MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL RURAL DA AMAZONIA
PROGRAMA DE POS-GRADUACAO EM AQUICULTURA E RECURSOS
AQUATICOS TROPICAIS

FERNANDA NOGUEIRA DOS REIS

Variaciao Espaco-Temporal do Microfitoplancton e dos
parametros ambientais do Estuario do Rio Curuperé, municipio
de Curuga, Para.

Belém
2017



MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL RURAL DA AMAZONIA
PROGRAMA DE POS-GRADUACAO EM AQUICULTURA E RECURSOS
AQUATICOS TROPICAIS

FERNANDA NOGUEIRA DOS REIS

Variaciao Espaco-Temporal do Microfitoplancton e dos
parametros ambientais do Estuario do Rio Curuperé, municipio
de Curuca, Para.

Dissertagdo apresentada ao Programa de Pds-Graduagdo em
Aquicultura e Recursos Aquaticos Tropicais, da Universidade
Federal Rural da Amazoénia, como requisito para a obtengao
do titulo de Mestre em Aquicultura e Recursos Aquaticos
Tropicais.

Area de Concentragio: Aquicultura e Recursos Aquaticos
Tropicais.

Orientador: Prof. Dr. Nuno Filipe Alves Correia de Melo

Belém
2017



FERNANDA NOGUEIRA DOS REIS

Variacao Espaco-Temporal do Microfitoplancton e dos
parametros ambientais do Rio Curuperé, municipio de Curuca,

Para.

Dissertagdo apresentada ao Programa de Pos-Graduagdo em Aquicultura e Recursos Aquaticos
Tropicais, da Universidade Federal Rural da Amazonia, como requisito para a obtencdo do
titulo de Mestre em Aquicultura e Recursos Aquaticos Tropicais.

Data da Aprovacao: / /

Banca Examinadora:

Prof. Dr. Nuno Filipe Alves Correia de Melo
Universidade Federal Rural da Amazdnia (UFRA)
Orientador

Prof. Dr. Glauber David Almeida Palheta
Universidade Federal Rural da Amazdnia (UFRA)
1° Examinador

Prof. Dr. Rosildo Santos Paiva
Universidade Federal do Parad (UFPA)
2° Examinador

Prof. Dr. Fabio Campos Pamplona Ribeiro
Universidade Federal Rural da Amazdnia (UFRA)
3° Examinador

Prof*. Dr". Maria de Lourdes Souza Santos
Universidade Federal Rural da Amazdnia (UFRA)
Suplente



Ao meu filho, Mateus.



AGRADECIMENTOS

Agradego, primeiramente, a Deus.

A minha familia, aqui representada pelos meus pais, Regina e Marcos, pelo meu esposo
Joary Paulo, pelo meu filho Mateus e pelos meus irmaos Leonardo e Eduardo. Obrigada pelos
maravilhosos momentos que me fizeram mais feliz, pelos momentos dificeis que me tornaram
mais forte e por todo o amor e suporte oferecidos a mim durante a pds-graduagao.

A Universidade Federal Rural da Amazonia (UFRA) e ao Programa de Pés-Graduagdo
em Aquicultura e Recursos Aquaticos Tropicais (PPGAqQRAT — UFRA) pela oportunidade.
Agradego também a Coordenacgdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
pela concessdo de bolsa de estudos.

Ao meu orientador Prof. Dr. Nuno Filipe Alves Correia de Melo, por todo o auxilio
dispensado a mim para a execucao deste trabalho, pela amizade e por muito ter contribuido para
a minha aquisi¢do de conhecimento cientifico e formacao durante o curso de mestrado.

A Prof*. Dra. Lucinice Belucio e aos demais integrantes do Laboratério de Biologia
Aquatica (BIOAQUA — UFPA). Sem o suporte da prof®. Luci e de sua equipe nas atividades de
campo, durante a minha gestagdo, este trabalho seria bem mais dificil. Muito obrigada pelo
apoio, incentivo € momentos de confraternizagao.

A minha turma de mestrado 2015. Agradego por todos os momentos descontraidos que
passamos juntos, pelo baby-ché, pelo churrasco, pela festa junina e, principalmente, por todos
os conhecimentos técnico-cientificos que adquiri com vocés.

Aos integrantes do Laboratorio de Ecologia Aquatica e Aquicultura Tropical (LECAT
— UFRA) por terem me acolhido como uma dos seus.

Aos meus amigos do laboratério Denise Cristina, Ewertton Gadelha, Maiara Freitas e
Samara Cayres. Obrigada pelas risadas, pela amizade e pelo aprendizado que compartilhamos
durante este processo de nos tornarmos mestres.

Aos mestrandos Graziela Jones e Jodo Vitor, por terem me cedido material necessario
para as analises de clorofila-a.

A Prof® Dr*. Maria de Lourdes Santos, que me cedeu o espago do Laboratorio de
Quimica Ambiental (LQA — UFRA) para a realizacao de analise de clorofila-a e turbidez e, a
Msc. Ana Carolina Sousa por ter me ensinado € me ajudado com as referidas analises.

A Prof?® Dr.* Vania Neu, a qual também me cedeu o espaco do Laboratério de
Hidrobiogeoquimica (HBGQ — UFRA) e, pela académica Gabriella Aragjo por ter me ajudado

com as analises de condutividade e salinidade.



Ao Dr. Fabio Pamplona por me ensinar a fazer varias analises estatisticas importantes
para a realizagdo deste trabalho.

Ao Msc. Marcelo Francisco da Silva por me ensinar a Analise de Espécies Indicadoras.

Ao Msc. Anderson Mangas por me ajudar a formatar esta dissertacao.

E, finalmente, a todos aqueles que me ajudaram de alguma outra forma para a realizagdo

deste trabalho.



“O homem nao herda a Terra de seus pais.
Apenas a toma emprestada de seus filhos”
Jean Jacques Cousteau



