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ABSTRACT – Larvae from two Nile tilapia (Oreochromis niloticus) lineages were subjected to different 

storage densities. An experiment was conducted arranged in a 4 x 2 factorial scheme, four storage densities 

(6.25, 12.50, 18.75 and 25.00 larvae L-1) and two lineages (GIFT and Thai). Larvae from the lineage GIFT and 

Thai (4,000) were distributed in 32 aquariums with 8 liters of water each, in a randomized order with four 

replications. The larvae were maintained in the aquariums with constant aeration and natural photoperiod for 36 

days. Limnological variables were within the proper range to the specie.  Data were subjected to ANOVA, and 

the Tukey test was used for the density effects. Regarding the biological variables, there was no interaction 

between lineage and density. The GIFT lineage presented better performance on total length and biomass at the 

36th day. Regarding the densities of each lineage, the greater length, weight and weight gain results were found 

with a density of 6.25 larvae L-1, however, an increase in biomass and a space use optimization occurs using 25 

larvae L-1. Therefore, the lineage GIFT at density of 25.00 larvae L-1 is indicated for larval culture. 

 

Keywords: GIFT. Oreochromis niloticus. Lineage selection. Thai. 

 

 

LINHAGENS DE TILÁPIAS DO NILO SUBMETIDAS À DIFERENTES DENSIDADES DE 

ESTOCAGEM NA LARVICULTURA 

 

 

RESUMO – Larvas de duas linhagens de tilápias do Nilo (Oreochromis niloticus) foram submetidas a 

diferentes densidades de estocagem. O ensaio foi conduzindo em um fatorial 2 x 4, sendo quatro densidades de 

estocagem (6,25; 12,50; 18,75 e 25,00 ind. L-1), e duas linhagens (GIFT e Tailandesa). Larvas irmãs das 

linhagens Tailandesa e GIFT (4.000 ind.), foram distribuídas em 32 aquários com 8 L de água cada, de modo 

casualizado com quatro repetições cada. Por um período de 36 dias, as larvas foram mantidas em aquários 

providos de aeração constante e fotoperíodo natural. As variáveis limnológicas estiveram dentro da faixa 

adequada à espécie. Os dados foram interpretados por meio de ANOVA e para os efeitos densidade, utilizou-se 

Teste de Tukey. Quanto às variáveis biológicas, não houve interação entre linhagem e densidade. A linhagem 

GIFT apresentou melhor desempenho em comprimento total e biomassa para o 36o dia. Dentre as densidades 

para cada linhagem os melhores resultados de comprimentos, peso e ganho de peso, foram para a 

densidade 6,25 ind. L-1, mas ao se utilizar 25 ind. L-1 ocorre aumento na biomassa e otimização do espaço 

utilizado. Portanto, indica-se as linhagens GIFT na densidade de 25,00 ind. L-1. 

 

Palavras-chave: GIFT. Oreochromis niloticus. Seleção de linhagens. Tailandesa. 
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INTRODUCTION 
 

Commercial lineages of Nile tilapia in Brazil 

have different origins. The Chitralada lineage, 

known as Thai, was developed in Japan, improved in 

Thailand and introduced in Brazil in 1996 

(ZIMMERMANN, 1999). The GIFT (Genetically 

Improved Farmed Tilapia) lineage, produced in the 

Philippines, was introduced in Brazil in 2005 

(FÜLBER et al., 2009). The Thai lineage has been 

the most cultivated and has been well accepted by 

Brazilian producers (TENÓRIO et al., 2012) because 

its high genetic potential (LUPCHINSKI JÚNIOR et 

al., 2008) and productive performance (BOSCOLO 

et al., 2001). The GIFT lineage has a higher yield 

potential compared to the Thai and Bouaké lineage 

(FÜLBER et al., 2010), indicating that the 

performance potential of the different lineages of 

tilapia is related to genetic factors (FÜLBER et al., 

2010). However, regional researches evaluating their 

performance at different conditions of cultivation are 

needed, since some studies have shown the 

interaction between lineage and environment 

(EKNATH et al., 2007). 

Although some lineages present better 

performance, the acquisition of these lineages by a 

producer does not ensure him a good yield, which 

can be influenced by the conditions of cultivation, 

such as the storage density (FÜLBER et al., 2010). 

