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Abstract
Aim of study: The objective of this study was to evaluate the effect of different addition frequencies of the microalga 

Navicula sp. in a biofloc system on the growth performance of Penaeus vannamei post-larvae and the planktonic community.
Area of study: Laboratory of Sustainable Mariculture, Department of Fisheries and Aquaculture, Federal Rural University 

of Pernambuco, Brazil.
Material and Methods: Four treatments were tested in triplicate over 35 days: a control treatment (BFT - without Navicula 

sp.) and three treatments with Navicula sp. additions every 5, 10, and 15 days (BFT 5D, BFT 10D, and BFT 15D). The microalga 
was added at a density of 10 × 104 cells mL-¹, and P. vannamei post-larvae (PL10, ~5 mg) were stocked at 3,000 PL m-³.

Main Results: The frequency of Navicula sp. addition did not significantly affect water quality parameters, except for 
settleable solids. Shrimp performance improved in treatments with more frequent additions (BFT 5D and BFT 10D), which 
showed higher mean final weights (0.44 ± 0.02 g and 0.51 ± 0.01 g) and yields (1.22 ± 0.05 kg m-³ and 1.41 ± 0.02 kg m-³) 
compared to the control. Although the treatments did not significantly affect the composition of the planktonic community, 
temporal variations were observed, with Cyanophyta reaching up to 95.2% relative abundance. Within the Cyanophyta and 
protozooplankton groups, Aphanocapsa sp. and Paramecium sp. were the predominant taxa, respectively.

Research highlights: Adding Navicula sp. every 5 or 10 days enhances the growth performance of Penaeus vannamei in 
biofloc systems. Over time, the planktonic composition changed, with a dominance of Cyanophyta. Considering the costs 
associated with microalgae production, adding Navicula sp. every 10 days is recommended for shrimp nurseries in biofloc 
systems.
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La influencia de la frecuencia de adición de Navicula sp. en un sistema 
de biofloc sobre el crecimiento de postlarvas de Penaeus vannamei y la 

comunidad planctónica

Resumen
Objetivo del estudio: El objetivo de este estudio fue evaluar el efecto de diferentes frecuencias de adición de la microalga 

Navicula sp. en un sistema de bioflóculos sobre el rendimiento de crecimiento de las postlarvas de Penaeus vannamei y la 
comunidad planctónica.

Área de estudio: Laboratorio de Maricultura Sostenible, Departamento de Pesca y Acuicultura, Universidad Federal Rural 
de Pernambuco, Brasil.

Material y Métodos: Se evaluaron cuatro tratamientos por triplicado durante 35 días: un tratamiento control (BFT - sin 
Navicula sp.) y tres tratamientos con adiciones de Navicula sp. cada 5, 10 y 15 días (BFT 5D, BFT 10D y BFT 15D). La 
microalga se agregó a una densidad de 10 × 104 células mL-¹, y las postlarvas de Penaeus vannamei (PL10, ~5 mg) se cultivaron 
a una densidad de 3.000 PL m-³.

Resultados principales: La frecuencia de adición de Navicula sp. no afectó significativamente a los parámetros de calidad del 
agua, excepto los sólidos sedimentables. El desempeño del camarón mejoró en los tratamientos con adiciones más frecuentes 
(BFT 5D y BFT 10D), los cuales presentaron mayores pesos finales medios (0,44 ± 0,02 g y 0,51 ± 0,01 g) y rendimientos (1,22 
± 0,05 kg m-³ y 1,41 ± 0,02 kg m-³) en comparación con el control. Aunque los tratamientos no afectaron significativamente la 
composición de la comunidad planctónica, se observaron variaciones temporales, con una abundancia relativa de Cianofitas de 
hasta el 95,2%. Dentro de los grupos de Cianofitas y protozooplancton, Aphanocapsa sp. y Paramecium sp. fueron los taxones 
predominantes, respectivamente. 

Conclusiones: La adición de Navicula sp. cada 5 o 10 días mejora el rendimiento de crecimiento de Penaeus vannamei 
en sistemas de bioflóculos. Con el tiempo, la composición planctónica cambió, presentando un dominio de Cyanophyta. 
Considerando los costos asociados a la producción de microalgas, se recomienda la adición de Navicula sp. cada 10 días en 
criaderos de camarón en sistemas de bioflóculos. 

Palabras clave: Diatomeas; alimento vivo; microalgas; sostenibilidad

Introduction
Biofloc technology (BFT) is a culture system that enhances water quality management by assimilating toxic nitrogen 

compounds through the addition of organic carbon (Avnimelech, 2015; Samocha, 2019). The use of this system provides 
increased biosecurity due to greater environmental control, higher productivity, and reduced need for large areas for production 
(Avnimelech, 2015; Samocha et al., 2017).

The biofloc is composed of bacteria, protozoa, microalgae, nematodes, zooplankton, as well as food remains and feces of 
cultivated animals (Hargreaves, 2013; Samocha et al., 2017). According to Cardona et al. (2015), the bioflocs formed in the 
system can serve as a food supplement and contribute with approximately 37 to 40% of the food supply (food source) in shrimp 
culture. In addition, they stimulate the activities of digestive enzymes, which can improve the growth of shrimp (Anand et al., 
2013).

Previous studies indicate that shrimp growth in mixed biofloc systems, where autotrophic algae and heterotrophic bacteria 
coexist, is higher compared to systems dominated solely by bacteria (Marinho et al., 2014; Brito et al., 2016; Xu et al., 2016; 
Marinho et al., 2017; Abreu et al., 2019). Nutritionally, microalgae have a lipid content varying between 10 to 70% of dry 
weight. The lipid fraction of microalgae can be rich in long-chain polyunsaturated fatty acids, such as docosahexaenoic (DHA) 
and eicosapentaenoic acids (EPA) that may exceed 26% of total fatty acid content (Cuellar-Bermudez et al., 2015; Adarme-
Vega et al., 2012; Maltsev & Maltseva, 2021; Oliveira et al., 2022). Among the groups of microalgae, diatoms stand out for 
having a high production of lipids when compared to other groups (Alexander et al., 2015). The presence of these microalgae 
in the microbial floc could improve the floc nutritional quality by minimizing fatty acids (EPA and DHA) deficiency (Ekasari 
et al., 2014; Shah et al., 2018; Magaña-Gallegos et al., 2018; Abreu et al., 2019).

The microalgae addition has already shown good results on improving zootechnical of Penaeus vannamei performance 
and reducing pathogenic bacteria (e.g., Vibrio spp.) both on laboratory and commercial scale (Molina-Cardenas and Sanchez-
Saavedra, 2017; Emerenciano et al., 2022; Oliveira et al., 2023). However, factors such as nutritional quality and/or growth 
characteristics must be carefully analysed in microalgae species selection for better performance in aquaculture (Shah et al., 
2018).

The microalga Navicula sp. is a benthic diatom widely used in aquaculture. Khatoon et al. (2009) noted that, when cultivated 
in Conway medium, the species showed high levels of crude protein, lipids and carbohydrates. This microalga, when added 
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to the nursery in BFT system, contributed to the shrimp performance and to the composition of polyunsaturated fatty acids in 
the microbial floc (Brito et al., 2016; Abreu et al. 2019; Silva et al. 2021). In fact, Abreu et al. (2019) found that the addition 
of Navicula sp. (at 105 cells mL-1) during 45 days of culture provided a higher productivity (2.42 Kg m-3) and an enrichment of 
EPA (20:5 n-3) and DHA (22:6 n-3) in shrimp whole body.

