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Resumo 

 

O sistema de bioflocos (BFT) tem sido proposto para a produção intensiva de camarões 

como uma prática ambientalmente amigável, capaz de reduzir os impactos ambientais, prevenir a 

introdução de doenças e patógenos através da reduzida ou troca zero de água, aumentando a 

biossegurança dos cultivos. As microalgas desempenham um papel fundamental na reciclagem dos 

nutrientes, além de ser as principais produtoras primárias dos ácidos graxos poliinsaturados da 

família ω-3: EPA e DHA. As PUFAs são consideradas essenciais nas dietas de larvas e pós-larvas 

de camarões marinhos porque contribuem no crescimento e sobrevivência dos camarões cultivados. 

O estudo teve como objetivo avaliar o efeito da inoculação da diatomácea Navicula sp. no cultivo 

de pós-larvas de Litopenaeus vannamei em sistema de bioflocos. Quatro tratamentos foram 

realizados: controle (ZWE-B); troca zero de água e adição de ração comercial (ZWE-BF); troca 

zero de água e adição da diatomácea Navicula sp. (ZWE-D) e troca zero de água com adição de 

ração e Navicula sp. (ZWE-FD), todos com três repetições. Os camarões (17,7 ± 0,02 mg) foram 

estocados a uma densidade de 2,500 PL por m
-3

 e as microalgas inoculadas no 1º, 5º e 15º dia de 

cultivo, a uma densidade de 5x10
4
 cél mL

-1
. Os camarões foram alimentados com  ração comercial 

com  42% de proteína bruta, quatro vezes ao dia. Para análise dos dados utilizou-se Cochran, 

Shapiro-Wilk, ANOVA, Tukey e teste t de Student (P<0,05). Os gêneros mais frequentes 

observados para  o fitoplâncton, zooplâncton e cianobactérias foram: Anabaena, Arcella,  Bosmina, 

Brachionus, Cylindrotheca, Daphnia, Fragilaria, Hemiaulus, Keratella, Orthoseira, Oscillatoria, 

Phymatodocis, Rhabdonema, Skeletonema, Sckizothrix e Ulothrix. Não foram observadas diferenças 

significativas (P>0,05) para oxigênio dissolvido, temperatura, pH e salinidade. Porém, foram 

observadas diferenças significativas (P<0,05) entre os tratamentos para a TAN, NO2-N, 

alcalinidade, peso final, ganho de peso, biomassa final, conversão alimentar, taxa de crescimento 

específico e sobrevivência. O tratamento com  adição de Navicula sp. e fornecimento de ração 

apresentou os melhores parâmetros de produção, indicando os benefícios da inoculação das 

diatomáceas para as pós-larvas de L. vannamei, além de melhorar a qualidade da água e reduzir as 

densidades de cianobactérias em sistema de bioflocos. 

 

Palavras-chave: Microalgas, Flocos microbianos, Camarão, Troca zero de água. 
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Abstract 

 

Biofloc systems (BFT) have been proposed for intensive shrimp production as an 

environmentally friendly practice that can reduce environmental impacts and prevent the 

introduction of diseases and pathogens through reduced or zero water exchange, thus increasing the 

biosecurity of cultivation. Microalgae perform an important role in the recycling of nutrients, in 

addition to being the main primary producers of polyunsaturated fatty acids of the ω-3 family: EPA 

and DHA. PUFAs are considered essential in the diets of shrimp larva and post-larva because they 

contribute to growth and survival of cultivated shrimp. The purpose of this study is to evaluate the 

effect of inoculation with the diatom Navicula sp. in the cultivation of post-larva of Litopenaeus 

vannamei in a biofloc system. Four treatments were conducted: a control (ZWE-B); zero water 

exchange with the addition of commercial rations (ZWE-BF); zero water exchange and addition of 

diatom Navicula sp. (ZWE-D); and zero water exchange with addition of rations and Navicula sp. 

(ZWE-FD), each with three repetitions. The shrimp (17,7 ± 0,02 mg) were stocked at a density of 

2,500 PL per m
-3

 and the microalgae were inoculated on the 1st, 5th and 15th day of cultivation, at a 

density of 5x10
4
 cells mL

-1
. The shrimp were fed with commercial rations with 42% raw protein, 

four times a day. The data was analyzed using Cochran, Shapiro-Wilk, ANOVA, Tukey and the 

Student t-test (P<0,05). The most frequent genres observed for the phytoplankton, zooplankton and 

cyanobacteria were: Anabaena, Arcella,  Bosmina, Brachionus, Cylindrotheca, Daphnia, 

Fragilaria, Hemiaulus, Keratella, Orthoseira, Oscillatoria, Phymatodocis, Rhabdonema, 

Skeletonema, Sckizothrix and Ulothrix. No significant differences were observed (P>0,05) for 

dissolved oxygen, temperature, pH and salinity. However, significant differences were observed  

(P<0,05) between the treatments for TAN, NO2-N, alkalinity, final weight gain, final biomass, food 

conversion, specific growth rate and survival. The treatment with the addition of Navicula sp. and 

rations had the best production parameters, indicating the benefits of inoculation of the diatoms for 

the post-larva of L. vannamei, in addition to improving water quality and reducing the density of 

cyanobacteria in a biofloc system.  

 

Key words: Microalgae, Microbial flocs, Shrimp, Zero water exchange. 
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1- Introdução 

A carcinicultura é considerada uma atividade consolidada no âmbito da produção de 

alimentos de procedência aquática e o camarão branco do Pacífico, Litopenaeus vannamei, se 

destaca por ser a espécie mais cultivada no mundo. Porém, o crescimento do setor pode ocasionar 

alguns problemas ambientais, tais como, destruição dos mangues, propagação de doenças no cultivo 

correlacionadas na maioria das vezes por manejo inadequado e geração de efluentes com alta 

concentração de nutrientes e matéria orgânica (PRIMAVERA et al., 2006; KRUMMENAUER et 

al., 2012). Neste sentido, é necessária a busca por técnicas de manejo que melhorem a eficiência da 

administração de alimentos, da qualidade da água e dos solos, nos quais a renovação de água seja 

minimizada, mitigando a emissão de efluentes e a transmissão de doenças, no sentido de tornar a 

atividade sustentável (BRITO et al., 2010). Dentro dessas estratégias pode-se destacar o cultivo de 

camarões marinhos em sistema de bioflocos, também conhecido como BFT (Biofloc Technology 

System) ou cultivo de camarões em meio heterotrófico.  

O sistema de bioflocos, além de controlar eficientemente a qualidade da água em cultivos 

com troca zero de água, permite a cultura intensiva e saudável dos camarões (AVNIMELECH, 

2012). A força motriz de sistemas BFT é microbiana, ao qual é um agregado orgânico de partículas 

suspensas com muitas variedades de microrganismos ativos associados com substâncias poliméricas 

extracelulares (De SCHRYVER et al., 2008; JU et al., 2008; RAY et al., 2010; XU e PAN, 2013). 

