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Abstract 
The aim of this paper is to assess the growth performance of tilapia (Oreochromis Niloticus) in 

a recirculating aquaculture system, in order to review the possibility of introducing this species in 
Romanian aquaculture. The experiments was done in October-December 2011, during which 
feeding was done only with fodders grain proper age, from Nutra category. At the start of 
experiments, the system was populated with tilapia which present an average body weight of around 
8 g. Average daily growth rate recorded was 0.8 g/day and a specific growth rate of 3.6%/day on 
the average fish biomass. The evolution of physical-chemical parameters of the technological water 
during the experiment was within the limits of optimal growth. Biological material (tilapia) 
presented a good development rate, registering a 100% survival, while the water temperature 
fluctuated and at certain times was not optimal for development of tilapia. 
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INTRODUCTION1 

Aquaculture, the sector which began his 
development in the late 1960s, is today the 
fastest growing branch of food industry 
producing almost 50% of all fishing and 
aquaculture product in the world. Annual 
consumption of aquaculture products 
increased from 9.9 kg/capita, in 1961, to 17.0 
kg/capita in 2007, with an average annual 
growth rate of 7% [11]. Aquaculture 
development has a very high potential, 
determined both by the need to meet product 
market, which is constantly increasing, and 
the stopping the decline of wild fish 
population due to over-fishing and pollution 
of natural waters.  

Tilapia is one of the major genres of 
world aquaculture, being introduced almost 
worldwide, recording in 2010 a total 
production of 3.2 million tons. The world's 
largest producer by far is China followed by 
Indonesia, Thailand, Philippines and Egypt. 
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At this point, is the second species of 
world aquaculture, after carp, and has all the 
prerequisites to be the most important species 
in aquaculture in the 21st century. [12, 13, 19]. 

Growth of these species is expanding 
both in developed and developing countries 
because they are very resistant to 
environmental conditions, in which they live, 
have a very good growth rate and can be 
reared in any production system: ponds, net-
pens, cages, raceways, recirculating systems.  

Of all tilapia species, Nile tilapia 
(Oreochromis Niloticus L.) is currently the 
most important and high species worldwide, 
representing over 70% of the tilapia 
production [13]. According to an FAO study, 
world production of Nile tilapia grew very 
important in recent years, from 970,756 tonnes 
in 2000 to 2,333,432 tonnes in 2008 [14]. 

The aim of this paper is to assess the 
growth performance of tilapia (Oreochromis 
Niloticus L.) in a recirculating aquaculture 
system, in order to review the possibility of 
introducing this species in Romanian 
aquaculture. 
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MATERIAL AND METHODS 
Experiments were conducted at the 

Institute of Research and Development for 
Aquatic Ecology, Fishing and Aquaculture 
Galatz, from October to December 2011. 
They have assumed rearing Nile tilapia in a 
recirculating system, organization of 
researches being made in conjunction with 
the technology applied, monitoring in parallel 
the values of physical-chemical parameters 
of the technological water and technological 
indices of culture biomass.  

Recirculating aquaculture system, used in 
this experiment, is represented by an aquarium 
type tank with a technological water flow of 1 
cubic meter/hour, and consists of: 

 Rearing tank – represented by a glass 
aquarium with a water volume of 0,2 mc; 

 Filtering system – Fluval 404 
type,composed from: mechanical filter - 
sponge, chemical filter – activated 
charcoal and biological filter – plastic and 
ceramic balls; 

 Aeration system – represented by an air 
pump ELITE 802 type, with a water flow 
of  2 l air/minute at a pressure of 3,5 PSI; 

 Heating system – represented by a two 
thermometers RESUN THERM 25/3000 
– RH 9000 type with a power of 150 W. 
Rearing system is represented 

schematically in Figure 1. 

  
Fig.1 Rearing system scheme used in the experiment 

 
At the start of experiments, rearing 

system was populated with Nile tilapia 
(Oreochromis Niloticus L.) with average 
body weight of 8 g/fish. Fish was fed, 
throughout the experimental period, with 
Nutra extruded feed (from Skretting), Classic 
K 1P, 3 mm grain size and a biochemical 
composition that is shown in Table 1. 
Frequency of feed was 2 times per day, 
respectively 08.00 and 16.00; the amount 
administered being between 1.5 - 2% of fish 
biomass in 24 hours. 
 
 
 
 

Table 1 Biochemical composition of the feed 
used during the experiment 
 

Feed Nutra Classic K 1P 
Biochemical composition Quantity 

Crude protein 43 % 
Lipids 11.5 % 
Crude cellulose 4 % 
Ash 7.5 % 
Sodium 0.2 % 
Calcium 1.1 % 
Phosphorous 0.7 % 
Vitamin A 3.000 UI/kg 
Vitamin D3 600 UI/kg 
Manganese 9 mg/kg 
Iron 24 mg/kg 
Zinc 54 mg/kg 
Copper 3 mg/kg 
Iodine 1 mg/kg 
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Samples for analyses were collected 
using plastic containers, in compliance with 
standard procedures and were then stored for 
a maximum period of 24 hours at a 
temperature between 2-5°C. The main 
physical-chemical parameters monitored 
were: temperature (°C), pH (upH), dissolved 
oxygen (mg/l), nitrites (NO2-N - mg/l), 
ammonia (NH3 - mg/l) and chlorides (mg/l). 

