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Resumo

O presente trabalho teve por principio avaliar os efeitos antibacterianos de
diferentes suplementos na ecloséo e no enriquecimento de Artemia sp. Os suplementos
foram adicionados na &gua utilizada para eclosdo de cistos de Artemia capsulados e
descapsulados e a 4gua de enriquecimento de metanauplios de Artemia. O experimento
de eclosdo consistiu no acréscimo da diatomacea Chaetoceros calcitrans, de probidtico
comercial (Bacillus spp.), do antimicrobiano Florfenicol e controle sem adi¢do de
agentes. O experimento de enriquecimento foi realizado pela aplicacdo de C. calcitrans,
de probiotico comercial e de emulsdo comercial rica em DHA/EPA a &gua de cultivo de
metanauplios e controle constituido por nduplios recém eclodidos. Os metanauplios
foram oferecidos para os estagios de PL; a PL;g de Litopenaeus vannamei. A carga de
Vibrio spp. da agua de ecloséo e nauplios recem eclodidos foram quantificadas no final
do periodo de eclosdo. A quantificacdo de Vibrio spp de pés larvas, metanauplios, agua
de cultivo das pos larvas e enriquecimento de Artemia também foi realizada. As
colonias presuntivas de Vibrio oriundas de nauplios recém eclodidos foram
identificadas. Além disso, Vibrio spp. presente em nauplios submetidos ao
congelamento e col6nias de Bacillus spp. em amostras de Artemia enriquecida e pos-
larvas do tratamento Probiotico foram quantificadas. Avaliando dos resultados gerais do
estudo, o processo de descapsulacdo ndo demonstrou ser eficiente na reducdo da carga
de Vibrio spp. nos nauplios e na agua de todos os tratamentos. A adicdo de C. calcitrans
na agua de eclosdo de Artemia provou ser uma alternativa eficaz para em alternativa a
utilizacdo de antibioticos. A utilizacdo de probidtico deve ser também considerado para
controlar a carga de Vibrio spp em nauplios de Artemia. No entanto, a utilizacdo de
suplementos para o processo de enriquecimento de Artemia pode favorecer o aumento

da carga bacteriana e outros procedimentos para o seu controle deve ser avaliada.

Palavras chave: Artemia, Vibrio, eclosdo, enriquecimento, Litopenaeus vannamei.



Abstract

This study aimed to evaluate the antibacterial effects of different supplements on
Artemia sp. hatching and enrichment. The supplements were added to the water used for
Artemia hatching of capsulated and decapsulated cysts and for Artemia enrichment
water. The experiment consisted in the addition of the diatom Chaetoceros calcitrans, a
commercial probiotic (Bacillus spp.), antimicrobial Florfenicol to the hatching water
and control without supplements. The enrichment experiment was performed by the
application of C. calcitrans, probiotic and commercial emulsion DHA / EPA rich to
enrichment water and control constituted by newly hatched nauplii. The enriched
Artemia were offered for the PL; to PLjg Of Litopenaeus vannamei stages. The Vibrio
spp. load of hatching water and newly hatched nauplii were quantified at the end of
hatching. The Vibrio spp. quantification of postlarvae, enriched Artemia and water of
enrichment and postlarvae rearing was also performed. The Vibrio presumptive colonies
isolated from newly hatched nauplii were identified. Furthermore, Vibrio spp. present in
nauplii subjected to freezing and Bacillus spp. colonies of Artemia and postlarvae of
Probiotic treatment were quantified. Assessing the overall results of the study, the
decapsulation process did not shown to be effective in reducing the Vibrio spp load of
nauplii and water in all treatments. The C. calcitrans addition in Artemia hatching water
has proven to be an effective alternative to antibiotic use. The probiotic use must also be
considered to control Vibrio spp. load in Artemia nauplii. However, the supplements use
to Artemia enrichment process may promote a bacterial increase and other procedures

for its control must be evaluated.

Keywords: Artemia, Vibrio, hatching, enrichment, Litopenaeus vannamei.
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1. Introducéo

O camardo branco Litopenaeus vannamei é vastamente cultivado em diversas
partes do mundo. Seu crescimento rapido e capacidade de cultivo com altas densidades
fazem dessa espécie uma boa escolha para estratégias semi-intensivas e intensivas de
aquicultura (WILLIAMS et al., 1996; PONCE-PALAFOX et al., 1997).

A maioria das fazendas de camardo marinho utilizam pés-larvas produzidas em
laboratorios especializados. Apesar da tecnologia em larga escala da producdo de pos-
larvas ja se encontrar bem desenvolvida, a intensificacdo das atividades de
carcinicultura tém aumentado a ocorréncia de doencas, as quais sdo consideradas como
a maior causa de mortalidade nas larviculturas de camardo prejudicando a producéo e o
desempenho das pds-larvas no sistema de engorda (MORIARTY, 1998; GOMEZ-GIL
et al., 2000; COSTA, 2006).

Em geral as larviculturas utilizam diversos tipos de alimentos, vivos e inertes, na
tentativa de suprir as necessidades nutricionais das diferentes fases larvais. Apesar dos
avancos tecnoldgicos na producdo de racOes especificas para larvicultura, o uso de
alimento vivo ainda se faz necessario. Entre os alimentos vivos que podem ser
utilizados, os principais sdo as microalgas (ex. Chaetoceros sp., Tetraselmis sp.) e 0s
microcrustaceos conhecidos popularmente como artémia (Artemia sp.). Ambos possuem
alto valor nutritivo, suprindo as exigéncias nutricionais das larvas de crustaceos
(SORGELOOS e LEGER, 1992).

As vantagens da utilizacdo dos nauplios de artémia sdo inimeras, tais como seu
tamanho adequado, mobilidade, aceitacdo pelo predador, alto teor protéico, atracdo
organoléptica, carapaca quitinosa fina, facilidade de armazenamento dos cistos e

praticidade na sua utilizacdo (LEGER et al., 1987). As artémias ainda podem ser
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oferecidas vivas (recém eclodidas ou enriquecidas), congeladas ou na forma de cistos
descapsulados.

O cultivo intensivo de larvas sofre por grandes mortalidades, as quais podem ser
atribuidas a bactérias introduzidas no sistema de cultivo com alimentos vivos
(NICOLAS et al.,, 1989; KESKIN et al., 1994). A alta carga organica associada com a
producdo intensiva de culturas seletivas de alimentos vivos induz a um crescimento
proporcional de bactérias oportunistas que podem ser patogénicas para as larvas
(SKIJERMO e VADSTEIN, 1999). A desinfec¢do, embora benéfica, pode ndo prevenir a
re-colonizagdo dos alimentos vivos em um curto periodo de tempo (MUNRO et al.,
1999).

Os antibidticos tém desempenhado um importante papel no combate de doengas
de animais aquaticos cultivados. Embora uma grande variedade e numero de
quimioterapicos tenham sido desenvolvidos e aplicados na aquicultura, os utilizados
para a carcinicultura sdo limitados, pois 0 uso em larga escala de antibioticos tende a
selecionar cepas de bactérias resistentes aos mesmos. Dessa maneira a aplicacdo de
probidticos no cultivo de organismos aquaticos esta crescendo com a demanda por mais
praticas de aquicultura sustentaveis (BOYD e MASSAAUT, 1999; ESIOBU et al.,
2002; CHYTHANYA et al., 1999; ROQUE e GOMES-GIL, 2003; HOLMSTROM et
al., 2003).

