, electrical respectively. The maximum gross fish production / hectare
conductivity, dissolved oxygen, total alkalinity, total / year was showed by Labeo rohita in T (1170.3 kg), T
hardness, total solids, total dissolved solids and (908.0 kg) and T  (1033.0 kg). Whereas minimum gross fish
planktonic biomass. Maximum average values of production / hectare / year was showed by Tilaoia
temperature (21.17  ±2.08 °C), pH (8.12  ±0.14), electrical nilotica as 187.2 kg, 129.0 kg and 145.7 kg in T , T  and T ,a  a

conductivity  (3.33  ± 0.07   ds/m),   dissolved  oxygen respectively. The net fish production/pond / 6 month a

(6.32  ±0.41 mg/L) and total alkalinity (386.67 ±8.99 mg/l) remained  as  27.4  kg,  16.4kg  and  4.3 kg in T , 21.4 kg, a a

were recorded in T . Whereas maximum average values of 15.6 kg and 2.9 kg in T  and 24.3 kg, 15.7 kg and 3.3 kg in2

light penetration (21.08  ±1.16 cm), total solids (1432.42 T  for Labeo rohita, Cirrhinus mrigala and Tilapiaa  a

±19.13 mg/l), total dissolved solids (1057.83  ±10.16 mg/l) nilotica, respectively. Net fish production / hectare / year a

and planktonic biomass (390.24  ±13.65 mg/l) were for Labeo rohita, Cirrhinus mrigala and Tilapia nilotica a

measured in T . Analysis of variance revealed that was measured as 1141.1 kg, 683.0 kg and 179.1 kg in T ,3

temperature and light penetration were significantly 893.3 kg, 649.6 kg and 118.7 kg in T  and 1012.0 kg, 653.8
different (p<0.01) among treatments. Whereas pH, kg and 137.4 kg in T , respectively. Gross fish production
electrical conductivity, dissolved oxygen, total hardness, / hectare / year of all fish species was recorded as 2057.5
total solids, total dissolved solids and planktonic biomass kg, 1711.8 kg and 1853.6 kg in T , T  and T , respectively.
differed non-significantly (p>0.05). However the effect of Whereas, maximum net fish production / hectare / year of
fortnights towards change in temperature, light all fish species was found in T  (2002.2 kg) followed by T
penetration, dissolved oxygen, total alkalinity, total (1803.2 kg) and T  (1661.6 kg).
hardness, total solids, total dissolved solids and
planktonic biomass was highly significant (p<0.01), while DISCUSSIONS
for pH and electrical conductivity it was significant at
p<0.05 (Table 2). In aquaculture the physical and chemical parameters

Fish Growth: The mean values of fish wet body weight determines nature of aquatic organisms and their
(90.10 ±13.79 g, 74.07 ±13.01 g and 79.71 ±12.2 g), standard productivity. Water quality is determined by ecologicala c b

length (13.11  ±6.14  cm, 13.91  ±7.03 cm and 13.45 parameters viz; temperature, pH, dissolved oxygen,a a a

±6.73cm) and total length (14.11  ±1.17 cm, 15.53 ±1.31 cm electrical conductivity and light penetration. Optimuma a

and 14.77  ±1.28 cm) were recorded in T , T  and T , range of these parameters is necessary for successful fisha
1 2 3

respectively (Table 1). The analysis of variance revealed farming [1, 23]. The present study revealed that above
that fish wet body weight varied significantly (p<0.01) mentioned physico-chemical parameters varied
among  treatments,  fish  species  and  fortnights. significantly on fortnight basis. However the difference
However,  standard  length and total length of fish varied among treatments was statistically non-significant. Many
non-significantly (p>0.05) among the treatments and researchers also documented similar inferences regarding
significantly (p<0.01) among species and fortnights. seasonal variations of different physic-chemical
Statistically significant (p<0.01) difference was found for parameters [1, 10, 24]. The water temperature varied from
interaction between treatments and species and species 14.5 to 31°C in the present experiment. However, the
and fortnights in term of wet body weight, standard average temperature was found suitable for fish culture
length and fork length. However, the interaction between which is agreed by [21, 25]. (25 Nazish and Mateen, 2011;
treatments and fortnights was statistically non-significant Wahab et al., 2002). Furthermore, in colder months
(p>0.05) for wet body weight standard length and total (December, January), fish species gained lesser weight,
length. that might be due to less intake of food. Kolar et al. [26]

Fish Production: Final results of the experiment have the month of January and February. The pH value
been explained in Table 4 that showed 100% fishes remained in the range of 7.0-8.5 during the present study.
survival rate in all experimental ponds after six months. Moreover  this  range  of  pH  is  considered  optimium  for