Esse sistema é aludido sobre os efeitos benéficos à carcinicultura, principalmente por remover 

fontes de nitrogênio tóxicas, como a amônia e o nitrito (RAY et al., 2011; XU et al., 2012); melhor 

aproveitamento da ração e melhor desempenho do crescimento dos camarões, através do 

incremento do alimento natural que estimulam a digestão e as atividades enzimáticas 

(BALLESTER et al., 2010; XU e PAN, 2012; ANAND et al., 2014; KIM et al., 2014), além de 

aumentar a biossegurança e a saúde dos animais cultivados, exercem possível efeito probiótico 

(MOSS et al., 2012; HASLUN et al., 2012; XU e PAN, 2013; SOUZA et al., 2014).  
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Em sistemas de bioflocos, o desenvolvimento de uma comunidade microbiana benéfica deve 

ser desenvolvida e sustentada (RAY et al., 2010). As algas fornecem um complemento nutricional 

para camarões, disponibilizam nutrientes para o crescimento de bactérias, além de servir de 

alimentação básica para o zooplâncton que consecutivamente podem prover de alimentação 

suplementar para camarões (JU et al., 2008, BALOI et al., 2013). É sabido que nas larviculturas de 

peneídeos, as exigências nutricionais destes animais são cumpridas com o fornecimento de 

microalgas marinhas (PIÑA et al., 2006; ZHOU et al., 2009; KHATOON et al., 2009). As 

diatomáceas são o grupo de microalgas preferidas para a alimentação de larvas e pós-larvas de 

camarões (YUSOFF et al., 2002; JU et al., 2008; 2009), por contribuir em aminoácidos essenciais e 

ácidos graxos polinsaturados (PUFAs), principalmente da família ω-3: eicosapentaenóico (EPA) e 

decosahexanóico (DHA), aos quais são fundamentais para o crescimento e sobrevivência dos 

camarões cultivados (PIÑA et al., 2006; JU et al., 2009; BELETTINI et al., 2011). Mas, a alta 

concentração de matéria orgânica em suspensão, que diminui significativamente a luminosidade na 

coluna d’água reduzindo o processo fotossintético, assim como, a competição por nutrientes com as 

bactérias heterotróficas, parece impedir o estabelecimento das diatomáceas em sistemas de 

bioflocos (GODOY et al., 2011), não obstante, a inoculação das diatomáceas em sistemas BFT, 

poderá favorecer na manutenção destas. 

Além disso, o processo fotossintético contribui na ciclagem dos nutrientes, absorve 

compostos nitrogenados, promovendo a melhoria da qualidade de água, fornecendo oxigênio 

durante o dia e controlando doenças e patógenos (THOMPSON et al., 2002; BURFORD et al., 

2003; LAVÍN e LOURENÇO, 2005; HARGREAVES, 2006; ZHOU et al., 2009; BALLESTER et 

al., 2010; GODOY et al., 2011; BALOI et al., 2013). Apesar da importância que as diatomáceas 

tem nas culturas extensivas, semi-intensivas, integradas e intensivas (MARTÍNEZ-CÓRDOVA e 

PEÑA-MESSINA, 2005; PATIL et al., 2007; ELEZUO, 2011), o entendimento do seu papel em 
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sistemas de bioflocos permanece pouco depreendido, especialmente no que diz respeito à qualidade 

de água, crescimento, sobrevivência e desempenho zootécnico dos animais cultivados. 

Assim, o objetivo do presente estudo foi avaliar o efeito da inoculação da diatomácea 

Navicula sp. no cultivo de pós-larvas de Litopenaeus vannamei em sistema de bioflocos. 

 

2- Revisão de literatura 

2.1 Sistema de Bioflocos  

Recentemente, vários estudos estão sendo desenvolvidos com o objetivo de limitar ou 

mesmo zerar a troca de água nos sistemas de cultivo, combinando o tratamento de água com a 

reciclagem do alimento artificial não consumido, através de uma biota aeróbica e heterotrófica. 

Dentre outros termos, esse tipo de cultivo é conhecido como, Zero Exchange Aerobic Heterotrophic 

Culture Systems (ZEAH), Biofloc Technology (BFT), sistema heterotrófico ou simplesmente 

sistema de cultivo com flocos microbianos (WASIELESKY et al., 2006). 

Historicamente, essa tecnologia começou a ser utilizada para o tratamento de efluentes 

domésticos, mais foi a partir dos anos 80 que ela passou a ter sua história no cultivo de organismos 

aquáticos. O sistema de bioflocos começou a ser desenvolvido através de pesquisas do grupo 

AQUACOP, induzindo a formação de flocos microbianos, antigamente chamados de “moulinetes”, 

como forma de realizar a manutenção de reprodutores de camarões peneídeos na Polinésia Francesa 

(TACON et al., 2002; CUZÓN et al., 2008). Nos anos 90, em Israel, Avnimelech e colaboradores, 

realizaram vários experimentos a fim de induzir a formação de uma cadeia composta por bactérias 

heterotróficas, por meio de mudanças na relação carbono:nitrogênio na água do cultivo. 

Simultaneamente, Hopkins e um grupo de pesquisadores, iniciaram nos Estados Unidos no Waddell 

Mariculture Center (WMC), o desenvolvimento de tecnologias ambientalmente amigáveis, com 

objetivo de diminuir a emissão de efluentes em viveiros revestidos (WASIELESKY et al., 2006a; 

VENERO et al., 2009). A produtividade nesses sistemas superaram 5000 Kg/ha/safra sendo 
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principalmente atribuída à diminuição da renovação de água, indução e estabilização da cadeia 

microbiana (AVNIMELECH, 1993; HOPKINS et al., 1993; AVNIMELECH et al., 1994; 

CHAMBERLAIN e HOPKINS, 1994). Posteriormente este sistema foi adaptado para fazendas em 

Belize. Onde a Belize Aquaculture Ltda foi a primeira fazenda comercial a utilizar este sistema de 

cultivo com sucesso. Na primeira tentativa a produção foi de 13,5 toneladas/camarões/ha, 

posteriormente, alcançando uma média de produção de 20 toneladas/camarão/ha (BURFORD et al., 

2003). 

O processo de formação dos bioflocos envolve interações físicas, químicas e biológicas. O 

início da agregação das partículas ocorre pela adição de uma fonte de carbono orgânico diretamente 

na água e/ou pelo uso de alimentos com especial taxa C/N (BALLESTER et al., 2010; CRAB et al., 

2012). Com o balanceamento e a manutenção da relação carbono:nitrogênio (C/N) próximos a 12-

20, bactérias heterotróficas imobilizam o íon amônio, diminuindo-o no sistema, para a produção de 

proteína microbiana (AVNIMELECH, 1999; SCHENEIDER et al., 2005). A partir daí, 

microorganismos começam a se desenvolver e diversificar cada vez mais, assim, além de bactérias 

heterotróficas e autotróficas, observa-se protozoários ciliados e flagelados, nematoides, microalgas, 

rotíferos, copépodos, dentre outros. Resumidamente, este processo de formação dos flocos ocorre 

com aumento da carga orgânica e o tempo, seguindo os passos: água clara, bloom de algas, grande 

quantidade de espumas na superfície, acúmulo de material orgânico dissolvido, mudança na 

coloração da água para marrom, desaparecimento das espumas e finalmente o surgimento dos flocos 

(AVNIMELECH, 2009). 

Estes sistemas permitem que o nitrogênio gerado pelos alimentos não consumidos e excretos 

dos organismos seja convertido em biomassa proteica, voltando a ser disponibilizado no cultivo e 

consumido por esses mesmos indivíduos. Com isto, se torna possível minimizar a troca de água sem 

que esta perca sua qualidade e, por conseguinte a quantidade de nutrientes descarregados em água 

adjacentes é diminuída, aumentando a biossegurança (LEZAMA-CERVANTES e PANIAGUA-
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MICHEL, 2010). Comparando os sistemas tradicionais de cultivo com o sistema de bioflocos, para 

produzir 1 Kg de camarão em práticas tradicionais de produção são necessários de 20 a 64 m
3 

de 

água (HOPKINS et al., 1993; TIMMONS e LOSORDO, 1994; MOSS et al., 2001). Em contraste, 

Samocha et al. (2010) utilizaram apenas 98 litros de água para produzir os mesmos 1 Kg de 

camarão L. vannamei em sistemas de bioflocos com troca zero de água. Além disso, a mesma água 

pode ser utilizada por vários ciclos de produção sem influenciar no desempenho do camarão 

cultivado (KRUMMENAUER et al., 2014). 