Outro método de controle bacteriano pode ser relacionado ao uso de microalgas.
Segundo Kellan e Walker (1989) e Olsen et al.(2000), algumas microalgas parecem ser
naturalmente bacteriostaticas ou bactericidas.

Com base nessas informacGes faz-se necessario a investigacdo de métodos para

manipular e controlar a contaminacdo bacteriolégica em alimentos Vivos,
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especificamente na ecloséo e enriquecimento de artémia, no intuito de reduzir a carga de

bactérias nos cultivos de larvas de interesse.
2. Revisao de literatura

O camardo Litopenaeus vannamei € amplamente cultivado em paises ocidentais
onde 90% da producdo total de camardes sdo desta espécie (WURMANN et al., 2004).
Entre as atividades de aquicultura que mais vém se destacando encontra-se a
carcinicultura.

Atualmente, o L. Vannamei também é a espécie o mais cultivada no Brasil,
respondendo por mais de 95% da producdo nacional. A escolha desta espécie para o
cultivo foi devido principalmente a sua facil adaptacdo as condigdes climaticas,
tecnologias bem desenvolvidas, boa produtividade, grande aceitagdo no mercado
internacional, como também maior adaptacdo em cativeiro (SIQUEIRA et al, 2009;
ABCC, 2004; RODRIGUES, 2005).

Em 2008, a contribuicdo do cultivo de peneideos para a produ¢do mundial de
crustaceos atingiu 73,3%. Além disso, 0 camardo continua a ser a maior commodity,
Gnica em termos de valor, contabilizando15% do valor total dos produtos da pesca
comercializados a nivel internacional em 2008 (FAO, 2010).

Aumentos nos cultivos de camardo tém desencadeado uma crescente demanda
na producdo de pds-larvas (NAEGEL e RODRIGUEZ-ASTUDILLO, 2004). Em
larviculturas comerciais, a artémia esta entre os alimentos naturais mais completos as
exigéncias nutricionais de peixes e camardes, sendo adotado como alimento padrdo

(SORGELOOS et al., 1998; SORGELOOS et al., 2001).

O consumo de cistos de Artemia sp. no Brasil é centrado em sua quase totalidade
(>95%) nos laboratérios de producédo de larvas de camardo marinho. Em 2001, o Brasil

produziu 7.915 bilhdes de poés-larvas de L. vannamei e foram necesséarias quatro
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toneladas de cistos de Artemia sp. para cada bilhdo de pds-larvas produzidas (YFLAAR
e OLIVERA, 2003).

Por mais de 30 anos o uso de nauplios de artémia como alimento vivo durante 0s
estagios de desenvolvimento de Misis e pés-larval, tem sido uma pratica comum em
larviculturas de camardo, por causa de suas vantagens nutricionais e operacionais, além
de serem amplamente reconhecidos como os melhores alimentos vivos armazenaveis
avaliados (COOK e MURPHY, 1966; KUNGVANKIJ et al., 1986; LAVENS e
SORGELOOS, 1986).

As pos-larvas sd@o morfologicamente iguais a um camardo adulto e apresentam
habito bentdnico. Nesta fase, em seu habitat natural apresentam habito alimentar
omnivoro, e em condicdes de cativeiro alimentam-se de racdo e biomassa de Artemia
adulta (TREECE e FOX, 1993). O passo inicial para o cultivo de larvas de organismos
aquaticos ocorreu com a descoberta, por Seale (1933), de que nauplios de Artemia
(Leach 1819, Crustacea, Branchiopoda, Anostraca, Artemiidae), constituem uma
excelente fonte de alimento para larvas (SORGELOOS, 1980).

De acordo com Léger et al., (1986) e Sorgeloos et al., (1988), o nduplio de
artémia tem se apresentado como um dos melhores alimentos para a maioria de
organismos de cultivo, pois é considerado como vetor para promover o crescimento,
carregar drogas para aplicacbes terapéuticas (AGUILAR-AGUILA et al., 1994;
OZKIZILCIK e CHU, 1994a; DIXON et al., 1995; TOURAKI et al., 1996; BURBOA.-
ZAZUETA, 1997), bem como para realizar um controle biolégico em sistemas de
aqlicultura (OESTMAN et al., 1995). Além disso, pode ser utilizado de diferentes
formas durante uma larvicultura de camardes. Estas podem ser oferecidas como cistos

descapsulados ou como nauplios congelados (SMITH et al., 1992).
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O escudo exterior duro do cisto de artémia, a camada alveolar, pode ser
completamente removida através de um processo quimico denominado descapsulacdo
(SORGELOOS et al., 1983). Os cistos descapsulados podem entdo serem utilizados
imediatamente ou desidratados em uma solucdo de salmoura para armazenamento, ou
podem ainda serem submetidos a um processo de secagem para armazenamento a longo
prazo. As vantagens da descapsulacdo incluem a desinfec¢do dos cistos, melhoria da
eclosdo dos cistos para obtencdo de nduplios, maior contetdo energético dos nauplios, e
a isencdo de risco da larva sofrer obstrucdo intestinal durante a ingestdo do cisto
(BENGTSON et al., 1991).

A artémia congelada geralmente é utilizada em carater de urgéncia, porém seu
uso continuo ndo soO causa a deterioracdo da qualidade da agua, mas também o costume
da larva se alimentar de artémia morta e a mesma pode ndo voltar a capturar presas
moveis (SMITH et al., 1992). Contudo, Soares et al. (2006) em estudo realizado com
Farfantepenaeus paulensis, indicaram que a artémia congelada é recomendada apenas
para pés-larvas com um a dez dias de idade (PL1-PL10).

Atualmente, a maioria dos cistos de Artemia encontrada no mercado é produzida
no lago Great Salt Lake, cidade de Salt Lake, Estado de Utah, Estados Unidos (GSL),
esses microcrustaceos possuem como habitat natural ecossistemas aquaticos
continentais, sendo, portanto, supostamente inadequados para a alimentacdo de
organismos marinhos (PONTES e ANDREATTA, 2003). Para suprir a deficiéncia de
acidos graxos altamente insaturados, caracteristica dos cistos tipo agua doce,
desenvolveu-se a técnica de bioencapsulacdo (WATANABE et al.,, 1980), também
conhecida como enriguecimento.

O valor nutricional dos nauplios de artémia pode ser aumentado pela técnica de

enriquecimento. A técnica explora o fato de que a artémia é um organismo filtrador ndo
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seletivo no segundo estédgio (Instar 11 ou metanauplio) de desenvolvimento, que ocorre
apos oito horas depois da eclosdo (SORGELOQOS et al., 2001). Isto permite a introducéo
de substancias desejaveis nos metanauplios, como &cidos graxos, probidticos, etc.

