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ABSTRACT - The objective of this study was to assess the possibility of increasing the stocking density in the larviculture 
of Nile tilapia, Oreochromis niloticus, in saline water. Six-day post-hatched larvae (average weight of 0.09±0.002 g), at the 
start of the exogenous feeding, were stocked in twelve 8 L tanks at densities of 1, 10, 20 and 30 larvae/L. The larvae were fed 
a diet consisting of 40% crude protein five times per day. During larviculture, water was kept at a salinity of 2 g of common
salt/L. At the end of the 28-day experiment, the survival rate, length, weight, temperature, water salinity and conductivity were 
not affected by the different treatments. The dissolved oxygen and pH, however, decreased as density increased, whereas total 
ammonia concentration, turbidity and biomass showed a direct relationship with the increase of stocking density. Consequently, 
the present study shows for the first time that the larviculture of Nile tilapia is possible with up to 30 larvae/L in water with 
2 g of salt/L. 
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Introduction

Stocking density is one of the factors that could 
potentially affect fish survival (Houde, 1977) and production
performance (Hecht & Uys, 1997; Irwin et al., 1999; 
Luz & Zaniboni Filho, 2002), so it must be considered 
when determining the economic profitability of production
systems (Carvalho et al., 1997; Baskerville-Bridges & 
Kling, 2000; Gomes et al., 2000). Furthermore, the use of the 
appropriate density is a commercially beneficial operation,
focusing on maximizing the utilization of the rearing system, 
water and financial resources (Fairchild & Howell, 2001).  

Nile tilapia, Oreochromis niloticus, is one of the most 
cultivated species in the world. This is due to their rusticity, 
fast growth, high-quality flesh and wide acceptance in the
consumer market. Moreover, its larviculture is simplified
by the use of formulated diets from the start of exogenous 
feeding (Hayashi et al., 2002; Meurer et al., 2005).  However, 
experiments on nutrition or sexual inversion for intensive 
larviculture systems has been done at low stocking densities 
(Mainardes-Pinto et al., 2000; Meurer et al., 2005), and 
when the effect of density is assessed, the literature shows 
conflicting results, but in general, relatively low densities,
from 1 to 10 larvae/L, are recommended (Sanchez & 
Hayashi, 1999; El-Sayed, 2002; Tachibana et al., 2008). 
These densities are not appropriate for intensive rearing in 
a laboratory, where there are usually space limitations.

Apart from stocking density consideration, the use of 
low salinities is also beneficial in rearing larvae (Luz &
Santos, 2008; Santos & Luz, 2009) and juvenile freshwater 
fish, a fact which can be explained by the decrease of
the ionic difference between the animal and the external 
environment (Boeuf & Payan, 2001). Furthermore, in salinity 
environments, the toxicity of nitrogenous compounds is 
reduced (Sampaio et al., 2002).  

Thus, the objective of this study was to evaluate the 
possibility of intensifying Nile tilapia larviculture by 
increasing stocking density in saline water.  

Material and Methods 

The experiment was conducted at the Aquaculture 
Laboratory (LAQUA) of the Department of Animal Science, 
School of Veterinary Medicine, Universidade Federal de 
Minas Gerais-UFMG, Brazil. 

Six-day post-hatched larvae (0.09±0.002 g weight and 
8.2±0.3 mm length) were counted and transferred to twelve 
8 L tanks in a static system with supplementary aeration 
and mounted in a thermostatic bath. Densities of 1, 10, 20 
and 30 larvae/L were tested, in a completely randomised 
design with three replications per treatment.

Larvae were fed five times a day, every two hours from
8h00, with a commercial diet containing 40% crude protein 
at a daily rate equivalent to 30% of the biomass of the tank. 
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During the larviculture, the water was kept at a salinity 
of 2 g of salt/L, using non-iodised common salt (NaCl). 
The tanks were cleaned twice a day, before the second 
and the last feedings. In each cleaning, 80% of the water 
volume of the tanks was replaced with water of the same 
salinity and temperature prepared daily and measured with 
a Multiparameter probe (YSI MOD6920V2). 

The physical and chemical parameters of the water, 
such as temperature, pH, salinity, conductivity, dissolved 
oxygen and turbidity, were monitored weekly using a 
Multiparameter probe (YSI MOD6920V2). The analysis 
of total ammonia nitrogen was performed once a week, 
in the morning before tank cleaning, according to the 
methodology (APHA, 2005).

At the end of the 28th day of the experiment, the 
biometrics of the fingerlings (weight and total length)
were obtained, and survival was determined by counting 
the individuals. In order to record weight and length, the 
fingerlings were anaesthetised with eugenol (50 mg/L),
measured with an electronic caliper (Starrett) and weighed 
on an analytical precision scale.

Data were analysed for normality using the Lilliefors 
test and for homoscedasticity using the Cochran test. Once 
appropriate for parametric analysis, the data were subjected 
to linear regression analysis. 