The tilapia genetic variability may be high, requiring 

a proper reproductive management to avoid the 

negative consequences of inbreeding, i.e., a drop in 

the expected yield (MOREIRA et al., 2007). 

Another essential factor for a successful fish 

farming is to establish the proper storage density, 

combining the maximum utilization of the space 

occupied by the fish, and optimizing production 

costs regarding the invested capital (MAINARDES 

PINTO et al., 2011; AYROZA et al., 2011). The 

increase in storage density reduces the growth of 

Nile tilapia, but improves the homogeneity of the 

larvae without affecting survival, sex reversal 

efficiency and the Fulton condition factor 

(TACHIBANA et al., 2008; 2009). Sanches and 

Hayashi (1999) reported that high densities can be 

used, resulting in smaller fry, but increasing the total 

biomass. However, the management should be 

proper for each condition (TACHIBANA et al., 

2009), and the use of a recirculation system may be a 

form to support the growth of animals 

(TACHIBANA et al., 2008). 

There is a demand for lineages with high 

production performance, therefore, the objective of 

this work was to evaluate the performance of two 

Nile tilapia (Oreochromis niloticus) lineages, GIFT 

and Thai, at different storage densities, during the 

larval culture. 

 

MATERIAL AND METHODS 
 

The experiment was conducted in the 

Aquaculture and Aquatic Ecology Laboratory of the 

UFVJM, Diamantina, MG, Brazil, in 2013, during 36 

days, with tilapias from the EPAMIG of Leopoldina, 

MG. 

The larvae (4,000) from the Thai and GIFT 

lineages had mean weight of 14.0±1.0 and 13.0±2.6 

mg and total length of 10,96±0.42 and 10.54±0.28 

mm, respectively, which were counted individually 

and transferred to 32 aquariums of 10 L, with 8 L of 

water each, with constant aeration and natural 

photoperiod, in a recirculation system. 

The larvae from the two lineages were 

subjected to four storage densities (6.25, 12.50, 

18.75 and 25.00 larvae L-1 with 50, 100, 150 and 200 

larvae per aquarium, respectively), distributed in a 

completely randomized design in a 2x4 factorial 

scheme (2 lineages x 4 densities), with four 

replications. 

Feeding was performed with a powdered 

commercial feed containing 10% (max.) of moisture, 

50% (min.) of crude protein, 4% (min.) of ethereal 

extract, 6% (max.) of fibrous matter, 18% (max.) of 

mineral matter, 5% (max.) of calcium and 0.15% 

(min.) of phosphorus, according to manufacturer's 

specifications. A reversion to male fish were 

performed, in order to simulate the commercial 

process of tilapia production, by adding 60 mg of 17 

α- methyltestosterone kg-1 in the given diet at a rate 

of 15% of the biomass, four times a day (8:00, 11:00, 

14:00 and 17:00h). Three animals from each 

replicate were randomly collected in the 12th and 24th 

day, euthanized with eugenol (0.4 mg L-1 for 10 

minutes) according to the guidelines of the 

CONCEA (2013), to evaluate the weight (g) with an 

analytical scale (precision of 0.0001 g) and the 

standard and total lengths with a digital caliper rule 

(precision of 0.01 mm), obtaining then, the data that 

was used to calculate the weight gain and to adjust 

the amount of feed. 

The excess of slurry was removed every two 

days, replacing the water removed (approximately 

10% of the aquarium water volume). 

The following physical and chemical 

parameters of water were evaluated before the 

aquarium cleaning at the 1st, 6th, 12th, 18th, 24th and 

36th day: temperature (°C), dissolved oxygen (mg L-

1), conductivity (μS cm-1), pH, turbidity (NTU) and 

reduction-oxidation potential (mV), using a 

Professional Plus probe. The nitrite, nitrate, 

ammonia and orthophosphate (mg L-1) were 

evaluated in the laboratory, following the methods of 

the "Standard Methods for the Examination of Water 

and Wastewater" (APHA, 1995). 