RESUMO

Os estuarios s@o zonas de transicdo onde persistem condi¢des de instabilidade que promovem
respostas fisiologicas e estruturais no desenvolvimento, sobrevivéncia e dispersdao dos
organismos fitoplanctonicos. A comunidade fitoplanctonica nos estuarios estd relacionada a
diversos fatores, como pluviosidade, aporte de nutrientes, profundidade da zona fotica e
circulagdo da coluna de 4gua, bem como temperatura, salinidade, transporte das marés e
herbivoria. Baseado nisso, este trabalho tem como objetivo estudar a variagdo espago-temporal
do fitoplancton do estudrio do rio Curuperé, municipio de Curuca-PA, e sua relagdo com os
parametros ambientais, durante os periodos chuvoso (fevereiro de 2015 e maio de 2015) e seco
(agosto de 2015 e novembro de 2015). Para isso, foram realizadas coletas longitudinais,
distribuidas em 10 pontos amostrais, da nascente até a foz. Para a analise quantitativa do
fitoplancton, as amostras foram obtidas por meio da coleta direta da dgua em subsuperficie.
Para analise qualitativa, foi realizado arrasto de trés minutos com rede de plancton conico-
cilindrica, de 20 pm de abertura de malha, 30 cm de didmetro de boca e comprimento de um
metro. O material foi imediatamente acondicionado e fixado em solu¢do de formaldeido a 4%.
Para a obtengdo da biomassa fitoplanctonica, foram coletadas amostras de agua para a
determinagdo de teores de clorofila-a. Para o registro de dados abidticos, foram tomadas
amostras de agua em cada estacdo de coleta para a determinacdo de turbidez, temperatura,
condutividade, salinidade e pH. A densidade de individuos variou de 7.700 ind/L, no ponto 1
no més de maio, a 343.800 ind/L no ponto 4 no més de agosto. Bacillariophyta foi a divisao
mais representativa nos 4 meses. Foram observadas diferencas significativas entre os meses e
entre nascente e foz para diversidade, equitabilidade e dominancia especifica. Cymatosira
belgica e Dimeregramma minor foram espécies com comportamento mais dominante em
relagdo as demais. A correlacdo ndo-paramétrica de Spearman mostrou um forte padrao sazonal
para o arranjo dos pardmetros ambientais. Ja para a comunidade microfitoplanctonica, foi
observada uma reparticao bem clara entre os organismos em seus respectivos periodos sazonais
e pontos amostrais, sendo possivel identificar espécies fortemente indicadoras do ambiente, por
meio da andlise de espécies indicadoras (IndVal), e suas relagdes com suas principais condigdes
ambientais, determinadas pela andlise de redundancia canonica (RDA). Pdde-se perceber que
em graus intermediarios da mistura da 4gua na nascente do rio, foi possivel encontrar o maximo
de diversidade das espécies, enquanto que o elevado grau de mistura promovido pela dgua
oceanica nas amostras intermediarias e de foz permitiu a ocorréncia de uma ou poucas espécies
resistentes a este distirbio. Os valores de clorofila-a mantiveram-se elevados durante todo o
ano, enquanto que a comunidade fitoplanctonica revelou possuir uma grande quantidade de
espécies indicadoras do ambiente.

Palavras-chave: Fitoplancton, estuario, Amazonia, pardmetros ambientais, variagdo espaco-
temporal.



ABSTRACT

Estuaries are transition zones where there are instability conditions that promote physiological
and structural responses in the development, survival and dispersion of phytoplanktonic
organisms. The phytoplankton community in the estuaries is related to several factors, such as
rainfall, nutrient supply, depth of the photic zone and circulation of the water column, as well
as temperature, salinity, tidal transport and herbivory. Based on this, this study aims to evaluate
the spatio-temporal variation of the phytoplankton of the Curuperé estuary, Curuca-PA
municipality, and its relationship with environmental parameters during the rainy season
(February 2015 and May 2015) and dry season (August 2015 and November 2015). For this,
longitudinal sampling was carried out, distributed in 10 sampling sites, from the source to the
mouth of the river. For the quantitative analysis of the phytoplankton, samples were obtained
through the direct collection of the water in subsurface. For qualitative analysis, a three-minute
trawl was performed with a conical-cylindrical plankton net, 20 pm mesh opening, 30 cm mouth
diameter and one meter length. The material was immediately conditioned and fixed in 4%
formaldehyde solution. To obtain the phytoplankton biomass, water samples were collected for
the determination of chlorophyll-a contents. For the abiotic data recording, water samples were
taken at each sampling site to determine turbidity, temperature, conductivity, salinity and pH.
The abundance of individuals ranged from 7,700 ind / L, at site 1 in May, to 343,800 ind / L at
site 4 in August. Bacillariophyta was the most representative division in the 4 months.
Significant differences were observed between months and between source and mouth of the
river for diversity, equitability and specific dominance. Cymatosira belgica and
Dimeregramma minor were species with more dominant behavior in relation to the others. The
Spearman non-parametric correlation showed a strong seasonal pattern for the arrangement of
environmental parameters. For the microphytoplankton community, a very clear distribution
was observed between the organisms in their respective seasonal periods and sampling sites. It
was possible to identify species strongly indicative of the environment, through the analysis of
indicative species (IndVal), and their relationships with their main environmental conditions,
determined by canonical redundancy analysis (RDA). It was observed that in intermediate
degrees of water mixing at the source of the river, it was possible to find the maximum diversity
of the species, while the high degree of mixing promoted by the oceanic water in the
intermediate and mouth samples allowed the occurrence of one or few species resistant to this
disorder. The values of chlorophyll-a remained high throughout the year, while the
phytoplankton community showed a large number of species indicative of the environment.

Key words: Phytoplankton, estuary, Amazon, environmental parameters, spatio-temporal
variation.
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APRESENTACAO

Este trabalho foi desenvolvido no Programa de Pés-Graduagdo em Aquicultura e
Recursos Aquaticos Tropicais da Universidade Federal Rural da Amazoénia - UFRA, sob a
orientagdo do Prof. Dr. Nuno Filipe Alves Correia de Melo.

O primeiro capitulo inclui uma revisao sobre o tema e sobre o conhecimento acerca da
area de estudo, além da descri¢do dos métodos de amostragem e de andlise utilizados.

No segundo capitulo foi feita uma abordagem sobre a variagdo espago-temporal da
composi¢ao, riqueza e diversidade da comunidade fitoplanctonica no estudrio do rio Curupere,
Curuca, PA, em 4 meses de coleta, bem como discute a dinamica do fitoplancton e dos
parametros ambientais no estuario do rio Curuperé.

O terceiro, e ultimo capitulo, descreve as consideracdes finais a respeito de todo o

trabalho.
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CAPITULO 1: INTRODUCAO, OBJETIVOS E METODOLOGIA
1 INTRODUCAO

A regido costeira se distingue por ser a zona de transi¢cdo entre o continente € o mar, a
qual inclui alguns dos mais produtivos e valorizados ecossistemas da biosfera, contendo lagoas,
lagunas, franjas de recifes de corais, estuarios, manguezais, marismas, igapds, varzeas, entre
outros (FERREIRA; BELUCIO; SOUZA, 2013).

Um estuario constitui-se como um corpo de agua parcialmente rodeado por terra, onde
a dgua doce de um rio se mistura a dgua advinda do oceano. Sao areas que demonstram ser de
altissima produtividade e diversidade bioldgica. O limite continental de um estuério consiste
no limite de acdo das marés. Os estudrios podem ser classificados em estudrios de vales
inundados e de planicies inundadas, fiordes, estuarios com barra e tectonicos (GARRISON,
2010). Os estuarios de planicies inundadas, também conhecidos como rias, apresentam canais
subaquaticos menos profundos que os vales inundados, que se estendem através de diversas
ramificagdes, podendo ser perpendiculares e/ou paralelos costa adentro. Sdo mais influenciados
pela agua marinha do que pelo aporte fluvial. (FAIRBRIDGE, 1980; KNOPPERS et al., 2009).
Os estudrios continuam sendo de grande atratividade para o uso humano, podendo ser
costumeiramente dragados para a implantacdo de portos, marinas, recursos recreativos,
aterrados para a formagdo de espagos para casas e agricultura e, ¢ claro, utilizado em larga
escala por atividades pesqueiras e, nas ultimas décadas, por atividades aquicolas (GARRISON,
2010).

