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RESUMO

Uma doenga de origem desconhecida que esta ocorrendo no camarao marinho (Litopenaeus
vannamei) em viveiros vem causando uma diminui¢do da sobrevivéncia dos organismos
cultivados. A doengca chamada de Mionecrose Infecciosa (IMN) foi confirmada em 14
viveiros localizados nos estados do Piaui, Maranhdo, Ceara e Rio Grande do Norte, Nordeste
do Brasil. Para contribuir no conhecimento desta doenga e sua relagdo com produtividade dos
camardes dos viveiros, o plancton das 14 fazendas foram estudados entre outubro/2003 e
novembro/2003. Os viveiros foram caracterizados como de alta densidade (>30 PL/m?). Em
cada fazenda amostrada foram estudadas trés estagdes (captacdo de agua; viveiro 1 — sem
indicio da virose; viveiro 2 — com indicio de virus). As amostras de dgua para o fitoplancton
foram coletadas com garrafa plastica de 100 mL e as amostras preservadas em solugdo de
Lugol 1%. As amostras de zooplancton foram obtidas com uma rede de plancton padrdo com
1 m de comprimento, boca com 30 cm didmetro e malha com abertura de 50 micrometros; 3
minutos de arrasto subsuperficial foram realizados em cada estacdo. As amostras foram
preservadas em uma solucdo de formalina/dgua do mar a 4%. O fitoplancton esteve
representado por 51 taxons infragenéricos com concentragdes de 365,218 + 416,615 cel.mL™
a 1,961,675 + 3,160,172 cel.mL"'. As diatomaceas contribuiram com quase 70% e as altas
densidades devidas a floragdes de Cyanophyta, principalmente Pseudanabaena cf. limnetica
Quarenta tdxons zooplanctonicos foram registrados e essencialmente compostos por espécies
marinhas eurialina e suspensivoras. O zooplancton variou de 972 + 209 ind.m> de 4,235 +
2,877 ind.m”. Copepoda dominou (45%) seguido por Protozoa (18%), Rotifera ¢ larvas de
Mollusca (com 12%, cada). A entrada de nutrientes afetou a densidade e composi¢do do
plancton. A dominancia de diatomaceas e copépodos foi substituida por cianobactérias,
protozoarios e rotiferos quando a concentragdo de nutrientes aumentou ao longo do cultivo,
indicando que a estrutura do plancton foi afetada por condi¢des eutroficas. Contudo, a
qualidade ambiental dos viveiros ¢ pobre, a comunidade planctonica indica que o ambiente ¢
resiliente, possibilitando o retorno a uma condi¢do melhor, desde que boas praticas de manejo

sejam empregadas.

Palavras-chave: Fitoplancton, zooplancton, aqiiicultura, camarao, Litopenaeus vannamei,
Brasil



ABSTRACT

A disease of unknown origin is occurring in marine shrimp (Litopenaeus vannamei) ponds
causing a decrease in the survival rate of cultured organisms. The disease named Idiopathic
Abdominal Necrosis (IAN) have been confirmed in ponds from 14 farms located in Piaui,
Maranhdo, Ceara and Rio Grande do Norte states, Northeastern Brazil. In order to contribute
to the knowledge of this disease and its relation to the performance of the shrimps in the
ponds, the plankton from 14 farms was studied from october/2003 to november/2003. The
ponds were categorized in high stocking density (>30 PL/m?). In each farm sampling were
made in tree stations (intake water point; pond 1 — without viruses indicia; pond 2 — with
viruses indicia). Water samples for phytoplankton were collected with a 100 mL plastic bottle
and samples preserved with 1% Lugol’s iodine solution. Zooplankton samplings at each
station was conducted with a standard plankton net with 1 m length, 30 cm mouth diameter
and mesh size of 50 micrometers; 3 minutes horizontal subsurface hauls were made at each
site. Samples were preserved in a 4% buffered formalin/seawater solution. Phytoplankton
consisted of 51 infrageneric taxa with concentrations ranging from 365,218 + 416,615
cellmL-1 to 1,961,675 + 3,160,172 cell.mL-1. Diatoms contributed to almost 70% and high
densities resulted from Cyanophyta blooms, mainly Pseudanabaena cf limnetica. Forty
zooplankton taxa were registered and essentially composed of typical marine euryhaline
species and suspension-feeders. Zooplankton varied from 972 + 209 ind.m™ to 4,235 + 2,877
ind.m”.Copepoda dominated (45%) followed by Protozoa (18%), Rotifera and Mollusca
larvae (with 12%, each). Enhanced nutrient input affected plankton density and composition.
Diatoms and copepods dominance were replaced by cyanobacteria, protozoan and rotifers as
nutrient concentrations increased with the cultured period, indicating that plankton structure
was affected by eutrophic conditions. Although environmental quality ponds was poor the
plankton community indicates that the environment is resilient being possible to return to a

better condition, since good management practices will be employed.

Key-words: phytoplankton, zooplankton, aquaculture, shrimp, Litopenaeus vannamei, Brazil
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1 Introducao

A Aqtiicultura ¢ o processo de produgdo em cativeiro, de organismos que dependem
da agua para a realizagdo total ou parcial de seu ciclo de vida, em qualquer estagio de
desenvolvimento. Segundo Nunes (2000), ¢ o segmento responsavel pelo aumento da oferta
mundial do pescado, sendo este, a terceira fonte de proteina de origem animal. Dentro da
Aqtiicultura, o cultivo de camardes ¢ a maior industria em areas tropicais e subtropicais no
mundo, com uma producao corrente, em 2004, de 1.386.382 toneladas, sendo o camarao do
Pacifico, Litopenaeus vannamei (Boone, 1931), a espécie mais importante cultivada nas
Américas (PEDRAZZOLI et al., 1998; FAO, 2000). No Brasil, no ano de 2003, foram
produzidas 90.190 toneladas de camarao, consolidando a posi¢do de lider no Hemisfério Sul,
sendo mais expressiva nos estados da regido Nordeste, responsavel por 85.852 toneladas,
representando 95% da producdo nacional (ROCHA et al., 2004).

A industria da producdo de camardes ¢ regularmente e seriamente afetada por
problemas ligados a degradacao ambiental e patologias infecciosas (KAUTSKY et al., 2000;
BACHERE, 2000). No Brasil, assim como em outros paises nas Américas, a sustentabilidade
na industria do cultivo de camardes tém sido ameacada por varias patologias (PINHEIRO e¢
al.,2007). Em areas costeiras do Piaui, Ceara, Maranhdo, Rio Grande do Norte, Pernambuco
e Paraiba, a Mionecrose Infecciosa (IMN) levou a uma mortalidade de 40 a 70% em cultivos
de L. vannamei, além de atingir L. stylirotris, P. monodon e Farfantepenaeus subtiltis
(LIGHTNER et al., 2004a; TANG et al., 2005). Esta enfermidade atinge o musculo estriado,
glandulas e orgao linfoides (LIGHTNER et al., 2004a).

Dado o potencial dos impactos adversos e o alto valor economico da carcinicultura nos
tropicos, existe a necessidade de pesquisas com resultados que possam ser aplicados

imediatamente num programa de manejo (PAEZ-OSUNA, 2001). Com esse intuito e visando
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a identificacdo e caracterizagdo da biodiversidade microbioldgica dos viveiros de cultivo,
além da identificacao das caracteristicas fisico-quimicas da agua e do solo e da histopatologia
dos camardes cultivados, como uma forma de contribuir para o conhecimento das causas que,
direta ou indiretamente, tém relagdo com o desempenho dos camardes em cultivo, a ABCC
(Associagao Brasileira de Criadores de Camarao Cultivado) elaborou um Projeto de Pesquisa
desenvolvido durante outubro/2003 a janeiro/2004. Foram realizadas amostragens de
fitoplancton, microfitobentos e zooplancton, coletadas em viveiros localizados nos estados de
Piaui, Ceara e Rio Grande do Norte, para o conhecimento das caracteristicas quali-
quantitativas das microalgas planctonicas e do bentos, como também dos organismos do
zooplancton, objetivando a identificacdo das condi¢des ecologicas dos viveiros.

O plancton tem um papel primordial na industria de camardo cultivado, sendo uma
fonte importante de nutrientes para os camardes (MARTINEZ-CORDOVA et al., 1998), que
podem consumi-lo diretamente ou aderido aos detritos (MARTINEZ-CORDOVA et al.,
2002), funcionando como um elo de ligacdo entre os nutrientes disponibilizados nos viveiros,
através da adicdo de compostos quimicos e da dgua captada, e os organismos que se localizam
no topo da teia alimentar aquatica.

Um bom monitoramento das condi¢des dos viveiros pode ser derivado da observagao
de indicadores planctonicos, tais como sua biomassa, abundancia e diversidade de espécies
(BURFORD, 1997; PHILLIPS, 1998; PRIMAVERA, 1998). As alteragdes na composicao de
espécies, tamanho e estrutura das comunidades podem ser alteradas tanto por mudangas na
carga de nutrientes, como pela predagdo e pastagem (HANSEN ef al., 1994; STOLTE et al.,
1994; INGRID et al., 1996; COTTINGHAM, 1999; MICHELI, 1999; ROELKE et al., 1999;
SIPURA et al., 2003), constituindo uma cascata na cadeia alimentar, alterando a dinamica de
consumo, ¢ assim o fluxo de carbono e energia total do sistema. Podendo, portanto, limitar a

produtividade dos camardes (JOHNSTON et al., 2002).
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Em viveiros utilizados para piscicultura, a combinagao de dados fisico-quimicos e de
informacdes, em longo prazo, sobre o plancton, sdo apontadas como necessarias para a
caracterizagdo completa da qualidade da agua (HOSSAIN et al., 2007). De modo a
complementar o monitoramento da qualidade da dgua nos viveiros de cultivo, o fito e
zooplancton podem ser excelentes indicadores das condigdes ambientais e da saude dentro
dos viveiros, pois eles sdo sensiveis as variacdoes na qualidade da agua. Eles respondem a
diminui¢do de oxigénio dissolvido, altos niveis de nutrientes, contaminagdo por substancias
toxicas, baixa qualidade ou escassez de alimento ou predacao.

Considerando a importancia sécio-economica da cadeia produtiva do camardo, a
necessidade de informagdes sobre as causa que levam a diminuicao da qualidade da dgua nos
viveiros acometidos por patologias no nordeste brasileiro e o valor da comunidade
planctonica como ferramenta de biomonitoramento, o plancton amostrado nos viveiros de
cultivo do camardo do Pacifico, Litopenaeus vannamei (Boone, 1931), foi o objeto da
presente tese. Esta tem a finalidade de analisar comunidade planctonica nos referidos viveiros
fornecendo informagdes para que a mesma possa ser utilizada como uma ferramenta adicional

no monitoramento da qualidade da 4gua desses ambientes.
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2 Base Conceitual

Mais de 50 paises possuem fazendas de camarao, destacando-se o Equador, Tailandia,
China, Malasia, México, Peru e Brasil (BEVERIDGE, 1996). No Nordeste brasileiro, a
carcinicultura apresenta algumas caracteristicas que trazem vantagens preponderantes, como a
nao dependéncia de agua doce, em qualquer fase do seu ciclo produtivo; o uso de areas planas
costeiras (salitradas) improdutivas e a utilizacdo de mao-de-obra sem exigéncia de
qualifica¢do profissional (ROCHA, 2005). Contudo, a carcinicultura, como qualquer outra
atividade de produgdo, pode causar impacto ambiental, motivo pelo qual ¢ caracterizada como
“atividade potencialmente poluidora” no cadastro nacional de atividades poluidoras do
IBAMA (PEREIRA, 2004). Os dois tipos de sistemas de produgdo existente para esta
atividade, extensivo com sistemas integrados e praticado por muitos anos em alguns locais, e
intensivo, sistema “fechado” que permite a fazenda um melhor controle ambiental, podem ser
prejudiciais a sustentabilidade ambiental. (RONNBACK, 2002).

Segundo a Resolugdo do CONAMA N° 01 de 23/01/86, impacto ambiental ¢ qualquer
alteracdo das propriedades fisicas, quimicas e bioldgicas do meio ambiente, causada por
qualquer forma de matéria ou energia resultante das atividades humanas que, diretamente,
afetem: (I) a satde, a seguranca ¢ o bem-estar da populagdo; (II) as atividades sociais e
economicas; (III) a biota; (IV) as condicdes estéticas e sanitdrias do meio ambiente; (V) a
qualidade dos recursos ambientais. Ha de se destacar, entretanto, que o conceito de impacto
ambiental ndo se refere unicamente ao meio ambiente bioldgico. Na verdade, o mesmo vem a
ser o resultado do efeito das atividades humanas no conjunto composto pelos niveis fisico,
biologico e socioecondmico (ARANA, 1999).

Sao varios os fatores que caracterizam a carcinicultura como uma atividade

impactante: a localizagdo das fazendas, o manejo e uso de tecnologia durante a operacdo dos
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viveiros, o cultivo superficial e escala da produgdo, a falta de um monitoramento adequado; e
capacidade de depuragdo do corpo aquatico receptor dos efluentes (ENG ef al., 1989;
NAYLOR et al., 1998; PAEZ-OSUNA, 2001). Além disso, a disseminagdo de sementes, a
introducdo de espécies exoticas e doengas, o uso da agua, suplementacao alimentar, aumento
dos nutrientes, e utilizacdo de compostos quimicos e antibioticos utilizados no cultivo causam
impactos (RONNBACK, 2002). Estes, segundo o autor, podem ser diretos, quando ha
liberacdo de substancias quimicas toxicas que levam a eutrofizagdo, a transferéncia de
doencas e parasitas para o ambiente natural, e a introdugao de material genético exotico no
ambiente, ou indiretos, através da perda do habitat e nicho, e alteragdes na teia alimentar.

Considerar a industria de cultivo de camardes uma atividade geradora de impacto
ambiental justifica-se, ainda, pelo fato de que nos ultimos 40 anos sua expansao devastou
praticamente metade dos manguezais do territorio brasileiro com o objetivo de atender a
demanda dos paises desenvolvidos (COELHO JUNIOR, NOVELLI, 2000). Por conseqiiéncia,
ocorreu a diminuicdo da qualidade da agua nos viveiros e da imunidade dos camardes
(JOHNSTON et al., 2002; BOYD, 2003).

De fato, a intensifica¢do da aqiiicultura gera mais demanda de dgua, mais fertilizantes,
mais alimento industrializado e mais produtos veterinarios que sdo eventualmente descartados
no meio ambiente. Em vdrios locais, caracterizados pela renovacdo de agua por filtragdo
semanal, a capacidade de dispersdo dos efluentes ndo ¢ eficiente o bastante para proteger as
fazendas do seu proprio rejeito (PAQUOTTE et al., 1998).

A preocupacdo com os impactos gerados pela industria de cultivo de camardes foi
apontada por Barnabé (1990), quando este alertou para a descarga excessiva ou
indiscriminada da matéria organica acumulada nos efluentes dos viveiros, que traz sérios
danos a propria atividade, promove alteracdes das caracteristicas fisico-quimicas da agua

(temperatura, oxigénio dissolvido e contetido de sais dissolvidos), e ao ambiente do entorno
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dos tanques escavados apos a saida da agua do cultivo. Este tipo desequilibrio nos niveis de
matéria organica (material fecal e restos alimentares) pode agravar alguns fendmenos como
floragdes de microalgas e anoxia do ambiente, bem como de aumentar a eutrofizagdo da agua,
colocando em perigo o desenvolvimento das espécies cultivadas e do restante do meio.

No corpo receptor, efeitos como a deplecao de oxigénio, diminuicao da penetracdo de
luz devido aos solidos suspensos, hipernitrificagdo da macrofauna bentdénica e eutroficacao da
agua, podem ocorrer. O fosforo oriundo dos efluentes dos cultivos, por exemplo, ¢
identificado como um dos nutrientes que contribuem para a degradacao ambiental (PAN et
al., 2005).

Uma das conseqiiéncias das modificagdes nas condigdes fisico-quimicas da agua no
cultivo de camardes cultivados sdo as enfermidades, que incluem doencas infecciosas,
causadas por virus, ricketsias, bactérias, fungos e metazoarios, bem como doengas nao-
infecciosas, que também tém grande importdncia na industria, causando desequilibrio
ambiental e nutricional extremos, intoxica¢des e modificacdes genéticas (LIGHTNER,
REDMAN, 1998). Contudo, virus, bactérias e fungos vém se destacando como causadores de
enfermidades (BACHERE, 2000; DESTOUMIEUX-GARZON et al., 2001; BURGENTS et
al.,2004).

Epidemias causadas por doencas virais levaram a diminui¢do da producdo anual na
Asia. Em paises com elevada produgio, como a Tailandia, a presenca de patdogenos como o
virus da mancha-branca (WSSV), virus da cabeca amarela (YHV), parvovirus da
hepatopancreatite (HPV) e o Baculovirus monodon (MBV) nos cultivos de P. monodon, virus
Taura e virus que causam infec¢des hipodérmicas e hematopoiéticas (TSV) em L. vannamei,
vém causando perdas significativas nos cultivos (FLEGEL, 2006). No Brasil e em outros
paises nas Américas, a sustentabilidade na industria do cultivo de camardes tem sido

ameacada por varias patologias, dentre elas a Sindrome do virus Taura (TSV), virus da



CUNHA, M. C. C. A comunidade plancténica como indicadora da qualidade da agua em viveiros ... 17

mancha branca (WSSV) e virus da necrose idiopatica (IHHNV) (PINHEIRO et al., 2007),
entre outros.

De acordo com Nunes e Martins (2002), inimeros fatores ambientais podem
desencadear um processo infeccioso nos camardes marinhos. Temperaturas e pH extremos,
baixas concentracdes de oxigénio dissolvido, mudancas abruptas na salinidade e presenca de
substancias toxicas sdo elementos associados a um desequilibrio no ambiente. A propagacao
de bactérias patdgenas oportunistas (Vibrio spp., Aeromonas spp.), a proliferacdo de
protozodrios (Zoothamnium spp. € gregarinas), a captacdo de dgua contaminada, a aquisi¢ao
de pos-larvas com alta carga viral e a presenga excessiva de microalgas (dinoflagelados e
cianobactérias) também geram efeitos deletérios na satde dos camardes.