The number of larvae of each sample unit was 

counted by the end of the cultivation cycle and the 

survival was evaluated. The biomass was evaluated 

by weighing all individuals of each aquarium. Then, 

20 larvae per replicate were euthanized with a 

eugenol solution as described above and fixed with a 
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10% formaldehyde solution for subsequent 

biometrics (standard and total weight and length), 

which were evaluated with a Bel Mark M254-AI 

analytical scale (precision of 0.0001 g) and a EDA 

digital caliper (accuracy of 0.01 mm) respectively.  

The subsequently evaluations were the Fulton 

condition factor (K) = weight times 100 standard 

length-3; weight gain (g) = final mean weight (g) - 

initial mean weight (g); and biomass gain (g) = final 

biomass (g) - initial biomass (g). 

The larvae means were subjected to a 

factorial arrangement (2 lineages x 4 densities) 

completely randomized and Tukey test (P<0.05) for 

comparison between lineages and densities. Survival 

values were transformed into arcsine for statistical 

analysis, however the values in the tables were 

presented in percentages. The means and standard 

deviations of water quality data were calculated for 

characterization of the culture environment. 

Calculations were performed using the SAS 9.1 

statistical software. 

 

 

RESULTS AND DISCUSSION 
 

The mean values of limnological variables for 

the evaluated days were: water temperature 

(27.59±1.88 °C), dissolved oxygen               

(7.68±0.74 mg L-1), pH (6.70±0.14), total ammonia 

(1.71±1.80 ppm), toxic ammonia                 

(0.0090±0.0095 ppm), nitrite (0.01±0.04 mg L-1), 

nitrate (5.48±0.92 mg L-1), orthophosphate 

(1.53±1.03 mg L-1), turbidity (144.60±0.109 NTU) 

and conductivity (252.96±110.52 μS cm-1). 

The water quality parameters in the 

experimental period were maintained in proper 

conditions for the tilapia development according to 

Kubitza (2011), who established values for 

recirculation systems (temperature 27 to 30 °C, pH 

6.0 to 8.5, dissolved oxygen above 4 mg L-1 and 

toxic ammonia below 0.2 mg L-1). The nitrite 

concentration mean was similar to that verified by 

Mercant et al. (2007) (0.01 mg L-1), while the nitrate 

concentration mean was higher than that verified by 

them (0.13 mg), however within the values 

established by the resolution CONAMA 396/2008. 

The use of powdered feed increases the 

amount of organic matter in the medium and when 

leached increases phosphorus levels (LOGATO, 

2000). Excessive levels of phosphorus hinder the 

system, since it is a major contributor to 

eutrophication (HENRY-SILVA, CAMARGO, 

2006). The orthophosphate levels verified under 

laboratory conditions in the experiment had no 

influence on larvae development. However, the 

powdered feed influenced the water turbidity and 

conductivity, with values above those considered 

suitable for larvae cultivation by Mercante et al. 

(2007). These authors stated that inorganic residues, 

organic matter from feeding and plankton cause an 

increased in turbidity and conductivity. 

There was no interaction between lineage and 

density for the biological variables. There was no 

difference (P>0.05) between lineages in the 12th and 

24th days for the verified parameters, while in the 

36th day there were differences (P<0.05) for biomass 

and total length, which were greater for the GIFT 

lineage (Table 1). 

There was a difference in performance 

between lineages for the biological variables, with 

the GIFT lineage presenting better results (P<0.05) 

in total length and biomass on the 36th day, and 

similar values (P>0.05) for the other parameters. The 

GIFT lineage presented a total length greater than 

the Thai when subjected to diets with different levels 

of crude protein, however, the total length for GIFT 

and Thai was similar with densities of 30, 40 and 50 

larvae m-3, results that were similar to those found by 

Fülber et al. (2010) and Fülber et al. (2009). The 

greater biomass found in the GIFT lineage is an 

important advantage, since according to Tachibana et 

al. (2008), it may provide higher profits. 

There was no statistical difference by 12th day 

for all evaluated parameters regarding the larvae 

density of the GIFT and Thai lineages (Table 2). 

Table 1. Mean values and standard deviations of performance of larvae from two lineages of tilapia at the 12 th, 24th and 36th 

day of experiment: weight, weight gain (WG), standard length (SL), the total length (TL), Fulton condition factor (K), 

biomass (Bio) and survival (Su). 

Tilapia lineage factor means followed by different letters in the same row, for each day, differ statistically by the Tukey test 

(P<0.05). The sign - in table indicates that the biomass and survival were verified in 12th and 24th days for the two lineages. 