Associados aos estuarios, os manguezais ocorrem ao longo das regides costeiras entre
latitudes 35°N e 38°S. Dentro deste intervalo, se desenvolvem em uma série de condig¢des
ambientais, com salinidades variando entre 0 e 90. Estima-se que 70% das zonas costeiras
tropicais e subtropicais possuam ecossistema de manguezal, o que corresponderia a 15 milhdes
de hectares espalhados pelo mundo (REZENDE et al., 2009). Segundo Adaime (1987), os
manguezais situados proximos a linha do Equador possuem maior estrutura de tamanho quando
comparados com os que estdo localizados em latitudes mais altas. Condi¢des como elevada
disponibilidade de energia durante o ano todo e aporte de sedimentos ricos em nutrientes, talvez
influenciem este padrao.

Considerando a area total de cobertura dos manguezais brasileiros, cerca de 85%
ocorrem ao longo dos 1800 km de costa do Amapé, Pard e Maranhdo, sendo que esta

caracteristica reflete a topografia e os aspectos hidrolégicos da regido, onde ocorrem extensas
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planicies do Quaternario, com uma precipitagdo que excede 2000 mm e uma amplitude de
marés pode chegar a ser superior a 8 m (REZENDE et al., 2009).

O ecossistema de manguezal apresenta caracteristicas peculiares, como terrenos baixos
e de regido estuarina com aguas calmas e salobras devido a influéncia da maré. E considerado
um dos ecossistemas mais ricos, em que a fauna e flora vivem nos limites da tolerancia
(ZAFFALON, 2012) e ¢ caracterizado como area de grande valor ecologico, zona de bergario
para iniumeras espécies que o utilizam para reproducgdo, alimentagdo, crescimento e protecao, €
que oferece apoio as comunidades planctonicas e bentonicas (KRISTENSEN, 2008).

Dentre os organismos de elevada importancia encontrados em ambientes marinhos ou
estuarinos, pode-se citar o plancton. O plancton, do grego mlayktdv, que significa errante, €
composto por organismos que vivem na coluna de agua, mas que ndo possuem poder de
locomocgao suficiente para sobrepor os movimentos das massas de agua. Devido a isso, sua
distribuicdo ¢ controlada pelas correntes, marés, vento e turbuléncia (CALAZANS;
MUELBERT; MUXAGATA, 2011). A comunidade planctonica representa a base principal da
teia alimentar marinha, formada por milhares de espécies de pequenos organismos animais
(zooplancton), organismos clorofilados (fitoplancton), virus (virioplancton) e bactérias
(bacterioplancton), representantes de diversos grupos taxonOmicos e tamanhos que, em
principio, variam entre 0,2 ¢ 5000 micrometros, com exce¢do do "plancton gigante" tais como
cnidarios (medusas, agua-viva) ou eufausiaceos como o krill antartico (BRANDINI et al.,
1997). Apesar de ndo possuir muita locomocgao horizontal, algumas das espécies de plancton
podem deslocar-se significativamente no sentido vertical entre o dia e a noite. Tal
comportamento pode ser chamado de migracdo nictemeral (CALAZANS; MUELBERT;
MUXAGATA, 2011).

O termo fitoplancton refere-se as algas microscopicas unicelulares que vivem na coluna
de dgua e que derivam em func¢do dos movimentos aquaticos. Este termo ndo possui valor
taxondmico, pois agrupa organismos muito distintos entre si quanto a origem, composi¢ao
quimica e morfologia. Sdo indicadores de alta produtividade bioldgica (densidades de centenas
de milhares de células por litro), oferecendo deste modo, boas condigdes aos ambientes naturais
e ao desenvolvimento da maricultura e da pesca extrativista (BONECKER; BONECKER;
BASSANI, 2009). As espécies que compdem o fitoplancton possuem clorofila-a e outros
pigmentos acessorios, sao fotoautotroficas e apresentam-se como uma fonte primaria de
alimento a diversos outros organismos da coluna de dgua e do sedimento, constituindo-se como
o principal grupo de produtores primarios marinhos. A producao primaria ¢ de fundamental

importancia para a sustentagdo de todas as formas de vida na natureza e para a estruturacdo de
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todos os ecossistemas, pois por meio dela viabilizam-se fluxos de energia e matéria entre os
componentes abidticos e os organismos vivos (LOURENCO; MARQUES JUNIOR, 2009).

Os organismos fitoplanctonicos podem ser utilizados como indicadores bioldgicos de
qualidade da dgua porque respondem rapidamente as alteracdes ambientais e fisico-quimicas
do meio aquatico. Estas altera¢cdes podem causar mudangas na dinamica da comunidade
fitoplanctonica, como por exemplo, a redu¢do brusca do nimero de espécies ou efeitos mais
sutis, como a perda da capacidade reprodutiva e alteragdes no ritmo de crescimento dos
organismos (LOBO; CALLEGARO; BENDER, 2002).

As variagdes sazonais também sdo comuns nessa comunidade, e em regides tropicais
a amplitude e periodicidade dessas variagdes dependem quase exclusivamente do regime de
chuvas (BASTOS; FEITOSA; MUNIZ, 2005).

Em relagdo ao fitoplancton de estuarios, tais ambientes sdo caracterizados como zonas
de transicdo e onde persistem condi¢des de instabilidade, havendo ocorréncia de constantes
alteragdes determinadas pelos parametros fisicos e quimicos, com periodos de maior influéncia
terrestre e outros de maior influéncia oceanica. Essas alteragdes promovem respostas
fisiologicas e estruturais causando profundas modificagdes no desenvolvimento, sobrevivéncia
e dispersdo dos organismos fitoplanctonicos (ESKINAZI-LECA; KOENING; SILVA-
CUNHA, 2004).

O desenvolvimento sazonal e espacial e a sucessdo das populagdes fitoplanctonicas
sofrem influéncia de varios fatores ambientais como luz, temperatura, nutrientes organicos e
inorganicos, competicao e herbivoria, além das propriedades fisiologicas de cada espécie
(WETZEL, 1993 apud COSTA, 2010).

Desse modo, ¢ importante que o estudo sobre a comunidade do fitoplancton do estuario
do rio Curuperé, area de estudo do presente trabalho, se faca de maneira concomitante aos
parametros fisico-quimicos, uma vez que estes influenciam diretamente a vida dos organismos

aquaticos.