In intensive systems characterized by high stocking densities, excessive total suspended solids, and dissolved nutrient 
accumulation (notably nitrogen and phosphorus), conditions become favorable for the growth of potentially harmful microalgae, 
especially cyanobacteria and dinoflagellates (Marinho et al., 2014; Samocha, 2019). These algae can harm the water quality 
and farmed animals, as they are able to form foam, produce toxins and cause oxygen depletion in the growing environment 
(Anderson et al., 1993; Chorus and Bartram, 1999; Paerl and Huisman, 2009: Guzman-Guillen et al., 2013; Ye et al., 2009, 
Qiao et al., 2013).

Despite the benefits of Navicula sp. addition in the shrimp culture, the best frequency of this diatom addition is still unknown. 
Given the above, the objective of the present study was to evaluate the best frequency of addition of Navicula sp. to P. vannamei 
reared in a nursery biofloc system. Furthermore, this study sought to evaluate the ecological influence of Navicula sp. addition 
at different frequencies in the planktonic community.

Material and methods

Experimental conditions

The experiment was conducted at the Laboratory of Sustainable Mariculture (LAMARSU) of the Department of Fisheries 
and Aquaculture (DEPAq) of the Federal Rural University of Pernambuco (UFRPE), Recife, Brazil.

The maturation of the biofloc used as initial inoculum was performed 40 days before the beginning of the experiment.  
Maturation tank (1.4 m³ capacity) was filled with previously chlorinated seawater (35 g L-1) (65% active chlorine) in the 
proportion of 13 mg L-1 active chlorine. After three days under constant aeration, inorganic fertilization with urea (2 g m-3 N), 
triple superphosphate (0.1 g m-3 P) and sodium metasilicate (3 g m-3 Si) was performed. Subsequently, organic fertilizations with 
sugarcane molasses and pulverized feed (40% crude protein) were performed to form bacterial biomass.

Before the beginning of the experiment, the water matured in the maturation tank (TAN 0.24 mg L-1, N-NO2 0.83 mg L-1, 
N-NO3 49.7 mg L-1, alkalinity 165 mg L-1 CaCO3, pH 8.14, salinity 32 g L-1, PO4 9.2 mg L-1 and settleable solids 4.63 mL L-1) 
was homogenized and used to supply the experimental units up to 50% of the volume (25 L). The remaining volume (25 L) was 
filled with seawater (salinity of 35 g L-1) previously chlorinated. Twelve black polyethylene tanks (60 L, 50×35×23 cm) were 
used as cultivation units, which were constantly aerated by three airstones (2.4 cm in diameter and 2.6 cm in height). To prevent 
the shrimp from escaping, all experimental units were covered with Nylon screens.

Molasses (30% organic carbon) was added once a day as a carbohydrate source to maintain the C:N ratio at 12:1, according 
to Ebeling et al. (2006). In addition, calcium hydroxide (Ca (OH)2) (81% Relative Total Neutralizing Power PRNT) was 
added to 10% (by weight) of the daily diet throughout the study to maintain alkalinity > 100 mg L-1 and pH > 7.5. During the 
experimental period, no water changes were performed, except for the addition of dechlorinated fresh water to compensate for 
evaporation losses.

To evaluate the effect of the frequency of addition of Navicula sp. in the biofloc nursery system, four treatments were tested 
in a completely randomized design for 35 days. The control treatment remained without the addition of Navicula sp. (BFT), 
while the other three treatments were supplemented with the addition of microalgae every 5 (BFT 5D), 10 (BFT 10D) and 15 
days (BFT 15D), with three replicates for each treatment. Post-larvae (PL10) of P. vannamei (5 ± 0.03 mg) were obtained from 
Aquatec LTDA, RN, Brazil and stocked at a density of 3,000 post-larvae m-3 (150 shrimp per experimental unit).

Navicula sp. addition

Navicula sp. was obtained from the Live Food Production Laboratory (LAPAVI) and cultured in Conway medium (1.0 mL 
L-1; Walne, 1966), with salinity of 30 g L-1, pH 8.0, temperature of 25 ± 1 °C, and 37 µmol photons m-2 s-1 irradiance under 12 h 
of photoperiod. The microalgae were grown in a 2 L Erlenmeyer flask with constant aeration, and inoculation was done in the 
exponential phase of the growth curve. The microalgae Navicula sp. was added at a concentration of 105 cells mL-1 in the BFT 
5D, BFT 10D and BFT 15D treatments according to the frequency for each treatment.

Water quality

Water quality parameters including temperature (°C), salinity (g L-1), dissolved oxygen (mg L-1) and pH were measured 
twice a day with the aid of a multiparameter (YSI model 556, Yellow Springs, Ohio, USA). Total ammonia nitrogen (TAN) 
(APHA, 2012), nitrite-N (NO2-N) (Fries, 1971) and alkalinity (APHA, 2012) were weekly analysed, while orthophosphate 
(PO4) (APHA, 2012) and nitrate-N (NO3-N) (APHA, 2012) were measured every other week.  Settleable solids were analyzed 
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with the aid of an Imhoff cone (Avnimelech, 2015), twice a week, when levels were greater than 14 mL L-1 a settling chamber 
was used.

Storage, feeding and monitoring of shrimp

During the experiment, the shrimp were fed commercial feed (0.4-1 mm in diameter) composed of 45% crude protein and 8% 
lipids (Invivo Animal Nutrition and Health), at a feeding frequency of four times per day (8 am, 11 am, 2 pm and 5 pm). The 
daily feeding rate of 45% of the biomass used at the beginning of the culture was gradually reduced to 15% after 35 days, based 
on the table of Van Wyk (1999) and adjusted weekly according to the estimated shrimp consumption and the rate of mortality.

Weekly, from the 15th day of culture, biometrics were performed to monitor shrimp growth and to determine the zootechnical 
performance at the end of the experiment including biomass gain [final biomass (g) - initial biomass (g)]; average final weight 
[final biomass (g) / number of individuals at the end of culture]; feed conversion ratio (FCR) [total feed offered / biomass gain]; 
Survival rate (number of individuals at the end of culture / initial number of individuals stocking x 100); SGR [specific growth 
rate (% day-1) = 100 × (ln final weight (g) − ln initial weight (g))/time (days)]; and yield [(final biomass (kg) / volume of the 
experimental unit (m³)].

Plankton composition and structure

Weekly, throughout the experimental period, water samples (500 mL) were collected from the experimental units and filtered 
through a 250, 125 and 70 µm cylindrical-conical mesh to reduce suspended solids in the sample. Then, the samples were filtered 
through a 50 µm mesh to retain zooplankton and a 15 µm mesh to retain cyanobacteria, and each sample was concentrated 
to 25 mL (CETESB, 2011). Subsequently, 2.5 mL aliquots were fixed in 4% formalin and stored in plastic containers for 
later analysis. For identification and quantification, a Sedgewick-Rafter chamber and a binocular optical microscope (400x 
magnification) were used. Identification at the genus level was done with the help of identification keys for phytoplankton (Hoek 
et al., 1995; Bicudo and Menezes, 2006) and zooplankton (Bradford-Grieve et al., 1999; Foissner et al., 1999). Phytoplankton 
was expressed in cells per millilitre (cells mL-1) following the methodology described by Hötzel and Croome (1999), and 
zooplankton was expressed in individuals per millilitre (ind mL-1) following the methodology described in APHA (2012). The 
percentage frequency of occurrence (F) (%) of the species was also calculated according to Rosini et al. (2013) methodology 
using the following formula: F = [number of sample in which the genus was registered / total collections performed] x 100. The 
species were considered very frequent (F ≥ 80%), frequent (50% ≥ F > 80%), uncommon (20% ≥ F > 50%) or rare (F < 20%).