Na produção de camarões em BFT alguns requisitos mínimos em termos de qualidade de 

água devem ser considerados. Para temperatura, oxigênio dissolvido, salinidade, são semelhantes 

com os sistemas tradicionais de cultivo. Contudo, para os parâmetros de pH, CO2, fósforo, amônia, 

nitrito, nitrato, alcalinidade e sólidos suspensos, se diferenciam. Segundo Furtado et al. (2011), em 

BFT o pH e a alcalinidade podem diminuir em função do aumento do dióxido de carbono dissolvido 

e dos sólidos suspensos totais. Essa redução do pH e da alcalinidade, ocorre devido a ação das 

bactérias nitrificantes e heterotróficas que formam o bioflocos. Outro fator que também deve ser 

levado em consideração é que como esse sistema oferece a possibilidade de utilizar elevadas 

densidades de estocagem (KRUMMENAUER et al., 2011; SILVA et al., 2013; FRÓES et al., 

2013), pode ocorrer o acúmulo de nitrogenados proveniente da excreção dos animais e da matéria 

orgânica em decomposição, as concentrações de amônia podem alcançar níveis elevados. Assim, a 

fertilização orgânica de carbono deve ser realizada para estimular o rápido crescimento bacteriano 

5-7 semanas, metabolizando a amônia em nitrito e posteriormente a nitrato (SAMOCHA et al., 

2011), visto que esses compostos podem atingir concentrações tóxicas aos animais cultivados. Silva 

et al. (2013), observaram que mais de 16% do fósforo orgânico e inorgânico dissolvido podem ficar 

acumulados em cultivos com bioflocos. A acumulação de fósforo nestes sistemas é devido à ração 

não consumida (lixiviadas) na água, favorecendo a eutrofização (PEÑAFLORIDA, 1999). Apesar 
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deste composto não afetar diretamente o camarão, pode favorecer no crescimento de cianobactérias, 

que podem obstruir as brânquias do camarão e produzir toxinas (WASIELESKY et al., 2006b). 

Partículas de bioflocos em geral podem contribuir substancialmente para as necessidades 

nutricionais dos camarões agindo como uma fonte de suplementação alimentar, promovendo uma 

maior taxa de crescimento, aumento do peso final e redução no fator de conversão alimentar 

(COHEN et al., 2005; VENERO et al., 2009; RAY et al., 2010; BALLESTER et al., 2010; CRAB 

et al., 2012; FRÓES et al., 2012; KRUMMENAUER et al., 2014). Além disso, é possível diminuir 

os níveis de proteína das rações para camarões, reduzindo significativamente os custos com 

alimentação exógena (AVNIMELECH, 2000; BALLESTER et al., 2010). Bauer et al. (2012) 

substituindo a farinha de peixe, por flocos microbianos e proteína de soja em dietas para L. 

vannamei, observaram que a farinha de peixe pode ser substituída por flocos microbianos e proteína 

de soja, sem representar efeitos adversos no desempenho do camarão cultivado. Anand et al. (2014), 

estudaram o efeito da suplementação dietética de bioflocos no crescimento e atividade de enzimas 

digestivas em juvenis de Penaeus monodon, elucidaram que o biofloco pode ser utilizado como um 

suplemento dietético, onde a nível de 4% na ração aumentou o crescimento e a atividade de enzimas 

digestivas (>57%) em juvenis do camarão tigre P. monodon. Recentemente Kim et al. (2014) 

descobriram que os bioflocos além de favorecer o crescimento das pós-larvas de L. vannamei, 

aumentou a resposta imune destes crustáceos. 

2.2 Microalgas na aquicultura 

Microalgas são seres microscópicos, eucarióticos, fotossintetizantes, pertencentes ao Reino 

Protista (RICHMOND, 2004). Reproduzem-se utilizando a energia luminosa em energia química 

(biomassa) através da fotossíntese, completando todo um ciclo de crescimento em poucos dias. 

Além disso, podem crescer praticamente em qualquer lugar, exigindo unicamente a luz solar e de 

alguns nutrientes, não obstante, as suas taxas de crescimento, composição bioquímica, pode ser 
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otimizada pela adição de específicos nutrientes, aeração, temperatura, intensidade luminosa, pH, 

entre outros (ASLAN et al., 2006). 

As microalgas são os principais componentes do primeiro nível trófico de uma cadeia 

alimentar, ao converter autotroficamente a energia luminosa em energia assimilável pelos seres 

vivos (ALONSO et al., 2012). Sua biomassa é conhecida como uma fonte natural e ilimitada de 

compostos biologicamente ativos, tais como carotenoides, ficobilinas, vitaminas, aminoácidos, 

proteínas, onde atualmente, diferentes espécies são produzidas em escala comercial, favorecendo o 

seu desenvolvimento em diversos campos como na aquicultura e nas indústrias químicas, 

farmacêuticas e nutracêuticas (PULZ e GROSS, 2004; GOUVEIA et al., 2007; GRIFFITHS et al., 

2012; DRAAISMA et al., 2013). 

Além das aplicações biotecnológicas, a grande demanda da produção de microalgas 

concentra-se na aquicultura, onde são utilizadas como fonte alimentar, principalmente pelo seu 

conteúdo proteico e de ácidos graxos poliinsaturados, para moluscos bivalves (PETTERSSEN et al., 

2010; PERNET et al., 2012), rotíferos (COSTA et al., 2008; ROMERO e YUFERA, 2012; YIN et 

al., 2013), artêmias (MAKRIDIS et al., 2006; DEHGHAN et al., 2011; INTERAMINENSE et al., 

2014), copépodos (MARTÍNEZ-CÓRDOVA et al., 2012) e de outros invertebrados marinhos, 

como os camarões (THOMPSON et al., 2002; SOARES et al., 2006; KENT et al., 2011; VIAU et 

al., 2013; KHATOON et al., 2013). Além de servir de corantes para organismos intensamente 

cultivados, melhorando o preço desses no mercado (CHIEN et al., 2003; NIU et al., 2009). Rações 

incrementadas com 5-20% de Arthrospira (rica em carotenos) aumentam os padrões de vermelho e 

amarelo em carpas e intensificam o brilho das partes brancas. Essa definição de cor aumenta o valor 

da venda. Outro exemplo é a tradicional técnica francesa de “esverdeamento de ostras”, que 

consiste na indução de cor verde-azulada nas brânquias e nos palpos labiais de ostras utilizando a 

diatomácea Haslea ostrearia, aumentando o valor do produto em 40% (SPOLAORE et al., 2006; 

GAGNEUX-MOUREAUX et al., 2007; HEMAISWARYA et al., 2011). 
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Como as microalgas são primordiais nas cadeias produtivas da aquicultura, representam 

custo relativamente alto na produção de animais. O valor dos custos envolvidos na produção 

dependerá da espécie do animal cultivado e da duração do período em que as microalgas serão 

ofertadas (fase exponencial e/ou fase estacionária), podendo representar 40% do custo total para a 

produção de sementes de ostras ou 30% da produção de pós-larvas de peneídeos (LAING e HELM, 

1981; KUBAN et al., 1983; BENEMAM et al., 1992; BOROWITZKA, 1997; CAÑAVATE e 

FERNÁNDES-DÍAZ, 2001). Por conta disso, para ser viável em aquicultura, a microalga deve 

apresentar altas taxas de crescimento, ser de fácil cultivo, ser resistente às condições de cultivo, 

atóxica, apresentar tamanho adequado e alta qualidade nutricional para ser ofertada ao animal de 

interesse, como, apresentar parede celular digerível (ou ausente) para facilitar o acesso aos 

nutrientes contidos nas células (HEMAISWARYA et al., 2011). 

As espécies utilizadas na alimentação de organismos aquáticos pertencem a vários grupos 

Cryptophyceae (Rhodomonas spp. Karsten), Chrysophyceae (Monochrysis spp. Skuja), 

Haptophyceae (Isochrysis spp. Parke), Prasinophyceae (Tetraselmis spp. Stein), Cyanophyceae 

(Arthrospira spp. e Spirulina spp.) e Chlorophyceae (Chlorella spp., Dunaliella spp. e Scenedesmus 

spp. Bourrely). Dentre outras classes e diversas espécies, as mais comumente utilizadas em 

larviculturas de peneídeos são as diatomáceas Bacillariophyceae centrales (Chaetoceros spp. 

Ehrenberg, Thalassiosira spp. Cleve, Skeletonema spp. Greville) e as penales (Phaeodactylum 

tricornutum Bohlin, Nitzchia spp. Hustedt, Amphora spp. Kützing) (MULLER-FEUGA, 2004). 