1.1 INVESTIGACOES SOBRE O FITOPLANCTON EM ESTUARIOS TROPICAIS

Ao redor do mundo, existem trabalhos que exploram o conhecimento acerca do
fitoplancton estuarino e/ou associado a areas de manguezal. Tais publicagdes mostram estudos
sobre a composicao das espécies, biomassa e densidade celular e, ecologia dos individuos

fitoplanctonicos, relacionando-as com parametros abioticos.
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Harrison et al. (1997), por exemplo, avaliaram a dindmica dos nutrientes e do
fitoplancton em dois canais de maré adjacentes ao manguezal, no canto nordeste do delta do rio
Indo, Paquistao. O fitoplancton dominante foi representado por grandes diatomaceas (>20um)
peléagicas (principalmente céntricas). As diatoméceas peladgicas dominantes foram: Eucampia
zodiacus, Melosira moniliformis Schroederella schroeder, Rhizosolenia setigera,
Coscinodiscus nodulifera, Coscinodiscus thori, Cerataulina bergoni, Cylindrotheca
closterium, Leptocylindrus danicus, Lauderia borealis, Corethron criophilum, Thalassionema
nitzschioides, Chaetoceros teres, Chaetoceros decipiens e Chaetoceros densum. A
produtividade primaria foi moderadamente elevada, considerando a turbidez extrema destes
canais.

Saravanakumar et al. (2008) apresentaram um estudo sobre a varia¢do espacial e
temporal do fitoplancton do manguezal localizado no distrito de Kachchh-Gujarat, no mar da
Arabia. Foram identificadas 103 espécies do fitoplancton, dentre elas, 82 foram de diatoméceas
(Bacillariophycea), 16 espécies de dinoflagelados (Dinophycea), 3 espécies de cianoficeas
(Cianophycea) e 2 espécies de cloroficeas (Chlorophycea). Dentre as espécies, Hemidiscus
hardmanianus, Coscinodiscus radiatus, Cerataulina bergonii e Spirulina sp. foram as mais
abundantes. As maiores densidades de organismos do fitoplancton foram registradas durante o
periodo de mongdes (julho a outubro) e, as menores, no inicio do periodo de inverno (novembro
a fevereiro).

Biswas et al. (2009) elaboraram um estudo que considerou a dinamica do fitoplancton
em quase duas décadas (1990 a 2007), em um ecossistema de manguezal (Floresta de mangue
de Sundarban) associado ao rio Ganges, na costa nordeste do golfo de Bengala, India. Floragdes
da diatomacea Coscinodiscus radiatus foram comuns em 2000 e 2007. Os ciclos de maré e o
inicio da temporada de mongdes foram importantes na variabilidade diurna e sazonal do
fitoplancton. O biovolume mostrou sazonalidade, com os niveis mais altos durante os periodos
p6s-mongao e niveis mais baixos durante o periodo das mongdes.

Rajkumar et al. (2009) focaram no estudo da variagdo espacial e temporal da
diversidade do fitoplancton e da produtividade primaria nas dguas adjacentes ao manguezal de
Pichavaram, costa sudeste da India, em relacdo as suas caracteristicas hidrograficas entre
setembro de 2002 e agosto de 2003, incluindo anélise de clorofila — a. Foi identificado um total
de 94 espécies do fitoplancton. Entre estas, as diatomaceas constituiram o grupo predominante.
O pico de diversidade do fitoplancton foi observado durante a temporada de verdao, na qual a
densidade maxima da populagdo também foi encontrada, coincidindo com as condi¢des

hidrograficas estaveis.
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O fitoplancton do setor Ancén de Iturre, baia El Tablazo, no sistema estuarino de
Maracaibo, na Venezuela, foi estudado por Yépez, Flores-Sadnches e Brito (2009). A
composi¢ao do fitoplancton foi representada por 39 géneros pertencentes a cinco divisdes. Em
termos de abundancia, os resultados apontam para um predominio da divisao Bacillariophyta,
seguido por Cyanophyta. No entanto, durante os periodos de chuvas intensas, o dominio se
inverteu, com a divisdo Cyanophyta dominante. A maior diversidade ocorreu nos periodos de
estiagem.

Aziz, Rahman e Ahmed (2012) também realizaram estudos acerca da comunidade
fitoplanctonica do estuario proximo ao manguezal de Sundarban (india). O fitoplancton foi
representado por 36 espécies que pertenciam as classes Bacillariophyceae (30), Chlorophyceae
(3), Euglenophyceae (2) e Xanthophyceae (1). As espécies Qocystis pusilla, Coscinodiscus
excentricus, C. lineatus e Navicula brekkeansis ocorreram em grande abundancia. O niimero
total de individuos de fitoplancton por litro foi, no geral, mais elevado durante a mar¢ baixa.

Tapia (2012) investigou a variabilidade sazonal do fitoplancton e sua relagdo com
parametros ambientais no estudrio interior do rio Esmeraldas, no Equador, durante os anos de
2004 e 2005. O fitoplancton apresentou uma variabilidade na composi¢cdo de espécies co
aumento em setembro de 2004 e diminui em abril de 2005. As diatomaceas tiveram maior
abundancia. As principais espécies no ambiente estuarino foram Climacosphenia monoligera,
Pseudo-nitzschia paradoxa, Thalassiotrix frauenfeldii, Terpsinoe musica e Coscinodiscus
excentricus, enquanto que as espécies representativas no meio marinho foram Navicula tuscula,
Climacosphenia monoligera, Lauderia borealis, Coscinodiscus concinnus e Cyclotella
menenghiniana, apresentando elevadas abundancias.

Diaz-Ramos et al. (2013) avaliaram a estrutura da comunidade fitoplanctdnica do
sistema fluvial-estuarino do Canal Manamo, no rio Orinoco, Venezuela. Foram obtidos 101
taxons do fitoplancton, que incluiu espécies marinhas, estuarinas e de agua doce. Os taxons
mais abundantes e frequentes foram Odontella aurita e Skeletonema tropicum (diatomaceas),
caracteristicas de dguas marinhas, e Bumilleria sp e Mallomonas sp (Xantofita e crisofita,

respectivamente) caracteristicas de aguas continentais.

1.2 INVESTIGACOES SOBRE O FITOPLANCTON EM ESTUARIOS BRASILEIROS

A maioria dos trabalhos sobre fitoplancton de estudrio publicados no Brasil, assim

como em outros paises, também enfoca nos estudos sobre a composi¢do especifica / listas
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taxonOmicas, biomassa e abundancia, além da ecologia dos individuos fitoplanctonicos,
fazendo uma rela¢do com caracteristicas ambientais e pardmetros hidrolégicos.

Dentre as producdes do Sul e Sudeste brasileiros, da-se destaque ao levantamento
taxondmico feito por Procopiak, Fernandes e Moreira-Filho (2006) a respeito das diatomaceas
estuarinas e marinhas do estado do Parand. As espécies foram listadas com base em trabalhos
publicados desde 1918 e no ambito do projeto ALARME (Agua de Lastro: Anélise de Risco,
Plano de Manejo Ambiental ¢ Monitoramento de Espécies Exoticas no Porto de Paranagua,
Parana) no Complexo Estuarino de Paranagua. Um total de 789 taxons especificos foram
registrados, distribuidos em 167 géneros.