Statistical analysis

For statistical analysis, data were tested for homogeneity of variances using the Cochran test (p < 0.05) and normality using 
the Shapiro-Wilk test (p < 0.05). Then, analysis of variance (ANOVA) was used to analyse the shrimp performance parameters, 
and when significant differences were observed, the Tukey test was performed (p < 0.05) to compare and classify the means 
between the treatments. Water quality parameters (dissolved oxygen, pH, temperature, salinity, alkalinity and orthophosphate) 
were analysed by performing ANOVA for repeated measures, followed by Tukey’s mean comparison test (p ≤ 0.05) for normal 
and homogeneous data. For non-parametric statistical data (dissolved oxygen, TAN, nitrite-N and orthophosphate), Friedman’s 
test (p ≤ 0.05) with Conover’s multiple comparison test with Holm-Bonferroni correction.

The phytoplankton and zooplankton communities were analysed using the PRIMER 6.0 program. Data were previously 
transformed [log (x +1)] and the Bray-Curtis index was used for similarity and multivariate cluster analysis (Cluster). A bi-
factorial ANOSIM similarity analysis with replicates (Factors: Time x Treatments) was performed, with 999 permutations, to 
identify the difference between groups in relation to species abundance (Clarke, 1993). In addition, the percentage similarity 
(SIMPER) was used to identify the main typifying species of the groups.

A redundancy analysis (RDA) was performed to explore the relationship between water quality variables and phytoplankton 
composition. The data were log-transformed prior to analysis. The significance of RDA was evaluated through an ANOVA 
function with 999 permutations.

Results
The water quality data are summarized in Table 1. It was observed that dissolved oxygen, pH, temperature, salinity, alkalinity 

and orthophosphate did not differ significantly between treatments (p ≥ 0.05), with an average variation of 4.07 to 4.54 mg L-1, 
7.81 to 8.18, 26.80 to 31.05 ºC, 29.57 to 36.12 g L-1, 125 to 200 mg CaCO3 L

-1 and 0.22 to 4.10 mg L-1, respectively. Nitrogen 
compounds as TAN, nitrite-N and nitrate-N also did not differ significantly between treatments (p ≥ 0.05), with an average of 
0.55 ± 0.03 mg L-1 (TAN), 0.97 ± 0.06 mg L-1 (nitrite-N) and 125.08 ± 76.51 mg L-1 (nitrite-N). For settleable solids, treatments 
with addition of Navicula sp. presented the significantly lower values, (BFT 5D: 2.64 mL L-1, BFT 10D: 1.76 mL L-1 and BFT 
15D: 1.80 mL L-1) than control (7.12 mL L-1).
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As for the shrimp performance, no significant differences (p ≥ 0.05) were observed regarding survival rate and FCR. However, 
the average final weight, yield and specific growth rate in BFT 5D (0.44 g, 1.22 Kg m-3 and 12.82 % day-1, respectively) and 
BFT 10D (0.51 g, 1.41 Kg m-3 and 13.17 % day, respectively) were significantly higher than those in the control treatment 
(without Navicula sp. addition) (0.33 g, 0.92 Kg m-3 and 12.14 % day-1) (Table 2).

Regarding the relative abundance and density of the phytoplankton community, there were no significant differences between 
treatments (p ≥ 0.05), except the last week, in which treatments BFT-5 and BFT-10 showed lower phytoplankton density (Fig. 
1).  It was observed that from the third week onwards there was an increase in the total phytoplanktonic density, starting from 
45,629 cells mL-1 and reaching 99,526 cells mL-1. There was a dominance of Cyanophyta, especially Aphanocapsa sp. (from the 
beginning of culture time), with abundance ranging from 1,304 to 103,775 cells mL-1 and relative abundance between 30.8% 
(beginning) and 94.7% (35th day) (Fig. 2). A total of 6 genera in the initial period and 7 genera in the final period were identified, 
distributed in the groups Heterokontophyta (Cyclotella sp. and Diatoma sp.), Chlorophyta (Closteriopsis sp., Mychonastes sp., 
Chlamydomonas sp.), Cyanophyta (Aphanocapsa sp., Oscillatoria sp. and Geitlerinema sp.) and Dinophyta (Pyrophacus sp.).

Variables
Treaments

BFT BFT 5D BFT 10D BFT 15D
Salinity (g L-1) 32.66 ± 0.94 33.97 ± 1.07 32.75 ± 0.78 32.74 ± 1.16
Temperature (ºC) 28.70 ± 0.86 28.79 ± 1.01 28.80 ± 1.14 28.61 ± 1.09
Dissolved oxygen (mg L-1) 4.36 ± 0.10 4.33 ± 0.11 4.73 ± 1.38 4.42 ± 0.11
pH 7.98 ± 0.11 7.98 ± 0.10 7.98 ± 0.11 7.98 ±0.09
TAN* (mg L-1) 0.47 ± 0.16 0.68 ± 0.20 0.53 ± 0.12 0.50 ± 0.10
Nitrite-N (mg L-1) 1.03 ± 0.11 0.87 ± 0.17 1.05 ± 0.28 0.94 ± 0.16
Nitrate-N (mg L-1) 118.51 ± 21.61 108.59 ± 26.59 142.12 ± 29.91 131.08 ± 26.38
Alkalinity (mg CaCO3 L

-1) 159.0 ± 17.95 157.33 ± 16.99 160.0 ± 10.52 160.33 ± 8.06
Orthophosphate (mg L-1) 3.74 ± 1.38 3.75 ± 1.36 3.45 ± 1.44 3.62 ± 1.40
Sedimentable solids (mL L-1) 7.12 ± 1.75b 2.64 ± 0.62a 1.76 ± 0.38a 1.80 ± 0.39a

Table 1. Water quality variables during cultivation (35 days) of post-larvae of Penaeus vannamei cultured in a biofloc system 
with different addition frequencies of Navicula sp.

Table 2. Zootechnical performance of Penaeus vannamei reared for 35 days in a biofloc system with different addition fre-
quencies of the microalga Navicula sp. 

The data correspond to the mean ± standard deviation; Mean values in the same row with different superscript letters differ significantly (p 
≤ 0.05); BFT (biofloc system without addition of Navicula sp.); BFT 5D (biofloc system with addition of Navicula sp. every 5 days); BFT 
10D (biofloc system with addition of Navicula sp. every 10 days) and BFT 15D (biofloc system with addition of Navicula sp. every 15 days).

*TAN - Total ammonia nitrogen.

The data correspond to the mean ± standard deviation. Mean values in the same row with different superscript letters differ significantly (p 
< 0.05). BFT (biofloc system without addition of Navicula sp.); BFT 5D (biofloc system with addition of Navicula sp. every 5 days); BFT 
10D (biofloc system with addition of Navicula sp. every 10 days) and BFT 15D (biofloc system with addition of Navicula sp. every 15 days).

*SGR- specific growth rate.

Parameters BFT BFT-5D BFT-10D BFT-15D

Final weight (g) 0.33 ± 0.04b 0.44 ± 0.02a 0.51 ± 0.00a 0.40 ± 0.01ab

Survival (%) 92.00 ± 1.15 a 93.33 ± 0.38 a 92.83 ± 0.44a 92.83 ± 0.44a

Feed conversion ratio 1.57 ± 0.07a 1.33 ± 0.18a 1.13 ± 0.12a 1.40 ± 0.15a

SGR* (% dia-1) 12.14 ± 0.27a 12.82 ± 0.10a 13.17 ± 0.02a 12.62 ± 0.07a

Yield (Kg m-3) 0.92 ± 0.12a 1.22 ± 0.05a 1.41 ± 0.01a 1.12 ± 0.03b



6 Jéssika L.de Abreu et al.

Spanish Journal of Agricultural Research Volume 23 • Issue 2 • 20765

Similarity analysis (ANOSIM) did not show significant differences in the phytoplankton community between treatments 
(overall R = 0.021, p = 0.36), but it differed over the weeks of culture (overall R = 0.768, p = 0.01), with the initial samples 
presenting a complete difference from the other weeks (global R = 1, p < 0.01). This difference was also confirmed by the 
grouping analysis (Cluster), in which the formation of two groups at a cutoff of 70% of similarity was observed. Regarding the 
frequency of occurrence of taxa, only Anabaenopsis sp., Diatoma sp. and Mychonastes sp. were infrequent (present only in one 
experimental period), while the others were classified as frequent or very frequent.