Outro problema ¢ a utiliza¢dao de substancias quimicas na carcinicultura, com objetivo
de aumentar quali-quantitativamente a produgdo. Estas também influenciam a qualidade da
agua dos viveiros e, conseqiientemente nos efluentes langados no meio. Para Paez-Osuna
(2001) o uso de substancias quimicas na carcinicultura ¢ pequeno em comparacdo com a
agricultura ou outras atividades econdomicas. Todavia, varias formulacdes quimicas e
biologicas sdo aplicadas na agua e sedimentos dos viveiros ou incorporadas a dieta dos
camaroes.

Baseadas em suas acdes, os produtos usados nas fazendas podem ser classificados em
nos seguintes grupos (PRIMAVERA et al., 1993):

1. Terapéuticos e desinfectantes (iodo, formalina, oxitetraciclina, clorafenicol).

2. Condutores de dgua e sedimento.

3. Decompositores da matéria organica (bactérias e preparagdes enzimaticas).

4. Algicidas e peixecidas (compostos de cobre, saponina).

5. Promotores do crescimento de fitoplancton (fertilizantes organicos e inorganicos).

6. Aditivos nutricionais (vitaminas, minerais, hormonios).
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As substincias mais comuns usadas nos viveiros sdo os fertilizantes e adubos, as
demais substancias sdo usadas com menos freqiiéncia (BOYD, MASSAUT, 1999). Ainda
assim, o aumento do uso de antibidticos no cultivo intensivo tem levantado o interesse sobre
os possiveis efeitos de sua liberagdo no ambiente adjacente, cogitando o aumento da
resisténcia de patogenos (PAEZ-OSUNA, 2001).

Normalmente, as fazendas de cultivo de camardo adotam como estratégia de manejo a
estocagem das pos-larvas nos tanques-berc¢ario, para aclimaté-las antes de iniciar o processo
de engorda propriamente dito. Nessa fase, as pos-larvas sdo alimentadas com ragdes
especificas ou muitas vezes trituradas. Independente da qualidade e ou da origem da dieta
utilizada, grande quantidade de racdo ¢ ofertada, o que propicia a sua perda e
conseqiientemente a sua decomposicdo, ocasionando deterioracdo e comprometimento da
qualidade da 4agua (SILVA, MENDES, 2006).

Dentro do cultivo de camardes a alimentacao ¢ uma das operagdes que demanda maior
custo, pois uma formulacdo da ra¢do desequilibrada pode contribuir com a deteriorizagdo da
qualidade da 4dgua (MARTINEZ-CORDOVA et al., 2002). Dentro desta alimentagdo, os
organismos vivos constituem uma fonte importante de nutrientes para os camardes
(MARTINEZ-CORDOVA et al., 1998).

O alimento natural, constituido pelo fito e zooplancton, tem uma significativa
contribui¢do na melhoria da qualidade da agua. Martinez-Cordova et al. (2002) citam que o
fitoplancton ndo ¢ diretamente consumido pelos camardes, mas pode ser ingerido aderido aos
detritos. A abundancia de outras comunidades, tais como o zooplancton e o bentos dependem
da produtividade do fitoplancton. Alguns organismos do zooplancton e bentos sdo
efetivamente consumidos pelos camardes, e contribuem significantemente para sua nutrigdo

(ALLAN et al., 1995; SHUSHEHCHIAN, YUSSOF, 1999). O trabalho de Anderson et al.
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(1987) revelou que esta contribuicdo pode representar mais de 75% das necessidades
nutricionais destes organismos.

Algumas estratégias tem sido usadas para promover o crescimento da biota nos
viveiros, sendo a fertilizagdo uma pratica comum para manter a produtividade do fitoplancton
(DE LA LANZA, MARTINEZ-CORDOVA, 1998). Para aumentar a abundancia dos
organismos zooplanctonicos, alguns cultivadores introduzem “promotores de zooplancton”
nos viveiros, constituidos de fardos de alfafa fermentada. Para promover a abundancia de
organismos bentonicos sdao usados fertilizantes organicos enriquecidos (MARTINEZ-
CORDOVA et al., 2002).

Estas praticas, assim como os demais impactos antrépicos, influenciam a estrutura
(abundancia de organismos, diversidade, etc.) e funcao dos ecossistemas receptores, sendo
uma das principais conseqiiéncias o processo de eutrofizacdo que pode transformar areas de
circulacao restrita de d4gua, como os viveiros, em ambientes altamente anoxicos (MOSER ef
al. 2004). E uma preocupagcio real dos criadores o estado da qualidade da 4gua nos viveiros,
mesmo ocorrendo a adi¢do de inlimeras substancias quimicas, como as citadas anteriormente.
Para este monitoramento sao utilizados apenas os fatores hidrologicos da agua.

Para o controle do impacto ambiental causado pela aqiiicultura no Brasil, o Conselho
Nacional do Meio Ambiente (CONAMA) normatizou os niveis minimos aceitaveis de
qualidade da agua a ser alcancados ou mantidos, em criagdes de espécies aquaticas destinadas
a alimentacdo humana, através da Resolucao N.° 20, de 18/06/1986. O pH, nitrogénio total,
demanda bioquimica de oxigénio (DBO) e oxigénio dissolvido, sdo os parametros
estabelecidos para o controle dos efluentes.

Em 1997, foi criada no encontro da Sociedade Mundial de Agqiiicultura, a Global
Aquaculture Alliance (GAA), uma entidade sem fins lucrativos com o objetivo de representar

a industria da aqiiicultura em nivel internacional, promovendo-a ambientalmente responsavel.
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Dentre as suas agdes, determinou limites iniciais € metas a serem alcancadas para o controle
dos efluentes derivados de viveiros da aqiiicultura. Parametros como, pH, so6lidos totais e
suspensos, fosforo total, amonia nitrogenada total, DBO e oxigénio dissolvido, passaram a
serem monitorados com seus niveis recomendados a dgua enquadrada na classe 7 (BOYD,
GOUTIER, 2000).

Em decorréncia aos parametros exigidos pela legislagdo e da necessidade de
manutengdo da produtividade, os estudos referindo-se a qualidade da 4gua para o cultivo de
camardes estdo, em sua grande maioria, relacionados a parametros fisico-quimicos, como as
concentragdes de solidos em suspensdo (matéria organica total e particulada, clorofila a) e
nutrientes (fosfato, nitrato e amonia), reafirmando a importancia dos mesmos para a biota dos
viveiros (THAKUR, LIN, 2003).

Entretanto, Johnston ef al. (2002) consideram o plancton e bentos, por formarem a
base da cadeia alimentar nos viveiros, particularmente importantes, pois em alguns casos,
limitam a produtividade dos camardes. Em viveiros utilizados para piscicultura, a combinacao
de dados fisico-quimicos e de informagdes, em longo prazo, sobre o plancton, sdo apontadas
como necessarias para a caracterizagdo completa da qualidade da agua (HOSSAIN et al.,
2007).

De fato, o plancton funciona como um elo de ligacdo entre os nutrientes
disponibilizados nos viveiros, através da adicdo de compostos quimicos e da dgua captada, e
os organismos que se localizam no topo da teia alimentar aquatica. As alteragdes na
composicao de espécies, tamanho e estrutura das comunidades podem ser alteradas tanto por
mudangas na carga de nutrientes (Bottom-up controls), como pela predacao e pastagem (7op-
down) (HANSEN et al., 1994; STOLTE et al., 1994; INGRID et al., 1996, COTTINGHAM,
1999; MICHELI, 1999; ROELKE et al., 1999; SIPURA et al., 2003), constituindo uma

cascata na cadeia alimentar, alterando a dindmica de consumo, e assim o fluxo de carbono e



CUNHA, M. C. C. A comunidade plancténica como indicadora da qualidade da agua em viveiros ... 21

energia total do sistema. Isto ¢ portanto critico no melhor entendimento das ligacdes entre a
carga de nutrientes para as aguas costeiras e a resposta do ecossistema (MURREL, LORES,
2004).

De modo a complementar o monitoramento da qualidade da dgua nos viveiros de
cultivo, o fito e zooplancton podem ser excelentes indicadores das condigdes ambientais e da
saude dentro dos viveiros, pois eles sdo sensiveis as variagdes na qualidade da agua. Eles
respondem a diminui¢do de oxigénio dissolvido, altos niveis de nutrientes, contaminacao por
substancias toxicas, baixa qualidade ou escassez de alimento ou predagdo. Um bom
monitoramento das condigdes dos viveiros pode ser derivado da observagdo de indicadores
planctonicos, tais como sua biomassa, abundancia e diversidade de espécies (BURFORD,
1997; PHILLIPS, 1998; PRIMAVERA, 1998). Sendo assim, a presente tese propde-se a
analisar as seguintes hipoteses:

H’: O plancton é uma ferramenta eficiente para o monitoramento da qualidade da
agua nos viveiros de cultivo de camardes do nordeste brasileiro.

H’: O plancton ndo pode ser utilizado com uma ferramenta eficiente para o
monitoramento da qualidade da agua nos viveiros de cultivo de camardes do nordeste

brasileiro.
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3 A Carcinicultura no Nordeste do Brasil

No Brasil, a produgdo de camardo marinho foi iniciada na década de 70, no Rio
Grande do Norte, com a criacdo do “Projeto Camardo” como alternativa para substituir a
extracdo do sal. Concomitantemente, o Estado de Santa Catarina desenvolveu pesquisas de
reproducdo, larvicultura e engorda do camardo e conseguiu produzir as primeiras pos-larvas
em laboratorio da América Latina (ABCC, 2004).

Para Morais (2002) o Nordeste ¢ a regido brasileira em que se encontram as melhores
condig¢des para a carcinicultura devido as altas temperaturas, com variagdo anual em torno de
22 a 30°C, e a relativa estabilidade climatica. Essas condigdes estdo ainda aliadas a uma
ampla extensao de terras as margens do litoral, boa qualidade da agua e disponibilidade de
mao-de-obra barata, indicando um consideravel potencial para a expansao da maricultura.

O desenvolvimento da carcinicultura no Brasil pode ser considerado em trés fases. O
periodo compreendido entre 1978 e 1984 caracterizou a primeira fase, onde predominou
cultivos extensivos de baixa densidade de estocagem, reduzida renovagdo da agua e uso da
alimentagdo natural produzida no préprio viveiro. O Governo do Rio Grande do Note, com o
apoio da Empresa de Pesquisas Agropecuarias do Rio Grande do Norte (EMPARN), importou
animais da espécie Penaeus japonicus e refor¢ou o “Projeto Camardo”, sistematizando e
desenvolvendo trabalhos de adaptacdo da espécie exoética as condigdes locais (RABELO,
2006).

Os resultados favoraveis na adaptacao de P. japonicus nos trés primeiros anos dos
trabalhos da EMPARN, em relacao a reproducgao e larvicultura e ao processo de crescimento e
engorda, serviram de base para a mobilizagdo dos mecanismos federais de incentivos e
financiamentos a iniciativa privada da época. A realizagdo em Natal, em setembro de 1981, do

“I Simposio Brasileiro Sobre Cultivo do Camarao” também teve papel decisivo na divulgagao
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do desempenho da espécie importada do Japao e na implantagao das primeiras fazendas de
camarao no Nordeste. A decisdo da Companhia Industrial do Rio Grande do Norte (CIRNE)
de transformar parte de suas salinas em viveiros de camardo, estimulou outras iniciativas do
setor privado.

Em 1984, a ocorréncia de chuvas intensas, encerrando o longo periodo de estiagem na
regido, causou variagdes na salinidade das aguas estuarinas, impossibilitando a maturacao e
reprodugao dos cultivos de P. japonicus. Entre 1985/1986, ja estava descartada a viabilidade
de se desenvolver uma carcinicultura comercial com essa espécie.

A deficiéncia na tecnologia de producao de pos-larvas e de engorda da época forgou o
cultivo extensivo das espécies nativas L. schmitti Burkenroad, Farfantepenaeus subtilis Pérez-
Farfante e F. paulensis Pérez-Farfante (NUNES, PARSONS, 1999). A carcinicultura
brasileira comegou adquirir carater tecno-empresarial, pois as improvisagdes praticadas até
entdo comegaram a ceder espago ao profissionalismo e ao planejamento (ROCHA, MAIA,
1998). Contando com fazendas e laboratorios instalados e com experiéncia acumulada em
procedimentos e praticas de producdo, o sistema semi-intensivo comecgara a se estabelecer
com a ado¢do de uma maior densidade de povoamento (de 4 a 6 camardes por m? de espelho
d’4gua), taxas de renovacdo de dgua de 3% a 7% e alimento concentrado, iniciando a segunda
fase da carcinicultura no Brasil.

Apesar dos avangos em aspectos importantes da maturacdo, reproducdo e larvicultura
das espécies nativas, bem como o desenvolvimento do manejo de agua e de solos de fundo de
viveiros, a produtividade dessas espécies ndo ultrapassou as médias de 400 a 600 kg.ha™.ano”
'. O desempenho insatisfatorio estava relacionado as necessidades protéicas e a inexisténcia
de alimentos concentrados que atendessem as exigéncias das espécies cultivadas.

Apos o periodo de dez anos, a produtividade mostrava-se insuficiente para atender os

custos de produgdo, comprometendo a rentabilidade do agronegécio levando a desativacao de
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algumas grandes unidades produtivas da regido. Nesta etapa, comprovou-se o potencial das
espécies brasileiras e a necessidade de um programa de pesquisa basica e aplicada para
melhor caracterizd-las e preserva-las bem como para investigar a fundo sua biologia e
reprodugdo e seus requerimentos nutricionais.

A terceira fase da carcinicultura no Brasil, deu-se apds o periodo de experimentacdes,
quando pos-larvas e reprodutores do camardao branco do Pacifico (L. vannamei) foram
introduzidos no pais, em meados da década de 90 e os trabalhos de validagdao se acentuaram
(WAINBERG et al., 1998). O critério basico para a adogao da nova espécie foi o fato de ser a
mesma ja cultivada com éxito no Equador e Panama e haver demonstrado capacidade de
adaptagao aos ecossistemas de diferentes partes do hemisfério ocidental.

Segundo Borghetti et al. (2003), a introducao e a utilizacdo desta espécie representou
um grande avango para o pais, provocando o desenvolvimento da cadeia produtiva da
carcinicultura brasileira. A partir do momento em que laboratorios brasileiros dominaram a
reproducdo e larvicultura do L. vannamei e iniciaram a distribui¢do comercial de pds-larvas.
As validagdes tecnoldgicas foram intensificadas no processo de adaptagdo do L. vannamei e a
partir de 1995/1996 ficou demonstrada a viabilidade comercial de sua produgdo no Pais. Em
1998, fazendas de camardao marinho, estimadas em 113 unidades, cobriam 4.320 hectares e
produziam 7.000 toneladas. Essas fazendas ocorrem predominantemente proximas a areas
umidas costeiras, alcancando um tamanho entre 1 e 600 hectares e empregando
aproximadamente 1 trabalhador para cada 3 ou 4 hectares (ROCHA, MAIA, 1998). Em 2001,
o contingente de mao-de-obra empregada nesta atividade chegava a quase 60.000 pessoas,
sendo que a producdo nacional chegou a cerca de 40.000 toneladas, a area cultivada a 8.500
hectares ¢ a produtividade média a mais de 4.700 kg.ha™.ano™.

A carcinicultura marinha ¢ hoje uma das atividades agroindustriais mais atrativas

economicamente, ja que na década de 90, este setor vem registrando uma taxa média de
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expansao territorial da ordem de 20% ao ano (ROCHA, 2005). Segundo Rocha e Maia (1998),
o desenvolvimento da carcinicultura no Brasil esta concentrado na regido Nordeste, com
pequenas iniciativas nas regides Norte, Sul e Sudeste. O autor ainda cita os estados produtores

Rio Grande do Norte, Bahia, Ceara e Pernambuco na ordem de importancia para o cultivo.
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4 Caracterizac¢ao dos cultivos de camaroes

A Mionecrose Infecciosa atingiu principalmente os cultivos de camardes localizados
na costa dos estados do Piaui, Ceara e Rio Grande do Norte. Com intuito de caracterizar as
areas atingidas pela enfermidade, ¢ apresentado a seguir, algumas informagdes coletadas pela
ABCC com relacao ao tempo de cultivo, povoamento dos viveiros, peso dos camardes na
despesca e sobrevivéncia dos mesmos nas regides afetadas durante o ano de 2004, periodo de
alta incidéncia da doenca.

No litoral do Piaui, os cultivos de camardes apresentam ciclos de cultivo com em
media 136 dias. Os viveiros caracterizam-se como densamente povoados, que variaram de
16,2 a 30,6 camardes.m™ estocados no 3° e 2° trimestres, respectivamente, em 2004. Devido a
presenca da IMN, foi registrada a despesca prematura, com camardes a partir de 9 ou 10 g,
chegando ao peso médio de 11,04 g ao final do mesmo ano. No aspecto geral, existem
alteragdes positivas nas condi¢des de sanidade dos animais nos ultimos cultivos que estdao
sendo refletidos no aumento da sobrevivéncia, cuja media atual chega a 62,4% comparada
com 52,4% em 2003.

No estado do Ceara a IMN ocorreu ao longo de todo litoral, entretanto, as regides mais
atingidas foram Camocim, Acarau, Aracati, entre outras. Em Camocim, litoral norte do
estado, que inclui as areas de Coreau e Guriu, os cultivos sdo caracterizados como de baixa
densidade. A regido de Coreau apresentou uma média geral de povoamento de 31,2
camardes.m?. Algumas fazendas, contudo, utilizaram altas densidades, entre 50 e 60
camardes.m™. O tempo de cultivo foi de 158 dias no 1° trimestre, baixou para 153 dias no 2°
trimestre, para 102 no 3° trimestre € voltou a subir no 4° trimestre, para 130 dias, com uma
média final de 142 dias. O peso médio final foi de 12,54 g, com um peso médio minimo de

10,35 g no 3° trimestre, ¢ o maximo de 13,40 g no 2° trimestre. Esses dois parametros
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estiveram atrelados a taxa de sobrevivéncia, que diminuiu ao longo do ano. Por outro lado, a
sobrevivéncia dos animais esteve inversamente relacionada ao aumento da densidade durante
o ano. Enquanto no 4° trimestre a sobrevivéncia apresentou seu minimo (40,46%), a
densidade era de 34,9 camardes.m™ alcangou os maiores valores. O periodo com maior indice
de sobrevivéncia foi relatado no primeiro semestre, com 70,11% e menor densidade, 27,6
camardes.m 2,

As fazendas localizadas na regido de Gurit apresentaram densidades com minimos e
maximos de 35,8 e 42,0 camardes.m™, respectivamente. A sobrevivéncia média anual foi de
57,95%, variando de 42,13% no 1° trimestre de 2004 a 68,18% no 2° trimestre do mesmo
ano. O peso médio anual variou de 9,73 a 14,28 g, com média de 12,90 g. O tempo de cultivo
foi maior no 1° trimestre, 176 dias, diminuindo ao longo do ano, com minimo de 104 dias no
3° trimestre.