A maioria das bactérias associadas aos cistos de artémia podem ser eliminadas
por tratamento quimico (SORGELOQOS et al., 1977; GOMEZ GIL, 1993; MERCHIE et
al., 1997), no entanto larviculturas de camar&o séo relacionadas a mortalidades larvais
com a presenca de bactérias, especialmente no estagio de Zoea Ill, onde normalmente
elas comecam a serem alimentadas com artémia (LOPEZ-TORRES e LIZARRAGA-
PARTIDA, 2001).

Duan et al., (1995) indicaram que bactérias produzem substancias organicas que
se desenvolvem em filmes em superficies expostas a d&gua do mar. Estes filmes sdo
compostos por polissacarideos, principalmente glicose e galactose (RODRIGUEZ e
BHOSLE, 1991), que podem proteger a bactéria contra lavagens e cloracdo das paredes
dos tanques. Essas afirmacdes, em conjunto com a limpeza deficiente dos tanques de
cultivo, podem explicar como espécies de Vibrio sdo encontradas e mantidas durante as
operacdes de cultivo.

Espécies de Vibrio comecam a ser dominantes depois de 24 horas,
provavelmente por que durante a eclosdo, os cistos de artémia sdo rompidos e uma
substancia de reserva orgéanica, glicerol, é excretada para a agua de cultivo
(SORGELOOS et al., 1986). Glicerol ¢ um substrato organico que é utilizado
eficientemente por espécies de Vibrio (BIANCHI, 1976).

A preocupacdo com os efeitos do uso de antibiotico contra enfermidades
ocorrentes no ambiente aquéatico tem sido crescente nos Ultimos anos. Os antibioticos
podem ser aplicados diretamente na agua ou incorporados em alimentos vivos

(HIRSCH et al., 1999;. SHAO, 2001). Em ambos o0s casos, estas substancias ou seus
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metabdlitos, eventualmente, podem atingir o meio ambiente e causar efeitos adversos
sobre os organismos selvagens (FERREIRA et al., 2007).

Estudos realizados apontaram que dentre os antibiéticos e antimicrobianos mais
comuns de uso na aquicultura, encontram-se compostos da classe das tetraciclinas,
fluoroquinolonas, sulfonamidas e anfenicdis como o tianfenicol e o florfenicol
(LALUMERA et al.,2004; DIETZE et al., 2005; CHRISTENSEN et al., 2006; LYLE-
FRITCH et al., 2006).

Andlises preliminares de uma variedade de produtos do mar tém revelado tracos
de cloranfenicol e nitrofuranos, que sdo antibiéticos de amplo espectro de utilizacdo e
que apresentam alta taxa de risco de toxicidade para seres humanos. O cloranfenicol
pode causar doencas potencialmente fatais como anemia e leucemia, enquanto que 0s
nitrofuranos sdo carcinogénicos. O uso destes antibidticos na producdo de alimentos
para animais € proibido ha mais de uma década na maioria dos paises (GLOBAL
AQUACULTURE ALLIANCE, 2002). Recentemente, a disseminacdo do Florfenicol
tem crescido rapidamente por sua eficacia e pelo fato de que, mesmo tendo estruturas
semelhantes ao cloranfenicol, ndo existem estudos que associem Seu USO ao
aparecimento de anemia (PEZZA, 2006). Segundo Roiha et al (2010), o microcrustaceo
artémia pode ser utilizado como vetor de particulas de florfenicol para estagios larvais
de organismos aquaticos.

Além das vantagens da bioencapsulacdo, as artémias quando ainda encistadas
podem passar por um protocolo de desinfeccdo que é frequentemente realizado para
reduzir a carga bacteriana antes da sua adi¢cdo em tanques de cultivo. O protocolo de
descontaminacdo dos nauplios geralmente envolve um ou mais agentes antimicrobianos,
como desinfetantes, formaldeido, hipoclorito de sédio, peréxido de hidrogénio ou

ozbnio (GILMOUR et al., 1975; BENAVENTE e GATESOUPE, 1988; GOMEZ-GIL
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et al, 1994, HAMEED e BALASUBRAMANIAN, 2000; GATESOUPE, 2002;
TOLOMEI et al., 2004; GIMENEZ et al., 2006; SMITH e RITAR, 2006).

Um estudo realizado por Hoj et al., (2009), demonstrou que depois do
tratamento de nauplios de Artemia com formalina, Virkon S (desinfetante), e uma
mistura de antibidticos, a abundancia total de bactérias cultivaveis foi reduzida para
todos os nduplios de artémia enriquecidos. Métodos moleculares mostraram, contudo,
que o DNA de Vibrio spp. foi enriquecido depois do estagio de desinfeccdo. Isso
demonstra que o DNA do Vibrio foi melhor protegido do que o DNA de outros géneros
de bactérias, sugerindo que as células do género Vibrio foram mais resistentes ao
tratamento do que outras populacbes bacterianas. Uma alta incidéncia de genes
multiresistentes a antibidticos na populagdo de Vibrio seria uma possivel explicacao
para esta observacdo. Varios autores tém relatado a existéncia de Vibrios
multiresistentes a antibioticos, o que pode ser atribuido a genes presentes em plasmidios
localizados no cromossomo bacteriano (MOLINA-AJA et al., 2002; AKINBOWALE et
al., 2006; ROWE-MAGNUS et al., 2006; NEELA et al., 2007; LE ROUX et al., 2009).

Uma vez que os cistos de artémia podem ser eclodidos em larviculturas sem
condices estéreis, 0 enriquecimento alimentar de nauplios de artémia permite a
manipulacdo de sua composicdo bioguimica. Inoculando o trato digestivo dos
organismos alvo a serem cultivados com bactérias probioticas, através do fornecimento
de artémia enriquecida, pode ter um efeito positivo pela melhora das propriedades da
microflora indigena das larvas cultivadas. Esse efeito positivo dos probio6ticos pode ser
atribuido a sua habilidade de competir com outras bactérias ou produzir micronutrientes
importantes para o desenvolvimento das larvas (SUGITA et al., 1991; HAVENNAR et

al., 1992; RINGU et al., 1992; GATESOUPE, 1994; AUSTIN et al., 1995).



INTERAMINENSE, J. R. A. Controle bacteriano na eclosdo e ... 19

As propriedades quantitativas e qualitativas da microflora bacteriana dos
alimentos vivos podem ser ajustadas para evitar efeitos negativos de uma sobrecarga de
bactérias (BENAVENTE E GATESOUPE, 1988; NICOLAS et al., 1989; SKIERMO e
VADSTEIN, 1993; KESKIN et al., 1994), e a0 mesmo tempo realizar uma colonizag¢éo
bem sucedida do intestino de larvas de interesse (MUNRO et al., 1999). A incubacao
em curto prazo dos organismos do alimento vivo em uma suspensdo bacteriana
constituida por uma ou varias cepas probidticas € um possivel caminho para substituir
bactérias oportunistas por outras bactérias menos agressivas (REITAN et al., 1993).

Bactérias com varias caracteristicas tém sido incorporadas em metanauplios de
artémia por desafios orais (CHAIR et al., 1994; GRISEZ et al., 1996). Esta rota tem
sido utilizada para vacinar alevinos de peixes e juvenis de carpas (CAMPBELL et al.,
1993; JOOSTEN et al., 1995). Alguns estudos sugerem que as infec¢des bacterianas sao
iniciadas atraves da rota oral em larvas de peneideos e suas pos-larvas (LAVILLA-
PITOGO, 1990), portanto a adi¢éo de probidticos via alimentacdo pode ser um eficiente
método para introduzir cepas probioticas.