Technological indicators analyzed at the 
end of the experiment, in order to obtain 
information on applied technology and 
performance of the rearing system used, 
were:  
Real growth rate – (Sr) – was calculated with 
the formula: Sr = Bf - Bi [kg] were, Bf, Bi – 
final and initial fish biomass [kg]. 
Individual growth rate – was determined 
with the formula: (Wf – Wi)/ N [g/ex.] were, 
Wf, Wi – final and initial fish weight [g]; N   
– fish number [ex.]. 
Daily growth rate – (DGR) – was determined 
with the formula: (Wf – Wi)/ T [g/day] were, 
Wf, Wi – final and initial fish weight [g]; T – 
rearing period [days]. 
Specific growth rate – (SGR) – was 
determined with formula: SGR = (lnWf-
lnWi)*100/T [%/day] were; Wf, Wi – 
final and initial fish weight [g]; T – rearing 
period [days]. 
Food conversion rate – (FCR) – was 
calculated with formula: FCR = F/ (Bf – Bi) 
[kg/kg] were; F – administrated fodder 
quantity [kg]; Bf, Bi – final and initial fish 
biomass [kg]. 

Statistical processing of data obtained 
was performed by using descriptive statistics 
and ANOVA single factor test in Microsoft 
Office Excel utility. 

RESULTS AND DISCUSSIONS 
The present research aimed to obtain 

optimal technological bio-indicators for 
rearing Nile tilapia (Oreochromis Niloticus 
L.), in a recirculating system, so as to create 
opportunities to introduce this species in 
Romanian aquaculture.  

Organization of researches was done in 
conjunction with the technology applied, 
monitoring in parallel the values of physical-
chemical parameters of the technological 
water and technological indices of culture 
biomass.  

The most important influence on growth 
parameters is carried by water chemistry. 
During the experiment were monitored the 
values of the most important water 
parameters namely temperature (T), pH (pH), 
dissolved oxygen (DO), nitrite (N-NO2), 
ammonia (NH3) and chloride (Cl-), whose 
average is shown in Table 2. 
T, during the experimental period, ranged 
between 21,9 and 29,4°C, with an average 
value (T ± SD) of 24,6± 3,5°C. Temperature 
values were located in a gap where tilapia 
can be raised with good parameters. Most 
authors consider the range for normal 
development between 20 and 35°C, with an 
optimal spacing between 25 and 30°C [8, 18, 
19, 20, 22]. Also this was observed from our 
experiments, the development over 25°C 
being much better and much faster. Popma 
and Masser (1999) believes that at a 
temperature of 30-32°C growth of tilapia is 3 
times better that at a temperature of 22°C, 
while they become stressed at temperatures 
lower than 18°C. 

 
Table 2 Average, minimum and maximum values of the main physico-chemical parameters of 
technological water 
 

Physico-
chemical 
parameter 

Measure 
unit Average ±SD* Minimum Maximum 

T °C 24.6 ± 3.5 21.9 29.4 
pH upH 7.32 ± 0.16 7.19 7.55 
DO mg/l 2.6 ± 1.5 1.14 4.18 
N-NO2 mg/l 0.065 ± 0.05 0.02 0.132 
NH3 mg/l 0.052 ± 0.05 0.0012 0.107 
Cl- mg/l 165.95 ± 15.85 143.61 178.72 

* SD – standard deviation; T – temperature; DO – dissolved oxigen 
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pH ranged in optimal spacing for fish 
rearing. Average 0.16 ± 7.32 was upH (7.19 
upH minimum, maximum upH 7.55), being 
similar to values observed by other authors 
[8, 18, 19, 20]. DO was monitored daily 
throughout the experiment recording values 
ranged from 1.14 mg/l and 4.18 mg/l with an 
average value of (DO ± SD) of 2.6 ± 1.5 
mg/l. This value lies below the optimum and 
the value reported by Ridha et. al. in 2006 of 
6.1 to 7.2 mg/l [22]. Several authors consider 
that tilapia can tolerate levels up to 0.3 mg/l, 
but despite this ability to survive acute low 
DO concentrations, tilapia systems should be 
managed to maintain DO above 2 mg/l 
because chronic exposure to low DO 
depresses metabolism, growth and disease 
resistance [19, 24]. N-NO2 showed an 
average value of 0.065 ± 0.05 mg/l 
(minimum of 0.02 mg/l, maximum of 0.132 
mg/l) in this study, slightly lower than 0.01 to 
0.46 mg/l reported by Ridha et. al. in 2006 
[22], but that is situated in the optimal range 
of exposure. At the same time we can say 
that the level of chlorides reduces the toxic 
effects of nitrites if present in a ratio of 1.5:1 
and up to 5:1 [9]. Cl- values recorded in this 
study ranged from 143.61 mg/l and 178.72 
mg/l with an average of 165.95 ± 15.85 mg/l, 
framed over the optimal level of chlorides in 
recirculating systems in the range 100-150 
mg/l [19]. NH3 showed an average value of 
0.052 ± 0.05 mg/l (minimum of 0.0012 mg/l, 
maximum 0.107 mg/l) situated over the range 
reported by Ridha (2006) of 0.011 to 0.029 
mg/l [22]. In another study, Popma and 