Parameters 12th day 24th day 36th day 

 Thai GIFT Thai GIFT Thai GIFT 

Weight (mg) 24.1± 

6.3a 

22.1± 

4.3a 

78.3± 

27.8a 

71.0± 

27.0a 

263.1± 

76.5a 

283.0± 

89.3a 

WG (mg) 11.1± 

6.3a 

8.1± 

4.3a 

65.4± 

27.8a 

57.0± 

27.0a 

250.1± 

76.4a 

269.0± 

89.3a 

SL (mm) 9.84± 

0.61a 

9.75± 

0.54a 

13.73± 

1.43a 

13.14± 

1.30a 

20.18± 

2.03a 

20.85± 

1.81a 

 1 
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Tilapia lineage factor means followed by different letters in the same row, for each day, differ statistically by the Tukey test 

(P<0.05). The sign - in table indicates that the biomass and survival were verified in 12th and 24th days for the two lineages. 

Table 1. Continuation. 

Table 2. Mean values and standard deviations of performance of larvae from two lineages of tilapia submitted to different 

storage densities on the 12th day of experiment: weight, weight gain (WG), standard length (SL), total length (TL) and 

Fulton condition factor (K). 

Parameters Lineage Densities (larvae L-1) 

6.25 12.50 18.75 25.00 

Weight (mg) Thai 29.8±10.7 27.0±6.8 20.0±1.2 19.5±2.8 

GIFT 26.0±5.8 20.5±1.9 21.8±4.1 20.3±3.8 

WG (mg) Thai 16.8±10.7 14.0±6.8 7.0±1.2 6.5±2.8 

GIFT 12.0±5.8 6.5±1.9 7.8±4.1 6.3±3.8 

SL (mm) Thai 10.36±1.09 9.97±0.61 9.70±0.22 9.34±0.27 

GIFT 9.91±0.75 9.67±0.20 10.03±0.71 9.38±0.26 

TL (mm) Thai 12.48±1.25 12.46±0.98 11.44±0.20 11.43±0.43 

GIFT 12.43±0.85 11.70±0.20 11.94±0.87 11.79±0.40 

K  Thai 2.57±0.35 2.66±0.32 2.19±0.15 2.38±0.14 

 GIFT 2.59±0.15 2.27±0.19 2.12±0.09 2.42±0.30 

 1 
Density factor means followed by different letters in the same row differ statistically by the Tukey test (P<0.05). 

In the 24th day, the standard and total length, 

weight and weight gain of Nile tilapia larvae from 

the GIFT lineage subjected to a density of 6.25 

larvae L-1 were greater (P<0.05) than those found for 

the densities of 12.5, 18.7 and 25.0 larvae L-1, which 

were similar to each other (P>0.05). The total and 

standard length, weight and weight gain of larvae 

from the Thai lineage at density of 6.25 larvae L-1 

were greater than those found in the density of 25.0 

larvae L-1 (P<0.05). The values found for total and 

standard length, weight and weight gain for the Thai 

lineage at densities of 12.5 and 18.7 larvae L-1 were 

similar, not differing from values found for the 

densities of 6, 25 and 25.0 larvae L-1 (P>0.05). 

Regarding the Fulton condition factor, larvae from 

GIFT and Thai lineages presented no significant 

differences related to the densities (P>0.05)                

(Table 3). 

In the 36th day, the total and standard length, 

weight and weight gain of larvae from the GIFT and 

Thai lineages subjected to a density of 6.25 larvae L-

1 were greater (P<0.05) than those found for the 

density of 25.0 larvae L-1. The biomass of both 

lineages at density of 25,00 larvae L-1 was greater 

compared to those found in the density of 6.25 larvae 

L-1 (P<0.05). Regarding the survival and Fulton 

condition factor, there was no difference between 

treatments of both lineages (P>0.05) (Table 4). 