As diatomáceas são organismos unicelulares, estão dentro da classe Bacillariophyceae, 

possuindo uma característica peculiar às outras microalgas, porque possui parede celular silicosa, 

com números de gêneros e espécies de aproximadamente 250 e 100.000, respectivamente 

(LEBEAU e ROBERT, 2003). As diatomáceas estão entre os grupos de microalgas relativamente 

mais ricas em ácidos graxos, principalmente (EPA, 20:5n-3) e (DHA, 22:6n-3), ambos apresentando 

variação de 5%-35% do total de ácidos graxos poliinsaturados (PATIL et al., 2005; 



MARINHO, Y.F Efeito da inoculação da diatomácea...                                                                                                    18 

 

 

HEMAISWARYA et al., 2011). Os ácidos graxos poliinsaturados de cadeia longa da família ω-3: 

ALA (α-linolenico), EPA (eicosapentaenoico) e DHA (docosaexaenoico), e da família ω-6: ARA 

(araquidônico) e LA (linoleico), são essenciais para uma ótima nutrição, crescimento, tolerância ao 

stress, para os organismos cultivados (BELL e SARGENT, 2003), porém poucos animais são 

capazes de sintetizar esses ácidos graxos de cadeia longa e deve obter esses ácidos graxos através da 

sua dieta (BRETT e MÜLLER-NAVARRA, 1997).  

Piña et al. (2005), compararam a sobrevivência, desenvolvimento, comprimento e peso final 

das três fases de protozoea de L. vannamei alimentados com três microalgas Isochrysis sp., 

Tetraselmis suecica e Chaetoceros muelleri, fornecidas como dietas monoalgal e misturadas, os 

melhores resultados foram obtidos nos tratamentos com C. muelleri, sendo observado mortalidade 

de 100% nos tratamentos onde só foram ofertados T. suecica, atribuído a falta de PUFAs nesta 

microalga. Kent et al. (2011) verificaram que quando juvenis de L. vannamei, foram imersos em 

tanques contendo monoculturas de Thalassiosira weissflogii, Amphiprora sp., Nannochloropsis 

salina e Synechococcus bacillarus, ingeriram e digeriram as diatomáceas T. weissflogii e 

Amphiprora sp., contudo, mesmo com a ingestão de S. bacillarus e N. salina pelos camarões, não 

haviam evidência de digestão destas células, significando a importância das diatomáceas como 

fonte de alimento para estes animais, até mesmo depois da fase larval.  

Já em sistemas de bioflocos, Godoy et al. (2011) inoculando as diatomáceas no cultivo de L. 

vannamei, alegaram que as diatomáceas garantiram o melhor desempenho zootécnico dos camarões 

cultivados. Fato também observado por Khatoon et al. (2009), onde após uma análise bioquímica 

revelaram que as PLs de Penaeus monodon cultivadas em tanques contendo diatomáceas, possuíam 

alta valor de lipídios, carboidratos e proteínas que garantiram maior crescimento e sobrevivência dos 

animais cultivados. Ju et al. (2008) obtiveram as maiores taxas de crescimento em L. vannamei 

alimentados com flocos que continham em sua composição biomassa fitoplanctônica (246g Kg), 

biomassa bacteriana (30g Kg), cinzas (392g Kg), enquanto que o restante (332g Kg) consistia de 
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detritos e zooplâncton. Análises de pigmentos e de microscopia realizadas pelos autores revelaram 

respectivamente, que as diatomáceas se prevaleceram com 82,4% com relação às clorofíceas 7,9% e 

que os gêneros mais representativos foram Thalassiosira, Chaetoceros e Navicula. 
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4- Artigo científico  

 

 

Os resultados obtidos do trabalho experimental dessa dissertação são apresentados no artigo 

intitulado: Effect of addition of Navicula sp. on plankton composition and postlarvae growth of 

Litopenaeus vannamei reared in culture tanks in zero water exchange (manuscrito), que se encontra 

anexado. 

 

 

 

 

 

 

 

 

 

 

Artigo científico a ser encaminhado a Revista [Latin American 

Journal of Aquatic Research (LAJAR), ISSN: 0718-560X]. 

 

Todas as normas de redação e citação, deste capítulo, atendem as 

estabelecidas pela referida revista (em anexo). 
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Effect of addition of Navicula sp. on plankton composition and postlarvae growth of 

Litopenaeus vannamei reared in culture tanks in zero water exchange 
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1
;
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2
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1
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1
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1
 

 
1
Laboratório de Maricultura Sustentável. Departamento de Pesca e Aquicultura. Universidade 

Federal Rural de Pernambuco (UFRPE). Recife, PE, Brasil. 
2
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(IPA). Recife, PE, Brasil. 

 

ABSTRACT. The aim of this study was to evaluate the effect of the addition of Navicula sp. on 

plankton composition and postlarvae growth of Litopenaeus vannamei reared in culture tanks in 

zero water exchange systems. Four treatments were considered: zero water exchange (ZWE); ZWE 

with the addition of feed (ZWE-F); ZWE with the addition of Navicula sp. (ZWE-N) and ZWE with 

the addition of feed and Navicula sp. (ZWE-FN), all in triplicate. Shrimp of 17.7 ± 0.02 mg were 

stocked at a density of 2500 shrimp m
-3

 and the microalgae were added on the 1
st
, 5

th
 and 15

th
 days 

at a density of 5 x 10
4
 cell.mL

-1
. The shrimp were fed a commercial feed composed of 42% crude 

protein four times a day except in the ZWE treatment. For data analysis we used Cochran, Shapiro-

Wilk, ANOVA, Tukey and Student-t tests (P < 0.05). The most frequent genera were: Anabaena, 

Arcella, Asplanchma, Bosmina, Brachionus, Cylindrotheca, Daphnia, Fragilaria, Hemiaulus, 

Keratella, Orthoseira, Oscillatoria, Phymatodocis, Rhabdonema, Skeletonema, Sckizothrix and 

Ulothrix. Significant differences between treatments were observed for TAN, NO2-N, alkalinity, 

final weight, weight gain, final biomass, biomass gain, feed conversion ratio, specific growth rate 

and survival. The ZWE-FN treatment showed better production parameters, indicating the benefits 

of addition of Navicula sp as a natural food source for postlarvae L. vannamei in zero water 

exchange systems. 

 

Keywords: Navicula, Phytoplankton, Zooplankton, Cyanobacteria, Shrimp, Zero water exchange. 

 

Efecto de la adición de Navicula sp. sobre la composición del plancton y el crecimiento de las 

postlarvas de Litopenaeus vannamei criadas en tanques de cultivo sin recambio de agua 

 

RESUMEN. El objetivo de este estudio fue evaluar el efecto de la adición de Navicula sp. en la 

composición del plancton y el crecimiento de las postlarvas de Litopenaeus vannamei en estanques 

de cultivo sin recambio de agua. Se realizaron cuatro tratamientos: sin recambio de agua (ZWE); 

ZWE más adición de ración alimenticia (ZWE-F); ZWE más la adición diatomea Navicula sp. 
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(ZWE-N) y ZWE más adición ración alimenticia y más la Navicula sp. (ZWE-FN), todos con tres 

repeticiones. Los camarones con peso de 17,7 ± 0,02 mg fueron sembrados a una densidad de 2500 

camarones m
-3

, las microalgas fueron adicionadas el  1º, 5º y 15º dias de cultivo a una densidad de 5 

x 10
4
 cel.mL

-1
. Los camarones se alimentaron con una ración comercial con 42% de proteína cruda 

cuatro veces al día. Para los análisis estadísticos se utilizaron las pruebas de Cochran, Shapiro Wilk, 

ANOVA, Tukey y t de Student (P <0,05). Los géneros más frecuentes fueron: Anabaena, Arcella, 

Asplanchma, Bosmina, Brachionus, Cylindrotheca, Daphnia, Fragilaria, Hemiaulus, Keratella, 

Orthoseira, Oscillatoria, Phymatodocis, Rhabdonema, Skeletonema, Sckizothrix and Ulothrix. Se 

encontraron significativas observadas entre los tratamientos para TAN, NO2-N, alcalinidad, peso 

final, ganancia de peso, biomasa final, ganancia de biomasa, el índice de conversión, tasa de 

crecimiento específico y supervivencia. El tratamiento ZWE-FN mostró los mejores parámetros de 

producción, resaltando los beneficios de la adición de la Navicula sp con fuente de alimento natural 

para el postlarvas L. vannamei sin recambio de agua. 