Results

The average values   of water temperature, salinity and 
conductivity were similar for the various densities (P>0.05) 
(Table 1). The average values   of dissolved oxygen and 

pH were inversely proportional to the density, while the 
turbidity and total ammonia showed a direct relationship 
to the increase of density. The concentration of total 
ammonia, however, did not affect the final average weight
of the fingerlings, which were similar among the different
treatments (P<0.05) (Figure 1).

Likewise, the densities being tested did not affect 
the survival and final length of the fingerlings (P>0.05)
(Table 2). As a result, the increase in biomass produced 
by the treatment was directly proportional to the stocking 
density. 

Table 1 - Water quality during larviculture of Nile tilapia at different stocking densities

Item
Density (larvae/L)

CV (%)
P value1

1 10 20 30 Linear Quadratic Cubic

Temperature (oC) 28.55 28.66 28.59 28.80 0.53 0.115 0.711 0.321
Conductivity (mS/cm) 4.12 4.09 4.08 4.14 0.98 0.491 0.106 0.563
Salinity (g of salt/L) 2.02 2.00 2.00 2.02 1.07 0.888 0.121 0.740
Dissolved oxygen (mg/L)2 8.35 8.07 7.73 7.11 4.34 0.002 0.515 0.829
pH3 8.16 8.06 7.91 7.81 1.16 0.001 0.876 0.702
Turbidity (NTU)4 2.31 6.75 9.53 10.63  22.5 0.000 0.103 0.906
CV - coefficint of variation.
1 Linear, quadratic and cubic order effects in relation to the increase of larvae/L
2 Ŷ = 8.45 – 0.041 × X(r2 = 0.95).
3 Ŷ = 8.18 – 0.012 × X(r2 = 0.98).
4 Ŷ = 2.98 + 0.28 × X(r2 = 0.88).
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The equation y = 0.22 + 0.036x (adjusted R2 = 99.45%) represents the results of the 
total ammonia concentration at the different stocking densities.
D1 - 1 larvae/L; D10 - 10 larvae/L; D20 - 20 larvae/L; D30 - 30 larvae/L.

Figure 1 - Average weight (P>0.05) of the Nile tilapia and total 
ammonia nitrogen concentrations (P>0.05) at stocking 
densities.

Table 2 - Survival, final length and biomass of Nile tilapia at the end of 28 days of larviculture at different stocking densities

Item
Density (larvae/L)

CV (%)
P value1

1 10 20 30 Linear Quadratic Cubic

Survival (%) 87.50 69.23 70.10 76.53 16.97 0.417 0.146 0.678
Length (mm) 23.20 21.51 20.98 19.27 12.32 0.112 0.945 0.747
Biomass (g)2 13.38 96.10 157.84 288.38 43.03 0.000 0.649 0.585
1 Linear, quadratic and cubic order effects in relation to the increase of larvae/L.
2 Ŷ = –3.632 + 9.15 × X(r2 = 0.97).
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Discussion

Stocking density is one of the most significant factors
in the production systems for aquatic organisms. The use 
of adequate densities, considering the number of animals 
and/or the biomass in the tank, can increase production and 
consequently the profitability of the activity. In the present
study, the increase in stocking density from 1 to 30 larvae/L 
was beneficial to optimise the structure and productivity of
Nile tilapia larviculture. 

Stocking density is directly related to growth, survival 
(Sanches & Hayashi, 1999; Gall & Bakar, 1999; El-Sayed, 
2002; Ridha, 2006), homogeneity of the produced batch 
(Huang & Chiu, 1997; Gall & Bakar, 1999), welfare 
(Barcellos et al., 1999) and reproductive performance 
(Ridha & Cruz, 1999) of the Nile tilapia, proving to be a 
factor that must be carefully assessed.

Contrary to the present study, El-Sayed (2002) tested 
densities between 3 and 20 tilapia larvae/L, feeding 
the animals three times per day with a diet containing 
40% crude protein, for 40 days, found that the average 
weight and survival values    were negatively correlated 
to the density increase, and 5 larvae/L was the density 
recommended. Tachibana et al. (2008) tested densities 
between 1 and 7 tilapia larvae/L, fed five times per day
with a diet containing 48% crude protein for 30 days, and 
also observed reduction in growth with density increase. In 
another study, in which densities between 2 and 10 larvae/L 
were used in a green water system and with food containing 
43% crude protein, given six times per day for 28 days, 
Sanchez & Hayashi (1999) also reported growth reduction 
with storage density increase, and the recommended 
density was 2 larvae/L.  However, in the studies of Sanches 
& Hayashi (1999) and Tachibana et al. (2008), survival was 
similar for the different densities tested, and the biomass 
produced was directly related to the stocking density, 
which are data similar to the present study. Despite the 
differences discussed in the growth and survival during the 
larviculture of tilapia kept at different stocking densities, it 
is evident that higher densities produce more biomass per 
volume. This fact was also observed for the larviculture 
of other freshwater species such as pacamã Lophiosilurus 
alexandri (Luz & Santos, 2008) and Hoplias lacerdae 
(Luz & Portella, 2005), where densities of up to 60 and 
90 larvae/L, respectively, were used, and performance and 
survival were not affected. Considering that these species 
are carnivorous, and that their larviculture, compared 
with tilapia, presents more difficulties due to the need to
use live food and to the occurrence of cannibalism, other 
studies aiming at increasing stocking density of Nile tilapia 

larviculture are recommend, along with better handling 
techniques.