Ainda no litoral norte do Ceara, mas na regido do estuario do rio Acarau, as fazendas
apresentaram uma sobrevivéncia média com minimo de 49,99% e maximo de 52,47%, com
tempo de cultivo entre 135 e 147 dias. Durante este periodo a densidade populacional inicial
adotada foi de 47,9 camardes.m™ alcangando uma média de 69,4 camardes.m™?, enquanto o
peso de despesca vaiou de 10,43 a 12,23 g.

As fazendas localizadas no litoral leste, estuario do rio Jaguaribe, na regido de Aracati,
apresentaram sobrevivéncia média anual de 42,53%, variando de 32,58% no 4° trimestre de
2004 a 52,78% no 1° trimestre do mesmo ano. O tempo de cultivo para o mesmo periodo,
apresentou uma média de 132 dias, variando de 116 no 3° trimestre a 142 no 4° trimestre. O
peso final de despesca dos camardes cultivados apresentou uma média de 10,74 g,
apresentando um valor minimo de 10,28 g no 4° trimestre ¢ méaximo de 11,23 g no 1°

trimestre. As densidades iniciais de cultivo utilizadas entre o 1° e o 4° trimestre de 2004
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apresentaram valores médios minimos e maximos de 72,6 e 55,7 camardes.m?,
respectivamente, com uma redug¢do significativa de 29,47% entre o 1° e o 3° trimestre.

Para o estado do Rio Grande do Norte, os dados apresentados sdo referentes aos
estuarios da regido de Pendéncias, no litoral Norte. A sobrevivéncia média anual de 51,02%,
variou de 37,57% no 4° trimestre de 2004 a 66,27% no 1° trimestre do mesmo ano. Os
cultivos tiveram duragao minima de 142 dias, com 34,4 camardes.m™, no 3° trimestre e
maximo de 174 dias de cultivo, com densidade de 44,6 camardes.m™, no 2° trimestre, com
média de 159 dias. O peso médio final de cultivo, apresentado no ano de 2004 foi de 12,18g,

variando de 11,03 a 13,21g nos 4° e 2° trimestres, respectivamente.
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5 Material e Métodos

5.1 Coletas e analises do plancton
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As coletas foram realizadas em 14 fazendas de carcinicultura marinha localizadas no

Ceard, Piaui e Rio Grande do Norte (Tabela 1) e povoadas por Litopenaeus vannamei, tendo

sido as coletas realizadas nas seguintes condigoes:

a) em viveiros que apresentavam camardes com sintomas da Mionecrose Infecciosa;

b) em viveiros com camardes saudaveis e;

¢) na captacdo de dgua da fazenda (estuario).

Tabela 1. Fazendas de cultivo de camardes marinhos no Nordeste do Brasil.

FAZENDAS (Cidade) Latitude Longitude
Ceara
Promares, Aquafort e Samarisco (Camocim) 2°54°S  40°50°W
Papagaio e AS Marine (Acarat) 2°50°S  40°07"W
Compescal, Cina e Vip Camardes (Aracati) 4°33’S  37°46’W
Piaui
Camapi, Secom e Camardes do Brasil (Cajueiro) 2°55’S 4120w
Rio Grande do Norte

Potipora (*), MRG (*) e Aquatica (*) (Pendéncias) 06°16°’S

3529°W

(*) Amostras coletadas durante as 2* e 3* campanhas.

Foram programadas trés campanhas para coleta das amostras entre os meses de

novembro e dezambro de 2003, conforme mostrado na Tabela 2.

Tabela 2. Campanhas realizadas nas fazendas de cultivo de

camardes marinhos no Nordeste do Brasil.
Nov — Dez 2003

Campanha
Fazendas 1? 2° 32
Camaroes do Brasil, Camapi e Secom 19/10 5/11 16/11
Promares, Aquafort e Samarisco 21710 7/11  18/11
A. S. Marine e Papagaio 23/10 3/11 14/11
Compescal, Vip Camardes e Cina 25/10 8/11 19/11
Potipora, Aquatica e MGR. 20/11 22/11
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As amostras de agua para o fitoplancton foram coletadas diretamente na superficie da
agua com frascos de plasticos (100 mL), devidamente etiquetados, e, imediatamente,
preservadas com solucdo de Lugol 1%. Apds as coletas, o material foi transportado sob
refrigeragdo para o Laboratorio de Ficologia da Universidade Federal Rural de Pernambuco,
onde se realizaram as analises quali-quantitativas.

Para a identificagdo dos organismos fitoplanctonicos foram confeccionadas laminas e
observadas em fotomicroscopio Zeiss, ao qual estdo acopladas ocular micrometrada e camara
clara. Os organismos foram identificados at¢ o menor nivel taxondmico possivel,
principalmente aqueles responsaveis por grandes floragdes, com base em bibliografia
especializada, destacando-se Desikachary (1959), Dodge (1982), Anagnostidis, Komarek
(1988), Silva-Cunha, Eskinazi-Leca (1990), Parra, Bicudo (1997). Quando necessario, os
taxons foram ilustrados com fotomicrografias.

A contagem do fitoplancton foi realizada pelo método de Utermohl, (HASLE, 1978),
utilizando-se microscopio invertido Zeiss, pertencente ao Laboratério de Ficologia da
UFRPE. Para as contagens, foram utilizadas cdmaras de sedimentacdo de 10 ml e as amostras
sedimentadas por um periodo de 24 horas. Cada amostra foi corada com Rosa de Bengala,
para facilitar a identificagdo das células, e as contagens realizadas em transecgdes, com
aumento de 400X. Apods as contagens, os valores foram transformados para cel.ml’,
utilizando-se a formula proposta por Villafafie e Reid (1995).

A amostragem para o zooplancton em cada estacdo foi realizada através de arrasto
horizontal sub-superficial, com durag¢do de 3 minutos, utilizando-se uma rede de plancton com
comprimento de 1 m, didmetro de 30 cm e malha com 50 pm de abertura (Hydrobios, Kiel). O
material coletado foi acondicionado em frascos plasticos (250 mL) identificados e

preservados em solugdo de formol/dgua do mar a 4% tamponado. Apoés as coletas, as amostras
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foram transportadas para o Laboratorio de Zooplancton da Universidade Federal de
Pernambuco para a identificagdao e contagem dos organismos.

Os taxons zooplanctonicos foram identificados at¢é o menor nivel taxondmico
baseando-se na analise detalhada de 1 ml de cada amostra, retirada com auxilio de uma
“Stempel-pipette” colocada em lamina tipo Sedgwick-Rafter sob microscopio composto
marca Zeiss. Foram contados 2 ml de cada amostra e feita a média aritmética. Além disso,
cada amostra foi inspecionada na sua totalidade para verificar a presenga de organismos
patogénicos. Para a identificagdo dos organismos zooplanctonicos e obten¢ao de informagdes
ecologicas, foram utilizadas, dentre outras, as seguintes bibliografias: Rose (1933),
Tregouboff, Rose (1957), Bjornberg (1981), Bougis (1974), Boltovskoy (1981; 1999) e
Omori, Ikeda (1984).

Através da contagem do ntimero de células ou individuos de um determinado taxon
em um volume conhecido, foi calculado a Densidade especifica. Esta foi expressa em cel.mL’
! para o fitoplancton, e org.m™, para o zooplancton.

A partir dos resultados obtidos no célculo da densidade a Abundancia relativa, que
indica a representatividade de cada taxa, foi estabelecida utilizando-se a féormula a seguir,
proposta por Lobo, Leighton (1986): Ar = N. 100/ Na, em que:

Ar = abundancia relativa

N = numero total de organismos de cada tdxon na amostra analisada
Na = nimero total de organismos na amostra

Sendo os resultados expressos da seguinte forma:

>70% - Dominante

<70% e > 40 — Abundante

<40% e > 10% - Pouco abundante

<10% - Raro
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Por meio do célculo da Freqiiéncia de ocorréncia pode-se estimar o quanto cada taxon
esteve presente no local analisado. Para obter os valores da freqiiéncia de ocorréncia segundo
Mateucci, Colma (1982), utilizou-se a seguinte formula: Fy = a. 100/A, em que:

Fy = freqiiéncia de ocorréncia;

a= numero de amostras em que o taxon analisado ocorreu;
A= ntmero total de amostras.

Os resultados foram expressos como:

>70% - Muito freqiiente

<70% e > 40 - Freqiiente

<40% e > 10% - Pouco freqiiente

< 10% - Esporadica

Para obter os valores da diversidade especifica, ou seja, o grau de complexidade da
estrutura da comunidade, foi utilizada a seguinte féormula, segundo Shannon (1948): H’ = pi
. log; pi, onde:

H’ = diversidade especifica

Pi=ni/N, em que:

ni = numero de cé¢lulas de cada espécie
N = numero total de células

De acordo com o indice proposto por Shannon (1948), os valores foram enquadrados

na seguinte classificacdo:
> 3,0 bits.ind" representa uma alta diversidade;
<3,0 > 2,0 bits.ind™! representa uma média diversidade;
<2,0>1,0 bits.ind™ representa uma baixa diversidade;

<1,0 bits.ind"' representa uma diversidade muito baixa.
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A distribui¢dao do numero de células por tdxon, Equitabilidade, foi calculada com base

em Pielou (1967), utilizando-se a seguinte férmula: J’ = H’/ log,S, em que:
J’ = equitabilidade
H’ = diversidade especifica
S = numero total de espécies de cada amostra

Adota-se para este indice valores entre 0 e 1, sendo que > 0,5 indicam boa distribui¢ao
dos individuos entre as espécies.

Com relacdo ao zooplancton, os calculos das analises multivariadas foram feitos
utilizando-se apenas as matrizes de densidade (org.m™), que sdo os dados mais comumentes
usados. O método de agrupamento (Cluster analysis), apés medi¢ao da similaridade pelo
coeficiente de correlagdo momento-produto de Pearson onde se aplicou a transformacgao
linearizante Log(x+1) dos dados. Esta transformagdo, que consiste na homogeinizacao das
variancias, foi aplicada para diminuir a distor¢ao dos resultados, sendo a mais eficaz no caso
de dados planctonicos (IBANEZ, 1976). A classificagdo utilizada foi a aglomerativa
hierarquica do "Peso proporcional" (Weighted Pair Group Method - WPGM). Este método
consiste em dividir um conjunto de objetos (amostras) ou descritores (varidveis - tdxons
zooplanctonicos) em subconjuntos, de forma que cada objeto ou descritor pertenga a um Unico
subconjunto. As relagdes entre os constituintes de um subconjunto e entre os diversos
subconjuntos sdo quantificadas, evidenciando associagdes significativas (LEGENDRE,
LEGENDRE, 1998). O resultado da classificacdio ¢ visualizado sob a forma de um
dendrograma. Esta representacdo, em um espago bi-dimensional, de rela¢des
multidimensionais geram certas distor¢des, cuja intensidade pode ser estimada comparando
por correlagdo a matriz original com a matriz tirada do dendrograma, chamada de matriz dos
valores cofenéticos. O coeficiente de correlacdo resultante ¢ chamado de correlacao

cofenética e pode ser usado para medir a validade do agrupamento, cujo valor > 0,8 indica
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dados bem ajustados (ROHLF, FISHER, 1968). Apos a constru¢do dos dendrogramas, o
nivel do corte para definir os grupos foi selecionado na base da interpretabilidade ecoldgica
da classificacao (LEPS et al., 1990). A escolha do "Peso proporcional" se deve ao fato, de
permitir um aumento no contraste da classificagdo sem distor¢do desmesurada do
dendrograma (coeficiente de correlagao cofenética elevado).

A andlise fatorial em componentes principais, que permite evidenciar e hierarquizar os
fatores (eixos = componentes) responsaveis pela variancia dos dados. Este método de
ordenacdo em espago, sintetiza as principais tendéncias de variacdo e sua representacao
grafica em espago multidimensional ¢ projetada em um nimero reduzido de planos. A matriz
formada com as fazendas foi submetida a uma padronizagao (standardization) por fileiras,
para reduzir os efeitos das diferentes escalas. Em seguida, foi calculada a similaridade por
correlagdo, e dai, computou-se os autovalores da matriz de dispersdo (mede a varidncia
associada a cada eixo principal), estando associado a cada um destes autovalores,
autovetores, que correspondem aos eixos principais do espago multidimensional. O primeiro
eixo principal descreve a maior dimensdo da elipsdide multidimensional, enquanto que os
eixos principais seguintes passam por dimensdes sucessivas, gradativamente menores
(LEGENDRE, LEGENDRE, 1998).

Todos estes célculos foram feitos utilizando o programa computacional NTSYS
(Numerical Taxonomy and Multivariate Analysis System) da Metagraphics Software

Corporation, California - USA.

4.3 Normalizacao

O texto foi normalizado tendo como base as recomendagdes da Associacdao Brasileira
de Normas Técnicas — ABNT. Para a estruturacao do texto foi utilizada a norma NBR

14724:2005. As citagdes de documentos ao longo do texto foram ordenadas de acordo com a
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norma NBR 10520:2002 e a padronizagdo das referéncias bibliograficas baseando-se na
norma NBR 6023:2002. Os artigos cientificos foram normalizados de acordo com as

exigéncias das revistas aos quais foram submetidos.
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6 Artigos Cientificos

ARTIGO 1

Plankton Community as Indicator of Water Quality in Tropical Shrimp Culture

Ponds.

Submetido a Marine Pollution Bulletin.
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Cyanobacteria as environmental quality indicator in shrimp farming in

Northeastern Brazil.
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ABSTRACT
We examined diversity and abundance of cyanobacteria as environmental

quality indicator in 14 shrimp farms culturing Litopenaeus vannamei Boone, 1931 in

Northeastern Brazil, in 2003. These farms are located in Piaui, Ceara and Rio Grande do
Norte states. In our study we identified altogether 12 infrageneric cyanobacteria taxa.
Higher floristic richness (11 taxa) was found in Ceard State. Piaui presented four taxa
and Rio Grande do Norte presented 3 taxa. Cyanobacteria total density varied from 2.5 10°
cell mL™ to 25 10° cell mL™'. In the ponds the density was higher than in the captations
points and increased from 27 cell.mL™ to 600,000 cell.mL™". High densities of

Cyanobacteria in the farms were caused by Pseudanabaena cf. limnetica. The low species

number and the dominance of only one specie (P. cf. limnetica) in all ponds indicated
an unbalanced system, showing that Cyanobacteria could be an important water quality

indicator.

Key words: cyanobacteria; blooms; shrimp culture; tropical.
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1. Introduction

The increasing demand for shrimp worldwide is a strong economic incentive for
intensive shrimp farming in the tropics. However, the negative environmental impacts
in many coastal regions have prompted widespread criticism (Naylor et al., 1998) and
global efforts to develop more sustainable farming techniques (Preston et al., 2001). A
major problem with shrimp farms is the discharge of pond waters and nearly 80% of
nitrogen added to ponds as shrimp feed is not retained as shrimp biomass (Briggs and
Funge, 1994; Jackson et al., 2003). Remaining nitrogen stimulate plankton and
microbial production within ponds, often resulting in negative effects on pond water and
sediment quality such as anoxia, nutrient toxicity, and blooms of undesirable algal
species (Moriarty, 1997; Burford and Glibert, 1999).

Cyanobacteria often are the cause of extensive and persistent blooms in
aquaculture ponds. According to Paerl and Tucker (1995) bloom-forming cyanobacteria
are undesirable because: 1) they are a relatively poor base for aquatic food chains; 2)
they are poor oxygenators of the water and have undesirable growth habits; 3) some
species produce odorous metabolites that impart undesirable flavors to the cultured
animal; and 4) some harmful species may produce compounds that are toxic to aquatic
animals.

Among the toxins (hepatotoxic microcystins, nodularins, and
cylindrospermopsin) the microcystins and nodularins are potent toxins, which are also
tumor promoters and may accumulate into aquatic organisms and be transferred to
higher trophic levels, and eventually affect vector animals and consumers (Scott Yoo et

al., 1992; Duy et al., 2000; Pérez-Linares et al., 2003; Kankaanpii et al., 2005).
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Shrimp farming is a rapidly growing industry in Brazil and because information
regarding effects of cyanobacteria at shrimp farms is lacking, we examined diversity
and abundance of cyanobacteria as environmental quality indicator in 14 shrimp farms
culturing L. vannamei in Northeastern Brazil.

2. Material and Methods

This research was based in 108 phytoplankton samples collected during three
campaigns from October 10™ to November 19" 2003 in 14 farms that cultivate the
marine shrimp L. vannamei. Campaign 1 was carried out from 19 to 25/October;
Campaign 2 from 01 to 07/November; Campaign 3 from 14 to 17/November. In each
farm, two ponds and the water intake point were monitored.

The studied farms are located in Ceara, Piaui and Rio Grande do Norte States -
Brazil (Tab. 1 and Fig. 1). The farms produce shrimp by intensive culture (30 to 120
shrimps.m™), feeding exclusively with balanced ration.

Water samples for cyanobacterial analysis were collected with 100 mL plastic bottles
and samples preserved with 1% Lugol’s iodine solution. In laboratory, quali-quantitative
analyses were carried out using the Utermohl (1958) method under an inverted microscope.