Villac e Tenenbaum (2010) realizaram um histérico de estudos sobre a biodiversidade
fitoplanctonica da baia de Guanabara, Rio de Janeiro, com base em 57 publicagdes relativas a
amostras coletadas no periodo entre 1913 e 2004. O inventario realizado incluiu 308 taxons
dentre 199 diatoméaceas, 90 dinoflagelados, 9 cianobactérias, 5 euglenoficeas, 1 cloroficea, 1
prasinoficea, 1 silicoflagelado e 2 ebriideos, sendo que os tdxons considerados mais importantes
foram o dinoflagelado Scrippsiella trochoidea e diatomaceas do complexo Skeletonema
costatum.

A variagdo temporal do fitoplancton no canal estuarino de Santos, Sdo Paulo, foi
avaliada por Masuda, Moser e Barrera-Alba (2011). A comunidade de diatoméaceas aumentou
em periodos de menor velocidade das correntes (picos de maré) durante a estagdo seca,
provavelmente devido a baixa estratificacdo da coluna de agua apds as mudangas de maré e
disponibilidade de luz. Por ourto lado, a abundancia de dinoflagelados aumentou apds os
eventos de precipitagdo, provavelmente devido a uma maior estratificagdo halina e um aumento
na quantidade de nutrientes dissolvidos. A ocorréncia em alta densidade de Pseudo-nitzschia
seriata € Prorocentrum minimun reforga a necessidade de um programa de monitoramento
constante na regiao, por serem espécies consideradas toxicas.

Parizzi et al. (2013) investigaram a varia¢do sazonal do fitoplancton e pardmetros
ambientais no canal do rio Palmital, baia de Barbitonga, Santa Catarina. O fitoplancton teve
como componentes dominantes as diatomaceas penadas e céntricas, seguidas por
dinoflagelados e cianoficeas. As espécies Skeletonema costatum e Odontella sinensis foram as
mais abundantes, principalmente no verdo. A grande quantidade de taxons bénticos registrados
neste estudo deve-se a baixa profundidade associada a circulagdo local. Correlagdes
significativas entre as variaveis ambientais e a abundancia do fitoplancton foram observadas.

A diversidade fitoplanctonica na area estuarina ¢ marinha proxima ao rio Itajai-Acu,

Santa Catarina, foi avaliada por Fonseca, Dell’Agnolo e Tamanaha (2014). A composi¢do
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floristica esteve representada pelas diatomdceas com maiores abundéancias. A comunidade
fitoplanctonica encontrada na regido estuarina do rio Itajai-Acu foi caracterizada por densidades
e riqueza especifica baixas. As espécies que apresentaram maiores densidades foram
Skeletonema sp, Dactyliosolen fragilissimus, Asterionellopsis glacialis, Chaetoceros spp, €
Pseudo-nitzschia spl.

E, finalmente, a estrutura da comunidade fitoplanctonica em um setor da baia de
Guanabara (RJ) foi estudada por Rezende et al. (2015). Os resultados destacaram a alta
representatividade de diatomaceas, dinoflagelados e cianobactérias, representados por 111
taxons tipicos de ambientes estuarinos/costeiros. A coexisténcia de espécies bentdnicas e
planctonicas indicou o alto hidrodinamismo local. Entre os tdxons "tipicos", destacaram-se as
cianobactérias da Ordem Oscillatoriales, as diatomaceas Cylindrotheca -closterium e
Leptocylindrus minimus e o dinoflagelado Prorocentrum triestinum.

A regido Nordeste brasileira possui uma grande quantidade de produgdes cientificas a
respeito do estudo das comunidades fitoplanctonicas estuarinas, com destaque para o estado de
Pernambuco. Dentre estas produgdes, pode-se citar Eskinazi-Leca e Passavante (1980), os quais
relataram um estudo quali-quantitativo do fitoplancton que ocorre no estuario do rio Igarassu,
Itamaracd, Pernambuco. Quarenta e duas espécies de diatoméceas foram identificadas,
representando o grupo mais frequente de microalgas marinhas amostradas. Na area estudada,
as espécies dominantes foram: Coscinodiscus centralis, Biddulphia regia, Rhizosolenia
setigera var. daga e Chaetoceros sp., todas consideradas marinhas eurialinas.

A dindmica diurna e sazonal do fitoplancton do estudrio do rio Paraiba do Norte,
Paraiba, foi estudada por Moura et al. (1995). O ciclo anual mostrou maiores densidades de
células apos o periodo de chuvas. Nao foi observada relacdo entre concentracdo total do
fitoplancton e os ciclos de maré, embora as células de tamanho que variaram entre 5 ¢ 10 um
mostraram um bom sincronismo com as marés enchentes, enquanto que as células maiores que
20 um, estiveram mais presentes na condi¢do de maré baixa.

Lacerda (2004) avaliou uma série temporal do fitoplancton no estudrio de Barra das
Jangadas, Jaboatao dos Guararapes, Pernambuco. Duzentas e sessenta e seis espécies foram
encontradas neste estudo, sendo dominantes as diatomaceas Cyclotella meneghiniana, e
Coscinodiscus centralis; as cianoficeas Microcystis flos-aquae, Microcystis aeruginosa e
Oscillatoria spl, e a cloroficea Sphaerocystis sp. Foram registradas 48 espécies como novas
ocorréncias para Pernambuco. A biomassa fitoplanctonica foi mais elevada no periodo seco.

Melo-Magalhdes, Koening e Sant’Anna (2004) realizaram um levantamento do

fitoplancton e das varidveis ambientais nos canais do sistema estuarino lagunar
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Mundat/Manguaba, Alagoas. Neste estudo, foram identificados 113 tdxons, com predominio
de espécies marinhas neriticas. A divisdo Bacillariophyta foi a mais representativa. A densidade
fitoplanctonica variou entre 95.000 a 3.315.000 células por litro e a clorofila-a entre 1,07
mg.m™ a 36,7 mg.m>, com valores maiores durante o periodo chuvoso. As especies mais
abundantes e frequentes foram Coscinodiscus centralis, Actinocyclus normanii f. normanni,
Skelelonema costatum, Thalassiosira eccentrica, Protoperidinium spp., Microcystis
aeruginosa ¢ Oscillaloria sancta.

Santiago (2004) realizou um estudo sobre a ecologia do fitoplancton do estuario do rio
Pisa Sal, Galinhos, Rio Grande do Norte. Foram identificados 210 taxons do fitoplancton,
destacando as diatomdceas, seguidas pelos dinoflagelados, cianoficeas, cloroficeas e
euglenoficeas. Os resultados analisados demonstraram que o estudrio do rio Pisa Sal ¢
hipersalino, com forte influéncia marinha. O ambiente foi classificado como eutrofico,
apresentando condic¢des de degradacio.

Melo (2007) fez um levantamento dos nutrientes dissolvidos e biomassa primaria nos
estuarios dos rios Botafogo e Carrapicho, Pernambuco. Os teores de clorofila-a fitoplanctonica
foram maiores no periodo seco no rio Carrapicho, tendo relagcdo direta com o aumento da
concentragdo de nutrientes neste periodo.