Cirrhinus  mrigala  and  Tilapia  nilotica,  for T   was1
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of water, various types of biotic flora and fauna

also documented lower weight gain in fish species during
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Table 1: Comparison of means for physico-chemical and growth parameters of three treatments (mean±SE)
Parameters Pond 1 Pond 2 Pond 3
Temperature (°C) 20.92  ±2.17 21.17  ±2.08 20.42  ±2.02a a b

pH 7.97  ±0.13 8.12  ±0.14 7.90  ±0.24 a  a  a

Light Penetration (cm) 20.53  ±1.20 20.06  ±1.18 21.08  ±1.16b c a

Electrical Conductivity (ds/m) 3.26  ±0.09 3.33  ±0.07 3.32  ±0.07 a  a  a

Dissolved Oxygen (mg/l) 6.21  ±0.39 6.32  ±0.41 6.31  ±0.38 a  a  a

Total Alkalinity (mg/l) 377.42 ±7.50 386.67 ±8.99 370.75 ±10.87ab a b

Total Hardness (mg/l) 232.5  ±6.33 230.83  ±7.08 227.67  ±6.67 a  a  a

Total Solids (mg/l) 1419.1  ±21.56 1430.85  ±24.09 1432.42  ±19.13 a  a  a

Total Dissolved Solids (mg/l) 1030.83  ±13.44 1056.58  ±17.60 1057.83  ±10.16 a  a  a

Planktonic Biomass (mg/l) 388.27  ±9.63 365.94  ±9.53 390.24  ±13.65 a  a  a

Average Body Weight (g) 90.10 ±13.79 74.07 ±13.01 79.71 ±12.2a c b

Standard Length (cm) 13.11  ±6.14 13.91  ±7.03 13.45  ±6.73a  a  a

Total Length (cm) 14.11  ±1.17 15.53  ±1.31 14.77  ±1.28 a  a  a

Table 2: Analysis of variance for physico-chemical parameters of three treatments
F. values
-------------------------------------------------------------------------------------------------------------------------------------------------------------

SOV DF T pH LP EC DO TA TH TSS TDS PB
Treatment 2 6.08 ** 0.66 19.58* 0.34 1.05 3.81* 0.34 1.71 2.06 3.14 NS  NS  NS  NS  NS  NS  NS

Fortnights 11 542.89* 2.86 * 313.32* 2.482* 130.68* 13.20* 5.64* 43.49* 3.25 ** 4.37**
Error 22
(**) = Highly Significant (*) = Significant (NS) = Non-significant
T= Temperature; LP= Light Penetration; EC= Electrical Conductivity; DO= Dissolved Oxygen; TA= Total Alkalinity; TH= Total Hardness; TS= Total
Solids; TDS= Total Dissolved Solids; PB= Planktonic Biomass
(**) = Highly Significant (*) = Significant (NS) = Non-significant

Table 3: Analysis of variance for various growth parameters of three treatments
F. values
---------------------------------------------------------------------------------------------------------------

Source of Variation Degree of freedom Body Weight Standard Length Total Length
Treatment 2 20.835535*** 1.1459296 1.3566365 NS NS

Species 2 318.88487*** 354.18587 *** 350.91006***
Fortnights 11 402.92716*** 130.44141 *** 150.46408***
Treatment * Species 4 7.44206*** 21.607247 *** 22.510381***
Treatment * Fortnights 22 1.2624559 0.0928822 0.1031498 NS  NS  NS

Species * Fortnights 22 29.264529*** 3.6679762 *** 4.1069296***
Error 44

Table 4: Comparison of fish production in three treatments

                               Pond-1  Pond-2  Pond-3
-------------------------------------------------- ----------------------------------------------- --------------------------------------------------

Characteristics/ Parameters L. rohita C. mrigala T. nilotica L. rohita C. mrigala T. nilotica L. rohita C. mrigala T. nilotica