O estudo da interacdo bacteriana com crustdceos como artémia e camardes
peneideos é importante, pois presume-se que as bactérias proporcionam direta ou
indiretamente elementos nutricionais como vitaminas, aminoacidos essenciais, acidos
graxos, poliaminas e enzimas (AUSTIN, 1988; BERGH, 1995; GRIFFITH, 1995;
GOROSPE et al., 1996; VERSCHUERE et al., 2000). Douillet (1987) demonstrou que
alimentos secos como farelo de arroz desengordurado, farelo de soja, Spirulina, e
levedura Fleischmann resultaram em uma baixa ou nenhuma sobrevivéncia de larvas de
artémia, em condicBes axénicas. No entanto os mesmos alimentos resultaram em mais
de 60% de sobrevivéncia larval, quando as culturas axénicas foram inoculadas com uma

microflora selecionada.
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As microalgas também compdem um papel importante ou até mesmo vital no
cultivo de animais aquaticos como moluscos, camarfes e peixes € tém um interesse
estratégico na aquicultura (MULLER-FEUGA, 1977). Elas s8o necesséarias na
alimentacdo na segunda fase de desenvolvimento larval de camardes peneideos (Zoea),
e em combinacdo com o zooplancton para a terceira fase (Misis). A alimentacdo de
larvas de interesse consiste em uma combinacdo de microalgas e estagios iniciais de
desenvolvimento de Artemia sp., bem como racGes comerciais especificas para cada
fase de desenvolvimento. Os principais géneros de microalgas utilizados sao
Skeletonema, Chaetoceros, Tetraselmis, Chlorella, e Isochrysis (MULLER-FEUGA,
2000). Dentre essas linhagens de microalgas, a espécie C. calcitrans é uma das mais
adequadas para alimentar artémia por causa de seu tamanho apropriado, digestibilidade,
auséncia de toxinas, e valor nutricional (KHOI et al., 2009).

Os beneficios nutricionais das algas e seu potencial como agentes
biocontroladores na aquicultura tém sido reconhecidos. Kogure et al. (1979), por
exemplo, demonstraram que espécies de Pseudomonas e Vibrio em cultura mista foram
inibidos pela Bacillariophyta marinha Skeletonema costatum. Do mesmo modo, Austin
et al. (1992) observaram que varios patdgenos foram inibidos pelo sobrenadante e
extratos de células de Tetraselmis suecica.

Os efeitos bioldgicos ja descritos, para as microalgas abrangem atividades
imunomoduloras, antivirais, antitumorais, antibacterianas e anticoagulantes, entre
outras. Essas atividades benéficas sdo atribuidas as macromoléculas de polissacarideos
encontrados nas microalgas como material de reserva (BOHN e BeMILLER, 1995;
SPOLAORE, 2006). Além disso, as microalgas quando participam do processo de

enriquecimento de artémia podem melhorar o valor nutritivo desse alimento vivo
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através do fornecimento de &cidos graxos altamente insaturados (HUFAs) (LEGER et
al.,1986).

Como os nauplios de artémia oriundos de fontes continentais ndo possuem acidos
graxos poliinsaturados de cadeia longa, a sua suplementacdo com emuls6es lipidicas, ou
microalgas com alto teor de acidos graxos poliinsaturados através do processo de
enriquecimento é recomendada (SORGELOOS et al., 2001).

Do ponto de vista energético, os lipideos constituem a mais rica classe de
nutrientes, por serem importantes fornecedores de energia metabdlica, e possuirem
valores superiores de energia bruta. Além de atuarem como fonte de acidos graxos e
outras classes de lipideos essenciais, como os fosfolipideos, também s&o importantes na
absorcdo das vitaminas lipossoluveis A, D, E e K, constituem parte da estrutura da
membrana celular, aléem de serem precursores de hormonios esteroides (TACON, 1987),
desempenhando importante papel no metabolismo intermediario e na reproducdo de
organismos aquaticos (CAMARA, 1994).

O uso de lipossomos como produtos de enriquecimento podem fornecer
diferentes vantagens e possibilidades (HONTORIA et al., 1994; OZKIZILCIK e CHU
1994b; TOURAKI et al., 1995; TONHEIM et al., 2000). Os lipossomas sdo particulas
discretas com um tamanho adequado para os nauplios filtrarem. E possivel
encapsular substancias hidrossoliveis na fase aquosa entre a bicamada lipidica destas
vesiculas, bem como moléculas hidrofébicas na fraccdo de hidrocarbonetos da cadeia
dos fosfolipidios. Além disso, os lipidios polares que formam os lipossomas tambéem
podem ser facilmente introduzidos nas cadeias tréficas utilizadas na larvicultura
(MONROIG et al., 2003).

Estas caracteristicas permitem o encapsulamento em vesiculas lipidicas de

diferentes nutrientes de especial importancia para o bom desenvolvimento das larvas
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marinhas. Alguns exemplos de tais nutrientes séo as vitaminas soliveis (MERCHIE et
al., 1997) e fosfolipideos (COUTTEAU et al., 1997).

De acordo com Tolomei et al. (2004), a préatica corrente para a realizacdo do
enriquecimento de artémia durante seu processo de crescimento pode envolver a
combinacdo de diatoméceas e emulsdes comerciais (ex. Selco, INVE®). O
enriquecimento de artémia com preparagdes comerciais como Super Selco, DHA Selco,
DHA Protein Selco, DC DHA Selco, Algamac 3050 e 6leos marinhos que séo ricos em
HUFAs, aprimora o valor nutricional para o desenvolvimento larval (HAI et al, 2011).
Ainda, segundo Tolomei et AL. (2004), componentes do A1 DHA Selco conseguem
inibir o crescimento de bactérias durante o enriquecimento assim como outros tipos de

emulsdes avaliadas comercialmente.
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Abstract

The bacterial load in Artemia hatching and enrichment were evaluated in two
experiments (1): newly hatched Artemia nauplii were exposed to Chaetoceros calcitrans
microalgae, commercial probiotic (Bacillus spp.) and Florfenicol antibiotic added to
hatching water of decapsulated and capsulated cysts. Presumptive Vibrio counts were
recorded in hatching water and Artemia. Bacterial isolates from Artemia were identified.
Additionally, Artemia nauplii were frozen and the presuntive Vibrio load evaluated after
48 hours. (I1): Artemia metanauplius were enriched with C. calcitrans, commercial

probiotic and emulsion DHA / EPA rich. Newly hatched nauplii represented the
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Control. Artemia from the treatments were offered to Litopenaeus vannamei postlarvae
(PL7 to PLjg). Presuntive Vibrio were quantified in Artemia, postlarvae and rearing
water. Results indicated that adding C. calcitrans in Artemia hatching water is an
effective alternative to antibiotics but probiotic must be also considered to control the
Vibrio spp. load in Artemia nauplii. The enrichment supplements increased the bacterial

load in Artemia but they did not affect Vibrio concentration in postlarvae.