Cyanobacteria were counted and identified at 400 X to the lowest possible taxonomic
level using appropriate keys. The composition was based on the identification of the
specific and infra-specific taxa (Desikachary, 1959; Anagnostidis and Komarek, 1988;
1989; 1998; 2005). A minimum of 100 microscope fields, or 100 individuals of the
most dominant taxa were counted, whichever came first. This method was considered

quantitative for the larger (> 5 — 10 pm) taxa.
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3. Results

In this present study were identified altogether 12 infrageneric cyanobacteria
taxa (Tab. 2). The highest richness was found in Samarisco farm (CE), where six taxa
were registered. Higher floristic richness (11 taxa) was found to Ceara State. Piaui
presented four taxa and Rio Grande do Norte presented three taxa.

Cyanobacteria total density varied from 83,868 cells mL™' (Farm Camapi) to
835,450 cells mL™ (Farm Vip Camardes) (Fig. 2). In the ponds minimum density was
77,385 cells mL™' (Farm Camapi) and maximum 2,257,692 cells mL™' (Farm Camardes
do Brasil) (Fig. 3). Density varied a lot in the farms. During the first campaign the
density increased from 21,376 cells mL™" (Farm Camapi) to 1,219,048 cells mL" (Farm
Papagaio). During the second campaign the Compescal farm presented a density of
1,404,104 cells mL" and Camardes do Brasil farm 41,542 cells mL". In the campaign
from /November 14 to 17 the density varied from 101,465 cells mL™ (Farm Aquatica)
t0 2,098,331 cells mL™' (Farm Camardes do Brasil) (Fig. 4).

The order Chroococcales, with coccoid morphology were present only in Ceara
state. Chroococcus sp. occurred in pond 2 (Cina farm) with 155,556 cells mL™ and
Merismopedia sp. at pond 1 (Aquafort farm) with 2 cells mL™. Both are colonies
occurring preferentially in limnetic environment.

The order Oscillatoriales was found in all analyzed samples. Geitlerinema
amphibium occurred during campaign 2 in pond 2 (Samarisco farm) with 8 cells mL™
and in intake point of Camapi farm, during Campaign 3 with 2 cells mL™'. Oscillatoria
subbrevis presented 2 cells mL™ in pond 1 of Aquaforte and Promares farms, during
the first and second campaign, respectively. It also occurred in Camardes do Brasil

farm, during campaing 2 in the intake point and in pond 2, with 2 cells mL™.
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Oscillatoria sp. was present only with 6 cells mL™ at the intake point of Camardes do
Brasil farm during campaign 3.

Most taxa (e.g. Geitlerinema and Oscillatoria) presented a restrict occurrence,

however, Pseudoanabaena cf. limnetica was present in all farms and absent only in few

samples.

Pseudoanabaena sp. was registered in Promares farm, during campaign 2 in

intake pond with 6 cells mL™) and in campaign 3 in ponds 1 and 2, with 2 and 4 cells
mL", respectively.

High densities of cyanobacteria in the farms were caused by Pseudanabaena cf.

limnetica, a filamentous organism (until 12 um length) which attained more than
2,000,000 cells mL'l, in Camardes do Brasil farm, Compescal farm and Vip Camardes
farm, showing a stressed condition. Other farms presented this species in densities over
500,000 cells mL™ (A. S. Marine, MGR, Aquafort and Samarisco) (Fig. 5).

In the order Nostocales, where occur individuals with differentiated cells

(heterocites and acinetes), species of the genus Anabaena (A. constricta and A.

spiroides) occurred in Ceara and Rio Grande do Norte State. They were registered with

low densities in campaign 2 and 3. Cylindrospermopsis raciborskii occurred in pond 2

of Samarisco farm, during Campaign 2, with 17 cells mL™. In the same sample occurred

the species Raphidiopsis indica (2 cells mL™). The best represented genera was

Anabaenopsis, which occurred in the intake points of Cina and Vip Camardes farms

with 1,400 cells mL™ at campaign 1 and 9,524 cells mL™" in campaign 2, respectively.
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Discussion

Depending on several factors in coastal lagoons, there are dominant groups:
diatoms, dinoflagellates, cyanobacteria, chlorophytes, phytoflagellates, silicoflagellates
and euglenophytes. Among the most important variables for the dominance of a given
group, there are sources of water supply (a river or the sea), salinity and dynamic
aspects of a lagoonal system (e.g. tidal regime, stratification, water exchange) (Alonso-
Rodriguez and P4aez-Osuna, 2003).

However, development of nuisance cyanobacterial blooms is favored when
occurs a proper combination of multiple interacting physical, chemical, and biotic
factors (Paerl, 1988), as under conditions of high nutrient loading rates (particularly if
the availability of nitrogen is limited relative to phosphorus), low rates of vertical
mixing, and warm water temperatures as in Northeastern Brazil.

Cyanobacteria are always found in close association with a diverse array of
microorganisms, including eubacteria, fungi, and protozoans. These associations, which
in the past have often been viewed as antagonistic, are increasingly seen as mutualistic
and may function in a positive manner during bloom development (Paerl and Tuker,
1995).

Generally, blooms exist as massive accumulations (10* to > 10° cells mL'l) of a
single or, less often, two coexisting nuisance species-the nuisance species accounting
for as much as 95 - 99% of the resident phytoplankton biomass. Both cyanobacteria and
dinoflagellate bloom taxa are highly motile; and a high degree of motility allows for
rapid vertical movement along light, temperature, and nutrient gradients; this
characteristic is of obvious advantage under periodic resource-limited conditions. In the

studied ponds cyanobacteria density varied from 251,605 cells mL™' (Farm Camapi) to
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2,506,349 cells mL™ (Farm Vip Camardes). In Auburn (Alabama) phytoplankton
density in semi-intensive culture ponds was 10° cells.mL™" (Fast and Lannan, 1992), and
in extensive culture ponds the density was 86 10° cells.mL" (Jonhnston ef al., 2002) and
in fertilized ponds density was 2 10'° cells.mL" (Boyd, 1990). Thus, the cyanobacteria
densities found in our studies are similar to other farms culturing shrimps all over the world.

In ponds, the relation between phytoplankton quality and the culture
development has been demonstrated by Dall et al. (1990). Blooms produce hipoxia or
anoxia resulting in shrimp mortality (Alonso-Rodriguez and Paez-Osuna, 2003).

Cortés-Altamirano et al. (1995) mentioned that in two shrimp culture farms in
Southeast Sinaloa, Mexico, in semi-intensive and intensive systems the cyanobacteria
dominated with 3,5 10° cells mL™, in both systems. Cortés-Altamirano (1994) and
Cortés-Altamirano and Licea-Duran (1999) registered the growth decrease in semi-

intensive ponds caused by blooms of the cyanobacteria Synechocystis diplococcus (3,4

10° cells mL™) and Schizothrix calcicola (140 10° cells mL™). The density found in the

present research shows that results are similar to those of these regions.

In most shrimp farms from the Golf of California coastal waters are used to
supply water to the ponds and in general the dominant groups are diatoms and
dinoflagellates (Licea et al., 1995; Moreno et al., 1996). Bufford (1997) showed that the
species composition in the ponds were different from the adjacent natural waters with
an increase of cyanobacteria, and this was related to changes in nitrogen-to-phosphorus
ratios and ammonia concentrations. Thus, the patterns presented to Northeastern Brazil
farms are similar to those from other countries.

Cyanobacteria also typically dominate phytoplankton communities in catfish

aquaculture ponds in the southeastern USA during the summer and early autumn
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months (Tucker and Lloyd, 1984). These ponds receive a large input of catfish feed and
this high nutrient loading promotes dense cyanobacteria blooms and increases water
turbidity. In Mexico the high abundance of cyanobacteria in intensive and semi-intensive
aquaculture was related to high tax of N/P (10.3) (Cortés-Altamirano et al., 1994; Paez-
Osuna et al.,1997). The predominance of cyanobacteria can be attributed to their ability
to regulate cell buoyancy due to formation, collapse, and reformation of intracellular gas
vacuoles which provides These organisms with a competitive advantage over other
types of phytoplankton for light and nutrients (Paerl and Tucker, 1995; Hargreaves,
2003).

Yusoff et al. (1998) found cyanobacteria with 89% of the total phytoplankton
community in euthrophic ponds. Once established, the cyanobacteria cause an increase
in pH due organic carbon reduction which favors their growth inhibiting other desirable
species development (Yusoff et al., 2002). A better understanding about phytoplankton
and physic-chemic relationships are necessary to stabilize phytoplankton blooms and to
promote optimum conditions to shrimp productivity (Bufford, 1997). This suggests an
improvement in management practices in Brazil.

Alonso-Rodriguez and Péez-Osuna (2003) reported that an excessive nutrient
supply, as occurring in coastal areas, can cause an enrichment that can promote alage
blooms a high primary productivity and macrophyta growth. Aditionally, nutrients
excess can alter the phytoplankton composition, changing the dominant species, and
these changes imply the substitution of big species by small. With the euthrophication
diatoms decrease and other species as dinoflagellates and bluegreens dominate. In the
studied farms the occurrence of 12 cianobacteria taxa can be an indicative of pond

eutrophication.
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In this present study P. cf. limnetica was the dominant species. According to

Komarek and Anagnostidis (2005) P. limnetica (=Oscillatoria limnetica ) is limnetic,

benthonic occurring in bottom mud of ponds, lakes, artificial dams, being
tychoplanktonic or planktonic, also in polluted waters; probably has a worldwide
distribution in tropical and temperate zones. Nixdorf et al. (2003) mentioned that P.
limnetica is typical in turbid mixed layers with highly light deficient conditions.

Other Oscillatoriales species registered in the present studies as G. amphibium
and O. subbrevis are cosmopolitans occurring in freshwater and brackish water
(Komaérek and Anagnostidis, 2005), and registered to Brazil by Bicudo and Senna
(1977), Senna (1996) and Fonseca and Rodrigues (2005) to freshwater environments. In
the marine ecosystem it was cited to Rio de Janeiro State both to the plankton (Oliveira
et al., 2005) and to the benthos (Iespa and Silva, 2005).

Studies carried out in two farms of L. vannamei in Mexico between 1989 and

1991 showed the presence of toxic algae (Anabaena spp., Anabaenopsis elenkinii and

O. limnetica) in the shrimps (Cortés-Altamiro, 1994). These species also occurred in
shallow freshwater lakes of Turkey (Karacaoulu et al., 2004), and in estuarine
ecossystem (Serrano et al., 2004; Muthukumar et al., 2007) and in semi-intensive
shrimp culture ponds in México (Cortés-Altamirano et al., 1995).

This study showed cyanobacteria occurrence in all farms. The low species
number and the dominance of only one specie (P. cf. limnetica) in all ponds showed an
impairment of the water quality of the ponds. It can be concluded that the cyanobacteria
are important water quality indicator in shrimp ponds in Northeastern Brazil. However,
studies for a longer time and physical-chemical data are crucial to the comprehension of

these organisms role in these environments.
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Table 1 — Shrimp culture farms in Northeastern Brazil

FARMS (City) Latitude | Longitude | Survival (%) | Days of cultivation Final
"Min — max Min-max Weight (g)
Min-max

Ceara State

Promares, Aquafort and Samarisco (Camocim) 2°54°S 40°50°W  40.46-70.11 102-158 9.73-14.28

Papagaio and AS Marine (Acarati) 2°50°’S  40°07°W  43.62-52.90 120-172 10.23-11.11

Compescal, Cina and Vip Camardes (Aracati) 4°33°S 37°46°W  32.58-52.78 116-142 10.28-11.23
Piaui State

Camapi, Secom and Camardes do Brasil (Cajueiro da Praia)  2°55’S  41°20°W  52.51-64.10 128-160 10.24-11.04
Rio Grande do Norte State

Potipora(*), MRG(*) and Aquatica(*) (Pendéncias) 06°16’S  35°29°'W  37.57-66.27 142-174 11.03-13.21

(*) Samples collected during the 2" e 3" campaigns. "Min-max= Minimum and maximum

Data information: http://www.abccam.com.br/
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1  Table 2. List of species of cyanobacteria and distribuition in Shrimp culture farms in Northeastern Brazil.

State Ceara Piaui Rio Grande do Norte
$ £ S o E g §= s
Fams = £ T 5 = 2 lg = lg & 3 =
E 5 £ 8 4E E s _EE S8 & & S
S T R & 1 5 E&=S = S 8 © 9 =
A <€ © & <2 O OFPC0 vnoT & = <
DIVISION: CYANOPHYTA
CLASS: CYANOPHCEAE
ORDER: CHROOCOCCALES
Chroococcus sp. X
Merismopedia sp. X
ORDER: OSCILLATORIALES
Geitlerinema amphibium (Agardh & Gomont) Anagnostidis X X
Oscillatoria sp. X
O. sub-brevis Schmidle X X X
Pseudoanabaena cf. limnetica X X X X X X X X X X X X X X
X

Pseudoanabaena sp.
ORDER: NOSTOCALES

Anabaena constricta Geitler X X
A. spiroides Klebahn X X
Anabaenopsis sp. X X

Cylindrospermopsis raciborskii x

(Woloszynska) Seenayya & Subba Raju

Raphidiopsis indica R. N. Singh X
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Captions to Figures

Figure 1 — Studied area in Northeastern Brazil showing the municipalities where the farms are
installed.

Figure 2 — Cyanobacteria average density and standard deviation in the shrimp farm ponds in
Northeastern Brazil

Figure 3 — Total density of the cyanobacteria in the intake water point and ponds in shrimp
farm from Northeastern Brazil

Figure 4 — Total density of the cyanobacteria in the farms by campaig, during October and
November/2003 in the shrimp farm ponds in Northeastern Brazil

Figure 5 — Pseudanabaena cf. limnetica density in the shrimp farm ponds in Northeastern

Brazil.
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Fig 2

1800000
1600000 -
1400000 -
1200000

1000000

cell.mL-1

800000 -

600000 -

400000

200000 -

0+

0 = o m = 7] I~
s 5 § 2 2 = : £ & z 8 % g ¢
& 2 2] o) I~ S O < o) 0 o = =
< = 2 17} © & = 0 = g .
= = £ £ 3 E s 35 ° 9% E S
g o = £ & =z 2 g3 9 1
a < é < o &) zm <

“ & =

> @)

Farms

67



CUNHA, M. C. C. A comunidade plancténica como indicadora da qualidade da agua em viveiros ...

Fig. 3
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Fig. 4
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Fig. 5
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ARTIGO 3

Zooplankton from Marine Shrimp Culture Ponds in Northeastern Brazil.

A ser submetido a Aquaculture Research.
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Abstract

The zooplankton was studied in 14 commercial shrimp Litopenaeus vannamei pond in
tropical Brazil to: (1) assess their composition, (2) determine their density, (3) indicate
environmental quality. In each farm, two ponds and the water intake point were monitored in
2003. A plankton net 50 um mesh size was used to collect samples. The zooplankton
presented 40 taxa and was essentially composed of typical marine euryhaline species and
suspension-feeding forms. In all farms the dominant group was Copepoda with a total of 45%,
followed by Protozoa (18%). Among the meroplankton outranked Polychaeta larvae
(dominated by spionids), Gastropoda larvae, nauplii of Cirripedia and zoeae of Brachyura.
Zooplankton varied from 972+209 ind m> to 4,235 + 2,877 ind m>. Copepoda dominance
were replaced by protozoan and rotifers as nutrient concentrations increased with the culture
period, indicating that zooplankton trophic structure can be strongly affected by the
occurrence of eutrophic conditions in shrimp ponds. The tendency of a low species diversity
is indicative of an unbalanced hipereuthrophic system decreasing the water quality and the
cultured species. These results can be an important appointment to understand the effects of

eutrophication in coastal plankton structure and its effects to marine aquatic food web.
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Introduction

Shrimp farming in Northeastern Brazil has increased exponentially during the past 10 years
from an annual production of about 7,000 tons, produced in less that 1000 ha of pond area in
1998 to over 90,000 tons produced in about 15,000 ha of pond area in 2003 (Madrid, 2004).
Although farmed shrimp now represent about 50% of the penaeid shrimp supply, farmers
have suffered significant economic losses over the last decade. Reasons for decline include
lack of knowledge about farming techniques, poor farm management practices, degradation of
environment/water quality through industrial pollution/discharge, and (most importantly),
shrimp disease. In Brazil, mortalities of cultured shrimp due to Idiopathic Abdominal
Necrosis have resulted in significant economic losses, and it is now spreading throughout
Northeastern region.

The water quality associated with aquaculture developments is an important concern
globally as a variety of negative environmental impacts on the receiving environment have
been documented (Landesman, 1994). Most importantly, it is the water quality that will
influence optimal shrimp growth and yield. Classically, an investigation of water quality
involves a combination of physical variables and biological indicators (Jones et al., 2001).
The fact that intensive mariculture often involves the addition of various feeds, fertilizers and
chemicals to stabilize the earthen pond bottoms, the use of only classic physicochemical
variables to accurately assess the water quality in and around these systems may be
insufficient. Additionally, there is still few information on the use of the plankton community
as biological indicators of water quality associated with culture systems. Consequently, this
research would provide more data on the use of zooplankton as indicators of water quality.
The central trophic position occupied by zooplankton makes them potentially valuable
indicators of eutrophication, trophic coupling, and overall ecosystem health. Zooplankton

assemblages are correlated with N:P ratios serving as a proxy for nutrient status of lakes
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(Stemberger & Miller, 1998). Zooplankton clearly contribute to the nutrition of shrimp

postlarvae immediately after stocking (Coman et al., 2003). Overall, this research will be

able to provide useful baseline water quality data that may enable the improvement of farm
management processes. Our hypothesis is that the zooplankton community of the ponds is
sensitive to eutrophication and that some combination of abundance and diversity measures of

this community can be used as water quality indication.

Material and Methods

This research was based in 108 zooplankton samples collected during three campaigns from
October 10" to November 19" 2003 in 14 farms that intensively cultivate the marine shrimp
Litopenaeus vannamei. Campaign 1 was carried out from 19 to 25/October; Campaign 2 from
01 to 07/November; Campaign 3 from 14 to 17/November. In each farm, two ponds and the
water intake point were monitored. The studied farms are located in Ceard, Piaui and Rio
Grande do Norte states - Brazil (Tab. 1, Fig. 1). The farms produce shrimp by intensive
culture (30 to 120 shrimps.m™), feeding exclusively with balanced ration.