In the protozooplanktonic community, only 3 genera were identified at the beginning (Diffugia lobostoma, Euglypha rotunda, 
Paramecium sp.) and 6 genera at the end (Hartmannellidae sp., Didinium nasutum, Frontonia sp., Euglypha rotunda, Diffugia 
lobostoma, Paramecium sp.), without any significant difference between treatments over the experimental period (p = 0.23; Fig. 
2. The total protozooplankton density ranged from 32.6 ind. mL-1 to 633.7 ind. mL-1, and, according to SIMPER, Paramecium 
sp. was the most frequent gender and with the greatest contribution in all treatments, with values from 44.8% to 78.7% (Fig. 
3). The similarity analysis (ANOSIM) showed significant differences only between the weeks of cultivation (overall R = 0.730, 
p = 0.01), with the initial samples differing from the other weeks (overall R between 0.928 and 1, p < 0.01). For frequency of 
occurrence of taxa, all were present during most of the experimental period, being classified as frequent or very frequent, except 
for Difflugia sp., which was found only in the period between 15 -35 days (infrequent).

Figure 1. Density of phytoplankton (A) and protozooplankton (B) during the nursery of Penaeus vannamei in a biofloc system 
with the addition of Navicula sp. for 35 days.
BFT (biofloc system without addition of Navicula sp.); BFT 5D (biofloc system with addition of Navicula sp. every 5 days); 
BFT 10D (biofloc system with addition of Navicula sp. every 10 days) and BFT 15D (biofloc system with addition of Navicula 
sp. every 15 days).

Figure 2. Phytoplankton community relative abundance (%) and density (Cell mL-1) in the nursery of Penaeus vannamei 
production with the addition of Navicula sp. in a biofloc system. BFT (biofloc system without addition of Navicula sp.); BFT 
5D (biofloc system with addition of Navicula sp. every 5 days); BFT 10D (biofloc system with addition of Navicula sp. every 
10 days) and BFT 15D (biofloc system with addition of Navicula sp. every 15 days).
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The RDA was significant (Perm p = 0.001, n = 999) and the first and second canonical axes explained 24.17% and 11.27%, 
respectively. The R² and R²-adjusted were 0.368 and 0.330, respectively (Fig. 4). Higher abundance of Dinophyta was associated 
with higher pH and orthophosphate levels, while Cyanophyta, Chlorophyra and Heterokontophyta were associated with TAN.

Figure 3. Relative abundance (%) and density (Ind. mL-1) in Penaeus vannamei nursery with the addition of Navicula sp. in a 
biofloc system.
BFT (biofloc system without addition of Navicula sp.); BFT 5D (biofloc system with addition of Navicula sp. every 5 days); 
BFT 10D (biofloc system with addition of Navicula sp. every 10 days) and BFT 15D (biofloc system with addition of Navicula 
sp. every 15 days).

Figure 4. Redundancy analysis (RDA) of phytoplankton community and water quality variables in the nursery of Penaeus 
vannamei with addiction of Navicula sp. in a biofloc system. BFT (biofloc system without addition of Navicula sp.); BFT 5D 
(biofloc system with addition of Navicula sp. every 5 days); BFT 10D (biofloc system with addition of Navicula sp. every 10 
days) and BFT 15D (biofloc system with addition of Navicula sp. every 15 days).
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Discussion
The salinity, temperature, dissolved oxygen and pH of the water remained within the range for P. vannamei throughout the 

culture period (Ponce-Palafox et al., 2013; Samocha, 2019). During the experiment, TAN and N-nitrite values remained within 
the range for the shrimp, 0.90 and 2.57 mg L-1, respectively (Lin and Chen, 2003; Melo et al., 2016; Samocha, 2019). The low 
nitrite levels are an indication that the use of 50% of the inoculum from the maturation tank was efficient for the development of 
heterotrophic and autotrophic bacteria in the system, and that these contributed to the control of the levels of these compounds 
in the water (De Schryver et al., 2008; Avnimelech, 2015).

The addition of Navicula sp. at different frequencies did not cause significant changes in this bacterial community in relation 
to nitrogenous control, results similar to those observed by Marinho et al. (2017), Brito et al. (2016) and Abreu et al. (2019). 
According to Avnimelech (2012) and Castillo-Soriano et al. (2013), in intensive systems, bacteria are mainly responsible for 
the transformation of ammonia. However, photoautotrophic organisms are also able to convert ammonia into algal biomass 
(Ebeling et al., 2006), but the contribution of organic carbon and the accumulation of particles can reduce the luminosity of 
the place. This process can reduce the rates of nutrient absorption by algae and, consequently, the conversion of nitrogenous 
compounds presents in the system.

The biofloc system, with reduced water exchange, can cause nitrate accumulation in the system, especially if the water is 
reused for several cycles (Kuhn et al., 2010). In the present study, some values above 200 mg L-1 were observed in the third 
week of culture, but these were still lower than the maximum limit recommended by Samocha et al. (2017), of 400 mg L-1. 
These high levels of nitrate in the system compared to TAN and N-nitrite indicate a good nitrification process in the culture 
environment (Ebeling et al., 2006). According to Ji et al. (2014), nitrate is the most used source of nitrogen in the physiology of 
microalgae, however, in the present study, no significant differences were observed with the addition of Navicula sp. at different 
frequencies. This fact may also be linked to the increase in solids levels throughout the culture cycle, which resulted in low 
availability of light through water column (Table 1).

In order to contribute to the processes of transformation of TAN into microbial biomass and to aid in the oxidation of ammonia 
into nitrite and nitrate, alkalinity was maintained above 100 mg of CaCO3 L

-1, with inorganic carbon (calcium hydroxide) being 
replaced when necessary. It is important to maintain adequate values for intensive systems, since inorganic carbon is consumed 
by heterotrophic and nitrifying bacteria, which form the microbial floc, for microbial processes (Ebeling et al., 2006). Therefore, 
no reductions in pH levels were observed during the experimental period, even with higher frequencies of microalgae addition.

These solids suspended must be kept between 5 and 14 mL L-1, so that the microorganisms present in the floc act positively 
in maintaining the water quality of the system, and so that a high biological demand for oxygen does not occur (Emerenciano 
et al., 2017; Samocha, 2019). In the present study, the levels of settleable solids remained within the range for shrimp culture 
recommended by the afore mentioned authors. However, treatments with the addition of Navicula sp. showed lower values 
when compared to the control, since there was a dilution of solids due to the volume of microalgae added to the system, as 
reported by Silva et al. (2021).

When analysing the shrimp performance at the end of experimental period, a relation was observed between the frequency 
of addition of Navicula sp. and some of the evaluated parameters, probably due to the benefits of enrichment in the nutritional 
quality of the food source. Yield and average final weight differed significantly between treatments, and higher values were 
obtained in those with the lowest microalgae addition frequencies (BFT5D and BFT10D). Similar results were reported by 
Brito et al. (2016) when inoculating 5 x 104 cell mL-1 of Navicula sp., every 5 days, in the intensive nursery of P. vannamei over 
35 days (1.76 kg m-3, 0.81 g, 9.41 % day-1 and FCR 1.37), as well as by other authors (Marinho et al., 2014; Marinho et al., 2017; 
Abreu et al., 2019; Silva et al., 2021).