No. of fishes stocked 90 60 30 60 90 30 75 75 30
Survival rate % 100 100 100 100 100 100 100 100 100
Initial average weight (g) 7.1 g 6.8 g 6.9 g 7.0 g 6.9 g 7.0g 6.9 g 7.0 g 6.9 g
Final average weight (g) 311.7 g 280.2 g 149.6 g 364.1 g 180.1 g 101.1 g 331.1 g 216.6 g 116.3 g
Gain in average weight (g) 304.6 g 273.4 g 142.7 g 357.1 g 173.2 g 94.1 g 324.2 g 209.6 g 109.4 g
Gross fish production/pond/6 month (kg) 28.1 kg 16.8 kg 4.5 kg 21.8 kg 16.2 kg 3.1 kg 24.8 kg 16.2 kg 3.5 kg
Gross fish production/acre/6 month (kg) 236.9 kg 141.6 kg 37.9 kg 183.8 kg 136.6 kg 26.1 kg 209.1 kg 136.6 29.5 kg
Gross fish production/acre/year (kg) 473.8 kg 283.2 kg 75.8 kg 367.6 kg 273.2 kg 52.2 kg 418.2 kg 273.2 kg 59.0 kg
Gross fish production/ hectare/year (kg) 1170.3 kg 700.0 kg 187.2 kg 908.0 kg 674.8 kg 129.0 kg 1033.0 kg 674.9 kg 145.7 kg
Net fish production/pond/6month (kg) 27.4 kg 16.4kg 4.3 kg 21.4 kg 15.6 kg 2.9 kg 24.3 kg 15.7 kg 3.3 kg
Net fish production/pond/year (kg) 54.8 kg 32.8 kg 8.6 kg 42.9 kg 31.2 kg 5.7 kg 48.6 kg 31.4 kg 6.6 kg
Net fish production/acre/year (kg) 462.0 kg 276.5 kg 72.5 kg 361.6 kg 263.0 kg 48.1 kg 409.7 kg 264.7 kg 55.6 kg
Net fish production/hectare/year (kg) 1141.1 kg 683.0 kg 179.1 kg 893.3 kg 649.6 kg 118.7 kg 1012.0 kg 653.8 kg 137.4 kg
Gross fish production/ hectare/ year of all species 2057.5 kg 1711.8 kg 1853.6 kg
Net fish production/ hectare/ year of all species 2002.2 kg 1661.6 kg 1803.2 kg
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better fish growth [27]. Visual clarity impacts the behavior weight was also higher in T  as compare to T  and T  that
of fishes that depends upon sight for feeding and might be due to better weight gain potential of Labeo
capturing their prey. Light penetration varied from 12.7 to rohita compare to Cirrhinus mrigala and Tilapia
24.9 cm during the study period. Such fluctuation is may nilotica, therefore both gross fish production/ hectare/
be due to various factors, e.g. time of the day, observer, year and net fish production/ hectare/ year of all species
weather and season during the experimental period. These was also higher in T  in which Labeo rohita was stocked
results are inline with the findings of [28]. Furthermore in higher ratio. Sophin and Preston [37] and Hussain et al.
Chandra et al. [29] observed in their study that a variation [1] also documented high growth potential of Labeo
in fish growth depends upon EC, pH and total alkalinity of rohita (in terms of weight) compare to Cirrhinus mrigala.
rearing water. Total alkalinity ranges from 5 mg/l 500 mg/l Whereas average standard length and total length was
in fresh water bodies [30]. However total alkalinity values slightly  higher  in  T ,  because  growth  performance  of
in   the   present study ranged from 319 to 429 mg/l, that is C. mrigala in terms of standard length and total length
less than reported by Boyd [30]. Most of the researchers gain was better than L. rohita and Tilapia nilotica.
also reported better growth of fish species at 500 mg/l Ahmed [38] (1996) and Mahmood [39] (1997) reported
total alkalinity values. Dissolved oxygen contents in all maximum increase in standard length and total length of
the treatments ranged from 3.9 to 7.7 mg/l during the C. mrigala followed by L. rohita and C. catla. This could
study period. Similar results have been reported by be due to the inherent potential of C. mrigala to attain
Wahab et al. [31] and Rahman et al. [32] in polyculture greater standard length and total length in fertilized ponds
ponds. However, the DO concentration in all the [22].
treatments was satisfactory for fish culture [30]. Total Maize gluten (30%) was used as diet which has good
suspended solids (TSS) concentration in the pond water protein value. Both ponds showed high gross fish
determines the level of biodiversity and rise in TSS production due to addition of maize gluten as
dramatically decrease diversity of aquatic life. The supplementary feeding. Ahmad et. al., [40] also obtained
suspended solid particles in the water bodies absorb heat high fish production in pond treated with supplementary
from sunlight in turn increase water temperature and feed (maize gluten).
subsequently decrease DO level [33]. Similarly total In conclusion, manipulation of Tilapia nilotica along
dissolved solids (TDS) increase the biological and with the major carps and the provision of supplementary
chemical oxygen demand ultimately reduces level of DO feed enhanced the growth rate as well as production in
in water [34]. TSS and TDS in experimental ponds ranged semi intensive culture system. The present study showed
from 1336.2 to 1584.3 mg/l and 971 to 1153 mg/l, that the optimal ratio of major carp to tilapia in polyculture
respectively, which are in optimum range for fish culture. can efficiently utilize available resources for maximum
In pond water the most important natural food materials production. Tilapia polyculture with major carps is a low-
are plankton. Fish ponds with high plankton abundance cost alternative aquaculture system for small-scale poor
promote the growth of fish in polyculture system [35]. farmers.
Planktonic biomass contents in experimental ponds
ranged from 312.6 to 471.6 mg/l. REFERENCES
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