Zooplankton sampling at each station was collected with a standard plankton net with mesh
size of 50 micrometers fitted with a flowmeter (Hydrobios, Kiel); 3 minutes horizontal
subsurface hauls were made at each pond. Samples were preserved in a 4% buffered
formalin/seawater solution. Zooplankton species were identified until the lowest taxonomic
unit possible and taxon abundance (per cubic meter) counted under a microscope (1 mL
subsample). These samples were taken with a Stempel-pipette of each the entire sample (250
mL).

The Shannon index (H’) was applied for the estimation of zooplankton community diversity

based on log, (Shannon, 1948). Evenness was calculated according to Pielou (1967).
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Multivariate procedures included: 1) classification (cluster analysis) on the sample- species
data matrix using the Pearson moment-product correlation index and the Weighted Pair Group
Method-Arithmetical Averages (WPGMA) link method for the dendrograms (Legendre &
Legendre, 1998). A cophenetic value matrix was applied to test the goodness of fit of the
cluster analysis to the data (Rohlf & Fisher, 1968). 2) A principal components analysis (PCA)
was used to assess farms similarities. The computation was based on a matrix of correlation
(Pearson moment product) between the objects after log (x+1) tranformation, and then

factored, and a plot was constructed, showing the objects in two-dimensional space.

Results

The zooplankton presented 40 taxa (Table 1) composed by Sarcomastigophora, Cnidaria,
Nematoda, Rotifera, Mollusca, Annelida, Crustacea, Bryozoa and Chordata. Copepoda
presented highest richness with 16 species (corresponding to 44% of relative abundance),
followed by Protozoa (18%) and Rotatoria (12%) (Fig. 2).

Among Copepoda predominated Parvocalanus crassirostris, Acartia lilljeborgi, Oithona
oswaldocruzi, Oithona hebes and Euterpina acutifrons. These species are the Brazilian
eurihaline-estuarine indicators. The Protozoa presented high numbers of atecate ciliata besides
the presence of tintinnina with the species Tintinnopsis spp. and Favella ehrenbergi which
characterize euthrophic systems. Among the rotifers outranked Brachionus plicatilis in the
aquaculture ponds.

The meroplankton was represented by Polychaeta larvae (dominated by spionids), Gastropoda
and Bivalvia larvae, nauplii of Cirripedia and zoeae of Brachyura. Many stages of Nematoda

were found at Cina and Papagaio farms and belonged to Ancylostoma duodenale.
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In terms of frequency of occurrence outranked nauplii of Copepoda, Oithona oswaldocruzii
with more than 70%, followed by Polychaeta larvae (65%), Atecate cukuates (64%),
Nematode (54%) and Tintinnopsis spp. with 46% (Fig. 3).

Species diversity was low and varied from 1.26 bits.ind™' (Aquafort farm) to 1.75 bits.ind™
(Promares farm) (Fig. 4), with an average of 1.57 +1.13 bits.ind”. Minimum evenness was
0.44 registered at Aquafort farm due the dominance of few species (mainly atecate ciliata and
Copepoda nauplii) and the maximum was 0.6 at Vip Camardes farm (Fig. 4), with an average
0f 0.53+0.05.

Zooplankton total density varied from 3,875 org.m™ (Aquatica farm) to 12,706 org.m™
(Compescal farm) with an average of 22554975 ind.m™ (Fig. 5).

The intake areas presented better water quality than most ponds, in which dominated many
times organic pollution indicators (atecates ciliates, rotifers, polychaeta larvae, nematode,
among others).

In the Cina farm, it was registered a Mysis stage with ectoparasites protozoan as Vorticella
spp. These parasites affect negatively the molts and the development of the infected
organisms. This fact was also observed in the farm Papagaio where parasitic nematode was
registered.

The stations dendrogram showed two groups (Fig. 6), one formed by the intake point of
Campaign 1 and 3 of all farms and the other by the ponds 1 and 2 of all farms. Intake point of
Campaingn 2 from all farms was separeted.

The Principal Components Analysis presented four groups. Group 1 was formed by
Samarisco, Camardes do Brasil and Aquatica farms that presented high densities of atecates
ciliates and copepods nauplii. Group 2 was composed by MRG and Papagaio farms which
was characyerized by higher densities and Brachionus plicatilis and poliquets larvae were

abundant. Group 3 by ASMarine and Vip Camardes farms with lower densities and mainly
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represented by Oithona oswaldocruzi both adults and nauplii; and Group 4 all the other seven

farms with average densities (Fig. 7).

Discussion

The use of physicochemical indicators exclusively to asses the water quality of intensive
mariculture system is insufficient particularly if there is an investigation into the extent of the
influence of the farm wastewater on the immediate environs. Previous studies that conclude
that the use of traditional water quality indices to determine the effect of aquaculture effluent
on the receiving environment is mainly limited to areas near to the discharge point (Hensey,
1991; Samocha & Lawrence, 1997; Samocha et al., 2004).

We considered zooplankton indices to be useful water quality indicators for the shrimp culture
facility and its immediate environs. This was on the basis that there were fairly distinct
patterns in the species composition and abundance as the water quality changed spatially and
temporally. This may be attributed to the fact that the zooplankton community itself responds
directly or indirectly to changes in the physicochemical variables and the availability of
phytoplankton food (Raymont, 1980) and is therefore less affected by manipulation via farm
management processes.

Thus our study examined the seasonal and tidal variation of microzooplankton in
Northeastern shrimp farms to develop a more comprehensive understanding of the zooplankton

role in these conditions. In general, little is known about the zooplankton dynamics in tropical
estuaries, and according to Buskey (1993), zooplankton rarely have been studied concurrently in
tropical or temperate estuaries, even less studies exists on shrimp ponds.

Studies of zooplankton in shrimp ponds have shown that these are complex assemblages with
rapid temporal changes in structure (Coman et al., 2003). The main factors influencing these
changes are variations in source of food, predation and the influences of variations in physical

and chemical water quality parameters (Preston ef al., 2003). The results here described
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reveals indirectly that nutrient input affected both density and the relative species composition
of the zooplankton community. Therefore zooplankton assemblages essentially composed of
typical marine euryhaline species could be an excellent bioindicador of water quality of
shrimp ponds.

The dominant taxa were Copepoda and the most representative species are eurihaline-
estuarine indicators formed by Parvocalanus crassirostris, Acartia lilljeborgi, Oithona
oswaldocruzi, Oithona hebes and Euterpina acutifrons (Bjornberg, 1981; Neumann-Leitao et
al., 1999).

Of the copepods registered, Acartia lilljeborgi and Parvocalanus crassirostris were abundant. Acartia
lilljeborgi had an important role in the ponds and this may be related to the high amount of detritus
that is consumed by this species, as has been demonstrated through stable isotope measurements and
feeding experiments performed in laboratory and in situ (Schwamborn, 1997; Schwamborn et al.,
1999). Parvocalanus crassirostris was important in most farms and it is very common in most
Brazilian estuaries (Bjornberg, 1981) even those dramatic impacted (Schwamborn ef al., 2004; Silva et
al., 2004). Parvocalanus crassirostris feeds significantly on picoplankton and nanoplankton and
behaves as opportunistic particle feeder, showing higher consumption rates upon the most abundant
cells (2-5 um nanoplankton) (Calbet ef al., 2000). Generally it is an abundant species in euthrophic
systems.

Copepods and other crustaceans, larvae of polychaetes, larvae of insects, mollusks (Bivalvia
and Gastropoda larvae), ostracods, rotifers have been considered the most important sources
of food for shrimp (Rubright et al., 1981; Schoreder, 1983; Allan et al., 1995, among others).
The assemblages found in the studied ponds have a variety of roles within the pond
ecosystem. Grazing zooplankton influences the dynamics of pond phytoplankton (Coman et
al., 2003). Predation of zooplankton by shrimp (Martinez-Cordova et al., 1998) may transfer a

significant proportion of the nutrients from natural biota to the shrimp (Anderson et al., 1987).
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Another abundant group in the ponds were the ciliated protozoa which play an important role
in the energy flow of aquatic ecosystems, as predators of bacteria, algae, and fungi, and as a
food source for metazoa, such as fish and shrimp larvae (Curds, 1992; Nagano & Decamp,
2004). Furthermore, the relative abundance and diversity of ciliates have been used as
indicators of water quality and ecosystem dynamics (Foissner 1988; Curds 1992; Decamp et
al. 1999). However, their occurrence and role in shrimp production systems have seldom been
investigated. Bratvold ef al. (1999) reported that the zooplankton from intensive shrimp
production systems were dominated by ciliates, at least during part of the production cycle.
Decamp et al. (2007) studying shrimp culture ponds found that free-swimming ciliates were
dominant in the early stages of production and showed that ciliates could reach very high
concentrations, that is, over 6000 cells mL™', within zero-water exchange shrimp production
systems. These concentrations are closer to those recorded in wastewater treatment plants,that
is, 15,000-60,000 cells mL! (Curds 1992; Abraham et al., 1997), than those recorded in
eutrophic lakes, that is, 155-200 cells mL™ (Laybourn-Parry, 1992) or coastal marine sites,
that is, 2-92 cells mL' (Leakey et al., 1992).

In the recent past, researchers drew attention to the presence of large numbers of ciliates in
intensive shrimp production systems (Bratvold et al., 1999) and to the importance of ciliates
in the diet of shrimp larvae (Thompson ef al., 1999), and the influence of salinity (Dechamp et
al.,2003).

Among ciliates, the tintinnids constitute important component of the planktonic
microprotozoan community in most marine environments (Beers et al., 1982; Pierce and
Turner, 1992, 1993; Cordeiro et al., 1997; Tillmann, 2004), and they can be important
occasionally in estuarine waters (Barria de Cao, 1981; Urrutxurtu, 2004).

Some species have an apparent cosmopolitan distribution in the seas and oceans (Marshall, 1969).

Favella ehrenbergii has been commonly found in costal and estuarine areas in Brazil, with a high

density in some periods (Neumann-Leitdo ef al., 1992; Lopes, 1994; Eskinazi-Sant’ Anna & Tundisi,
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1996; among others). The singular higher values of F. ehrenbergii densities were responsible for the
structure disturbance of the microzooplankton community (negative contribution to the Shannon’s
diversity index) in the present study. The diet of F. ehrenbergii is composed mainly of nanoflagellates
(Bernard & Rassoulzadegan, 1993). This species occurs in regions with high temperature and wide
salinity ranges (Godhantaraman & Uye, 2003).

The high density of Brachionus plicatilis in the aquaculture ponds is a positive condition as
rotifers are valuable live food for larval fish and crustacean culture and also have been used as
indicators of throphy (Sharma, 1983, Saksena, 1987). Several characteristics of rotifers,
including their nutritional quality, body size and relatively slow motility have contributed to
their usefulness as good prey for active larvae (Snell & Carrillo, 1984). The rotifer
Brachionus plicatilis has been most widely used as essential food source in raising marine
fish, shrimp and crab larvae due to its tolerance to the marine environment (Lubzens, 1987).
The rotifer B. plicatilis is an euryhaline species (Koste, 1978) and in nature, density peaks of
these species are associated with high eutrophication near village and/or processing plants of
aquatic and/or poultry products (Fenggi, 1996). B. plicatilis and others rotifers species
dominated the estuarine region of the Ipojuca river (Northeastern Brazil) that receives high
sewage loads from many cities and industries (Neumann-Leitao et al., 1992). Rotifers show
preference for the small-size fraction 1-5 mm of phytoplankton and are reported to graze
more efficiently than ciliates (Laybourn-Parry 1992). Their occurrence and abundance might
have, at times, impacted the size structure of phytoplankton (through high grazing rates) and
the occurrence of algivorous ciliates (through competition).

Many stages of Nematoda, found at Cina and Papagaio farms belonged to Ancylostoma
duodenale and according to Rey (2002) the larvae develop in the aquatic environment, at the
rainy season, between temperatures between 23 and 30°C and the adults develop well in

humid soil rich in organic residuals.
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Neumann-Leitdo & Matsumura-Tundisi (1998) reported the importance of the marine flux

renewing the zooplankton community in a highly impacted estuary in Northeastern Brazil.
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Figure legends

Figure 1 — Shrimp ponds localization in Northeast Brazil

Figure 2 — Relative abundance of total zooplankton from shrimp farms in Northeast Brazil.
Figure 3 — Frequency of ocurrence of zooplankton from shrimp farms in Northeast Brazil.
Figure 4 — Species diversity and evenness of zooplankton from shrimp farms in Northeast
Brazil.

Figure 5 — Density of zooplankton from shrimp farms in Northeast Brazil.

Figure 6 — Dendrogram from the stations based on Pearson correlation index and WPGMA
link method. C=campaign

Figure 7 — Principal Components Analysis of the 14 shrimp farms in Northeastern Brazil.
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Table 1 — Sinopse of zooplankton from shrimp farms in Northeastern Brazil

Filo Sarcomastigophora
Subfilo Sarcodina
Superclasse Rhizopoda
Ordem Testacea
Arcella vulgaris Ehrenberg, 1838
Ordem Foraminifera
Ordem Tintinnida
Tintinnopsis spp.
Favella ehrenbergii (Claparéde et Lachmann 1858)
Filo Cnidaria
Ordem Hydroida
Filo Nematoda
Filo Rotifera
Superordem Digononta (Bdelloidea)
Rotatoria sp
Superordem Monogononta
Ordem Ploimida
Epiphanes macrourus
Brachionus plicatilis (O. F. Muller, 1786)
Keratella tropica Apstein, 1907
Keratella americana Carlin 1943
Lecane spp
Ordem Gnesiotrocha
Conochilus sp
Filo Mollusca
Classe Gastropoda
Classe Bivalvia
Filo Annelida
Classe Polychaeta

Filo Crustacea
Classe Copepoda
Pseudodiaptomus marshi Wright, 1936
Parvocalanus crassirostris F. Dahl, 1894
Centropages velificatus Dana, 1849
Calanopia americana F. Dahl, 1894
Acartia lilljeborgi Giesbrecht, 1892
Temora stylifera (Dana, 1849)
Temora turbinata Dana, 1849
Corycaeus sp.
Oithona hebes Giesbrecht, 1891
Oithona nana Giesbrecht, 1892
Oithona oswaldocruzi Oliveira, 1945
Euterpina acutifrons (Dana, 1852)
Triguiopus sp.
Harpacticoida (outros)
Monstriloida
Classe Cirripedia
Classe Malacostraca
Ordem Decapoda
Infraordem Brachyura
Filo Bryozoa
Ordem Cheilostomata
Membranipora sp (larva)
Filo Chordata
Classe Larvacea
Familia Oikopleuridae

Oikopleura sp

Familia Ascidiacea

90
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Copepoda (nauplii)
Oithona osw aldocruzi
Polychaeta (larvae)
Ciliates atecates
Nematoda

Tintinnopsis spp.
Oithona spp. (copepodite)
Bivalvia (veliger)
Cirripedia (nauplii)
Oithona hebes
Brachionus plicatilis
Parvocalanus crassirostris
Favella ehrenbergi
Euterpina acutifrons
Foraminifera
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7 Consideracoes Finais

Diante da visivel importancia socioecondmica da Carcinicultura para o Brasil,
sobretudo para a regido Nordeste, percebe-se a escassez de estudos relacionados a qualidade
da agua utilizada nos cultivos brasileiros. A degradacao ambiental e as patologias infecciosas
que tém afetado essa atividade levaram a sérios prejuizos, como por exemplo, a diminui¢ao da
produgio (KAUTSKY et al., 2000; BACHERE, 2000; PAEZ-OSUNA, 2001). A apreensdo
com relagdo aos impactos ¢ evidente e varios trabalhos tem sido publicados revelando as
conseqiiéncias da carcinicultura intensiva em varias regides do mundo (RANA, 1997;
PRIMAVERA, 1997, 1998; JONES et al., 2001; PAEZ-OSUNA, 2001; RONNBACK, 2002).

A preocupacdo da Associacdo Brasileira de Criadores de Camarao (ABCC) com a
implantacdo de boas praticas de manejo e producdo, sinaliza para a necessidade de um
monitoramento cada vez mais eficiente da cadeia produtiva. Sendo assim, os cuidados com a
manutengdo da qualidade ambiental das areas de cultivo, em sua grande maioria localizadas
em manguezais, sao de vital importancia para a Carcinicultura, assim como para esses
ecossistemas. Pois, a saude dos camardes estd intrinsecamente ligada ao meio em que vivem.

O cultivo intensivo de organismos aquaticos envolve a adi¢do de fertilizantes, adubos
e diversos compostos quimicos. Apesar da existéncia de leis internacionais regulamentando a
Carcinicultura, os testes de monitoramento avaliam basicamente parametros fisico-quimicos,
considerando apenas a clorofila como fator bidtico a ser analisado (PRIMAVERA et al.,
1993; BOYD, MASSAUT, 1999; BOYD, GOUTIER, 2000; THAKUR, LIN, 2003;
CASILLA- HERNANDEZ et al., 2007). A ocorréncia da Mionecrose Infecciosa nos estados
brasileiros que apresentam as maiores produtividades (Piaui, Ceard e Rio Grande do Norte)
revela a fragilidade do sistema de cultivo e a ineficiéncia do monitoramento priorizando

analises fisico-quimicas.
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O uso da biomassa fitoplanctonica como um indicador para o cultivo de camardes
apresenta algumas limitagdes. Primeiramente, os valores de clorofila podem ser
superestimados em areas com densas populagdes de macroalgas. Além disso, a presenca de
espécies coloniais de microalgas pode superestimar a contribuicdo desta fragdo na biomassa
total. O tamanho e a fra¢do do fitoplancton sdo importantes em nivel microscopico na
determinagdo da qualidade da dguas e nao existem resultados que revelem as variagdes didrias
da biomassa e composi¢do desta comunidade e suas relagdes com a luz e nutrientes em
fazendas de cultivo de camardes (BOYD, 1990; ZIEMANN et al., 1992; HOPKINS et al.,
1993; BARRAZA-GUZMAN, 1994; BUFFORD, 1997, 2005; JOHNSTON et al., 2002;
YUSOFF et al., 2002; ALONSO-RODRIGUEZ, PAEZ-OSUNA, 2003). Assim, é importante
o conhecimento da composi¢do das espécies e sua dindmica, que varia sob a influéncia de
fatores como luz temperatura e concentracdo de nutrientes (YUSOFF, MCNABB, 1997,
YUSOFF et al., 2002).