Parameters 12th day 24th day 36th day 

 Thai GIFT Thai GIFT Thai GIFT 

TL (mm) 11.95± 

0.77a 

11.97± 

0.63a 

16.72± 

1.86a 

16.04± 

1.67a 

24.21± 

2.34b 

25.38± 

2.40a 

K  2.45± 

0.29a 

2.35± 

0.25a 

2.87± 

0.22a 

2.86± 

0.28a 

3.09± 

0.14a 

2.9 7± 

0.16a 

Bio (g) - - - - 2.64± 

0.44b 

2.96± 

0.62a 

Su (%) - - - - 83.69± 

6.05a 

83.00± 

10.63a 

 1 
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Table 3. Mean values and standard deviation of performance of larvae from two lineages of tilapia submitted to different 

storage densities on the 24th day of experiment: weight, weight gain (WG), standard length (SL), total length (TL) and 

Fulton condition factor (K). 

Parameters Lineage Densities (larvae L-1) 

6.25 12.50 18.75 25.00 

Weight (mg) Thai 111.4±15.8a  83.7±22.3ab 70.8±21.5ab 47.6±4.7b 

GIFT 118.7±4.6a 55.7±16.3b 53.9±5.7b 55.6±15.0b 

WG (mg) Thai 98.4±15.8a 70.7±22.3ab 57.8±21.5ab 34.6±4.7b 

GIFT 104.7±46.0a 41.7±16.3b 39.9±5.7b 41.3±15.0b 

SL (mm) Thai 15.63±1.08a 13.80±0.98ab 13.32±1.09ab 12.18±0.26b 

GIFT 15.35±1.75a 12.22±1.01b 12.50±0.38b 12.48±1.24b 

TL (mm) Thai 19.22±1.56a 16.92±1.07ab 16.16±1.57ab 14.59±0.44b 

GIFT 19.02±1.99a 14.77±1.38b 15.17±0.46b 15.19±1.50b 

K  Thai 2.92±0.26a 3.10±0.23ª 2.86±0.14a 2.62±0.22a 

 GIFT 3.07±0.12a 2.87±0.34ª 2.76±0.29a 2.75±0.28a 

 1 
Density means followed by different letters in the same row differ statistically by the Tukey test (P<0.05).  

Table 4. Mean values and standard deviation of performance of larvae from two lineages of tilapia submitted to different 

storage densities on the 36th day of experiment: weight, weight gain (WG), standard length (SL), total length (TL), Fulton 

condition factor (K), biomass (Bio) and survival (Su). 

Parameters Lineage Densities (larvae L-1) 

6.25 12.50 18.75 25.00 

Weight (mg) Thai 403.0±20.9a 275.8±17.3b 193.4±11.5b 180.2±17.4b 

GIFT 443.0±84.9a 278.1±42.3b 226.9±23.0b 184.2±15.9b 

WG (mg) Thai 390.0±20.9a 262.8±17.3b 180.4±11.5b 167.2±17.4b 

GIFT 428.9±84.9a 264.1±42.3b 212.9±23.0b 170.2±15.9b 

SL (mm) Thai 23.68±0.31a 20.69± 0.38b 18.30±0.28c 18.04±0.43c 

GIFT 24.11±1.64a 20.59±1.12b 20.12±0.29b 18.60±0.67b 

TL (mm) Thai 28.27±0.47a 24.83±0.35b 22.13±0.46c 21.62±0.52c 

GIFT 29.38±1.76a 25.50±1.43b 24.22±0.28bc 22.43±0.76c 

K  Thai 3.03±0.05a 3.12±0.29ª 3.15±0.13a 3.05±0.08a 

 GIFT 3.11±0.07a 3.15±0.09ª 2.77±0.19a 2.85±0.07a 

Bio (g) Thai 1.94 ±0.10b 1.94±0.17ab 2.62 0.17ab 3.32±0.35a 

 GIFT 2.15±0.42c 2.64±0.42bc 3.38±0.35ab 3.66±0.32a 

Su (%) Thai 81.00±4.00a 79.25±13.63a 86.00±4.00a 88.50±1.50a 

 GIFT 74.50±12.50a 86.50±5.50ª 91.00±3.00a 80.00±15.00a 

 1 Density means followed by different letters in the same row differ statistically by the Tukey test (P<0.05). 

The standard length values were similar for 

both lineages, differing from Fülber et al. (2010), 

who found greater length values for the GIFT. 