 

Palabras clave: Navicula, Fitoplancton, Zooplancton, Cyanobacteria, Camarones, Sin recambio de 

agua. 

 

INTRODUCTION 

Large quantities of formulated feed with high animal protein content can cause eutrophication in 

aquaculture systems, increasing the nutrient load in effluents (Tacon et al., 2002). Their use 

increases production costs (Audelo-Naranjo et al., 2012) and can result in an insufficient supply of 

some essential nutrients (Crab et al., 2007), thus becoming a limiting factor in intensive systems. To 

minimize or reduce this nutrient deficiency, organic and inorganic fertilizers can be added to the 

cultivation systems to promote growth of the microbial community, which is a food source (Brito et 

al., 2009a,b; Asaduzzaman et al., 2010; Lara-Anguiano et al., 2013). Shrimp can feed on natural 

biota such as phytoplankton, zooplankton and bacteria present in culture systems (Otoshi et al., 

2011). This biota can supply some of the shrimps’ nutritional needs (Martínez- Cordova & 

Enríquez-Ocaña, 2007), and improve the activity of digestive enzymes (Xu et al., 2012).  

In intensive farming systems with Pacific white shrimp (Litopenaeus vannamei), microalgae 

(through photosynthesis) and the other constituents of the microbial community can play an 

important role in recycling nutrients (Audelo-Naranjo et al., 2012; Sánchez et al., 2012), decreasing 

the anoxic zones in ponds and alleviating the nutrient load in wastewater (Martínez-Porchas et al., 

2010), while providing a nutrition source for shrimp in semi-intensive (Otoshi et al., 2011) and 

intensive systems (Sánchez et al., 2012). 
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Depending on the species and culture conditions, benthic diatoms contain an average of 32 to 

38% crude protein (Gordon et al., 2006). However, Khatoon et al. (2009) found that Navicula sp., 

grown in a Conway culture medium contain 494 g of crude protein, 259 g of lipids and 111 g of 

carbohydrates per kilogram of dry matter, and the profile of polyunsaturated fatty acids includes 82 

g of EPA and 22 g of DHA for each kilogram of total fatty acids. Despite the importance of 

diatoms, little attention has been paid to them in zero water exchange systems, mainly due to the 

reduced availability of light and the predominance of heterotrophic bacteria.  

In zero or minimal exchange systems, the main forms of nitrogen removal are photosynthetic and 

heterotrophic bacterial activities (Cohen et al., 2005; Becerra-Dorame et al., 2011). For this reason, 

in zero or minimal water exchange, it is necessary to know the components of the natural 

community and understand the role of each one in the entire ecosystem (Avnimelech, 2009; Crab et 

al., 2012).  

In this respect, the aim of this study was to evaluate the effect of the addition of the benthic 

diatom Navicula sp. on the plankton composition and postlarvae growth of Litopenaeus vannamei 

reared in culture tanks in zero water exchange. 

 

MATERIALS AND METHODS 

Experimental Conditions 

An indoor trial was conducted for 20 days at the Sustainable Mariculture Laboratory 

(LAMARSU) of the Fisheries and Aquaculture Department (DEPAq) of the Rural Federal 

University at Pernambuco (UFRPE), Recife, Brazil (08
○
01’00.16¨S, 034

○
56’57.74”W). The 

experimental design was completely randomized with four treatments: zero water exchange (ZWE); 

ZWE with the addition of feed (ZWE-F); ZWE with the addition of Navicula sp. (ZWE-N) and 

ZWE with the addition of feed and Navicula sp. (ZWE-FN), all in triplicate. 

Five days prior to stocking shrimp, water from a matrix tank (TAN 0.12 mg L
-1

, NO2-N 2.26 mg 

L
-1

, alkalinity 100 mg CaCO3 L
-1

 and settleable solids 27 mL L
-1

) was mixed and equally distributed 

to fill twelve black-plastic tanks (50cm x 35cm x 23cm) up to approximately 50% of the volume, 

and completed with 50% sea water (with a salinity of 35 g L
-1

, and which was filtered and treated 

with a chlorine solution of 10 mg L
-1

, then dechlorinated and aerated for 48 h).  

Aeration was supplied with three airstones from a 2-HP blower. There was no water exchange 

during the experimental period, but dechlorinated freshwater was added to compensate for 

evaporation. The light intensity was kept at ~ 1000 lux using a fluorescent lamp with a 12-hour 

light/dark photoperiod. 
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Shrimp stocking, feeding, and addition of organic carbon  

      Specific pathogen-free postlarvae (17.7 ± 0.02 mg) of L. vannamei were obtained from a 

commercial laboratory (Potiporã, Barra de Sirinhaém, PE, Brazil) and stocked at a density of 2,500 

shrimp m
-3

. The postlarvae were fed four times a day (at 0800, 1100, 1400 and 1700h), with a 

commercial shrimp feed with 42% crude protein (Aquavita Premiun, Guaraves, Paraíba, Brazil) 

based on Van Wyk’s table (1999) and adjusted daily according to estimated shrimp consumption, 

mortality rate and leftover feed. Molasses (40% organic carbon) was added once a day to establish a 

12:1 C:N ratio in the experimental units throughout the culture period, assuming that 50% of the 

amount of feed is organic carbon and 1 kg of the 42% crude protein feed with 6.25%-N has 67.2 g 

of nitrogen, there is a need for 306.4g organic carbon, or 766.1 g of molasses (Samocha et al. 2007; 

Avnimelech 2009).  

 

Shrimp performance parameters  

 Shrimp weight was monitored at the end of the experiment, when biomass gain, specific growth 

rate (SGR), mean final weight, weekly growth, feed conversion ratio (FCR), survival and yield were 

determined based on the following equations: Biomass gain (g) = final biomass (g) – initial biomass 

(g); SGR (% day
-1

) = 100 x [ln final weight (g) – ln initial weight (g)] / time (days); Final weight (g) 

= final biomass (g) / survival; Weekly growth (g week
-1

) = biomass gain (g) / times (weeks) of culture; 

FCR = feed supplied (dry weight)/ biomass gain; Survival (%) = (number of individuals at the end of 

the evaluation period / initial number of individuals stocked) x 100; Yield (Kg m
-3 

) = final biomass 

(kg) / volume of experimental unit (m
3
). 

 

Diatom addition  

The benthic diatoms (Navicula sp.) were obtained from LAMARSU-DEPAq-UFRPE and 

cultured in a Conway medium (Walne, 1966) containing g L
-1

 FeCl3.6H2O 1.30; MnCl2.4H2O 0.36; 

H3BO3 33.6; EDTA 45.0; NaH2PO4.2H2O 20.0; NaNO3 100.0; ZnCl2 1.1; CoCl2.6H2O 1.0; 

(NH4)6MO7O24.4H2O 0.45; CuSO4.5H2O 1.0; Na2SiO3.5H2O 2.0; vitamins B12 0.1 and B1 1.0, 

which was used in a 1.0 mL L
-1

 solution, maintained in water with 30 g L
-1

 salinity, pH 7.9, 

temperature 25 ± 1°C and the light intensity was kept at ~ 2000 lux using a fluorescent lamp with a 

12-hour light/dark photoperiod. Diatoms were added on days 1, 5, 10 and 15 of cultivation in the 

experiment in the (ZWE-N) and (ZWE-FN) tanks at a concentration of 5 x 10
4
 mL

-1,  
corresponding 

to an addition of approximately 400 mL of microalgae to the tanks.  

Water quality monitoring 
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Dissolved oxygen and temperature were monitored with a DO meter (YSI model 55, Yellow 

Springs, Ohio, USA) twice a day (8:00 and 16:00 h). Salinity (YSI 30 model 30/50, Yellow 

Springs, Ohio, USA), pH (pH meter YSI model 100, Yellow Springs, Ohio, USA), total ammonia 

nitrogen (TAN), nitrite-nitrogen (NO2-N) and alkalinity (CaCO3) were monitored every five days 

using a spectrophotometer (ALFAKIT- AT10P, Brazil) and a compact alkalinity kit (ALFAKIT, 

Brazil), respectively. 