Os resultados de indices planctonicos como bioindicadores apresentados neste
trabalho, propdem a utilizagdo da composigdo desses organismos como ferramenta auxiliar no
monitoramento da qualidade da agua nos viveiros de cultivo de camardo. Ja que o fito e
zooplancton respondem a condigdes como diminui¢do de oxigénio dissolvido, altos niveis de
nutrientes, contaminagdo por substancias toxicas, baixa qualidade ou escassez de alimento ou
predacdo, funcionando como um elo de ligacdo entre os nutrientes disponibilizados nos
viveiros e os camardes, um bom monitoramento das condi¢des dos viveiros pode ser derivado
da observagdo de indicadores, tais como biomassa, abundancia e diversidade de espécies
(BURFORD, 1997; PHILLIPS; PRIMAVERA, 1998; JOHNSTON et al., 2002).

O fitoplancton analisado nas 14 fazendas amostradas apresentou um total de 51
espécies identificadas, sendo 57% diatoméceas. Estas, geralmente compreendem mais de 80%

do fitoplancton marinho tropical brasileiro e sdo consideradas desejaveis na comunidade
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estuarina, particularmente as diatomaceas céntricas, como a espécie Cyclotella meneghiniana,
que apresentam valor diferenciado na cadeia alimentar (BOYD, 1990; ESKINAZI-LECA et
al., 2000). Entretanto, mesmo proporcionando um alto indice de riqueza taxondmica, as
diatomaceas nao apresentaram densidades significativas no presente trabalho, sendo
ultrapassadas por cloroficeas unicelulares, dinoflagelados e cianobactérias.

Em areas com temperatura da dgua e luminosidade altas, como o Nordeste brasileiro, a
concentracdo de nutrientes e suas variagdes sdao importantes fatores ambientais que
influenciam a dominancia de varios grupos taxondmicos, sendo respostas uteis como
indicadoras do status do ambiente (MORALIS, 2002; YUSOFF et al., 2002). Alguns estudos
demonstram que os cultivos de camardes tém sido dominados por dinoflagelados,
diatomaceas e cianobactérias (BURFORD, 1997, TOOKWINAS, SONGSANGIJINDA,
1999; ALONSO-RODRIGUEZ, PAEZ-OSUNA, 2003). De fato, em todas as amostragens
realizadas durante o presente estudo houve dominancia de cloroficeas (Chlorella sp.), seguida
de cianobatérias (Pseudoanabaena limnetica ct.), dinoflagelados (Scrippsiella trochoidea e
Gymnodinium sp.) e diatomaceas (C. meneghiniana). Este resultado pode estar relacionado ao
fornecimento excessivo de nutrientes, fato freqliente nas regides costeiras, ¢ mais acentuado
com os adubos e fertilizagdes dos viveiros, promovendo floragdes de algas e alteragdes na
composicao do fitoplancton.

O fitoplancton foi dominado por Chlorella sp. em nove das 14 fazendas amostradas,
nas cinco fazendas restantes P. cf ./imnetica apresentou as maiores densidades. As floragdes
existem como acumulagdes massivas de uma unica ou até duas espécies que coexistem com
densidades de 10* — 10° céls mL™", e as espécies nocivas sdo de 95-99% da biomassa
residente.

Apesar dos altos valores de cloroficeas, na maioria das fazendas os indices de

diversidade foram baixos, sendo os menores nas fazendas Camardes do Brasil (0,174 bits ind
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" e Aquafort (0,504 bits ind™). Estes valores devido a abundancia de Chlorella sp. ¢ P. cf.
limnetica, revelam o desequilibrio no ambiente. A menor equitabilidade foi registrada na
fazenda Camardes do Brasil (0.17), causada pela dominancia dos tdxons supracitados, € o
maximo foi de 0.99 na fazenda MRG, onde o ecossistema apresentou melhor qualidade da
agua, contudo com condic¢des pobres.

A capacidade de adaptagdo a condi¢cdes ambientais extremas das cianobactérias pode
levar a substituicdo de espécies dominantes pode ocorrem ao longo de periodos de baixo
hidrodinamismo. Com a eutrofizagao, populagdes de diatomaceas decrescem e outros grupos,
como dinoflagelados e cianobactérias persistem (ALONSO-RODRIGUEZ, PAEZ-OSUNA,
2003). Este comportamento pode apresentar alteracdes devido ao fotoperiodo, fluxo de
entrada de agua e os ciclos de produgdo, por isso, um estudo que abranja todo o ciclo de
engorda dos camardes faz-se necessario para a compreensao da dinamica fitoplanctonica de
forma mais completa.

De forma geral a densidade do fitoplancton foi mais alta nos viveiros que nos canais
de captagdo de agua. Esta condi¢do ndo foi observada nas fazendas MRG e Aquatica. Na
fazenda Aquatica o viveiro 1, sem contaminagdo, foi o ponto com menor densidade. Enquanto
que na MRG esta condigdo ocorreu no viveiro 2, contaminado, com uma diferenca de
aproximadamente 100.000 células a menos que na captagdo e viveiro 1. Com relagdo as
diferencas de densidades entre os viveiros, sete fazendas apresentaram densidades mais altas
no viveiro 1 e sete no viveiro 2, ndo possibilitando uma indicagdo de relagdo entre as
densidades e a presenga de IMN nos viveiros. As maiores diferencgas, neste caso, foram
observadas na fazenda Camardes do Brasil, com densidade de 277.204 cel.mL™! no viveiro 1
€ 5.607.231 cel.mL™! no viveiro 2, valores extremamente altos.

Com relagdo ao periodo de amostragem, observou-se o aumento da densidade ao

longo das campanhas. Durante a 1* campanha 9.904.695 cel.mL™ foram registradas. Este
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valor elevou-se para quase o dobro na segunda campanha (17.707.496 cel.mL™") e decresceu
na 3 campanha para 13.676.422 cel.mL™. Este fato pode ser relacionado ao tempo de cultivo
e, conseqlientemente, a estabilidade da 4gua, necessitando ser mais bem investigado.

A composi¢do taxondmica, os baixos indices de diversidade e as elevadas densidades
observadas no fitoplancton das fazendas de cultivo de camardo marinho do Nordeste
brasileiro durante o presente estudo, revelam que a agua utilizada nos viveiros apresenta-se
em processo de eutrofizagao.

As modificagdes nas comunidades fitoplanctonicas consideradas reflexo das
condigdes fisico-quimicas da agua, sdao uteis na indicagdao de eutrofizacdo. Contudo, essas
alteragdes influenciam, sobremaneira, todos os elos da teia trofica aquatica. No caso do
zooplancton, consumidores de primeira ordem, essas modificacdes também possibilitam a
formagdo de uma ferramenta adicional na confirmacdo da qualidade da agua, sendo esta
categoria de organismos utilizada de forma simples e efetiva para o monitoramento ambiental.

Os 40 taxons zooplanctonicos identificados no presente estudo foram tipicamente
marinhos e eurialinos, incluidos nos filos Sarcomastigophora, Cnidaria, Nematoda, Rotifera,
Mollusca, Annelida, Crustacea, Bryozoa e Chordata. J4 o meroplancton, foi representado por
fases larvais de Gastropoda, Bivalvia, Polychaeta e Crustacea.

A dominancia dos Copepoda, tanto em riqueza, com 16 espécies, como em
abundancia, representando 44% da densidade, principalmente os néuplios e copepoditos,
revela um ambiente rico em alimento vivo para os camardes. Contudo, a ocorréncia em
grande densidade de Parvocalanus crassirostris e Acartia lilljeborgi, evidencia estresse
ambiental. P. crassirostris ¢ uma espécie abundante em estudrios brasileiros, inclusive
aqueles eutrofizados (SCHWAMBORN et al., 2004; SILVA et al., 2004). A. lilljeborgi, esta
associada a uma grande quantidade de detritos alimentares (SCHWAMBORN, 1997;

SCHWAMBORN et al., 1999). Além das espécies citadas, ocorreram ainda, O. oswaldocruzi,
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O. hebes e Euterpina acutifrons. Pode-se inferir que existe uma alta disponibilidade de
alimentos vivos nos viveiros, que juntamente com a alta concentracdo de nutrientes e
fitoplancton, tornaria o ambiente um local favoravel ao desenvolvimento dos camardes, mas
parece que a partir de um determinado periodo do ciclo de vida a fragdao planctonica ja nao ¢
importante ao cultivo, tornando-se os excessos em problemas ambientais.

A presenca do filo Protozoa, com abundancia relativa de 18%, tanto nas amostras da
agua de captagdo quanto dos viveiros, principalmente nas fazendas Secom e Aquafort,
corrobora a necessidade de melhoria na qualidade da agua dos cultivos. Apesar de pouco se
conhecer sobre o papel desses organismos dentro dos viveiros, com informagdes apenas sobre
sua ocorréncia ¢ densidade (BRATVOLD et al.,1999; DECAMP et al., 2003, 2007), sabe-se
que os ciliados atecados e os tintinideos Tintinnopsis spp. € Favella ehrenbergi sao
organismos caracteristicos de ambientes eutrofizados e com poluicdo organica. Estes
protozodrios sao utilizados como bioindicadores da qualidade da agua e dinamica de
ecossistemas e podem favorecer o controle do bacterioplancton compondo uma forma
adicional de alimento para as formas jovens de camardo (FOISSNER, 1988; CURDS, 1992;
DECAMP et al., 1999). Contudo, em quantidades elevadas como as observadas no presente
estudo, indicam um ambiente bastante enriquecido com matéria organica e sinalizam para o
cuidado no descarte de seus efluentes, que podem causar impacto ambiental nos corpos
d’4gua receptores.

Vale ressaltar ainda, a presenca dos rotiferos, que contribuiram com 12% da densidade
total, destacando-se Brachionus plicatilis. Esta espécie possui grande interesse a aqliicultura,
pois € cultivada no mundo todo como alimento para larvas de peixes e camardes, devido a sua
qualidade nutricional, dimensdes e mobilidade, contribuindo para a atividade predatéria de
organismos em estagio larval (SNELL, CARRILLO, 1984; LUBZENS, 1987; SAKSENA,

1997). Entretanto, picos de densidades de B. plicatilis sao associados a polui¢do orginica em
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regides proximas a cidades e baixa qualidade da dgua em viveiros de camardes no nordeste
brasileiro (PARANAGUA, NEUMANN-LEITAO, 1980; 1981; FENGGI, 1996;
NEUMANN-LEITAO et al., 1992).

Outro fator que evidenciou a forte carga de matéria organica em decomposi¢ao foi a
grande freqiiéncia de larvas de poliquetas e de nematodes nos viveiros. Destaca-se que foram
observados varios estagios larvais de Nematoda, principalmente nas fazendas Cina e
Papagaio, que pertenciam a A. duodenale. De acordo com Rey (2002) as larvas se
desenvolvem em ambiente aquatico, preferencialmente no periodo chuvoso, vivendo em
temperatura ideal entre 23 e 30°C e os adultos em solo imido em regides que recebe esgotos
domésticos. Trata-se de parasita prejudicial ao homem.

A ocorréncia de formas jovens de camardo (estagio de Mpysis), parasitada com
protozodrios ectoparasitas, do tipo Vorticella spp. foi observada na fazenda Cina, e acentuado
nesta fazenda e na fazenda Papagaio pela presenca de nematodes parasitas. Estas parasitoses
costumam afetar as mudas e o desenvolvimento dos organismos infectados, diminuindo a
imunidade dos animais e abrindo caminho para outros tipos de infecg¢des, como a IMN.

A densidade total do zooplancton nas fazendas foi alta com um minimo de 2,915 ind m'3,
na Vip Camardes, € 0 maximo de 12,706 ind m'3, na fazenda Compescal. Apenas as fazendas
Papagaio, MRG, Compescal e Vip Camardes mostraram densidades mais elevadas na dgua do
ponto de captagdo que nos viveiros, indicando que, de forma geral, o zooplancton estd sendo
consumido pelos camardes nos primeiros dias de cultivo. De uma forma global, as areas de
captagdo apresentaram melhores condigdes que a maioria dos viveiros, nos quais
predominaram muitas vezes indicadores de poluicdo organica (ciliados atecados, rotiferos,
larvas de poliqueta, nematodes, dentre outros). Embora, apresentem forte decomposi¢do
orgénica, ainda ocorrem nauplios de copépodes e larvas de Bivalvia em grandes quantidades

nos viveiros, mostrando a importancia do fluxo marinho na renovagao do ambiente na area de
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captacdo da agua e melhoria da saide ambiental, como mostrado em dareas estuarinas
altamente impactadas no Nordeste do Brasil (NEUMANN-LEITAO, MATSUMURA-
TUNDISI, 1998).

Em algumas amostras obtidas na captacdo, principalmente nas fazendas Cina,
Papagaio, Compescal e A.S. Marine, observou-se uma expressiva quantidade e diversidade de
organismos zooplanctonicos, indicadores de ambientes estuarinos. A entrada excessiva destes
organismos em um ambiente enriquecido como os viveiros, pode originar o crescimento
acentuado de alguns organismos (rotiferos e protozoarios, p. ex.), ocasionando modificacdes
na qualidade da agua, podendo reduzir o oxigénio dissolvido da &gua, prejudicando os
organismos cultivados. Medidas preventivas como a filtragdo da dgua com rede de 150 um
podem auxiliar na redugdo destes organismos planctonicos e contribuir para uma maior
estabilidade ambiental dos viveiros.

A abundancia do zooplancton variou de 221.77 + 152.12 ind m™, no viveiro 1 da
fazenda Cina, para 2.513,35 + 1.603,56 ind m>, no viveiro 1 da fazenda Compescal. Com
relacdo aos periodos de amostragem, ndo foi observada a formagdo de um padrio nas
fazendas ao longo das campanhas.

A diversidade de espécies na maioria das amostras foi baixa, seguindo o mesmo
padrdo do fitoplancton. Os indices mais baixos foram observados na fazenda Aquafort (1.26
bits ind™") e mais altos na fazenda Promares (1.75 bits ind™), devido & presenca de poucas
espécies, fato comum em 4aguas estuarinas (TUNDISI, 1970) e em viveiros eutrofizados. A
menor equitabilidade foi registrada na fazenda Aquafort (0.44), causada pela dominancia de
poucas espécies, principalmente ciliados atecados e nduplios de Copepoda, € 0 maximo foi de
0.6 na fazenda Vip Camardes, onde o ecossistema apresentou melhor qualidade da agua,

contudo com condigdes pobres.
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Estudos do zooplancton em viveiros de camarao t€ém mostrado que estas comunidades
sdo complexas e apresentam rapidas variagdes temporais em sua estrutura (COMAN et al.,
2003). Os principais fatores que influenciam estas mudancas, assim como para o fitoplancton,
sdo as variagdes nas fontes de alimento, predagdo e influéncias das alteragdes nos parametros
fisico-quimicos da qualidade da agua. Os resultados descritos aqui sugerem uma entrada de
nutrientes a partir da decomposi¢ao do alimento fornecido aos camardes afetando a densidade
e a composi¢cdo da comunidade planctonica. Estes resultados podem ser um importante apoio
para o entendimento dos efeitos da eutrofizagdo na estrutura do plancton costeiro e seus
efeitos na teia alimentar marinha, uma vez que a comunidade planctonica pode ser um
excelente bioindicador da qualidade da 4gua em viveiros de camardes.

Destaca-se, ainda, que embora nao se tenha encontrado uma correlagdo entre o
zooplancton e a enfermidade Mionecrose Infecciosa (IMN) observada nos camardes uma das
possiveis causas ¢ a grande reducao da qualidade da dgua afetando toda biota.

Pode-se concluir pelos resultados obtidos que os viveiros estdo sob estresse ambiental
e parece ser razoavel assumir que o excesso de fertilizantes adicionado aos viveiros somado a
carga de ragdo recebida diariamente contribuem de forma negativa em mudangas na estrutura
trofica planctonica, sendo recomendado um manejo mais adequado para que bons resultados

da producdo de camardes sejam alcangados.
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Anexo A — Normas da revista Marine Pollution Bulletin.

MARINE
POLLUTION
BULLETIN

The International Journal for Marine Environmental Scientists, Engineers,
Administrators, Politicians and Lawyers

Guide for Authors

Submission of Papers

Submission for all manuscripts to Marine Pollution Bulletin proceeds
totally on-line. Via the Elsevier Editorial System (EES) website for this
journal at =+ you will be guided stepwise
through the creation and uploading of the various files. When
submitting a manuscript to EES, authors need to provide an electronic
version of their manuscript. For this purpose, only original source files
are permitted, so no PDF files. Once the uploading is done, our system
automatically generates an electronic (PDF) proof, which is then used
for reviewing. It is crucial that all graphical elements be uploaded in
separate files, so that the PDF is suitable for the reviewing process. All
correspondence, including notification of the Editor's decision and
requests for revisions, will be by e-mail. The above represents a very
brief outline of electronic submission, you can find further details at the
website given above.

Copyright

Submission of an article is understood to imply that the article is
original and is not being considered for publication elsewhere.

Upon acceptance of an article, authors will be asked to sign a 'Journal
Publishing Agreement' (for more information on this and copyright see
= . Acceptance of the agreement will
ensure the widest possible dissemination of information. An e-mail (or
letter) will be sent to the corresponding author confirming receipt of the
manuscript together with a 'Journal Publishing Agreement' form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles
including abstracts for internal circulation within their institutions.
Permission of the Publisher is required for resale or distribution outside
the institution and for all other derivative works, including compilations
and translations (please consult =+ ).

If excerpts from other copyrighted works are included, the author(s)
must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors
in these cases: please consult =+
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Funding body agreements and policies

Elsevier has established agreements and developed policies to allow
authors who publish in Elsevier journals to comply with potential
manuscript archiving requirements as specified as conditions of their
grant awards. To learn more about existing agreements and policies
please visit =+

Types of Contributions

Research reports; Shorter research Notes; Baseline records of
contamination levels; Viewpoint articles; Letters to the Editor; Focus
articles (short reviews of 1500 words); Reviews.