Keywords: Artemia, Vibrio, hatching, enrichment, Litopenaeus vannamei.

Introduction

In fish and shellfish hatcheries the widespread use of Artemia as live food is due
to their positive characteristics such as high protein content and ability to produce
storable cysts (Léger, Bengton, Sorgeloos, Simpson & Beck 1987). The Artemia
nutritional value can be further increased by the enrichment process (bioencapsulation).
The enrichment technique exploits the fact that Artemia is a non-selective filter feeder
organism in its second stage of development (instar Il or metanauplius), which occurs
eight hours after hatching (Campbell, Adams, Tatner, Chair & Sorgeloos 1993; Dixon ,
Vanpoucke, Chair, Dehasque, Nelis, De Leenheer & Sorgeloos 1995; Sorgeloos, Dhert
& Candevra 2001). This feature also allows the use of Artemia in diseases control
through the bioencapsulation of antimicrobial agents.

However, Artemia nauplii has been also reported as vector of pathogenic
bacteria in shrimp hatcheries (LOpez-Torres & Lizarraga-Partida 2001). The bacterial
load associated with Artemia includes Vibrio spp. which are related to high mortality in

penaeid shrimp rearings worldwide (Lightner & Lewis 1975; Baticados, Lavilla-Pitogo,
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Cruz-Lacierda, dela Pena & Sunaz 1990, Gomez-Gil, Thompson, Thompson, Garcia-
Gasca, Roque & Swings 2004).

Frequent and inappropriate use of antibiotics can induce the selection and
proliferation of resistant bacterial strains. Therefore, alternative prophylactic measures
to reduce Vibrio spp. spreading should be adopted as they are more cost-effective and
less dependent on the chemicals use (Witte, Klare & Werner 1999; Planas & Cunha
1999).

In this context, this study evaluated different prophylactic methods to control the
bacterial load in Artemia hatching and enrichment. Litopenaeus vannamei postlarvae

fed with Artemia were also investigated.

Materials and methods
Experiment |

The experiment evaluated three supplements to control Vibrio spp. during the
hatching of Artemia cysts INVE® (INVE, Belgium, www.inve.be) Great Salt Lake
(GSL-USA). A sequence of two trials tested capsulated and decapsulated cysts. A 12%
sodium hypochlorite solution was used to decapsulate the cysts. According to the type
of supplement four treatments were established: Antibiotic, Probiotic, Microalgae and
Control. All supplements were applied directly into the hatching water. Antibiotic
treatment received 300 mg L™ dose of Florfenicol (Roiha, Samuelsen & Otterlei 2010).
A commercial probiotic consisting of Bacillus subtilis, B. pumilus and B. licheniformis
(2 x 10° CFU mL™) was used in Probiotic treatment. Microalgae treatment received
Chaetoceros calcitrans (8 x 10° cells mL™) collected during exponential growth phase.

Only seawater was used in Control.
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Artemia cysts (1g L™) were stocked in cylindrical-conical tanks filled with 20 L
seawater previously disinfected with 15 ppm chlorine. Temperature, salinity, dissolved
oxigen and pH were maintained at 29.9 + 0.3°C, 27.7+0.1gL" 57+0.1 mgL"e8.1
+ 0.03 respectively, as recommended by Van Stappen (1996). The Artemia hatching
tanks were illuminated (2000 lux) and aerated continuously. Three replicates were used
for each treatment. After 24 h incubation, the hatched nauplli were harvested and
counted. The nauplii hatching efficiency (HE) was calculated using the formula: HE =
(mean number of nauplii hatched mL™ x water volume) / grams of cysts added.

Water and Artemia samples of all treatments were collected to quantify
presumptive Vibrio colony forming units (CFU) using the agar Thiosulfate Bile Sucrose
(TCBS agar; Himedia Laboratories Corporate Office, Mumbai, India,
www.himediaslab.com). Water samples were serially diluted (1/10) in sterile saline
solution (2.5% NaCl). Aliquots of 0.1 mL from three dilutions were spread plated on
TCBS agar and incubated for 24 h at 30°C. After incubation the total colony forming
units were enumerated.

The samples of Artemia were aseptically macerated, diluted and plated using the
same methodology described for the water analysis. Additionally, samples of different
Artemia treatments were frozen at a temperature of -25°C for 48 h and then the bacterial
load was also determined. This analysis determined the temperature influence on the
bacteria viability, since commercial hatcheries occasionally use Artemia in the frozen
form.

From the nauplii samples, different bacterial morphotypes grown on TCBS agar
were isolated and subjected to presumptive identification tests for the Vibrio genus
(detection of glucose fermentation and oxidase). Further the morphotypes were

identified through their biochemical profiles presented in the commercial bacterial



104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

INTERAMINENSE, J. R. A. Controle bacteriano na eclosdo e ... 35

identification kit (APl 20 E - Biomerieux, Marcy [I'Etoile, France,

www.biomerieux.com).

Experiment 11
Artemia enrichment

Vibrio concentration was evaluated in Artemia enriched with three different
supplements: C. calcitrans (Microalgae treatment), commercial probiotic (Probiotic
treatment) and a commercial emulsion rich in fatty acids (Selco treatment). Control was
represented by newly hatched nauplii with no added supplements. Three replicates were
used for each treatment.

Capsulated Artemia cysts (GSL, INVE®) were hatched under the same
conditions of the Control in the first experiment. The newly hatched nauplii were
washed with chlorine disinfected sea water and stocked (100 - 300 nauplii mL™) in 5 L
containers filled with sea water and the different supplements. Artemia were submitted
to enrichment process during 28 h under constant aeration.

Microalgae treatment was enriched with 8 x 10° cells mL™ of Chaetoceros
calcitrans and Probiotic treatments with 2 x 10° CFU mL™ of commercial probiotic
(Bacillus subtilis, B. pumilus and B. licheniformis). Selco treatment received 0.3 g L™
every 12 h (Merchie, Lavens, Radull, Nelis, De Leenheer & Sorgeloos 1995) of
commercial emulsion rich in docosahexaenoic and eicosapentaenoic fatty acids besides
substances to provide Vibrio control.

The Artemia hatching and enrichment processes were repeated during 12 days
for L. vannamei postlarvae feeding. Average water temperature, salinity, pH and
dissolved oxygen were maintained between 27-31°C, 28-30 g L™, 8.5 to 9.0 and 4.69 to

6.65 mg L™ respectively.


http://www.biomerieux.com/
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Litopenaeus vannamei postlarvae rearing

Shrimp postlarvae in PL; stage (7 days in the postlarval stage), with wet weight
mean of 0.843 mg, were randomly stocked in 12 plastic containers (10 L) at the density
of 50 PL L™. Water was previously desinfected with chlorine (15 ppm) for 24 h, and
then neutralized with ascorbic acid.

Enriched Artemia from the four treatments (Microalgae, Probiotic, Selco and
Control) were offered for postlarvae feeding during 12 days (three replicates each).
Shrimp were fed twice daily (07:00 and 19:00 h) at an initial rate of 5 nauplii mL™
reaching 12 nauplii mL™ at the end of rearing according to the larvae consumption.