The good shrimp performance results observed in treatments with microalga addition may be related to the ease of shrimps 
in digesting them, since they have low fiber content (Moss, 2002). In addition, they may also be related to the increased 
digestibility of the ingredients offered as a result of the addition of plankton, which contributes to increased activity of digestive 
enzymes (Shah et al., 2018). Furthermore, the addition of this microalga to the culture system is a way to nutritionally improve 
microbial flocs, mainly in fatty acids. This is because the species has high concentrations in dry weight of protein (494 g Kg-1), 
lipids (259 g Kg-1), PUFA (110 g Kg-1), DHA (22 g Kg-1) (Khatoon et al., 2009), as well as essential amino acids (Ju et al., 2008). 
According to Abreu et al. (2019), the addition of Navicula sp. in the biofloc system provides higher concentrations of fatty acids 
(DHA and EPA) in the floc, and all these factors, when combined, provide better shrimp performance.

The composition of the planktonic community reflects water conditions and responds to changes in environmental variables 
over culture time, which is why it is considered an important biological indicator of water quality (Macedo and Sipaúba-
Tavares, 2010). In the present study, an increase in the abundance of the phytoplankton and prozooplanktonic population was 
observed from the beginning to the end of the experiment, as already reported by other studies in intensive systems (Lima 
et el., 2022a; Marinho et al., 2017), without any significant influence of Navicula sp. in these communities. Still, according 
to Avnimelech (2007) and Monroy-Dosta et al. (2013), environmental changes and biotic (eg, predation) and abiotic (food 
availability and carbon sources) factors can affect the diversity and abundance of planktonic communities.

The accumulation of solids, common in intensive systems, can influence the phytoplankton community due to eutrophication 
(Boyd, 2015; Samocha, 2019), resulting in an increased microalgae biomass and a reduction in the diversity of these organisms. 



9Addition of Navicula sp. in biofloc system on the growth of Penaeus vannamei

Spanish Journal of Agricultural Research Volume 23 • Issue 2 • 20765

Moreover, it may also result in the predominance of harmful algae (Hu et al., 2017), as observed in the present study and also 
reported by Silva et al. (2021) and Lima et al. (2022a; 2022b).

In the phytoplanktonic community, probably due to the high abundance of Aphanocapsa sp., a low genera richness was 
observed. Throughout the culture, Cyanophyta was the most abundant group, mainly represented by Aphanocapsa sp., with no 
significant differences between treatments. In intensive systems, favored by high concentrations of nitrogen and phosphorus, 
this group can be dominant (Llario et al., 2019), as already reported by other authors (Qiao et al., 2020; Lima et al., 2021). 
Cyanophyta are the main group of undesirable phytoplankton in shrimp farming, due to their low nutritional value and their 
potential to deteriorate water quality (blooms and production of toxins), which can negatively affect shrimp quality and even 
lead to death (Sipaúba-Tavares, 2010; Schrader et al., 2011; Boyd, 2020). Zimba et al. (2006), while investigating the mortality 
of P. vannamei on a commercial farm, reported that dead shrimp had traces of microcystin in their hepatopancreas, caused by 
the presence of Microcystis aeruginosa and Anabaena sp.

Several species of zooplankton occur naturally in intensive systems, where they can act in the recycling of nutrients, in the 
maintenance of water quality and in the nutrition of the cultivated species (Emerenciano et al., 2013). In the present study, 
Paramecium (Ciliophora) was the most abundant genus in the protozooplanktonic community throughout the culture period, 
being present in all samples. Similar results have already been found by other authors for culture in an intensive system 
(bioflocs and synbiotic) (Widanarni et al., 2012; Lima et al., 2022a). The greater abundance of Ciliophora in culture is related 
to the adaptation of these organisms to high levels of nutrients and solids, which are characteristic of intensive culture systems 
(Marinho et al., 2014). It is noteworthy that ciliates are able to fix carbon through photosynthesis (Tundisi & Matsumura-
Tundisi, 2008), which allows high densities (39–169 per mL) of these organisms to be achieved in intensive shrimp culture 
(Ballester et al., 2010). In addition, these organisms feed on algae, bacteria and fungi (Nagano and Decamp, 2004), being a rich 
source of free amino acids, thus providing polyunsaturated fatty acids to shrimp (Decamp et al., 2001).

Conclusion
In conclusion, the addition of Navicula sp. did not significantly influence the water quality and planktonic community in 

relation to the treatments, but improved the shrimp performance, suggesting a potential application in the shrimp nursery in 
biofloc systems.

Ethical approval: All pertinent  institutional  and  national  guidelines for the use of the laboratory animals employed were 
followed.

Acknowledgements: The authors are grateful for the financial support provided by National Council for Scientific and 
Technological Development (CNPQ PQ 308063/2019-8; PQ 309669/2021-9) and Pernambuco Science and Technology Support 
Foundation (FACEPE BFP-0131-5.06/22). We thank the anonymous referees for their valuable suggestions.

Competing interests: The authors have declared that no competing interests exist.

Statement about use of generative AI: The author(s) employed ChatGPT-4o in order to enhance manuscript’s language 
and readability while preparing this work. Following their use, the author(s) assumed full responsibility for the publication’s 
content and reviewed and edited it as necessary.

Authors’ contributions: Jéssika L. de Abreu: Data curation, Investigation, Methodology, Visualization, Writing 
– original draft. Priscilla C. M. de Lima: Data curation, Writing – original draft. Elizabeth P. dos Santos: Investigation, 
Methodology. Rildo J. V. de Andrade: Data curation, Investigation, Methodology, Writing – original draft. Carlos Y. B. 
Oliveira: Formal analysis. Writing – original draft, Writing – review & editing. Luis O. Brito: Formal analysis, Supervision, 
Writing – review & editing. Alfredo O. Gálvez: Formal analysis, Funding acquisition, Project administration, Supervision, 
Visualization, Writing – review & editing.

Funding:
Funding agencies/institutions: Project / Grant

Conselho Nacional de 
Desenvolvimento Científico e 
Tecnológico - CNPq 

PQ 308063/2019-8

Conselho Nacional de 
Desenvolvimento Científico e 
Tecnológico - CNPq

PQ 309669/2021-9



10 Jéssika L.de Abreu et al.

Spanish Journal of Agricultural Research Volume 23 • Issue 2 • 20765

References
Abreu JL, Brito LO, Lima PCM, Silva SMBC, Severi W, Galvez AO, 2019. Effects of addition of Navicula sp. (diatom) in 

different densities to postlarvae of shrimp Litopenaeus vannamei reared in a BFT system: Growth, survival, productivity 
and fatty acid profile. Aquac Res 50: 2231–2239. https://doi.org/10.1111/are.14104.

Adarme-Vega TC, Lim DKY, Timmins M, Vernen F, Li Y, Schenk PM, 2012. Microbial Cell Factories volume Microalgal 
biofactories: a promising approach towards sustainable omega-3 fatty acid production. Microb Cell Fact 11: 96.  
https://doi.org/10.1186/1475-2859-11-96

Alexander H, Jenkins BD, Rynearson TA, Dyhrman ST, 2015. Metatranscriptome analyses indicate resource partitioning 
between diatoms in the field. Proc Natl Acad Sci 112: E2182–E2190. https://doi.org/10.1073/pnas.1421993112

Anand PSS, Kohli MPS, Kumar S, Sundaray JK, Roy SD, Venkateshwarlu G, Sinha A, Pailan GH, 2013. Effect of dietary 
supplementation of biofloc on growth performance and digestive enzyme activities in Penaeus monodon. Aquaculture 
418–419: 108–115.