Silva (2007) caracterizou a dindmica dos nutrientes inorganicos dissolvidos e clorofila-
a, no estuario do rio Cachoeira, Ilhéus, Bahia, nos periodos seco e chuvoso. As maiores
concentracdoes de nutrientes inorganicos, solidos totais em suspensdo e clorofila-a foram
observadas na porcao interna, na maioria dos meses estudados, caracterizando o local como
eutrofizado.

Um estudo realizado por Ledo et al. (2008) no estudrio do rio Igarassu, Pernambuco,
teve como objetivo registrar as mudangas na qualidade da agua sob influéncia das variagdes
ambientais e seus reflexos na dinamica do microfitoplancton durante um periodo sazonal.
Foram identificadas 210 espécies, distribuidas em cinco divisdes. Bacillariophyta teve maior
representatividade, com 146 espécies. Foi possivel perceber que existe uma forte influéncia da
agua do mar no estuario do rio Igarassu, evidenciada pela presenga de espécies neriticas e
oceanicas, enquanto que, na época de maior quantidade de chuvas ocorreu a presenca
dominante de cianobactérias.

Grego et al. (2009) desenvolveram um trabalho com o objetivo de realizar o primeiro
levantamento sobre a comunidade fitoplanctonica e a hidrologia do ecossistema estuarino do
rio Ariquinda, Tamandaré, Pernambuco. O estuario foi classificado como mesotrofico e a fragao

<20pm do fitoplancton foi a mais representativa para o ambiente, com percentual superior a
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69% da biomassa fitoplanctonica. Foi constatado que o estudrio ndo sofre fortes impactos
antropicos, possui uma moderada capacidade produtiva, e a maré foi a varidvel fisica
condicionante do ambiente.

Santos et al. (2009) verificaram a dinamica da biomassa fitoplanctonica e variaveis
ambientais em um estudrio tropical, na bacia do Pina, Recife, Pernambuco. Observou-se que a
biomassa, representada pelos teores de clorofila-a, variaram entre 7,63 e 187,37 mg/m> durante
a maré vazante e entre 15,60 e 211,15 mg/m? durante a maré enchente, demonstrando que esse
ambiente se apresenta hipereutrofizado, devido a forte agdo antropica a que esta submetido.

Silva et al. (2009) determinaram a estrutura e as variagdes espago-temporal
da comunidade fitoplanctonica e das varidveis ambientais do estudrio tropical do rio Formoso,
Pernambuco. Foram identificados 204 taxons predominando o grupo das diatomdaceas (75%),
seguidas dos dinoflagelados (10,79%), cianoficeas (6,37%), cloroficeas (3,92%), euglenoficeas
(3,43%) e silicoflagelados (0,49%). As maiores concentracdes de nutrientes e biomassa
fitoplanctonica ocorreram durante o periodo chuvoso e nas baixa-mares. A pluviometria e o
aporte marinho foram os parametros que mais influenciaram na hidrologia e na distribuicao da
comunidade fitoplanctonica com reflexo na riqueza taxondmica.

A comunidade fitoplanctonica do estuario do rio Massagana, Pernambuco, foi estudada
por Borges (2011). O objetivo do estudo foi caracterizar quali-quantitativamente a variagao do
fitoplancton em aspectos temporal, sazonal e entremarés, fazendo uma relacdo com os
parametros abidticos. A concentragdo de clorofila-a e de nutrientes caracterizou o estuario como
eutrofico. Foram identificados 106 taxons do fitoplancton, divididos em Bacillariophyta,
Dinophyta, Cyanophyta, Euglenophyta e Heterokontophyta, tendo como espécies dominantes
Gymnodinium sp., Prorocentrum micans, Protoperidinium sp., Asterionellopsis glacialis,
Bacillaria paxillifera, Nitszchia longissima e Eutreptiella sp.

Aquino (2012) investigou o fitoplancton da area estuarina do rio dos Passos,
Pernambuco, em relagdo a sua biomassa, composi¢do e variagao espacial e sazonal, em resposta
as caracteristicas ambientais locais. Foram registrados 129 taxons, representados pelas
diatomaceas (73%), seguidas pelas cianobactérias (18%), cloroficeas (4%), dinoflagelados
(4%) e euglenoficeas (1%), sendo que 32% apresentaram caracteristicas ticoplanctdnicas,
seguidas pelas marinhas planctdnicas oceanicas (28%) e neriticas (24%), dulciaquicolas
(10,6%) e tipicamente estuarinas (5,3%). As diatomdceas Cylindrotheca closterium,
Chaetoceros subtilis, Bacillaria paxillifera, a cianobactéria Johannesbaptistia sp.,

apresentaram relagdo significativa com as varidveis ambientais, sendo que, salinidade e
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tranparéncia da dgua sdo as variaveis possivelmente condicionantes da biomassa e espécies do
fitoplancton.

Lima (2012) fez um estudo com o objetivo de descrever a variagao quali-quantitativa da
microflora planctonica e bentdnica em escala espago-temporal, e identificar os principais
fatores relacionados com variagdes observadas na baia do Sueste, no lado nordeste da ilha de
Fernando de Noronha, Pernambuco. Foram identificados 95 taxons do fitoplancton. As
diatomaceas foram o grupo com maior riqueza, porém as cianobactérias e dinoflagelados
também estiveram representados. A diversidade especifica na area ¢ de baixa a muito baixa,
com aumento no periodo chuvoso para o fitoplancton. A estrutura das microalgas ¢ afetada
pelas varidveis ambientais (pluviometria, teores de salinidade, oxigénio dissolvido, taxa de
saturacao de oxigénio, pH e sais nutrientes).

Na regido amazonica, mais especificamente no estado do Para, poucos sdo os trabalhos
publicados sobre fitoplancton de estudrios como objeto de estudo. A maioria dos estudos
concentram-se em dissertacdes e resumos. Porém, Moreira-Filho, Valente-Moreira e Cecy
(1974 apud Costa, 2010), realizaram levantamento das diatomaceas da foz do rio Guama, onde
foram encontradas 46 espécies, distribuidas em 24 géneros, tendo Coscinodiscus, Biddulphia,
Cyclotella, Navicula, Nitzschia, Actinella, Actinocyclus e Surirella, como espécies
predominantes.

Paiva et al. (2006) realizaram estudo sobre a composicdo, biomassa e ecologia do
fitoplancton em regime bimestral, no periodo de dezembro de 1989 a outubro de 1990, na baia
do Guajara, Pard. O fitoplancton da Baia do Guajara apresentou-se composto por 116 taxons
especificos e infraespecificos, sendo 1 cianoficea, 45 cloroficeas e 70 diatomdceas. Entre estas
ultimas, destaca-se Polymyxus coronalis por ser considerada indicadora de aguas salobras da
regido Amazodnica. Os fitoflagelados foram os organismos mais abundantes. As concentragdes
de clorofila-a variaram entre 1,49 mg/m? e 23,33 mg/m°.