There was no difference in weight gain 

between the GIFT and Thai lineages. Similar result 

was found by Fülber et al. (2009), evaluating three 

lineages of tilapia in tanks at densities of 12, 20 and 

28 larvae m-3 in the second phase of their 

experiment. The same authors found greater weight 

gain for the GIFT lineage at density of 40 larvae m-3 

in the first phase of their experiment (31-58 days). 

However, compared to the Red lineage, the Thai had 

greater weight gain (MAINARDES-PINTO et al., 

2011). 

Overall, the Thai lineage has yield 

performance lower or equal to the GIFT lineage. 

Massago et al. (2010), evaluating four tilapia 

lineages (Bouaké, Thai, Supreme and GIFT), 

observed a better performance of the Supreme and 

GIFT lineages. These authors found no difference 

between the GIFT and Thai lineages in survival 

during the experiment and as well as for the weights 

and lengths at the 56th and 84th days. However, by 

the end of the experiment (112 days), the GIFT 

lineage had greater weight gain compared to the 

Thai. Boscolo et al. (2001), in the first phase of their 

experiment, found greater weight gain, feed 

conversion and survival for the Thai lineage 

compared to the common tilapia, and similar values 

regarding the Fulton condition factor. 

The Fulton condition factor was similar 

between lineages (P>0.05), with values reaching 1.0, 

denoting the proper conditions of the animals 

(MAINARDES-PINTO et al, 2011). Boscolo et al. 

(2001), also found similar values of Fulton condition 

factor comparing Thai and common tilapia. On the 

other hand, Mainardes-Pinto et al. (2011) found 

greater values of Fulton condition factor for Thai 

tilapia compared to Red tilapia. 

Mainardes-Pinto et al. (2011), assessing the 

yield of Thai and Red tilapia, comparing the daily 

weight increase, final weight, Fulton condition factor 

and biomass, found better results for the Red lineage. 

However, the GIFT lineage has better yield potential 

and is considered superior compared to the Thai and 

Bouaké lineages (FÜLBER et al., 2010). Santos et 
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al. (2007) also found that the GIFT lineage is more 

precocious, first reaching the its maximum 

production potential compared to the Thai. 

Regarding the effect of density on the 24th 

and 36th day, the GIFT lineage presented greater 

weight, weight gain and total and standard length at 

the lower density (6.25 larvae L-1). Similar results 

were found by Fülber et al. (2009), in the second 

phase of their experiment with the same lineage. In 

the present work, the Thai lineage also presented a 

decrease in performance with increasing density. The 

lowest density presented greater weight, weight gain, 

standard length and total length (P>0.05) in the 24th 

and 36th day. Fülber et al. (2009) also found lower 

performance for the same parameters for this lineage 

in greater density. Ayroza et al. (2011) found that the 

daily weight gain of Nile tilapias reduces with 

increasing density. The decrease in yield in both 

lineages in the present work was attributed only to 

the increased density, since the water quality was 

maintained within the proper range of quality and 

homogeneous, due to the recirculation system. 

Tachibana et al. (2008), working with tilapia larvae 

under different storage densities maintained in a 

recirculation system, and water quality also within 

the proper range for the species, also reported 

decreased yield with increasing density, and not with 

decreasing water quality, corroborating the results 

found in this experiment. 

The biomass had increased values with the 

increase in density for the GIFT and Thai lineages, 

as well as found by Marengoni (2006) and Ayroza et 

al. (2011) evaluating the increase of storage density 

of Nile tilapias in tanks. 

There was no influence of the storage density 

on the survival of both lineages. Fülber et al. (2009) 

also observed no influence of density in the survival 

of Thai and GIFT lineages. Ayroza et al. (2011) 

evaluated Nile tilapia at different densities, which 

also had not differed in survival. Tachibana et al. 

(2008) and Tachibana et al. (2009) also found no 

significant changes in Fulton condition factor for 

Nile tilapia larvae at densities of 1, 3, 5 and 7 larvae 

L-1, similar to the results found for the GIFT and 

Thai lineages in the present work. 

 

 

CONCLUSION 
 

The GIFT lineage presented better 

performance regarding the total length and biomass 

compared to the Thai lineage. Therefore, the GIFT 

lineage is recommended, at a density of 6.25 larvae 

L-1, for better weight gain, or at 25.00 larvae L-1 for 

greater biomass after 36 days. However, for the later 

stages of the tilapias, additional experiments should 

be performed. 
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