The postlarvae were maintained under constant aeration at a temperature of 27-
28°C. Daily, 50% of water was exchange in the experimental units. Temperature,
dissolved oxygen, pH and salinity were monitored daily by a multiparameter sensor

(YSI 556).

Bacteria analysis

Presumptive Vibrio spp. were quantified in samples of enriched Artemia, water
of Artemia enrichment, postlarvae and water of postlarvae rearing.

The procedure for Vibrio analysis in water and Artemia samples followed the
methodology presented in the experiment 1. The PL samples were weighted, macerated
and diluted (1/10) and 0.1 mL of three dilutions were plated in TCBS agar, incubated
and enumerated as described.

Additionally, the colonization of bacteria from commercial probiotic, was
verified by the quantification of Bacillus CFU in enriched Artemia and postlarvae from

Probiotic treatment. The samples were weighted, macerated and diluted (1/10) and 0.1
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mL of three dilutions were plated in MYP agar (Mannitol Egg Yolk Agar polymyxin,
Himedia®), incubated and enumerated.

Data analysis

The hatching efficiency data were submitted to ANOVA and Tukey's test. The
Student’s T-test was used to compare the bacterial count of Artemia natural biomass and
frozen biomass. Bacterial counts data were submitted to ANOVA and Fisher tests.
Differences were considered at the 5% significance level. All analyzes were performed

using Statistica 7.0.

Results
Experiment |

The hatching efficiency was similiar between treatments and the mean (+ SE)
ranged from 1.9 + 0.1 x 10° to 2.7 x 10° nauplii g™*.

The decapsulation process did not shown to be effective in reducing the
presumptive Vibrio spp. load in nauplii and water in all treatments (Table 1).

The number of bacterial colonies in water was significantly lower in Antibiotic
followed by Microalgae treatment of capsulated cysts (Table 1). Only the Probiotic
treatment did not significantly differ from the Control.

A similar pattern was observed in the decapsulated cysts analysis, where the
significant lower Vibrio counts in water were observed in Antibiotic and Microalgae
(Table 1). However, the Microalgae did not differ significantly from the other

treatments.

Insert Table 1
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In the trial with capsulated cysts, Vibrio spp. load in Artemia was significantly
lower in the supplemented treatments (Table 1). However, Artemia from decapsulated
cysts showed significantly lower contamination in Antibiotic and Probiotic treatments
(Table 1). The Microalgae did not differ from the other treatments.

The freezing nauplii process during 48 hours resulted in a reduction of 70.33 to

99.75% of the Vibrio spp. load (Table 2).

Insert Table 2

Of the 43 bacterial colony morphotypes isolated from nauplii of all treatments
(capsulated cysts) 54% was identified as Vibrio alginolyticus and 36% as Gram-
negative cocci oxidase-negative. Vibrio parahaemolyticus, Pasteurella multocida,
Aeromonas hydrophila, Aeromonas salmonicida and Ochrobactrum anthropi each
represented 2% of the total isolates. V. parahaemolyticus and O. anthropi were resistant
to the Florfenicol.

From the nauplii of decapsulated cysts were obtained 31 isolates. Of these, 42%
were identified as V. alginolyticus, 42% as Gram-negative cocci oxidase-negative and

16% as Gram positive isolates.

Experiment 11

The Vibrio spp. concentrations in the Artemia enrichment water were
significantly lower in the Control (newly hatched nauplii) and did not differ among
other treatments (Table 3). In Artemia the lowest values of bacterial colonies were

observed in Control. However, the Control did not differ from Microalgae and Probiotic
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treatments. Selco presented the highest level of contamination differing significantly
from Control.

The Vibrio spp. concentrations in the postlarvae rearing water from Probiotic
treatment was significantly lower than Control (Table 3). No significant differences
were observed in the number of bacterial colonies in postlarvae among treatments

(Table 3).

Insert Table 3

Bacillus quantification (£ SE) in metanauplius and postlarvae from Probiotic
treatment was 8.7 + 4.2 x 10° and 1.4 + 0.8 x 10° CFU g™ respectively.

In the postlarvae rearing water, the mean values (+ SE) of temperature (28.7 =
0.04°C), OD (5.5 + 0.1 mg L™), pH (8.50 + 0.04) and salinity (29.5 + 0.06 g L™) did not

differ among treatments.

Discussion

Bacterial enumeration in TCBS medium shows that Artemia hold a high number
of bacteria. According to Verdonck, Grisez, Sweetman, Minkoff, Sorgeloos, Ollevier
and Swings (1994), Artemia are usually highly contaminated with bacteria (> 10’ CFU
per gram) and mostly identified as Vibrio spp. Moreover it is necessary to control these
bacterial loads before the use of Artemia in culture systems.

The use of Florfenicol resulted in the lowest Vibrio spp. load among the
supplements tested in Artemia hatchery. The Florfenicol has been authorized in several
countries for aquaculture activities (FAO 2005). In Brazil, it is the only antibiotic

registered for this purpose in the Ministry of Agriculture, Livestock and Supply
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(MAPA) (Schering Plough 2009). In fish farming, Florfenicol has potent activity
against a broad range of pathogens (Samuelsen, Ervik & Bergh 2003), including
microorganisms resistant to other antibiotics (Nordmo, Varma, Brokken & Sutherland
1994; Rangdale, Richards & Alderman 1997; Bruun, Schmidt, Madsen & Dalsgaard
2000; Thyssen & Ollevier 2001; Vue, Schmidt, Stehly & Gingerich 2002; Samuelsen &
Bergh 2004). Our findings suggested that the Florfenicol dose (300 mg L™?) was
efficient in reducing Vibrio counts but some potentially pathogenic strains of Vibrio (V.
alginolyticus and V. parahaemolyticus) remained in Artemia nauplii. Nevertheless,
proliferation of these resistant bacteria could make possible infections more difficult to
treat in hatchery systems.

The Microalgae treatment was the second most efficient in reducing Vibrio
load in water and nauplii (capsulated). In accordance, Tolomei, Burke, Crear and
Carson (2004), recommended the genus Chaetoceros to sanitize the external surface of
Artemia. This effect may be related to the bacteriostatic or bactericidal microalgae
activity (Kellam & Walker 1989; Olsen, Olsen, Attramadal, Christie, Birkbeck, Skjermo
& Vadstein 2000). The microalgae antibacterial activity has been detected in microalgae
extracts (Duff & Bruce 1966; Austin & Day 1990, Austin, Baudet & Stobie 1992;
Tendencia & dela Pefia 2003) and it may be related to the associated microflora,
antimicrobial proteins, fatty acids and oxygen free radicals produced by microalgae
cells (Marshall, Salas, Oda & Hallegraef 2005; Makridis, Alves Costa & Dinis 2006;
Kokou, Ferreira, Tsigenopoulos, Makridis, Kotoulas, Magoulas & Divanach 2007).

Despite newly hatched Artemia nauplii are unable to bioencapsulate, probiotic
bacteria can be active in the gills and body surface by competing with other bacteria for

adhesion sites (Gatesoupe 1991; Verschuere, Rombaut, Sorgeloos & Verstraete 2000).
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The present study has shown that probiotics reduced the Vibrio load in Artemia from
capsulated and decapsulated cysts.