Preparation of Texts
We accept most word processing formats for accepted articles, but
Word, WordPerfect or LaTeX is preferred. Always keep a backup copy
of the electronic file for reference and safety. It is important that the file
is saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout as simple as possible. Most
formatting codes will be removed and replaced on processing the article.
In particular, do not use the wordprocessor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. Do not embed 'graphically designed' equations or
tables, but prepare these using the wordprocessor's facility. When
preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs,
not spaces, to align columns. The electronic text should be prepared in a
way very similar to that of conventional manuscripts (see also the Guide
to Publishing with Elsevier: =+

).
Do not import the figures into the text file but, instead, indicate their
approximate locations directly in the electronic text. See also the section
on Preparation of electronic illustrations. To avoid unnecessary errors
you are strongly advised to use the spelling checker function of your
word processor.

LaTeX documents
If the LaTeX file is suitable, proofs will be produced without rekeying
the text. The article should preferably be written using Elsevier's
document class "elsart", or alternatively the standard document class
"article", The Elsevier LaTeX package (including detailed instructions
for LaTeX preparation) can be obtained from the Quickguide: =+

. It consists of the files: elsart.cls, guidelines
for users of elsart, a template file for quick start and the instruction
booklet "Preparing articles with LaTeX".

Manuscript Preparation

General: Manuscripts must be typewritten, double-spaced with wide
margins. The corresponding author should be identified (include a
Fax number and E-mail address). Full postal addresses must be given
for all co-authors. Authors should consult a recent issue of the journal
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for style if possible. Please ensure that a fluent English speaker has
revised the manuscript prior to submission to the Editors. Authors who
require information about language editing and copy editing services
pre- and post-submission please visit =+

or
contact for more information. Please note
Elsevier neither endorses nor takes responsibility for any products,
goods or services offered by outside vendors through our services or in
any advertising. For more information please refer to our Terms &
Conditions =+

The Editors reserve the right to adjust style to certain standards of
uniformity. Authors should retain a copy of their electronic files.

Abstract: This should not exceed 150 words.

Text: Follow this order when typing manuscripts: Title, Authors,
Affiliations, Abstract, Keywords, Main text, Acknowledgements,
Appendix, References, Figure Captions and then Tables. Do not import
the Figures or Tables into your text. The corresponding author should be
identified with an asterisk and footnote. All other footnotes (except for
table footnotes) should be identified with superscript Arabic numbers.

Keywords: Authors are requested to provide up to six keywords which
describe the scope of the article. The keywords will appear listed after
the abstract of each paper. Where relevant these should include the main
species concerned, the geographical area and the contaminant.

References: All publications cited in the text should be presented in a
list of references following the text of the manuscript. In the text refer to
the author s name (without initials) and year of publication (e.g. **Since
Brown (1986) has shown that or *"This is in agreement with results
obtained later (Chou, 1997) . For citations for three or more authors, use
author et al. in the text. The list of references should be arranged
alphabetically by author s name. The manuscript should be carefully
checked to ensure that the spelling of authors names and dates are
exactly the same in the text as in the reference list. References should be
given in the following form: Brown, B.E. 1986. Human-induced
damage to coral reefs. UNESCO reports in Marine Science No. 40,
UNESCO, Paris.

Chou, L.M. 1997. The status of southeast asian coral reefs. Proceedings
of the 8th International Coral Reef Symposium 11, 317 322.

Loya, Y. 1978. Poltless and transect methods. In D. R. Stoddart, R.E.
Johannes Coral reefs: research methods, pp. 197 217. Paris: UNESCO.
Osterberg, C., Pearcy, W. & Kujala, N. 1964. Gamma emitters in a Fin
Whale. Nature 204, 1006-1007.

Use of the digital object identifier
The digital object identifier (DOI) may be used to cite and link to
electronic documents. The DOI consists of a unique alpha-numeric
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character string which is assigned to a document by the publisher upon
the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly
'Articles in press' because they have not yet received their full
bibliographic information. The correct format for citing a DOI is shown
as follows (example taken from a document in the journal Physics
Letters B): doi:10.1016/j.physletb.2003.10.071

When you use the DOI to create URL hyperlinks to documents on the
web, they are guaranteed never to change. However, please check the
DOI very carefully as an error in a letter or number will result in a dead
link.

Preparation of electronic illustrations
General

1.Make sure you use uniform lettering and sizing of your original
artwork.

2.Save text in illustrations as "graphics" or enclose the font.
3.0nly use the following fonts in your illustrations: Arial, Courier,
Helvetica, Times, Symbol.

4 Number the illustrations according to their sequence in the text.
5.Use a logical naming convention for your artwork files.
6.Provide all illustrations as separate files.

7.Provide captions to illustrations separately.

8.Produce images near to the desired size of the printed version.

A detailed guide on electronic artwork is available on our website: =+
. Some excerpts from the detailed
information are given here.

Formats

Regardless of the application used, when your electronic artwork is
finalised, please "save as" or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones,
and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as "graphics".
TIFF: Colour or greyscale photographs (halftones): always use a
minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a
minimum of 500 dpi is required.

DOC, XLS or PPT: If your electronic artwork is created in any of these
Microsoft Office applications please supply "as is".

Please do not:

1. embed graphics in your word processor (spreadsheet, presentation)
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document;

2. supply files that are optimised for screen use (like GIF, BMP, PICT,
WPG); the resolution is too low;

3. supply files that are too low in resolution;

4. submit graphics that are disproportionately large for the content.

Captions

Ensure that each illustration has a caption. Supply captions separately,
not attached to the figure. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Line drawings

The lettering and symbols, as well as other details, should have
proportionate dimensions, so as not to become illegible or unclear after
possible reduction; in general, the figures should be designed for a
reduction factor of two to three. The degree of reduction will be
determined by the Publisher. Illustrations will not be enlarged. Consider
the page format of the journal when designing the illustrations. Do not
use any type of shading on computer-generated illustrations.

Tables

Tables should be numbered consecutively and given a suitable caption
and each table typed on a separate sheet. Footnotes to tables should be
typed below the table and should be referred to by superscript lowercase
letters. No vertical rules should be used. Tables should not duplicate
results presented elsewhere in the manuscript, (e.g. in graphs).

Photographs (halftones)

Remove non-essential areas of a photograph. Do not mount photographs
unless they form part of a composite figure (plate). Where necessary,
insert a scale bar in the illustration (not below it), as opposed to giving a
magnification factor in the caption.

Colour illustrations

Please make sure that artwork files are in an acceptable format (TIFF,
EPS or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable colour figures, then Elsevier
will ensure, at no additional charge that these figures will appear in
colour on the Web (e.g., ScienceDirect and other sites) regardless of
whether or not these illustrations are reproduced in colour in the printed
version. For colour reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article.
Please indicate your preference for colour in print or on the Web only.
For further information on the preparation of electronic artwork, please
see &+

Please note: Because of technical complications which can arise by
converting colour figures to "grey scale" (for the printed version should
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you not opt for colour in print) please submit in addition usable black
and white versions of all the colour illustrations. As only one figure
caption may be used for both colour and black and white versions of
figures, please ensure that the figure captions are meaningful for both
versions, if applicable.

Supplementary Data

Elsevier accepts electronic supplementary material to support and
enhance your scientific research. Supplementary files offer the author
additional possibilities to publish supporting applications, movies,
animation sequences, high-resolution images, background datasets,
sound clips and more. Supplementary files supplied will be published
online alongside the electronic version of your article in Elsevier web
products, including ScienceDirect: =+ .In
order to ensure that your submitted material is directly usable, please
ensure that data is provided in one of our recommended file formats.
Authors should submit the material in electronic format together with
the article and supply a concise and descriptive caption for each file. For
more detailed instructions please visit our artwork instructions pages at
=

GenBank/DNA sequence linking

DNA sequences and GenBank Accession numbers Many Elsevier
journals cite "*gene accession numbers in their running text and
footnotes. Gene accession numbers refer to genes or DNA sequences
about which further information can be found in the databases at the
National Center for Biotechnical Information (NCBI) at the National
Library of Medicine. Elsevier authors wishing to enable other scientists
to use the accession numbers cited in their papers via links to these
sources, should type this information in the following manner: For each
and every accession number cited in an article, authors should type the
accession number in bold, underlined text. Letters in the accession
number should always be capitalised. (See Example 1 below). This
combination of letters and format will enable Elsevier s typesetters to
recognize the relevant texts as accession numbers and add the required
link to GenBank s sequences.

Example 1: ""GenBank accession nos. A1631510, AI631511, A1632198,
and BF223228), a B-cell tumor from a chronic lymphatic leukemia
(GenBank accession no. BE675048), and a T-cell lymphoma (GenBank
accession no. AA361117) .

Authors are encouraged to check accession numbers used very
carefully. An error in a letter or number can result in a dead link.

In the final version of the printed article, the accession number text will
not appear bold or underlined (see Example 2 below).

Example 2: *GenBank accession nos. A1631510, AI631511, A1632198,
and BF223228), a B-cell tumor from a chronic lymphatic leukemia
(GenBank accession no. BE675048), and a T-cell lymphoma (GenBank
accession no. AA361117) .

In the final version of the electronic copy, the accession number text
will be linked to the appropriate source in the NCBI databases enabling
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readers to go directly to that source from the article (see Example 3
below).

Example 3: "*GenBank accession nos. A1631510, AI1631511, AI1632198,
and BF223228), a B-cell tumor from a chronic lymphatic leukemia
(GenBank accession no. BE675048), and a T-cell lymphoma (GenBank
accession no. AA361117) .

Online Publication
Your article will appear on Elsevier's online journal database
ScienceDirect as an "Article in Press" within approximately 4-6 weeks
of acceptance. Articles in Press for this journal can be viewed at =+

. An Article in Press
may be cited prior to its publication by means of its unique digital object
identifier (DOI) number, which does not change throughout the
publication process.

Proofs

When your manuscript is received at the Publisher it is considered to be
in its final form. Proofs are not to be regarded as "drafts .

One set of page proofs in PDF format will be sent by e-mail to the
corresponding author, to be checked for typesetting/editing. No changes
in, or additions to, the accepted (and subsequently edited) manuscript
will be allowed at this stage. Proofreading is your responsibility. A form
with queries from the copy editor may accompany your proofs. Please
answer all queries and make any corrections or additions required.

The Publisher reserves the right to proceed with publication if
corrections are not communicated. Please return corrections within two
working days of receipt of the proofs. Should there be no corrections,
please confirm this.

Elsevier will do everything possible to get your article corrected and
published as quickly and accurately as possible. In order to do this we
need your help. When you receive the (PDF) proof of your article for
correction, it is important to ensure that all of your corrections are sent
back to us in one communication. Subsequent corrections will not be
possible, so please ensure your first sending is complete. Note that this
does not mean you have any less time to make your corrections, just that
only one set of corrections will be accepted.

Reprints

The corresponding author, at no cost, will be provided with a PDF file
of the article via e-mail or, alternatively, 25 free paper offprints.

The PDF file is a watermarked version of the published article and
includes a cover sheet with the journal cover image and a disclaimer
outlining the terms and conditions of use.

Copyright

All authors must sign the "Transfer of Copyright" agreement before the
article can be published. This transfer agreement enables Elsevier Ltd to
protect the copyrighted material for the authors, without the author
relinquishing his/her proprietary rights. The copyright transfer covers
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the exclusive rights to reproduce and distribute the article, including
reprints, photographic reproductions, microfilm or any other
reproductions of a similar nature, and translations. It also includes the
right to adapt the article for use in conjunction with computer systems
and programs, including reproduction or publication in machine-
readable form and incorporation in retrieval systems. Authors are
responsible for obtaining from the copyright holder permission to
reproduce any material for which copyright already exists.

Author Discount
Contributors to Elsevier journals are entitled to a 30% discount on most
Elsevier books, if ordered directly from Elsevier.

Author Enquiries
Authors can keep a track on the progress of their accepted article, and
set up e-mail alerts informing them of changes to their manuscript s
status, by using the "Track a Paper" feature found at =+

. For privacy, information on each
article is password-protected. The author should key in the "Our
Reference" code (which is in the letter of acknowledgement sent by the
publisher on receipt of the accepted article) and the name of the
corresponding author. In case of problems or questions, authors may
contact the Author Support Department, E-mail:

Marine Pollution Bulletin has no page charges.
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Anexo B — Normas da revista Harmfull Algae.

HARMFUL
ALGAE

Guide for Authors
Types of contribution

Original research articles (Regular Articles)
Book Reviews

Original research articles should report the results of original research. The
material should not have been previously published elsewhere, except in a

preliminary form.

Book Reviews will be included in the journal on a range of relevant books

which are not more than 2 years old.

Submission of manuscripts

Submission of an article is understood to imply that the article is original
and is not being considered for publication elsewhere. Submission also
implies that all authors have approved the paper for release and are in
agreement with its content.

Submission to Harmful Algea proceeds totally on-line by way of an
electronic submission system. By accessing the website =+

you will be guided stepwise through the
creation and uploading of the various files. When submitting a manuscript
to Elsevier Editorial System, authors need to provide an electronic version
of their manuscript. For editing purpose original source files, not PDF
files, are required. The author should specify a category designation for the
manuscript (full length article, review article, short communication, etc.),
choose a set of classifications from the prescribed list provided online and
select an editor. Once the uploading is complete, the system automatically
generates an electronic PDF (can be read by PDF readers) proof, which is
then used for reviewing. Authors may provide the names of three potential
referees in their covering letter. Authors, Editors and Reviewers send and
receive all correspondence by e-mail via the website and no paper
correspondence is performed.

Preparation of Texts

We accept most word processing formats for accepted articles, but Word,
WordPerfect or LaTeX is preferred. Always keep a backup copy of the
electronic file for reference and safety. It is important that the file is saved
in the native format of the word processor used. The text should be in
single-column format. Keep the layout as simple as possible. Most
formatting codes will be removed and replaced on processing the article.
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In particular, do not use the wordprocessor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. Do not embed 'graphically designed' equations or tables,
but prepare these using the wordprocessor's facility. The electronic text
should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier: =+

. Do
not import the figures into the text file but, instead, indicate their
approximate locations directly in the electronic text. See also the section
on Illustrations. To avoid unnecessary errors you are strongly advised to
use the spelling checker function of your word processor.

LaTeX documents
If the LaTeX file is suitable, proofs will be produced without rekeying the
text. The article should preferably be written using Elsevier's document
class "elsart", or alternatively the standard document class "article", The
Elsevier LaTeX package (including detailed instructions for LaTeX
preparation) can be obtained from the Quickguide: =+

. It consists of the files: elsart.cls, guidelines
for users of elsart, a template file for quick start and the instruction booklet
"Preparing articles with LaTeX.

Preparation of manuscripts

1. Manuscripts should be written in clear and grammatical English.
Authors whose native language is not English are strongly advised to have
their manuscripts checked by an English-speaking colleague prior to
submission. Language Editing: International Science Editing and Asia
Science Editing can provide English language and copyediting services to
authors who want to publish in scientific, technical and medical journals
and need assistance before they submit their article or before it is accepted
for publication. Authors can contact these services directly: International
Science Editing =+ and Asia
Science Editing =+ or, for more information
about language editing services, authors may contact
authorsupport@elsevier.com who will be happy to deal with any
questions. Please note Elsevier neither endorses nor takes responsibility
for any products, goods or services offered by outside vendors through our
services or in any advertising. For more information please refer to our
terms and conditions =+

2. Manuscripts should be typewritten with numbered lines, with wide
margins and double spacing throughout, i.e. also for abstracts, footnotes
and references. Every page of the manuscript, including the title page,
references, tables, etc., should be numbered in the upper right-hand
corner. However, in the text no reference should be made to page
numbers; if necessary, one may refer to sections. Underline words that
should be in italics, and do not underline any other words. Avoid excessive
usage of italics to emphasize part of the text.
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3. Manuscripts in general should be organized in the following order:

Title (should be clear, descriptive and concise)

Name(s) of author(s)

Complete postal address(es) of affiliations

Full telephone, Fax and E-mail number of the corresponding author
Present address(es) of author(s) if applicable

Complete correspondence address to which the proofs should be sent
Abstract

Key words (indexing terms), normally 3-6 items (alphabetized)
Introduction

Material studied, area descriptions, methods, techniques

Results

Discussions

Conclusion

Acknowledgements and any additional information concerning research
grants, etc.

References

Tables

Figure captions

4. In typing the manuscript, titles and subtitles should not be run within the
text. They should be typed on a separate line, without indentation. Use
lower-case letter type. 5. SI units should be used.

6. Elsevier reserves the privilege of returning to the author for revision
accepted manuscripts and illustrations which are not in the proper form
given in this guide.

Abstracts
The abstract should be clear, descriptive and not longer than 400 words.

Tables

1. Authors should take notice of the limitations set by the size and lay-out
of the journal. Large tables should be avoided. Reversing columns and
rows will often reduce the dimensions of a table.

2. If many data are to be presented, an attempt should be made to divide
them over two or more tables.

3.Tables should be numbered according to their sequence in the text. The
text should include references to all tables.

4. Each table should be typewritten on a separate page of the manuscript.
Tables should never be included in the text.

5. Each table should have a brief and self-explanatory title.

6. Column headings should be brief, but sufficiently explanatory. Standard
abbreviations of units of measurements should be added between
parentheses.

7. Vertical lines should not be used to separate columns. Leave some extra
space between the columns instead.

8. Any explanation essential to the understanding of the table should be
given as a footnote at the bottom of the table.
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9. When preparing tables, if you are using a table grid, use only one grid

for each individual table and not a grid for each row. If no grid is used, use

tabs, not spaces, to align columns.

Ilustrations
General
1. Make sure you use uniform lettering and sizing of your original
artwork.
2. Save text in illustrations as "graphics" or enclose the font.
3. Only use the following fonts in your illustrations: Arial, Courier,

i AR

Helvetica, Times, Symbol.

Number the illustrations according to their sequence in the text.
Use a logical naming convention for your artwork files.
Provide all illustrations as separate files.

Provide captions to illustrations separately.

Produce images near to the desired size of the printed version.

A detailed guide on electronic artwork is available on our website: =+

. Some excerpts from the detailed

information are given here.

Formats

Regardless of the application used, when your electronic artwork is
finalised, please "save as" or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as "graphics".

TIFF: Colour or greyscale photographs (halftones): always use a minimum

of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a
minimum of 500 dpi is required.