Anderson DM, Galloway SB, Joseph JD, 1993. Marine Biotoxins and Harmful Algae: A National Plan. Technical Report 
(Woods Hole Oceanographic Institution), WHOI-93-02.

APHA, 2012. Standard Methods for the Examination of Water and Wastewater (22th ed.). American Public Health Association.

Avnimelech Y, 2007. Feeding with microbial flocs by tilapia in minimal discharge bioflocs technology ponds. Aquaculture 264: 
140–147.

Avnimelech Y, 2012. Biofloc technology. A practical guide book. (2rd ed). The World Aquaculture Society.

Avnimelech Y, 2015. Biofloc Technology －A Practical Guide Book. (3rd ed.). The World Aquaculture Society.

Ballester ELC, Abreu PC, Cavalli RO, Emerenciano M, Abreu L, Wasielesky W, 2010. Effect of practical diets with different 
protein levels on the performance of Farfantepenaeus paulensis juveniles nursed in a zero exchange suspended microbial 
flocs intensive system. Aquac Nutr 16 : 163–172. https://doi.org/10.1111/j.1365-2095.2009.00648.x

Bicudo CE, Menezes MA, 2006. Gêneros de algas continentais do Brasil: Chave para identificação e descrições (2nd ed.). Rima.

Boyd CE, 2020. Water quality: An introduction. (3nd ed.). Springer Nature.

Bradford-Grieve JM, Markhaseva EI, Rocha CEF, Abiahy B, 1999. Copepoda. In D. Boltoyskoy (Ed.), South Atlantic 
zooplankton (pp. 869–1098). Backhuys Publishers.

Brito LO, Santos IGS, Abreu JL, Araújo MT, Severi W, Gálvez AO 2016. Effect of addition of diatoms (Navicula spp.) and 
rotifers (Brachionus plicatilis) on growth and water quality of the Litopenaeus vannamei postlarvae reared in biofloc system. 
Aquac Res 47: 3990–3997. https://doi.org/10.1111/are.12849

Cardona E, Lorgoux B, Geffroy C, Richard P, Saulinier D, Guegeen Y, Guillou G, Chim L, 2015. Relative contribution of 
natural productivity and compound feed to tissue growth in blue shrimp (Litopenaeus stylirostris) reared in biofloc: 
Assessment by C and N stable isotope ratios and effect on key digestive enzymes. Aquaculture 448: 288 – 297.  
https://doi.org/10.1016/j.aquaculture.2015.05.035

Castillo-Soriano FA, Ibarra-Junquera V, Escalante-Minakata P, Mendoza-Cano O, Ornelas-Paz JJ, Almanza-Ramírez JC, 
Meyer-Willerer AO, 2013. Nitrogen dynamics model in zero water exchange, low salinity intensive ponds of white shrimp, 
Litopenaeus vannamei, at Colima, México. Lat Am J Aquat Res 41: 68–79. https://doi.org/10.3856/vol41-issue1-fulltext-5

Fundação de Amparo à Ciência 
e Tecnologia de Pernambuco - 
FACEPE

BFP-0131-5.06/22

https://doi.org/10.1186/1475-2859-11-96
https://doi.org/10.1111/are.12849
https://doi.org/10.1016/j.aquaculture.2015.05.035
https://doi.org/10.3856/vol41-issue1-fulltext-


11Addition of Navicula sp. in biofloc system on the growth of Penaeus vannamei

Spanish Journal of Agricultural Research Volume 23 • Issue 2 • 20765

Charoonnart P, Purton S, Saksmerprome V, 2018. Applications of microalgal biotechnology for disease control in aquaculture. 
Biology 7(2): 24. https://doi.org/10.3390/biology7020024

CETESB - Companhia Ambiental do Estado de São Paulo, 2011. National guide for sample collection and preservation: Water, 
sediment, aquatic communities, and liquid effluents (C. J. Brandão et al., Eds.). CETESB & ANA.Chorus EI, Bartram J, 
1999. Toxic Cyanobacteria in Water: A Guide to Their Public Health Consequences, Monitoring and Management. Taylor 
& Francis.

Clarke KR, 1993. Non-parametric multivariate analyses of changes in community structure. Aust J Ecol 18(1): 117-143.  
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x.

Cuellar-bermudez SP, Aguilar-Hernandez I, Cardenas-Chavez DL, Ornelas-Soto N, Romero-Ogawa MA, Parra-Saldivar R, 2015. 
Extraction and purification of high-value metabolites from microalgae: essential lipids, astaxanthin and phycobiliproteins. 
Microb Biotechnol 8: 190–209. https://doi.org/10.1111/1751-7915.12167

De Schryver P, Crab T, Defroidt N, Boon WV, 2008. The basics of bio-flocs technology: The added value for aquaculture. 
Aquaculture 277: 125-137. https://doi.org/10.1016/j.aquaculture.2008.02.019

Decamp O, Moss S, Nagano N, 2001. Live protozoa: suitable live food for larval fish and shrimp? Glob Aquac Advoc 4: 28–29.

Ebeling JM, Timmons MB, Bisogni JJ, 2006. Engineering analysis of the stoichiometry of hotoautotrophic, autotrophic, 
and heterotrophic control of ammonia-nitrogen in aquaculture production systems. Aquaculture 257: 346- 358.  
https://doi.org/10.1016/j.aquaculture.2006.03.019

Ekasari J, Angela D, Waluyo SH, Bachtiar T, Surawidjaja EH, Bossier P, De Schryver P, 2014. The size of biofloc 
determines the nutritional composition and the nitrogen recovery by aquaculture animals. Aquaculture 426-427: 105-111.  
https://doi.org/10.1016/j.aquaculture.2014.01.023

Emerenciano MGC, Martínez-Córdova LF, Porchas MM, Baeza AM, 2017. Biofloc Technology (BFT): A Tool for Water 
Quality Management in Aquaculture.  In H. Tutu (Eds.), Water quality (pp. 92-109). Intech.

Emerenciano MGC, Rombenso AN, Vieira FdN, Martins MA, Coman GJ, Truong HH, Noble TH, Simon CJ, 2022. Intensification 
of penaeid shrimp culture: an applied review of advances in production systems, nutrition and breeding. Animals 12: 236. 
https://doi.org/10.3390/ani12030236

Foissner W, Berger H, Schaumburg J, 1999. Identification and ecology of limnetic plankton ciliates. Informationberichte des 
Bayer Landesamtes für Wasserwirtschaft.

Fries J, 1971. Análisis de trazas: métodos fotométricos comprobados. Merck.

Guzman-Guillen R, Prietoa AI, Vazquez CM, Vasconcelos V, Camean AM, 2013. The protective role of l-carnitine 
against cylindrospermopsin-induced oxidative stress in tilapia (Oreochromis niloticus). Aquat Toxicol 132: 141– 150.  
https://doi.org/10.1016/j.aquatox.2013.02.011

Hargreaves AJ, 2013. Biofloc Production Systems for Aquaculture. Southern Regional Aquaculture Center – SRAC.

Hoek C, Mann D, Jahns HM, 1995. Algae: An introduction to phycology. Cambridge University Press.

Hötzel G, Croome R, 1999. A phytoplankton methods manual for Australian Freshwaters. Land and Water Resources Research 
and Development Corporation.

Hu X, Zhang R, Ye J, Wu X, Zhang Y, Wu C, 2017. Monitoring and research of microcystins and environmental factors in a 
typical artificial freshwater aquaculture pond. Environ Sci Pollut Res 25: 5921–5933. 

	 https://doi.org/10.1007/s1135 6-017-0956-4.