Freezing Artemia for 48 h sharply reduced the Vibrio counts, but most values
were still over 10’ CFU. However, it has been suggested that Vibrio spp. are capable of
entering into a viable but non-culturable (VBNC) state when exposed to low
temperatures (Jiang & Chai 1996, Johnson & Brown 2002). Eventually, when
temperature rise bacterial cells are able to emerge from the VBNC state and become
culturable on bacteriological media. Thus, offering short-term frozen stored Artemia to
shrimp larvae may not reduce the potential of Vibrio spp. contamination, as cold-
induced death of bacteria only occur after several days to weeks (Oliver 1981).

The sodium hypochlorite used in the decapsulation process is able to totally
decontaminate Artemia cysts, but they can be quickly recolonized during the rupture
stage before hatching (Sorgeloos et al. 2001). At this stage, the organic substrate
glycerol is released from the cysts and offers an ideal culture medium for Vibrio spp. In
this study the decapsulation process did not effective reduced Vibrio concentration, but
decreased bacterial species in nauplii and may be regarded as an auxiliary prophylactic
treatment.

Hoj, Bourne and Hall (2009) characterized the bacterial community present in
Artemia, with more than half of Vibrio isolates being identified as V. alginolyticus.
Lopez-Torres and Lizarraga-Partida (2001) observed that even when Artemia cysts were
hatched under sterile conditions V. alginolyticus was the dominant species. These
authors suggested that V. alginolyticus and Vibrio spp. isolated from Artemia hatching
tanks were associated with those isolated from tanks with zoea, mysis and postlarvae,
indicating that these Vibrio spp. remain associated with different development phases of

shrimp. Buglione, Vieira, Mourifio, Pedrotti, Jatoba and Martins (2010) observed that V.
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alginolyticus strain caused high mortality of L.vannamei larvae. The V. alginolyticus
virulence is correlated to enzyme collagenase activity, which can cause softening of
shrimp muscle tissue (Brauer, Leyva, Alvarado & Sandez 2003; Yishan, Jiaming,
Jichang & Zaohe 2011).

The presence of V. parahaemolyticus in samples of shrimp submitted to
antibiotic treatment was reported by Verschuere et al. (2000). Likewise this bacteria
was identified in Artemia from Antibiotic treatment. According to Gomez-Gil et al.
(2004), V. parahaemolyticus attacks mainly shrimps at juvenile and adult stage.

Ochrobactrum anthropi was also resistant to the Florfenicol treatment. This
species has been isolated from cryopreserved Penaeus monodon spermatophores
(Nimrat, Bart, Keatsaksit & Vuthiphandchai 2008) and water samples from mangrove
receiving shrimp farm effluents (Sousa 2006). However, this species has not been
related to shrimp diseases in the literature.

Pasteurella multocida is also a bacteria usually not associated with disease in
shrimp. However, Buglione et al. (2010) observed that after an experimental infection,
this species increased mortality in L. vannamei larvae.

Aeromonas spp. compose the normal microflora of wild and reared crustaceans
and can be considered an opportunistic pathogen (Lightner 1993). This genus has been
associated to the soft shell syndrome in Penaeus monodon (Baticados, Coleso &
Duremdez 1986; Uddin, Zafar Noman & Sharmin 2008).

The Artemia enrichment process increased bacterial load in water and Artemia
specially in Selco treatment. This could be explained by the organic input from
supplements addition and Artemia excretion, which allows a sudden increase of
opportunistic bacteria (Igarashi, Sugita & Deguchi 1989; Skjermo & Vadstein, 1993;

Verschuere, Dhont, Sorgeloos & Verstraete 1997; Olsen et al. 2000). Hoj et al. (2009)
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and Haché & Plant (2011) also observed high bacterial abundance in Artemia enriched
with microalgae and lipid emulsions in combination.

The bacterial load in postlarvae and rearing water were not associated with the
concentrations of Vibrio observed in newly hatched nauplii (Control) and enriched
Artemia. The daily renewal (50%) of postlarvae rearing water probably reduced the
abundance of Vibrio spp. Krishnika and Ramasamy (2012) also recorded a significant
reduction of Vibrio after the water exchange of Artemia rearing tanks. Silva, Soares,
Calazans, Vogeley, Valle, Soares and Peixoto (2011), observed a presumptive Vibrio
load of 7.9 x 10’ CFU g™ in L.vannamei postlarvae (PL1o) fed newly hatched Artemia
nauplii. In the present study this load was slightly lower for PL1g (0.17 x 10" CFU g™).

Overall results of this study indicated that adding C. calcitrans in Artemia
hatching water is an effective alternative to antibiotics. Additionally, the use of
probiotic must be also considered to control the Vibrio spp. load in Artemia nauplii. The
enrichment supplements increased the bacterial load in Artemia but they did not affect

Vibrio concentration in postlarvae.
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Table 1. Average values (£ SE) of presumptive Vibrio count in Artemia hatching water

and Artemia nauplii (capsulated and decapsulated cysts) from different treatments.

Vibrio count
Capsulated cysts Decapsulated cysts
Water Artemia Water Artemia
(10°CFUmML™) (10'CFUg') (10°CFUmL™) (10’ CFU g?)
Control 620.0 £450.0° 120.0+90.0°  200.0 + 150.0° 45.0  24.0°
Antibiotic 0.008 +0.007*  0.02 +0.007° 7.50 + 2.90° 3.10 £+ 0.70°

Microalgae 37.0+21.0° 0.40 + 0.30° 44.0 +1.90% 29.0 + 10.0%
Probiotic 590.0 + 230.0°  15.0+15.0°  320.0 + 190.0° 15.0 £ 9.0°

Different superscript letters in the same column indicate significant differences between
treatments (P <0.05).
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Table 2. Average values (+ SE) of presumptive Vibrio count in Artemia nauplii

(capsulated and decapsulated cysts) from different treatments, before and after freezing.

Vibrio count
Capsulated cysts Decapsulated cysts
Before After Before After
(10’ CFU g (10" CFU g (10' CFUg?) (10’ CFU g
Control 120.0 + 90.0° 25.0 + 23.0° 45.0 +24.0°  2.60 +1.00°
Antibiotic 0.02 £ 0.007* 0.00005 + 0.00003" 3.10+0.70°  0.92 +0.43"
Microalgae  0.40 # 0.30° 1.30 + 1.10° 29.0 +10.0°  6.00 + 1.60°
Probiotic 15.0 + 15.0° 1.40 + 0.90° 15.0 + 9.0 2.50 +0.70°

Different superscript letters in a row indicate significant differences (P < 0.05) between

before and after freezing.
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Table 3. Average values (= SE) of presumptive Vibrio count in Artemia rearing water,
Artemia, Litopenaeus vannamei postlarvae (PL) and postlarvae rearing water from

different treatments.