DOC, XLS or PPT: If your electronic artwork is created in any of these
Microsoft Office applications please supply "as is".

Please do not:

1.

nhkw

embed graphics in your word processor (spreadsheet, presentation)
document;

supply files that are optimised for screen use (like GIF, BMP,
PICT, WPG); the resolution is too low;

supply files that are too low in resolution;

submit graphics that are disproportionately large for the content.
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Captions

Ensure that each illustration has a caption. Supply captions
separately, not attached to the figure. A caption should comprise a
brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.

Line drawings

The lettering and symbols, as well as other details, should have
proportionate dimensions, so as not to become illegible or unclear
after possible reduction; in general, the figures should be designed
for a reduction factor of two to three. The degree of reduction will
be determined by the Publisher. Illustrations will not be enlarged.
Consider the page format of the journal when designing the
illustrations. Do not use any type of shading on computer-
generated illustrations.

Photographs (halftones)

Remove non-essential areas of a photograph. Do not mount
photographs unless they form part of a composite figure (plate).
Where necessary, insert a scale bar in the illustration (not below it),
as opposed to giving a magnification factor in the caption.

Colour illustrations

Please make sure that artwork files are in an acceptable format
(TIFF, EPS or MS Office files) and with the correct resolution. If,
together with your accepted article, you submit usable colour
figures, then Elsevier will ensure, at no additional charge that these
figures will appear in colour on the Web (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are
reproduced in colour in the printed version. For colour
reproduction in print, you will receive information regarding the
costs from Elsevier after receipt of your accepted article. Please
indicate your preference for colour in print or on the Web only. For
further information on the preparation of electronic artwork, please
see #

Please note: Because of technical complications which can arise by
converting colour figures to "grey scale" (for the printed version
should you not opt for colour in print) please submit in addition
usable black and white versions of all the colour illustrations. As
only one figure caption may be used for both colour and black and
white versions of figures, please ensure that the figure captions are
meaningful for both versions, if applicable.

Supplementary data

Elsevier accepts electronic supplementary material to support and
enhance your scientific research. Supplementary files offer the
author additional possibilities to publish supporting applications,
movies, animation sequences, high-resolution images, background
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datasets, sound clips and more. Supplementary files supplied will
be published online alongside the electronic version of your article
in Elsevier web products, including ScienceDirect: =+

. In order to ensure that your submitted
material is directly usable, please ensure that data is provided in
one of our recommended file formats. Authors should submit the
material in electronic format together with the article and supply a
concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instructions pages at =+

References

1. All publications cited in the text should be presented in a list of
references following the text of the manuscript. The manuscript
should be carefully checked to ensure that the spelling of author's
names and dates are exactly the same in the text as in the reference
list.

2. In the text refer to the author's name (without initial) and year of
publication, followed - if necessary - by a short reference to
appropriate pages. Examples: "Since Peterson (1993) has shown
that. . ." "This is in agreement with results obtained later (Kramer,
1993, pp. 12-16)".

3. When reference is made to a work by two authors, both names
should be given using "and". If reference is made in the text to a
publication written by more than two authors, the name of the first
author should be used followed by "et al.". This indication,
however, should never be used in the list of references. In this list
names of first author and co-authors should be mentioned.

4. References cited together in the text should be arranged
chronologically. The list of references should be arranged
alphabetically on author's names, and chronologically per author. If
an author's name in the list is also mentioned with co-authors the
following order should be used: publications of the single author,
arranged according to publication dates - publications of the same
author with one co-author - publications of the author with more
than one co-author. Publications by the same author(s) in the same
year should be listed as 1993a, 1993b, etc. For Volume (Vol.)
Bulletin (Bull.), and No., Arabic numerals should be used (not
underlined); the full number of pages should be given in the form
of pp. 123-128.

5. Use the following system for arranging your references:

a. For periodicals

Jones, H.D., Richards, O.G., Southern, T.A., 1992. Gill
dimensions, water pumping and body size in the mussel Mytilus
edulis L. J. Exp. Mar. Biol. Ecol. 155(2), 213-237. b. For books
Clark, R.B., 1992. Marine pollution, 3rd ed. Clarendon Press,
Oxford.

c. For multi-author books

Hawkins, A.J.S., Baynes, B.L., 1992. Physiological processes, and
the regulation of production. In: Gosling, E. (Ed.), The mussel
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Mytilus: ecology, physiology, genetics and culture. Elsevier
Publishers B.V., Amsterdam, pp. 171-222.

6. The name of the journal should be abbreviated according to the
International List of Periodical Title Word Abbreviations,
published by the International Serials Data Systems; Paris, France.
7. In the case of publications in any language other than English,
the original title is to be retained. However, the titles of
publications in non-Latin alphabets should be transliterated, and a
notation such as "(in Russian)" or "(in Greek, with English
abstract)" should be added.

8. Work accepted for publication but not yet published should be
referred to as "in press".

9. References concerning unpublished data and "personal
communications" should not be cited in the reference list but may
be mentioned in the text.

Use of the Digital Object Identifier

The digital object identifier (DOI) may be used to cite and link to
electronic documents. The DOI consists of a unique alpha-numeric
character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never
changes. Therefore, it is an ideal medium for citing a document,
particularly ?Articles in press? because they have not yet received
their full bibliographic information. The correct format for citing a
DOI is shown as follows (example taken from a document in the
journal Physics Letters B):

doi:10.1016/j.physletb.2003.10.071

When you use the DOI to create URL hyperlinks to documents on
the web, they are guaranteed never to change. However, please
check the DOI very carefully as an error in a letter or number will
result in a dead link.

Formulae 1. Formulae should be typewritten, if possible. Leave
ample space around the formulae.

2. Subscripts and superscripts should be clear.

3. Greek letters and other non-Latin or handwritten symbols should
be explained in the margin where they are used. Take special care
to show clearly the difference between zero (0) and the letter O,
and between one (1) and the letter 1.

4. Give the meaning of all symbols immediately after the equation
in which they are first used.

5. For simple fractions use the solidus (/) instead of a horizontal
line.

6. Equations should be numbered serially at the right-hand side in
parentheses. In general only equations explicitly referred to in the
text need be numbered.

7. The use of fractional powers instead of root signs is
recommended. Also powers of e are often more conveniently
denoted by exp.

8. Levels of statistical significance which can be mentioned
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without further explanation are *p<0.05, **p<0.01 and
**%p<0.001.

9. In chemical formulae, valence of ions should be given as, e.g.,
Ca’+notasCa'™

10. Isotope numbers should precede the symbols, e.g., '*O.

11. The repeated writing of chemical formulae in the text is to be
avoided where reasonably possible; instead, the name of the
compound should be given in full. Exceptions may be made in the
case of a very long name occurring very frequently or in the case of
a compound being described as the end product of a gravimetric
determination (e.g., phosphate as P, Os).

Footnotes

1. Footnotes should only be used if absolutely essential. In most
cases it should be possible to incorporate the information in normal
text.

2. If used, they should be numbered in the text, indicated by
superscript numbers, and kept as short as possible.

GenBank/DNA sequence linkin

DNA sequences and GenBank Accession numbers Many Elsevier
journals cite "gene accession numbers" in their running text and
footnotes. Gene accession numbers refer to genes or DNA
sequences about which further information can be found in the
databases at the National Center for Biotechnical Information
(NCBI) at the National Library of Medicine. Elsevier authors
wishing to enable other scientists to use the accession numbers
cited in their papers via links to these sources, should type this
information in the following manner:

For each and every accession number cited in an article, authors
should type the accession number in bold, underlined text. Letters
in the accession number should always be capitalised. (See
Example 1 below). This combination of letters and format will
enable Elsevier's typesetters to recognize the relevant texts as
accession numbers and add the required link to GenBank's
sequences.

Example 1: "GenBank accession nos. A1631510, A1631511,
Al632198, and BF223228), a B-cell tumor from a chronic
lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)".

Authors are encouraged to check accession numbers used very
carefully. An error in a letter or number can result in a dead link.

In the final version of the printed article, the accession number text
will not appear bold or underlined (see Example 2 below).



CUNHA, M. C. C. A comunidade plancténica como indicadora da qualidade da agua em viveiros ... 137

Example 2: "GenBank accession nos. A1631510, A1631511,
Al632198, and BF223228), a B-cell tumor from a chronic
lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)".

In the final version of the electronic copy, the accession number
text will be linked to the appropriate source in the NCBI databases
enabling readers to go directly to that source from the article (see
Example 3 below).

Example 3: "GenBank accession nos. A1631510, A1631511,
Al632198, and BF223228), a B-cell tumor from a chronic
lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)".
Nomenclature

1. Authors and editors are, by general agreement, obliged to accept
the rules governing biological nomenclature, as laid down in the
International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of
Zoological Nomenclature.

2. All biota (crops, plants, insects, birds, mammals, etc.) should be
identified by their scientific names when the English term is used,
with the exception of common domestic animals.

3. The first mention of the scientific names of the species used in
the work - in title or text - should be accompanied by the
taxonomic authority unless they can all be referred to a general
work in which the authorities are given. Scientific names of species
referred to in other studies need no authority. Generic names
should only be abbreviated when immediately preceded in the text
by the mention of the same species or another of the same genus.
4. All biocides and other organic compounds must be identified by
their Geneva names when first used in text. Active ingredients of
all formulations should be likewise identified.

5. For chemical nomenclature, the conventions of the International
Union of Pure and Applied Chemistry and the official
recommendations of the /[lUPAC-IUB Combined Commission on
Biochemical Nomenclature should be followed.

Copyright

Upon acceptance of an article, authors will be asked to sign a
'Journal Publishing Agreement' (for more information on this and
copyright see =+ . Acceptance of
the agreement will ensure the widest possible dissemination of
information. An e-mail (or letter) will be sent to the corresponding
author confirming receipt of the manuscript together with a
'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of
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articles including abstracts for internal circulation within their
institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative
works, including compilations and translations (please consult =+
).
If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases: please consult
=

Funding body agreements and policies

Elsevier has established agreements and developed policies to
allow authors who publish in Elsevier journals to comply with
potential manuscript archiving requirements as specified as
conditions of their grant awards. To learn more about existing
agreements and policies please visit =+

Proofs

One set of proofs will be sent to the corresponding author as given
on the title page of the manuscript. Only typesetter's errors may be
corrected; no changes in, or addition to, the edited manuscript will
be allowed. They should be returned to the publisher within 2 days
of receipt. Upon receipt of a proof of the article, the author(s) will
be asked to transfer the copyright of the article to the publisher.
This transfer will ensure the widest possible dissemination of
information.

Online Publication

Your article will appear on Elsevier's online journal database
ScienceDirect as an "Article in Press" within approximately 4-6
weeks of acceptance. Articles in Press for this journal can be
viewed at =+ .
An Article in Press may be cited prior to its publication by means
of its unique digital object identifier (DOI) number, which does not
change throughout the publication process.

Reprints

The corresponding author, at no cost, will be provided with a PDF
file of the article via e-mail or, alternatively, 25 free paper
offprints. The PDF file is a watermarked version of the published
article and includes a cover sheet with the journal cover image and
a disclaimer outlining the terms and conditions of use.

Additional offprints can be ordered on are print order form, which
is included with the proofs.

Author's Discount
There is a 30% discount on most Elsevier book publications.
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Contact
For inquiries relating to the submission of manuscripts (including
electronic submission where available) please visit =+

. The Elsevier Web page also
provides the facility to track accepted articles and set up e-mail
alerts to inform you of when an article's status has changed, as well
as detailed artwork guidelines, copyright information, frequently
asked questions, and more. Please note that contact details for
questions arising after acceptance of an article (especially those
relating to proofs) are provided after registration of an article for
publication.
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Current Volume: 39 / 2008
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Author Guidelines

Submission. Aquaculture Research prefers to receive all manuscript submissions electronically using Manuscript
Central. To submit a manuscript, please follow the instructions below.

Getting Started

Launch your web browser (Internet Explorer 5 or higher, Netscape 7 or higher, Firefox 1.0.4 or Safari 1.2.4) and go to
the Aquaculture Research Manuscript Central homepage (http://mc.manuscriptcentral.com/are).

1. Log-in or click the "Create Account" option if you are a first-time user of Manuscript Central.
2. If you are creating a new account.

After clicking on "Create Account", enter your name and e-mail information and click "Next". Your e-mail information is very important.
Enter your institution and address information as appropriate, and then click "Next."

Enter a user ID and password of your choice (we recommend using your e-mail address as your user ID), and then select your area of expertise.
Click "Finish".

4. If you have an account but have forgotten your log in details, go to "Password Help" on the
Aquaculture Research Manuscript Central homepage and enter your email address. The system will
send you an automatic user ID and password reminder.

5. Log-in and select "Author Center."

Submitting Your Manuscript

After you have logged in, click the "Submit a Manuscript" link in the menu bar.

Enter data and answer questions as appropriate.

Click the "Next" button on each screen to save your work and advance to the next screen.
You are required to upload your files.

O RPN

Click on the "Browse" button and locate the file on your computer.
Select the designation of each file in the drop down next to the Browse button.

When you have selected all files you wish to upload, click the "Upload Files" button.

10. Review your submission (in both PDF and HTML formats) before sending to the Journal. Click the
"Submit" button when you are finished reviewing.

You may suspend a submission at any phase before clicking the "Submit" button and save it to submit later. After submission, you will receive a
confirmation e-mail. You can also access Manuscript Central any time to check the status of your manuscript. The Journal will inform you by e-mail
once a decision has been made.

Getting Help with Your Submission

Each page of the Manuscript Central website has a 'Get Help Now' icon connecting directly to the online support system at
http://mev3support.custhelp.com. Telephone support is available 24 hours a day, 5 days a week through the US ScholarOne Support Office on: +1 434
817 2040, ext 167. If you do not have Internet access or cannot submit online, the Editorial Office can assist. Please contact the Editorial Office by e-

mail, are@oxon.blackwellpublishing.com .

All manuscripts must be accompanied by a valid email address.
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Papers are accepted on the understanding that they have not been and will not be published elsewhere. Copyright of accepted manuscripts and all
published material becomes the property of the Journal.

Online production tracking is available for your article through Blackwellfs Author Services.

Author Services enables authors to track their article - once it has been accepted - through the production process to publication online and in print.
Authors can check the status of their articles online and choose to receive automated e-mails at key stages of production so they donit need to contact
the production editor to check on progress. Visit www.blackwellpublishing.com/bauthor for more details on online production tracking and for a
wealth of resources including FAQs and tips on article preparation, submission and more.

Preparation of the manuscript. All sections of the typescript should be on one side of A4 paper, double-spaced and
with 30mm margins. Line numbering and a font size of 12pt should be used. Articles are accepted for publication only
at the discretion of the Editor(s). Authors will receive prompt receipt of their paper and a decision will be reached
within 3 months of receipt. A manuscript should consist of the following sections:

Title page. This should include:

the full title of the paper

the full names of all the authors

the name(s) and address(es) of the institution(s) at which the work was carried out (the present address of the
authors, if different from the above, should appear in a footnote)

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 address given.

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.

Units and spellings. Systeme International (SI) units should be used. The salinity of sea water should be given as gL-
1. Use the form gmL-1 not g/ml. Avoid the use of g per 100 g, for example in food composition, use g kg-1. If other
units are used, these should be defined on first appearance in terms of SI units, e.g. mmHg. Spelling should conform
to that used in the Concise Oxford Dictionary published by Oxford University Press. Abbreviations of chemical and other
names should be defined when first mentioned in the text unless they are commonly used and internationally known
and accepted.

Scientific names and statistics. Complete scientific names, including the authority with correct taxonomic
disposition, should be given when organisms are first mentioned in the text and in tables, figures and key words
together with authorities in brackets, e.g. 'rainbow trout, Oncoryhnchus mykiss (Walbaum)' but 'Atlantic salmon Sa/mo
salar L." without brackets. For further information see American Fisheries Society Special Publication No. 20, A List of
Common and Scientific Names of Fishes from the United States and Canada.

Carry out and describe all appropriate statistical analyses.

References (Harvard style). References should be cited in the text by author and date, e.g. Lie & Hemre (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.
Hemre 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.

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.
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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:
http://www.endnote.com/support/enstyles.as

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

Illustrations and tables. These should be referred to in the text as figures using Arabic numbers, e.g. Fig.1, Fig.2
etc. in order of appearance. Three copies of each figure should be submitted and each figure should be marked lightly
on the back with its appropriate number, together with the name(s) of the author(s) and the title of the paper. Where
there is doubt as to the orientation of an illustration, the top should be marked with an arrow.

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

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, Blackwell
Publishing require you to complete and return a colour work agreement form before your paper can be published.
This form can be downloaded as a pdf from the internet. The web address for the form is:
http://www.blackwellpublishing.com/pdf/SN Sub2000 X CoW.pdf

If you are unable to access the internet, or are unable to download the form, please contact the Production Editor
are@oxon.blackwellpublishing.com, and they will be able to email or FAX a form to you.

Any article received by Blackwell Publishing with colour work will not be published until the form has been
returned.

Line drawings should be on separate sheets of white paper in black indelible ink (dot matrix illustrations are not
permitted); 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.

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. 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.

All tables and figures that are reproduced from a previously published source must be accompanied by a letter of
permission from the Publisher or copyright owner.

Please send us digital versions of your figures. These should be supplied as eps or tif files only. See
http://www.blackwellpublishing.com/bauthor/illustration.asp for further details.

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

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.

Acknowledgments. These should be brief and must include references to sources of financial and logistical support.

Short Communications. These should differ from full papers on the basis of scope or completeness, rather than
quality of research. They may report significant new data arising from problems with narrow, well defined limits, or
important findings that warrant rapid publication before broader studies are complete. Their text should neither exceed
1500 words (approximately six pages of typescript) nor be divided up into conventional sections. When submitting
Short Communications, authors should make it clear that their work is to be treated as such.

Disks. The Journal encourages submission of accepted manuscripts on disk. These should be IBM-compatible. An
accurate hard copy must accompany each disk, together with details of the type of computer used, the software
employed and the disk system if known. Do not justify. Particular attention should be taken to ensure that any articles
submitted in this form adhere exactly to the journal style in all respects. Further details can be obtained from the
Publisher; the Editor(s) will supply 'disk submission' forms on acceptance of a manuscript. Disks will not be returned to
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