Ji F, Liu Y, Hao R, Li G, Zhou Y, Dong R, 2014. Biomass production and nutrients removal by a new microalgae strain 
Desmodesmus sp. in anaerobic digestion wastewater. Bioresour Technol 161: 200-207. 

	 https://doi.org/10.1016/j.biortech.2014.03.034

Ju ZY, Forster I, Conquest L, Dominy W, Kuo WC, David Horgen F, 2008. Determination of microbial community structures 
of shrimp floc cultures by biomarkers and analysis of floc amino acid profiles. Aquac Res 39(2): 118-133. 

	 https://doi.org/10.1111/j.1365-2109.2007.01856.x

https://doi.org/10.3390/biology7020024
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/1751-7915.12167
https://doi.org/10.1016/j.aquaculture.2008.02.019
https://doi.org/10.1016/j.aquaculture.2006.03.019
https://doi.org/10.1016/j.aquaculture.2014.01.023
https://doi.org/10.3390/ani12030236
https://doi.org/10.1016/j.aquatox.2013.02.011
https://doi.org/10.1007/s1135%206-017-0956-4
https://doi.org/10.1016/j.biortech.2014.03.034
https://doi.org/10.1111/j.1365-2109.2007.01856.x


12 Jéssika L.de Abreu et al.

Spanish Journal of Agricultural Research Volume 23 • Issue 2 • 20765

Khatoon H, Banerjee S, Yusoff FM, Shariff M, 2009. Evaluation of indigenous marine periphytic Amphora, Navicula and 
Cymbella grown on substrate as feed supplement in Penaeus monodon postlarval hatchery system. Aquac Nutr 15(2): 186-
193. https://doi.org/10.1111/j.1365-2095.2008.00582.x

Kuhn DD, Smith SA, Boardman GD, Angier MW, Marsh L, Flick Jr GJ, 2010. Chronic toxicity of nitrate to Pacific white 
shrimp, Litopenaeus vannamei: impacts on survival, growth, antennae length, and pathology. Aquaculture 309(1-4): 109-
114. https://doi.org/10.1016/j.aquaculture.2010.09.014

Lima PCM, da Silva AEM, da Silva DA, de Oliveira CYB, Severi W, Brito LO, Olivera Gálvez A, 2022a. Use of recirculation 
and settling chamber in synbiotic multi‐trophic culture of Crassostrea sp. with Litopenaeus vannamei. Aquac Res 53(18): 
6626-6640. https://doi.org/10.1111/are.16132

Lima PC, Luna MM, Campos CV, Santos EP, Oliveira CY, Gálvez AO, Brito LO, 2021. Cyanobacteria reduction in the integrated 
culture of Pacific white shrimp and West India pointed venus in a biofloc system. Ecotoxicol Environ Contam 16(1): 75-82. 
https://doi.org/10.5132/eec.2021.01.10

Lima PCM, de Andrade RJV, Silva AEM, Campos CVFDS, Oliveira CYB, Gálvez AO, Brito LO, 2022b. Effects of different 
molasses application rates on planktonic composition in low salinity biofloc culture of Nile tilapia, Oreochromis niloticus 
fingerlings. Chem Ecol 38(10): 913-934. https://doi.org/10.1080/02757540.2022.2129623

Lin YC, Chen JC, 2003. Acute toxicity of nitrite on Litopenaeus vannamei (Boone) juveniles at different salinity levels. 
Aquaculture 224(1-4): 193-201. https://doi.org/10.1016/S0044-8486(03)00220-5

Llario F, Rodilla M, Es Crivá J, Falco S, Sebastiá-Frasquet MT, 2019. Phytoplankton evolution during the creation of a biofloc 
system for shrimp culture. Int J Environ Sci Technol 16: 211–222. https://doi.org/10.1007/s13762-018-1655-5

Macedo CF, Sipaúba-Tavares LH, 2010. Eutrofização e qualidade da água na piscicultura: consequências e recomendações. Bol 
Inst Pesca 36(2): 149-163.

Magaña-Gallegos E, González-Zúñiga R, Cuzon G, Arevalo M, Pacheco E, Valenzuela MA, Gaxiola G, Chan-Vivas E, López-
Aguiar K, Noreña-Barroso E, 2018. Nutritional contribution of biofloc within the diet of growout and broodstock of 
Litopenaeus vannamei, determined by stable isotopes and fatty acids. J World Aquac Soc 49(5): 919-932. 

	 https://doi.org/10.1111/jwas.12513

Marinho YF, Brito LO, Campos CVFS, Severi W, Andrade HA, Galvez AO, 2017. Effect of the addition of Chaetoceros 
calcitrans, Navicula sp. and Phaeodactylum tricornutum (diatoms) on phytoplankton composition and growth of Litopenaeus 
vannamei (Boone) postlarvae reared in a biofloc system. Aquac Res 48: 4155–4164. https://doi.org/10.1111/are.13235

Marinho YF, Brito LO, Silva CVF, Galvez AO, 2014. Effect of addition of Navicula sp. on plankton composition and postlarvae 
growth of Litopenaeus vannamei reared in culture tanks with zero water exchange. Lat Am J Aquat Res 42: 427– 437. 
https://doi.org/10.3856/vol42-issue3-fulltext-4

Melo FP, Ferreira MGP, Braga IFM, Correia ES, 2016. Toxicidade do nitrito para o camarão Litopenaeus vannamei cultivado 
em sistemas de água clara e bioflocos. Bol Inst Pesca 42(4): 855-865.

Maltsev Y, Maltseva K, 2021. Fatty acids of microalgae: Diversity and applications. Rev Environ Sci Bio/Technol 20: 515-547. 
https://doi.org/10.1007/s11157-021-09571-3

Molina-Cárdenas CA, Sánchez-Saavedra MP, 2017. Inhibitory effect of benthic diatom species on three aquaculture pathogenic 
vibrios. Algal Res 27: 131–139. https://doi.org/10.1016/j.algal.2017.09.004

Monroy-Dosta MDC, Lara-Andrade D, Castro-Mejía J, Castro-Mejía G, Coelho-Emerenciano MG, 2013. Composición y 
abundancia de comunidades microbianas asociadas al biofloc en un cultivo de tilapia. Rev Biol Mar Oceanogr 48(3): 511-
520. http://dx.doi.org/10.4067/S0718-19572013000300009

Moss SM, 2002. Dietary importance of microbes and detritus in penaeid shrimp aquaculture. In C.S. Lee and P. O’Bryen (Eds.), 
Microbial Approaches to Aquatic Nutrition within Environmentally Sound Aquaculture Production Systems (pp. 1-18). 
World Aquaculture Society.