 

Phytoplankton, Zooplankton and Cyanobacteria monitoring 

Vertical water sampling was performed at the start and end of the experiment using plastic 

bottles with a volume of 500 mL for phytoplankton, zooplankton and Cyanobacteria collection. The 

water was filtered through a cylindrical-conical net (mesh: 15 µm for phytoplankton and 

Cyanobacteria, 50 µm for zooplankton) to 10 mL, to obtain a 50-fold concentration. The 

phytoplankton, zooplankton and Cyanobacteria were fixed with formalin (4%), buffered with borax 

(1%) and stored in 10-mL plastic recipients. A Sedgewick-Rafter chamber and stereomicroscope 

with magnification of 800 x were used for identification and quantification of the phytoplankton, 

zooplankton and Cyanobacteria samples, respectively (Pereira-Neto et al., 2008). 

The phytoplankton and Cyanobacteria were identified following Hoek et al. (1995) and Stanford 

(1999), and concentrations were estimated following Pereira-Neto et al. (2008) and expressed as 

cells mL
-1

. The zooplankton was identified following Boltovskoy (1999) and concentrations were 

estimated following APHA (2005) and expressed as org mL
-1

. 

 

Statistical analysis 

A parametric one-way ANOVA was used to analyze production parameters, after confirming 

homocedasticity (Cochran P < 0.05) and normality (Shapiro-Wilk P < 0.05). Tukey’s test (P < 0.05) 

was performed to compare and rank means from the four treatments. Water quality parameters, 

phytoplankton, zooplankton and Cyanobacteria density were analyzed by performing repeated 

ANOVA measures. Data analyses were performed using ASSISTAT Version 7.7 (Assistat 

Analytical Software, Campina Grande, Paraiba, Brazil). 

 

RESULTS 

The mean values of dissolved oxygen, temperature, pH and salinity determined in the four 

treatments were not significantly different (P > 0.05) (Table 1). However, significant differences (P 

< 0.05) were detected for TAN, NO2-N and alkalinity (Table 1). 
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The phytoplankton population was composed of 35 genera at the start of the experiment and 28 

genera at the end. The most frequent genera were Fragilaria, Orthoseira, Rhabdonema and 

Skeletonema at the start and Cylindrotheca, Hemiaulus, Skeletonema, Phymatodocis and Ulothrix at 

the end (Table 2). The zooplankton population was composed of 7 genera at the start and 13 at the 

end. The most frequent genera were Daphnia and Brachionus. at the start and Arcella, Bosmina, 

Daphnia, Asplanchma, Brachionus and Keratella (Table 3). The Cyanobacteria were composed of 

13 genera at the start and 11 at the end. The most frequent genera were Anabaena, Oscillatoria and 

Sckizothrix at the start and at the end(Table 4). However, no significant differences (P > 0.05) were 

detected for phytoplankton, zooplankton and Cyanobacteria density. 

The shrimp survival rates were all above 87% during the 20-day experimental period in ZWE-

FN and ZWE-F. However in ZWE and ZWE-N the survival rates were below 50%. The shrimp 

FCR in ZWE-FN was significantly lower (P < 0.05) than the ZWE-F. Shrimp performance 

parameters (final weight, final biomass, weight gain, biomass gain and SGR in the ZWE-FN were 

significantly higher (P < 0.05) than in the other treatments (Table 5).  

 

DISCUSSION 

The water quality parameters of dissolved oxygen, pH, salinity and TAN were within the ranges 

suggested by Van Wyk & Scarpa (1999) for marine shrimp. However, temperature and NO2-N for 

all treatments and alkalinity, with the exception of ZWE-FN, were different than that recommended. 

The water temperature was lower in all treatments, yet presented no influence on growth and feed 

consumption, because growth and FCA rates were good. 

The NO2-N levels found in this study did not cause great problems when salinity was between 

20-35 g L
-1

 (Wasielesky et al., 2006). However, Cohen et al. (2005), studying a zero water 

exchange system, observed an exponential increase in NO2-N levels during the growth period, 

causing shrimp mortality. The ZWE-FN had the highest concentration of TAN among the 

treatments. A zero water exchange system can have sudden changes of TAN and NO2-N and 

accumulate NO3-N, because of a variation in the microbial biomass during the culture period 

(Cohen et al., 2005), even with a higher C:N ratio (15-20:1) (Gao et al., 2012). 

Khatoon et al. (2009) observed higher TAN and NO2-N concentrations in the control than in the 

groups treated with the addition of diatoms during the culture of Penaeus monodon. Sanchez et al. 

(2012) observed significant differences in concentrations of NO2-N in tanks with and without the 

addition of diatoms in cultivation of L. vannamei. However, Godoy et al. (2012), when comparing 

tanks receiving bioflocs, tanks with addition of diatoms and mixed tanks (bioflocs and diatoms), 

noted significant differences in water quality variables. The diatoms can probably absorb part of the 
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nutrients provided in autotrophic microbial-based-systems, but in heterotrophic microbial-based-

systems the accumulation of particles reduces the penetration of light, which in turn likely reduces 

the nutrient absorption rates of the diatoms. Castillo-Soriano et al. (2013) showed that heterotrophic 

and nitrifying bacteria are the main factors responsible for the transformation of TAN and NO2-N in 

heterotrophic microbial-based-systems. 

Levels of CaCO3 less than or equal to 100 mg L
-1

 and pH under 7 for long periods can affect the 

performance of shrimp in zero water exchange systems (Furtado et al., 2011). The alkalinity levels 

in the ZWE-FN was at the recommended level, which probably contributed to the better growth of 

shrimp. The higher alkalinity may be related to phytoplankton production since microalgae take in 

CO2 from the water column during photosynthesis, leading to CO2 + H2O = HCO3
-
 + H

+
, thus 

making more bicarbonate ions available in the water column (Van Wyk & Scarpa 1999; Becerra-

Dórame et al., 2011). 

Cyanobacteria were the most abundant organisms, followed by Heterokontophyta and 

Chlorophyta. However, Microcystis and Merismopedia (Cyanobacteria) were not observed in the 

ZWE-N and ZWA-FN treatments at the end of the experiment. The data in the literature on the 

quantity and composition of phytoplankton in shrimp farming systems are extremely variable. Maia 

et al. (2011, 2013), studying intensive culture systems in Brazil, reported densities above 400,000 

cells mL
-1

. These amounts may vary according to the fertilization regime and environmental 

conditions (temperature and salinity), which can favor undesirable blooms of Pyrrophyta and 

Cyanobacteria (Campos et al., 2007). Ray et al. (2010) and Becerra-Dórame et al. (2012) found a 

predominance of Cyanobacteria in relation to other plankton groups, in zero water exchange 

systems. The prevalence of Cyanobacteria in shrimp culture is probably related to the accumulation 

of phosphorus and eutrophication of the culture environment, as documented by Emerenciano et al. 

(2011), who found an increase in the concentration of phosphorous in systems with zero water 

exchange.  

In zero water exchange systems, zooplankton can be part of the microbial aggregate (Ray et al., 

2010), however, factors such as the addition of feed and Navicula sp appear not to influence the 

development of zooplankton, because its composition was very similar in the all treatments. The 

higher Rotifera density observed, in comparison with other zooplankton groups, is probably related 

to the adaptation of these organisms to higher levels of nutrients and solids. Casé et al. (2008) found 

a higher rotifer density with increased availability of organic matter in shrimp ponds. Similar results 

were reported in zero water exchange systems by Anand et al. (2013) and Campos et al. (2009). 

Other zooplankton groups, such as Copepoda, Cladocera and Protozoa were found in biofloc 

systems (Anand et al,. 2013; Emerenciano et al., 2013). 
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Shrimp prefer diatoms over other microalgae groups (Jú et al., 2008, 2009). Even in intensive 

culture systems, the microbial community may play an important role in nutrient cycling (Sánchez 

et al., 2012) providing important nutritional compounds, such as essential amino acids and highly 

unsaturated fatty acids that are essential to shrimp survival and growth (Jú et al., 2008, 2009; 

Khatoo et al., 2009). Increased natural productivity can cause a positive productive response in the 

shrimp postlarvae (Becerra-Dórame et al., 2011). According to Porchas-Cornejo et al. (2012) 

shrimp in the enhanced ponds consumed 68% natural foods and 32% formulated feed, while shrimp 

in unenhanced ponds consumed 42% natural foods and 58% formulated feed.  