Another important point is that Nile tilapia larviculture 
is usually done in freshwater, while for this study, saline 
water with 2 g of salt/L was used. The use of low levels of 
salinity in freshwater fish larviculture has been considered
an interesting treatment for various species, such as H. 
lacerdae (Luz & Portella, 2002), Pimelodus maculatus 
(Weigartner Zaniboni Filho, 2004), Pseudoplatystoma 
corruscans (Beux & Zaniboni Filho, 2007; Santos & 
Luz, 2009), L.  alexandri (Luz & Santos, 2008; Santos & 
Luz, 2009), Prochilodus costatus (Santos & Luz, 2009), 
Rhinelepis aspera (Luz & Santos, 2010) and Piaractus 
mesopotamicus (Jomori et al., 2012), showing survival and 
performance results similar and/or higher than the ones 
observed in freshwater. Water salinity media can improve 
the osmotic balance between fish and their surroundings
(Boeuf & Payan, 2001; Garcia et al., 2007), stimulate 
feed intake (Luz et al., 2008) and prevent diseases and 
parasites (Altinok & Grizzle, 2001; Garcia et al., 2007). 
Furthermore, adequate levels of salinity can also reduce 
the toxic effect of nitrogen compounds, such as ammonia 
and nitrite (Weirich et al., 1993; Sampaio et al., 2002). 
Thus, the water salinity in the intensive larviculture of Nile 
tilapia may have contributed to improving the welfare of 
larvae and fingerlings and to decreasing the toxicity of the
nitrogenous compounds. 

Despite the fact that ammonia can directly affect fish
development (Di Giulio & Hinton, 2008), it has been shown 
to have a positive correlation to density increase during 
the larviculture of Nile tilapia. In the present study, the 
concentrations of total ammonia nitrogen (0.2 to 1.3 mg/L) 
did not affect the initial development of Nile tilapia. It is 
worth stressing that these were not constant concentrations, 
i.e., the values   represent the total ammonia nitrogen during 
the period between the water replacement at the end of the 
day and that of the next morning, when approximately 80% 
of the tank volume was renewed. In fact, fingerlings Nile
tilapia with an initial average weight of 20 g only showed 
a decrease in growth rate when they were exposed to 
ammonia concentrations between 2.5 and 5 mg/L (El-Shafai 
et al., 2004), which were levels higher than those recorded 
in this study. According to Eddy (2005), for freshwater fish,
the toxic concentration of ammonia may range from 0.068 
to 2.0 mg/L and it depends on the interaction with other 
parameters, such as salinity, temperature and pH. Similar 
results, with a direct relationship between ammonia and 
stocking density, were also observed in the larviculture of  
Atlantic cod, Gadus morhua (Baskerville-Bridges & Kling, 
2000), H. lacerdae (Luz & Portella, 2005), P. corruscans 
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(Campagnolo & Nuñer, 2006) and L. alexandri (Luz & 
Santos, 2008), suggesting the need for greater care, such 
as more frequent water exchange or the introduction of 
other systems for breeding such as water recirculation as 
production intensifies. 

As stocking density increased, the levels of dissolved 
oxygen and turbidity also changed. The reduction in 
dissolved oxygen levels, however, from 8.3 to 7.1 mg/L for 
the lowest and the highest density, respectively, remained 
adequate for the fish. According to Delaney & Klesius
(2004), a dissolved oxygen concentration below 4.9 mg/L is 
stressful for fingerlings Nile tilapia, increasing the levels
of glucose and cortisol in the blood serum. The increase 
in the turbidity due to the density increase and, hence, 
the amount of feed provided, was not harmful to the 
larvae and fingerlings. This high turbidity, however, made
daily cleaning more difficult due to the rearing system
used, namely a static one. In intensive larviculture with 
recirculating aquaculture system using mechanical and 
biological filters, the problems of increased turbidity and
ammonia concentrations could probably be minimised, and 
besides the control of salinity, further research is suggested 
in order to  enhance the larviculture of tilapia Nile. 

   Conclusions

It is possible to increase the stocking density of Nile 
tilapia larviculture from 1 to 30 larvae/L if they are kept 
in saline water with 2 g of salt/L, since it has no effect on 
the performance and survival percentage during the first 28
days of exogenous feeding. Increasing the stocking density 
of Nile tilapia larviculture reduces water quality, especially 
total ammonia, dissolved oxygen and turbidity levels.
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