Nagano N, Decamp O, 2004. Ingestion of a ciliated protozoa by first-feeding larval stage of pacific white shrimp Litopenaeus 
vannamei (Boone). Aquac Res 35: 516–518. https://doi.org/10.1111/j.1365-2109.2004.01043.x

https://doi.org/10.1111/j.1365-2095.2008.00582.x
https://doi.org/10.1016/j.aquaculture.2010.09.014
https://doi.org/10.1111/are.16132
https://doi.org/10.5132/eec.2021.01.10
https://doi.org/10.1080/02757540.2022.2129623
https://doi.org/10.1016/S0044-8486(03)00220-5
https://doi.org/10.1007/s13762-018-1655-5
https://doi.org/10.1111/jwas.12513
https://doi.org/10.1111/are.13235
https://doi.org/10.3856/vol42-issue3-fulltext-4
https://doi.org/10.1016/j.algal.2017.09.004
http://dx.doi.org/10.4067/S0718-19572013000300009
https://doi.org/10.1111/j.1365-2109.2004.01043.x


13Addition of Navicula sp. in biofloc system on the growth of Penaeus vannamei

Spanish Journal of Agricultural Research Volume 23 • Issue 2 • 20765

Oliveira CYB, Jacob A, Nader C, Oliveira CDL, Matos ÂP, Araújo ES, Shabnam N, Ashok B, Gálvez AO, 2022. An overview 
on microalgae as renewable resources for meeting sustainable development goals. J Environ Manag 320: 115897. 

	 https://doi.org/10.1016/j.jenvman.2022.115897

Oliveira CYB, Abreu JL, Brandão BC, Oliveira DWS, de Sena PR, da Silva WA, Araújo ES, Rörig LR, de Almeida Costa GK, 
Silva SMBC, Müller MN, Tribuzi G, Gálvez AO, 2024. A Holistic Approach to Producing Anti-Vibrio Metabolites by an 
Endosymbiotic Dinoflagellate Using Wastewater from Shrimp Rearing. Microorganisms 12(8): 1598. 

	 https://doi.org/10.3390/microorganisms12081598

Paerl HW, Huisman J, 2009. Climate change: a catalyst for global expansion of harmful cyanobacterial blooms. Environ 
Microbiol Rep 1: 27–37. https://doi.org/10.1111/j.1758-2229.2008.00004.x

Ponce-Palafox JT, Ruíz-Luna A, Gómez MGU, Esparza-Leal HM, Arredondo-Figueroa JL, Martinez-Palacios CA, Ross LG, 
2013. A response-surface analysis of the relative importance of the temperature, salinity and body weight on the respiratory 
metabolism of the white shrimp Litopenaeus vannamei (Boone, 1931). Mar Freshw Behav Physiol 46(6): 399-417. 

	 https://doi.org/10.1080/10236244.2013.849058

Qiao L, Chang Z, Li J, Chen Z, 2020. Phytoplankton community succession in relation to water quality changes in the indoor 
industrial aquaculture system for Litopenaeus vannamei. Aquaculture 527 : 735441. 

	 https://doi.org/10.1016/j.aquaculture.2020.735441

Qiao Q, Liu W, Wu K, Song T, Hu J, Huang X, Wen J, Chen L, Zhang X, 2013. Female zebrafish (Danio rerio) are more 
vulnerable than males to microcystin-LR exposure, without exhibiting estrogenic effects. Aquat Toxicol 142: 272-282. 

	 https://doi.org/10.1016/j.aquatox.2013.07.002

Rosini EF, Sant’Anna CL, Tucci A, 2013. Cyanobacteria de pesqueiros da região metropolitana de São Paulo, Brasil. Rodriguésia 
64: 399-417. https://doi.org/10.1590/S2175-78602013000200015

Samocha TM, 2019. Sustainable Biofloc Systems for Marine Shrimp. Academic Press.

Samocha TM, Prangnell DI, Hanson TR, Treece GD, Morris TC, Castro LF, Staresinic N, 2017. Design and Operation of Super 
Intensive, Biofloc-Dominated Systems for Indoor Production of the Pacific White Shrimp, Litopenaeus vannamei– The 
Texas A&M AgriLife Research Experience. The World Aquaculture Society.

Schrader KK, Green BW, Perschbacher PW, 2011. Development of phytoplankton communities and common off-flavors in a 
biofloc technology system used for the culture of channel catfish (Ictalurus punctatus). Aquac Eng 45(3): 118–126. 

	 https://doi.org/10.1016/j.aquaeng.2011.08.004

Shah MR, Lutzu GA, Alam A, Sarker P, Chowdhury MK, Parsaeimehr A, Liang Y, Daroch M, 2018. Microalgae in aquafeeds 
for a sustainable aquaculture industry. J Appl Phycol 30: 197-213. https://doi.org/10.1007/s10811-017-1234-z.

Silva AEM, Brito LO, da Silva DA, de Lima PCM, da Silva Farias R, Gálvez AO, da Silva SMBC, 2021. Effect of Brachionus 
plicatilis and Navicula sp. on Pacific white shrimp growth performance, Vibrio, immunological responses and resistance to 
white spot virus (WSSV) in nursery biofloc system. Aquaculture 535: 736335. 

	 https://doi.org/10.1016/j.aquaculture.2020.736335

Sipaúba-Tavares LH, Millan RN, Santeiro RM, 2010. Caracterization of a plankton community in a fish farm. Acta Limnol Bras 
22(1): 60-69. https://doi.org/10.4322/actalb.02201008

Zimba PV, Camus A, Allen EH, Burkholder JM, 2006. Co-occurrence of white shrimp, Litopenaeus vannamei, mortalities and 
microcystin toxin in a southeastern USA shrimp facility. Aquaculture 261(3) : 1048-1055. 

	 https://doi.org/10.1016/j.aquaculture.2006.08.037

Tundisi JG, Matsumura-Tundisi T, 2008. Limnologia. Oficina de Textos.

Van Wyk P, 1999. Nutrition and feeding of Litopenaeus vannamei in intensive culture systems. In: Van Wyk P, Davis-HodgkinsM, 
Laramore R,  Main KL, Mountain J, Scarpa J, (Eds.), Farming marine shrimp in recirculating freshwater systems (pp. 125–
140). Florida Department of Agriculture and Consumer Services - Harbor Branch Oceanic Institute.

Walne PR, 1966. Experiments in the large scale culture of the larvae of Ostrea edulis. Fish Investigation, 25, 1–53.

https://doi.org/10.1111/j.1758-2229.2008.00004.x
https://doi.org/10.1080/10236244.2013.849058
https://doi.org/10.1016/j.aquaculture.2020.735441
https://doi.org/10.1016/j.aquatox.2013.07.002
https://doi.org/10.1590/S2175-78602013000200015
https://doi.org/10.1016/j.aquaeng.2011.08.004
https://doi.org/10.1007/s10811-017-1234-z
https://doi.org/10.4322/actalb.02201008
https://doi.org/10.1016/j.aquaculture.2006.08.037


14 Jéssika L.de Abreu et al.

Spanish Journal of Agricultural Research Volume 23 • Issue 2 • 20765

Widanarni W, Ekasari J, Maryam S, 2012. Evaluation of biofloc technology application on water quality and production 
performance of red tilapia Oreochromis sp. cultured at different stocking densities. Hayati J Biosci 19(2): 73-80. 

	 http://dx.doi.org/10.4308/hjb.19.2.%25x

Xu WJ, Morris TC, Samocha TM, 2016. Effects of C/N ratio on biofloc development, water quality, and performance of Litope-
naeus vannamei juveniles in a biofloc-based, high-density, zero-exchange, outdoor tank system. Aquaculture 453: 169-175. 
https://doi.org/10.1016/j.aquaculture.2015.11.021

Ye W, Liu X, Tan J, Li D, Yang H, 2009. Diversity and dynamics of microcystin— Producing cyanobacteria in China’s third 
largest lake, Lake Taihu. Harmful Algae 8(5): 637-644. https://doi.org/10.1016/j.hal.2008.10.010

http://dx.doi.org/10.4308/hjb.19.2.%25x
https://doi.org/10.1016/j.aquaculture.2015.11.021
https://doi.org/10.1016/j.hal.2008.10.010

	Influence of the frequency of addition of Navicula sp. in a biofloc system on the growth of Penaeus 
	Abstract
	Resumen
	Introduction
	 Material and methods
	Experimental conditions
	Navicula sp. addition
	Water quality
	Storage, feeding and monitoring of shrimp
	Plankton composition and structure
	Statistical analysis

	Results
	Discussion
	Conclusion
	Ethical approval
	Acknowledgements
	Competing interests
	Statement about use of generative AI
	Authors’ contributions
	Funding
	References