Our results illustrate the beneficial effects of a bacterial and Navicula sp. consortium on growth 

of shrimp postlarvae in a zero water exchange system. Similar results indicating the beneficial 

effects of diatoms were observed by Moss and Pruder (1995) with the use of pennate and centric 

diatoms, which improved growth of L. vannamei in intensive systems; Otoshi et al. (2011) with 

higher growth percentages (22 - 390%) in tanks with high concentrations of diatoms, especially of the 

genera Navicula sp. in a semi-intensive system and Khatoon et al. (2009) which found a significantly 

higher growth rate of P. monodon (postlarvae) shrimp reared in tanks containing substrate coated 

with Amphora, Navicula and Cymbella. The final weights (242 – 348 mg) at 20 days were higher 

than those found by Becerra-Dórame et al. (2011) in autotrophic (72 mg) and heterotrophic (93 mg) 

microbial-based-systems at 28 days and Kim et al. (2014) in heterotrophic (132 mg) microbial-

based-systems at 14 days with L. vannamei postlarvae, this demonstrates high natural productivity 

in the experimental tanks in our study. The SGR (14.87% day
-1

) in ZEW-FN were significantly 

higher as compared to Becerra-Dórame et al. (2011) in autotrophic (5.59% day
-1

) and heterotrophic 

(6.22% day
-1

) microbial-based-systems. This is similar to that observed by Banerjee et al. (2010), 

who found a significantly higher SGR (~ 15% day
-1

) for shrimp P. monodon (postlarvae) reared 

with additional Bacillus pumilus and periphytic microalgae. 

The survival rate was highest in ZEW-F (87%) and ZEW-FN (96%) indicating that shrimp of 

this species need commercial feed for their survival and growth. Becerra-Dórame et al. (2011) 

(76%) and Kim et al. (2014) (91.5%) found higher survival rates in heterotrophic microbial-based-

systems. Khatoon et al. (2009) found that the use of diatoms increased the survival rate and growth of 

postlarvae, because the biochemical composition of the shrimp raised in tanks with substrates 

coated with mixed diatoms had significantly higher protein, lipids, PUFA, and EPA and DHA 

content than those reared in control tanks.  

The lower FCR (0.99) in ZEW-FN showed that Navicula sp are a significant food source for 

postlarvae shrimp. Sánchez et al. (2012) reported that microalgae present in the culture system 

significantly improved weight gain and FCR of shrimp, thus potentially reducing the feed cost 
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associated with shrimp production. Lower FCR in a zero water exchange system was also observed 

by Silva et al. (2009) (0.8 – 1.2), Becerra-Dórame et al. (2011) (0.65 – 0.69) and Becerra-Dórame 

et al. (2012) (0.54 – 0.61). 

According to Otoshi et al. (2011) and Kent et al. (2011), L. vannamei has a good ability to utilize 

the microbial community present in aquaculture systems as a food source. Xu et al. (2012) showed 

that the accumulation of microorganisms in the form of flocs substantially contributes to 

nourishment of the shrimp. However, the availability of these microbial aggregates alone is not 

enough for the satisfactory growth of shrimp. Similar results were observed by Emerenciano et al. 

(2007, 2011). 

In intensive systems a beneficial microbial community should be developed and sustained (Ray 

et al., 2010). But it is difficult to maintain high densities of diatoms in bioflocs systems, because of 

competition with bacteria for nutrients, reduction in light and higher levels of suspended matter 

(Godoy et al., 2012). The addition of Navicula sp appears to boost the postlarval growth of L. 

vannamei in zero water exchange systems. Nevertheless, the data obtained in the ZWE-F and ZWE-

FN treatments showed that even with plentiful natural food, shrimp of this species need commercial 

feed for their survival and growth, but the presence of benthic diatoms appears to increase the 

efficiency of the use of the commercial feed in systems with zero water exchange, because the FCR 

was significantly lower in the ZWE-FN than in the ZWE-F treatment. 

 

CONCLUSION 

The addition of the benthic diatom Navicula sp. increased the growth of postlarvae L. vannamei 

and improved the FCR in a zero water exchange system. These diatoms provide a significant natural 

food source for shrimp in their early stage. However, further studies related to the density and 

frequency of adding Navicula sp., or other diatoms are needed to improve control over 

Cyanobacteria and increase the shrimp growth rate in zero water exchange systems. 
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Table 1. Water quality parameters during the culture (20 days) of Litopenaeus vannamei postlarvae reared in zero exchange water, with and 

without the addition of feed and/or diatoms. 

Parameters / 

Treatments
1
 

Salinity 

(ppt) 

Temperature 

(ºC) 

DO 

(mg L
-1

) 

pH TAN 

(mg L
-1

) 

NO2–N 

(mg L
-1

) 

Alkalinity 

(mg CaCO3 L
-1

) 

ZWE 27.0 ± 0.10a 25.0 ± 0.10a 6.6 ± 0.03a 7.4 ± 0.13a 0.10 ± 0.09b 2.71 ± 0.15a 96.7 ± 8.1b 

ZWE-F 27.0 ± 0.06a 25.0 ± 0.10a 6.2 ± 0.07a 7.4 ± 0.06a 0.32 ± 0.04b 2.56 ± 0.22a 87.3 ± 7.6b 

ZWE-N 27.0 ± 0.07a 25.0 ± 0.12a 6.5 ± 0.04a 7.4 ± 0.05a 0.40 ± 0.02b 2.76 ± 0.05a 99.3 ± 4.41ab 

ZWE-FN 26.9 ± 0.01a 24.5 ± 3.15a 6.1 ± 0.12a 7.4 ± 0.08a
 

1.07 ± 0.21a 1.52 ± 0.26b 131.3 ± 9.75a 

1
The data correspond to the mean  ± standard deviation. Mean values in same row with different superscript differ significantly (P < 0.05). 

¥
Results from repeated measures ANOVA and Tukey test; Zero water exchange (ZWE); ZWE with the addition of feed (ZWE-F); ZWE with the 

addition of Navicula sp. (ZWE-N) and ZWE with the addition of feed and Navicula sp. (ZWE-FN); dissolved oxygen (DO), total ammonia 

nitrogen (TAN) and nitrite (NO2–N).  

 

 

 

 

 

 

 

 

 

 



46 

 

 

 

 

Table 2. Phytoplankton composition during the culture (20 days) of Litopenaeus vannamei postlarvae reared in zero water exchange, with and 

without the addition of feed and/or diatoms. 

Division/ Genera Initial culture Final Culture 

  ZWE ZWE-F ZWE-N ZWE-FN 

Dinophyta (cells mL
-1

) 1.37 5.38a 6.15a 2.69a 3.46a 

Gymnodinium 0.23 1.54 3.08 1.92 1.15 

Peridinium 0.21 3.08 0.77 0.77 1.15 

Scrippsiella 0.93 0.77 2.31 0.00 1.15 

Heterokontophyta (cells mL
-1

) 1828.95 3546.74a 3218.17a 3514.92a 3683.04a 

Biddulphia 0.06 0.00 0.00 0.00 0.00 

Characiopsis 0.03 0.00 0.00 0.00 0.00 

Chloridella 9.31 1.92 5.77 3.46 1.92 

Cocconeis 0.18 0.00 0.00 0.00 0.00 

Coscinodiscus 0.08 0.00 0.38 0.38 0.38 

Cyclotela 0.08 1.54 13.47 1.15 0.00 

Cylindrotheca  26.82 1412.74 1994.46 1495.85 1488.92 

Cymbella 0.93 0.00 0.38 0.00 0.38 

Diatoma 14.00 28.09 61.17 47.32 50.40 

Diploneis 0.00 0.00 0.00 0.00 0.00 

Fragilaria 555.17 0.00 7.31 21.54 38.47 

Hemiaulus 49.58 663.67 150.70 736.77 939.13 

Navicula 101.89 17.31 13.85 116.19 36.55 

Ophiocytium 0.03 0.00 0.00 0.00 0.00 

Orthoseira 192.79 14.11 31.55 0.00 0.00 

Rhabdonema 454.45 0.00 1.92 0.00 0.00 

Skeletonema 421.57 1402.36 934.90 1090.72 1121.88 

Synedra 1.78 5.00 2.30 1.54 5.00 

Tetracyclus 0.13 0.00 0.00 0.00 0.00 

Thalassiosira 0.03 0.00 0.00 0.00 0.00 
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Triceratium 0.03 0.00 0.00 0.00 0.00 