Vibrio count
Artemia Water Artemia PL Water PL
(10°CFUmL™Y (10'CFUgh) (10°CFUmML™Y) (10’ CFU g?)
Control 3.4+3.0° 6,5+ 3,0° 0.25+ 0.00° 0.17 +0.07
Selco 100.0 + 30.0°  160.0 +140.0°  0.11 +0.03* 0.87 +0.86
Microalgae 17.0 +5.0° 40.0 + 7.0° 0.15 + 0.09% 0.04 +0.02
Probiotic 67.0 + 23.0° 23.0 £ 2.0° 0.05 + 0.02° 0.06 +0.02

Different superscript letters in the same column indicate significant differences between
treatments (P <0.05).
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- the name, address, telephone and fax numbers, and e-mail address of the author to
whom all correspondence and proofs should be sent

- a suggested running title of not more than 50 characters, including spaces

- four to six keywords for indexing purposes

Main text:

Generally, all papers should be divided into the following sections and appear in the
order: (1) Abstract or Summary, not exceeding 150-200 words, (2) Introduction, (3)
Materials and Methods, (4) Results, (5) Discussion, (6) Acknowledgments, (7)
References, (8) Figure legends, (9) Tables, (10) Figures.

The Results and Discussion sections may be combined and may contain subheadings.
The Materials and Methods section should be sufficiently detailed to enable the
experiments to be reproduced. Trade names should be capitalized and the
manufacturer's name and location (town, state/county, country) included.

All pages must be numbered consecutively from the title page, and include the
acknowledgments, references and figure legends, which should be submitted on
separate sheets following the main text. The preferred position of tables and figures in
the text should be indicated in the left-hand margin.

Optimizing Your Abstract for Search Engines

Many students and researchers looking for information online will use search engines
such as Google, Yahoo or similar. By optimizing your article for search engines, you
will increase the chance of someone finding it. This in turn will make it more likely to
be viewed and/or cited in another work. We have compiled these guidelines to enable
you to maximize the web-friendliness of the most public part of your article.


http://www.blackwellpublishing.com/bauthor/seo.asp
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References (Harvard style)

References should be cited in the text by author and date, e.g. Lie & Hire (1990). Joint
authors should be referred to in full at the first mention and thereafter by et al. if there
are more than two, e.g. Lie et al. (1990).

More than one paper from the same author(s) in the same year must be identified by the
letters a, b, c, etc. placed after the year of publication. Listings of references in the text
should be chronological. At the end of the paper, references should be listed
alphabetically according to the first named author. The full titles of papers, chapters and
books should be given, with the first and last page numbers. For example:

Chapman D.W. (1971) Production. In: Methods of the Assessment of Fish Production in
Freshwater (ed. by W.S. Ricker), pp. 199-214. Blackwell Scientific Publications Ltd,
Oxford.

Utting, S.D. (1986) A preliminary study on growth of Crassostrea gigas larvae and spat
in relation to dietary protein. Aquaculture 56, 123-128.

Authors are responsible for the accuracy of their references. References should only be
cited as 'in press' if they have been accepted for publication. Manuscripts in preparation,
unpublished reports and reports not readily available should not be cited. Personal
communications should be cited as such in the text.

It is the authors' responsibility to obtain permission from colleagues to include their
work as a personal communication. A letter of permission should accompany the
manuscript.

The Editor and Publisher recommend that citation of online published papers and other
material should be done via a DOI (digital object identifier), which all reputable online
published material should have - see www.doi.org/ for more information. If an author
cites anything which does not have a DOI they run the risk of the cited material not
being traceable.

We recommend the use of a tool such as EndNote or Reference Manager for reference
management and formatting.

EndNote reference styles can be searched for here:
www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for here:
www.refman.com/support/rmstyles.asp

Tables, Figures and Figure Legends

Tables

Tables should be self-explanatory and include only essential data. Each table must be
typewritten on a separate sheet and should be numbered consecutively with Arabic
numerals, e.g. Table 1, and given a short caption. No vertical rules should be used.


http://www.doi.org/
http://www.endnote.com/
http://www.refman.com/
http://www.endnote.com/support/enstyles.asp
http://www.refman.com/support/rmstyles.asp
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Units should appear in parentheses in the column headings and not in the body of the
table. All abbreviations should be defined in a footnote.

Figures: Illustrations should be referred to in the text as figures using Arabic numbers,
e.g. Fig.1, Fig.2 etc. in order of appearance.

Photographs and photomicrographs should be unmounted glossy prints and should not
be retouched. Labelling, including scale bars if necessary, should be clearly indicated.
Magnifications should be included in the legend.

Line drawings should be on separate sheets of paper; lettering should be on an overlay
or photocopy and should be no less than 4 mm high for a 50% reduction. Please note,
each figure should have a separate legend; these should be grouped on a separate page
at the end of the manuscript. All symbols and abbreviations should be clearly explained.

Avoid using tints if possible; if they are essential to the understanding of the figure, try
to make thi coarse.

Preparation of Electronic Figures for Publication

Although low quality images are adequate for review purposes, print publication
requires high quality images to prevent the final product being blurred or fuzzy. Submit
EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented programmes.
Scans (TIFF only) should have a resolution of at least 300 dpi (halftone) or 600 to 1200
dpi (line drawings) in relation to the reproduction size (see below). Please submit the
data for figures in black and white or submit a Colour Work Agreement Form (see
Colour Charges below). EPS files should be saved with fonts embedded (and with a
TIFF preview if possible).

For scanned images, the scanning resolution (at final image size) should be as follows to
ensure good reproduction: line art: >600 dpi; halftones (including gel photographs):
>300 dpi; figures containing both halftone and line images: >600 dpi.

Further information can be obtained at Wiley-Blackwell's guidelines for figures:
http://authorservices.wiley.com/bauthor/illustration.asp

Check your electronic artwork before submitting it:
http://authorservices.wiley.com/bauthor/eachecklist.asp

Permissions

If all or parts of previously published tables and figures are used, permission must be
obtained from the copyright holder concerned. It is the author's responsibility to obtain
these in writing and provide copies to the Publisher.

Colour Charges

It is the policy of Aquaculture Research for authors to pay the full cost for the
reproduction of their colour artwork. Therefore, please note that if there is colour
artwork in your manuscript when it is accepted for publication, Wiley-Blackwell require
you to complete and return a Colour Work Agreement Form before your paper can be


http://authorservices.wiley.com/bauthor/illustration.asp
http://authorservices.wiley.com/bauthor/eachecklist.asp
http://www.blackwellpublishing.com/pdf/SN_Sub2000_F_CoW.pdf
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published. Any article received by Wiley-Blackwell with colour work will not be
published until the form has been returned. If you are unable to access the internet, or
are unable to download the form, please contact the Production Editor are@wiley.com.

In the event that an author is not able to cover the costs of reproducing colour figures in
colour in the printed version of the journal, Aquaculture Research offers authors the
opportunity to reproduce colour figures in colour for free in the online version of the
article (but they will still appear in black and white in the print version). If an author
wishes to take advantage of this free colour-on-the-web service, they should liaise with
the Editorial Office to ensure that the appropriate documentation is completed for the
Publisher.

Figure Legends: In the full-text online edition of the Journal, figure legends may be
truncated in abbreviated links to the full-screen version. Therefore, the first 100
characters of any legend should inform the reader of key aspects of the figure.


mailto:are@wiley.com