A variagdo espago-temporal do microfitoplancton na regido da foz do rio Guama,
Belém, Par4 foi avaliada por Costa (2008). Cento e setenta e trés espécies foram identificadas,
com destaque para as diatomaceas como o grupo de maior densidade. Nao foram observadas
espécies dominantes. As principais espécies que ocorreram foram Aulacoseira granulata,
Actinoptychus sp. e Cyclotella sp. Foram registradas maiores abundancias celulares durante o
periodo chuvoso.

A dinamica da comunidade microfitoplanctonica relacionada aos parametros fisico-
quimicos do rio Guajara-Mirim, em Vigia, foi estudada por Cardoso (2009). Foram

identificados 78 taxons pertencentes as divisdes Bacillariophyta (65), Chlorophyta (6),
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Cyanophyta (3), Dinophyta (3) e Ochrophyta (1). Bacillariophyta foi predominante em numero
de espécies, frequéncia de ocorréncia e densidade. A variagdo sazonal dos parametros fisico-
quimicos e da densidade especifica foi o fator determinante no agrupamento das amostras,
formando um grupo caracteristico do periodo chuvoso e outro do periodo seco.

A composi¢do e distribuigdo do  microfitoplancton do rio Guama
no trecho entre os municipios de Belém e Sao Miguel do Guama, foram avaliadas por Monteiro
et al. (2009). Foram identificados 85 taxons pertencentes a Dinophyta (1%), Cyanophyta (4%),
Chlorophyta (20%) e Bacillariophyta (75%). Em fun¢@o da composi¢dao do microfitoplancton
apresentada, os autores puderam afirmar que o trecho do rio Guama que vai da desembocadura
até, aproximadamente, 70 km a montante, possui uma ficoflora estuarina.

Costa (2010) realizou um estudo sobre a variagao nictemeral e diversidade do
microfitoplancton do estudrio do rio Curugd, Para, relacionando-as aos fatores ambientais do
estuario. Foram registrados 170 tdxons pertencentes as Divisdes Bacillariophyta (149),
Dinophyta (16), Chlorophyta (3) e Cyanobacteria (2). O filo Bacillariophyta foi predominante
em numero de espécies, frequéncia de ocorréncia e densidade (97,59%). Predominaram
espécies marinhas planctonicas neriticas, marinhas planctonicas nerito-oceanicas, € marinhas
planctonicas oceanicas. A diversidade especifica variou de baixa a muito baixa.

O microfitoplancton do estuario do rio Marapanim, nordeste paraense, foi avaliado por
Santana et al. (2010). O estudo foi conduzido a fim de determinar a composi¢ao floristica e a
ecologia dos organismos. A comunidade do microfitoplancton foi representada por 180 taxons,
dos quais, 18 espécies foram consideradas como novas ocorréncias para o estado do Para. O
aparecimento de espécies ticoplanctonicas, neriticas e oceanicas se deve, principalmente, a
ressuspensao de sedimentos, regime de marés e varia¢ao de salinidade.

Matos et al. (2011) avaliaram a variacao espacial e temporal da composi¢ao e biomassa
fitoplanctonica do estuario do Caeté, Braganca. A comunidade do fitoplancton foi dominada
por diatomaceas (90,3%), seguido por dinoflagelados, cianoficeas e cloroficeas. A comunidade
foi composta principalmente por espécies marinhas (68,3%). A biomassa clorofiliana variou de
3,9 mg.m™ para 17,6 mg.m>. No geral, as mudangas na salinidade, resultantes das oscila¢des
sazonais em precipitacao, modificaram o gradiente horizontal observado dentro do estuério e
constituiu o principal fator determinante na variagdo da composi¢ao, densidade e biomassa do
fitoplancton.

Sodré ef al. (2011) estudaram o efeito das marés sobre a comunidade do fitoplancton
em trés estuarios amazonicos no nordeste do Pard. Foram identificados 73 tdxons do

microfitoplancton, com predominéancia de diatomaceas em todos os trés locais. Os resultados
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indicam que a proximidade com as dguas marinhas e consequentes flutuacdes nos niveis de
salinidade foram o principal determinante da distribui¢do espacial do fitoplancton nos trés
estuarios. Os niveis de maré também tiveram efeito, com as maiores densidades e a biomassa
registrada durante as marés de quadratura, quando a dgua era menos turbulenta. Além disso, a
maior diversidade foi observada durante as marés de sizigia, quando o influxo de 4gua e novas
espécies das areas adjacentes foi mais acentuado.

Reis et al. (2012a) estudaram a variagao nictemeral do fitoplancton da Praia Nova,
praia estuarina localizada no municipio de Colares. Foram contabilizados 111 taxons
pertencentes as classes Cyanophyceae, Chlorophyceae e Bacillariophyceae. Houve
dominancia das diatomaceas, estando a concentragdao destas acima de 90% do total de
individuos em todos os horérios de coleta. Polymyxus coronalis foi a espécie de maior
abundancia.

A composic¢ao do microfitoplancton da praia do Marahu, praia estuarina localizada na
ilha de Mosqueiro, Belém, foi levantada por Reis ef al. (2012b) em dois periodos de marg.
Foram contabilizados 49 taxons pertencentes as classes Cyanophyceae, Chlorophyceae,
Zygnematophycea e Bacillariophyceae. As cianoficeas representaram 61% do total de células
encontradas na vazante. A concentragdo de Bacillariophyceae ficou em torno de 66% do total
de células identificadas na enchente.

Estudos preliminares sobre a composi¢ao e biomassa do fitoplancton dos rios Perert e
Mojuim, em Sao Caetano de Odivelas, foram feitos por Aratjo et al. (2014). Foram
identificados um total de 12 géneros e 39 espécies para os dois rios. Os parametros fisico-
quimicos das aguas dos rios Perert e Mojuim ndo apresentaram variagdes significativas, assim
como a comunidade do fitoplancton, sendo as diatoméceas as mais representativas, como
esperado para regides estuarinas. O rio Pereru apresentou as maiores medidas de biomassa
(abundancia e clorofila).

A dindmica espago-temporal das diatomaceas do estuario do Taperagu, Braganca, foi
avaliada por Oliveira et al. (2014). As diatomaceas estiveram condicionadas aos periodos seco
e chuvoso, os quais influenciaram as variaveis ambientais, em especial, a salinidade, o que
acarretou dominio de espécies marinhas neriticas e maior riqueza especifica durante o periodo
seco.

Os trabalhos de Reis et al. (2014a e 2014b) deram enfoque para a variacdo da
composi¢ao ¢ densidade do microfitoplancton dos estuarios Sdao Paulo e Urindeua, no
municipio de Maracand. Foram encontradas 63 espécies pertencentes as divisoes:

Bacillariophyta (58 taxons, 92%), Dinophyta (3 taxons, 5%) e Cyanophyta (2 taxons, 3%).
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Coscinodiscus, Odontella e Thalassiosira foram os géneros que mais contribuiram para a
dominancia das diatoméceas. O predominio de espécies marinhas indicou a forte influéncia
oceanica na composicao floristica nas areas de estudo. As divisdes Cyanophyta e Dinophyta
foram representadas pelos géneros Anabaena e Oscillatoria, e; Ceratium e Peridinium,
respectivamente. As diatomdceas representaram mais de 90% da abundancia nos dois estuarios.