Chlorophyta (cells mL
-1

) 1310.67 2726.22a 2873.73a 1896.35a 1572.98a 

Actinastrum 0.06 0.00 0.00 0.00 0.00 

Botryococcus 14.98 106.19 35.39 13.85 30.78 

Characium 0.03 0.00 0.00 0.00 0.00 

Haematococcus 0.71 1.15 1.15 0.77 1.15 

Koliella 0.00 6.16 2.31 146.58 8.85 

Micrasterias 0.00 0.38 0.00 0.77 0.00 

Mychonastes 344.77 747.92 706.37 0.00 173.13 

Phymathodocis 92.30 1064.17 860.80 1029.55 634.81 

Planctonema 291.58 126.96 459.76 288.55 173.13 

Spirogyra 145.02 121.96 73.10 9.62 71.37 

Spirotaenia 2.49 0.00 0.00 0.00 0.00 

Tetradesmus 0.00 0.00 0.77 0.00 0.00 

Ulothrix 418.73 551.32 734.07 548.63 479.76 

Euglenophyta (cells mL
-1

) 3.05 3.08a 6.93a 1.92a 2.31a 

Euglena 0.79 0.77 0.77 0.00 0.77 

Trachelomonas 2.26 2.31 6.16 1.92 1.54 

Total phytoplankton (cells mL
-1

) 3,144 6,281a 6,104a 5,415a 5,261a 
1
The data correspond to the mean. Mean values in same row with different superscript differ significantly (P < 0.05). 

¥
Results from repeated 

measures ANOVA; Zero water exchange (ZWE); ZWE with the addition of feed (ZWE-F); ZWE with the addition of Navicula sp. (ZWE-N) and 

ZWE with the addition of feed and Navicula sp. (ZWE-FN). 
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Table 3. Zooplankton composition during the culture (20 days) of Litopenaeus vannamei postlarvae reared in zero water exchange, with and 

without the addition of feed and/or diatoms. 

Division/ Genera Initial culture Final culture 

  ZWE ZWE-F ZWE-N ZWE-FN 

Protozoa (org mL
-1

) 0.30 0.31a 0.41a 0.31a 0.55a 

Arcella sp. 0.22 0.25 0.21 0.21 0.43 

Leprotintinnus sp. 0.08 0.05 0.20 0.10 0.13 

Cladocera (org mL
-1

) 0.43 0.89a 0.97a 1.16a 1.07a 

Bosmina sp. 0.09 0.39 0.40 0.47 0.53 

Daphnia sp. 0.35 0.50 0.58 0.69 0.54 

Cirripedia (ind./mL) 0.00 0.16a 0.25a 0.10a 0.28a 

Nauplios 0.00 0.16 0.25 0.10 0.28 

Copepoda (org mL
-1

) 0.13 0.27a 0.51a 0.96a 0.13a 

Clausocalanus sp. 0.00 0.10 0.11 0.39 0.00 

Euterpina sp. 0.13 0.12 0.17 0.26 0.11 

Harpaticoida sp 0.00 0.04 0.23 0.31 0.02 

Rotifers (org mL
-1

) 0.62 1.54a 1.08a 1.51a 1.62a 

Asplanchna sp. 0.06 0.39 0.31 0.44 0.63 

Brachionus sp. 0.56 0.43 0.27 0.45 0.43 

Euchlanis sp. 0.00 0.08 0.14 0.04 0.09 

Filinia sp. 0.00 0.23 0.10 0.32 0.11 

Keratella sp. 0.00 0.40 0.26 0.27 0.35 

Total zooplankton (org mL
-1

) 1.48 3.16a 3.21a 4.05a 3.65a 
1
The data correspond to the mean. Mean values in same row with different superscript differ significantly (P < 0.05). 

¥
Results from repeated 

measures ANOVA; Zero water exchange (ZWE); ZWE with the addition of feed (ZWE-F); ZWE with the addition of Navicula sp. (ZWE-N) and 

ZWE with the addition of feed and Navicula sp. (ZWE-FN). 
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Table 4. Cyanobacteria composition during the culture (20 days) of Litopenaeus vannamei postlarvae reared in zero water exchange, with and 

without the addition of feed and/or diatoms. 

Genera Initial culture Final Culture 

  ZWE ZWE-F ZWE-N ZWE-FN 

Anabaena 25.47 153.51 185.83 48.48 122.35 

Aphanocapsa  529.54 937.98 2300.71 575.18 2004.85 

Dactylococcopsis 17.05 25.01 19.24 33.86 21.55 

Gloeothece 2.76 0.00 0.00 0.00 0.00 

Merismopedia 28.27 0.00 19.24 0.00 0.00 

Microcystis 6.41 134.66 192.37 0.00 0.00 

Oscillatoria 542.28 5454.80 4969.61 5251.62 4816.10 

Plectonema 38.12 22.89 114.46 34.34 57.23 

Pseudanabaena 59.96 205.06 155.05 120.04 175.05 

Schizothrix 838.57 3123.27 2369.96 3758.08 1599.72 

Spirulina 18.52 90.03 74.64 20.39 143.50 

Radiocystis  0.00 0.00 0.00 0.00 9.62 

Synechocystis 0.45 0.00 0.00 0.00 0.00 

Total Cyanobacteria (cells mL
-1

) 2,107a 10,147a 10,401a 9,841a 8,949a 
1
The data correspond to the mean. Mean values in same row with different superscript differ significantly (P < 0.05). 

¥
Results from repeated 

measures ANOVA; Zero water exchange (ZWE); ZWE with the addition of feed (ZWE-F); ZWE with the addition of Navicula sp. (ZWE-N) and 

ZWE with the addition of feed and Navicula sp. (ZWE-FN). 
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Tabela 5. Shrimp production parameters during the culture (20 days) of Litopenaeus vannamei postlarvae reared in zero water exchange, with 

and without feed and/or diatoms. 

Parameters / 

Treatments  

Final weigth 

(mg) 

Final biomass 

(mg) 

Weight gain 

(mg) 

Biomass gain 

(mg) 

SGR 

(% day
-1

) 

Survival 

(%) 

FCR 

ZWE 242 ± 31.2b 10056 ±1297c 224 ±31.2b 8286 ± 1297c 13.05 ± 0.65b 41.5 ± 0.7b - 

ZWE-F 272 ± 7.5b 23693 ± 658b 254 ±7.57b 21923 ± 658b 13.66 ± 0.13b 87.0 ± 18.0a 1.2 ± 0.11a 

ZWE-N 256 ± 31.5b 11278 ± 1386c 238 ±31.5b 9508 ± 1386c 13.34 ± 0.61b 44.0 ± 2.82b - 

ZWE-FN 348 ± 41.5a 33440 ± 3992a 330 ± 41.5a 31670 ± 3992a 14.87 ± 0.61a 96.0 ± 1.41a 0.99 ± 0.22b 

1
The data correspond to the mean of 3 replicates ± standard deviation. Mean values in same row with different superscript differ significantly (P 

< 0.05). 
¥
Results from one-way ANOVA, Tukey test and Student’s t-test. Zero water exchange (ZWE); ZWE with the addition of feed (ZWE-F); 

ZWE with the addition of Navicula sp. (ZWE-N) and ZWE with the addition of feed and Navicula sp. (ZWE-FN); SGR (% day
-1

) = 100 x [ln 

final weight (g) – ln initial weight (g)] / time and FCR = amount of feed consumed / biomass. 
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