Masser (1999) reported values above those 
recorded in this study, 0.08 mg/l, and they 
consider that a long-term exposure to levels 
greater than 1 mg/l causes death especially 
up to early life stage of fish [19]. Also Evans 
et al. (2006) reported values higher than 
tilapia optimal limit, 0.277 mg/l, at a TAN of 
2.16 mg/l, pH 8.41 and a temperature of 
34.1°C [10].  

Bio-indicators obtained in this study are 
presented in Table 3. Analyzing these 
indicators obtained, stand 100% survival 
throughout the experimental period of 50 
days, achieving a real growth rate of 2.84 kg 
and a maximum density of 20 kg/m3. 
Individual growth rate obtained was 40 g/ex.. 
In terms of statistically significant 
differences were found (ANOVA - p <0.05) 
between the initial individual weight values 
recorded from the final individual weight. 

DGR - daily rate of growth - recorded in 
this study was 0.8 g/day comparable to that 
reported by Racoky (1989) for Nile tilapia 
reared from 5g to 50g, 0.75 g/day [21]. Most 
recent data reported higher values of this 
parameter, from 1.28 to 2.6 g/day [22], from 
0.98 to 1.36 g/day [4] and even from 1.89 to 
3.53 g/day in a study by Muangkeow et al. 
from 2007 reared in a density of 0.4 to 1 
ex./m2 [16]. Also Muir et al. (2000) obtained 
after 240 days of rearing tilapia from 5 to 
350g a rate of 1.44 g/day [17]. On the other 
hand Peterman (2011) in his dissertation 
presents a daily growth rate, obtained in a 
recirculating system, of 0.2 ± 0.02 g/day [18] 
lower than that obtained in this study. 

 
Table 3 Bio-indicators obtained following tilapia rearing 
 

Parameters Values 
Population 
Individual weight - g -  8 
Initial biomass - g - 568 
Harvesting 
Final individual weight - g -  48 
Final biomass - g - 3.408 
Rearing parameters 
Days of rearing  50 
Survival - % - 100 
Real growth rate - kg - 2.840 
Individual growth rate - g/ex. -  40 
Total distributed feed - kg -  4.6 
Daily growth rate (DGR) - g/day - 0.8 
Specific growth rate (SGR) - %/day - 3.6 
Food conversion rate (FCR) - kg fodder/ kg fish - 1.62 
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Regarding SGR - specific growth rate - it had 
a value of 3.6%/day higher than data reported 
by Ridha (2006), between 0.80 and 
0.83%/day, and Azaza et al. (2008), between 
1.99 and 2.34%/day [4, 22]. Abdel-Tawwab 
et al. (2010) have obtained specific growth 
rate of 1.007; 1.143 and 1.107 at the 
administration of feed with different protein 
concentrations, respectively, 25, 35 and 45% 
[1]. Data from this study are consistent with 
data obtained by Rad et al. in 2006, which 
reported a specific growth rate of 3.46%/day 
by continuous exposure to light [20]. Several 
authors support that photoperiodic 
manipulations have been found to influence 
metabolic rate and growth of Nile tilapia 
through energy conservation and stimulated 
food intake [5, 6, 7, 9]. 

FCR - feed conversion ratio - showed a 
value of 1.62 kg fodder/kg fish that is close 
to most of the data from the literature 
studied. Ridha (2006) reported values 
between 1.27 and 1.68 kg fodder/kg fish, 
Peterman (2011) obtained in the recirculating 
system values between 1.4 and 1.6 kg 
fodder/kg fish, Rad et al. (2006) obtained a 
value of 1.77 kg fodder/kg fish reared in 
continuous light [18, 20, 22]. Higher values 
than those presented in this study reported 
Azaza et al. (2008), between 1.67 and 2.57 
kg fodder/kg fish, and Abdel-Tawwab et al. 
(2010) that following administration of 
protein feed with 25, 35 and 45% have 
obtained values of 2,22; 1,92 and 1,98 kg 
fodder/kg fish [1, 4]. 

The data published by several authors 
show that the FCR increases with increasing 
of tilapia individual weight [2, 3, 15, 23]. 
 
CONCLUSIONS 

Tilapia presented a good growth while 
the water temperature fluctuated and at 
certain times was not within the optimal 
limits for development. 

Fish survival was 100% what confirms 
that tilapia lives in water less than optimal for 
fish growth, affecting only growth 
parameters. 

Tilapia are highly suited for production in 
recirculating aquaculture systems, showing 
high tolerance to crowding, ready acceptance 
of a wide range of foods, good feed 
conversion efficiency and rapid growth rate. 
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