Por fim, Sena et al. (2015) determinaram a composi¢do do microfitoplancton do
ambiente estuarino do rio Arienga, Barcarena, Para, Brasil. O trabalho teve como objetivo
descrever a composi¢ao, abundancia relativa e freqiiéncia de ocorréncia do microfitoplancton
do local. Um total de 128 espécies foram identificadas, pertencentes as divisdes: Dinophyta
(0,78%), Chrysophyta (0,78%), Cianobactéria (12,50%), Chlorophyta (26,56%), e
Bacillariophyta (59,38%). Foi possivel confirmar dois grandes grupos, sugerindo que o regime
de chuvas foi o principal fator controlador da composicao e variagao espacial das espécies do

fitoplancton ao longo do rio Arienga.

2 OBJETIVOS

2.1 OBJETIVO GERAL

Este trabalho tem como objetivo geral, estudar a variacdo espago-temporal do
fitoplancton do estuario do rio Curuperé, municipio de Curuca-PA, e sua relacdo com os
parametros hidrolégicos, durante os periodos de maior pluviosidade (fevereiro de 2015 e maio

de 2015) e de menor pluviosidade (agosto de 2015 e novembro de 2015).

2.2 OBJETIVOS ESPECIFICOS

- Determinar a composicao floristica da comunidade fitoplanctonica;

- Analisar os padroes de abundancia, diversidade, equitabilidade, dominancia e
frequéncia de ocorréncia desta comunidade no rio Curuperé;

- Caracterizar a variacdo espago-temporal dos pardmetros abiodticos e do fitoplancton
nas aguas locais;

- Relacionar as variagdes observadas na distribui¢do espago-temporal do fitoplancton e
de sua diversidade especifica com as variaveis ambientais consideradas;

- Identificar as espécies indicadoras da comunidade fitoplanctonica local;
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- Entender a dindmica deste ambiente, no que diz respeito a sua dindmica sazonal e

espacial.

3 MATERIAL E METODOS

3.1 DESCRICAO DA AREA DE ESTUDO

A 4rea de estudo situada no estuario do rio Curuper¢, inserido no sistema estuarino do
rio Curugd, municipio de Curuca, Para, sendo parte da Reserva Extrativista Mae Grande de
Curuca. O municipio de Curugd (Figura 1) localiza-se na mesorregido nordeste paraense,
microrregido do Salgado, distante a 120 km da capital Belém. Faz limite ao norte com o Oceano
Atlantico, ao sul com o municipio de Terra Alta, a leste com Marapanim e a oeste com Sao
Caetano de Odivelas e Sao Jodo da Ponta. Este municipio enquadra-se no chamado litoral
amazoOnico, onde se destacam as florestas de manguezais, devido a alta deposi¢ao de sedimentos
e suprimento de nutrientes provenientes da foz de grandes rios como o Amazonas e o Par,
formando extensos estuarios. A influéncia de maré pode ser observada até dezenas de
quilémetros da regido costeira (DIAZ, 2012).

A Reserva Extrativista Mae Grande de Curuca ¢ uma das mais importantes Unidades de
Conservagdo nacionais do litoral amazonico, sendo composta por um vasto estudrio de
aproximadamente 37 mil hectares, povoado por cerca de 6 mil pescadores e suas familias,
distribuidos em 52 comunidades tradicionais, possuindo como centros urbanos a sede do

municipio de Curugé e o distrito de Sdo Joao do Abade (FIGUEIREDO, 2007).
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Figura 1 - Mapa da éarea de estudo no municipio de Curuc¢a (PA), com a localizacdo dos pontos de coleta.
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Fonte: Da autora.
3.1.1 Geologia e Geomorfologia

Os sedimentos principais reconhecidos na regido costeira do municipio de Curuga sdo
representados pela formacao do Grupo Barreiras (Terciario Inferior), Pos-Barreiras e recentes
(Quaternario) (MACOLA; EL ROBRINI, 2004).

No NE do Pard predominam feigdes geomorfoldgicas caracteristicas, tais como,
extensos depositos de lama de planicie de maré, estudrios, baixios, pantanos salinos, cheniers,
dunas, praias e leques de lavagens associados (SOUZA FILHO, 1995; SOUZA FILHO; EL
ROBRINI, 1996; SANTOS, 1996; SILVA, 1996).

A costa ¢ do tipo estuarina, recortada por amplas reentrancias, também conhecidas como
rias, e cobertura interna caracterizada por um manto de faixas arenosas (PALMA, 1979). Para
Barbosa e Pinto (1973), o litoral de rias corresponde a faixa de sedimentos recentes associados
a uma série de ilhas, bacias e canais, presentes em toda a linha de costa, possuindo dire¢cdo
preferencial NE-SO. O relevo litordneo do municipio de Curugé possui estas caracteristicas.

Os manguezais do municipio de Curucd sdo caracterizados por terrenos baixos quase
horizontais, constituidos por sedimentos lamosos ricos em matéria organica com intensa
bioturbagdo e fitoturbagao, sob influéncia das marés (SILVA JR; EL-ROBRINI, 2000). Sao
desenvolvidas nas baias estuarinas e recortadas por corregos e canais de maré (MACOLA; EL

ROBRINI, 2004).
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3.1.2 Vegetacio

A vegetagdo da area de estudo ¢ representada principalmente por bosques de mangue
com uma extensdo no estuario de mais de 100 km?. As espécies dominantes sdo Rhizophora
mangle, seguida de Avicennia germinans, em areas de topografia mais elevada, e uma pequena
quantidade de Laguncularia recemosa (MENEZES, 1994; MELLO et al., 1995; PEREIRA et
al., 2007). No estuério inferior, onde ha a presenca de sedimentos acumulados recentemente,

ha manchas de Spartina spp (PEREIRA et al., 2007).

3.1.3 Aspectos climaticos e meteorologicos

De acordo com Koppen (1948), o clima do nordeste paraense caracteriza-se por ser do
tipo AM (Tropical imido). Possui elevadas quantidades de chuvas, cuja média anual gira em
torno de 2500 mm/ano e baixa variacdo de temperatura, com média de 27°C, valor minimo ja
registrado de 18°C e valores maximos nos meses de agosto a outubro, podendo chegar a 42°C.
Hé um periodo menos chuvoso (junho a novembro) e outro mais chuvoso (dezembro a maio)
(EL-ROBRINI et al., 2006).

A Zona de Convergéncia Intertropical (ZCIT) ¢ o principal sistema de grande escala que
regula o regime de precipitacdo no litoral paraense. A variacao na taxa de insolagdo esta entre
216 ¢ 200 dias de sol ao ano. A nebulosidade ¢ frequente no litoral e a variagdo de temperatura
¢ relativamente estavel. A caracteristica predominante do vento ¢ de fluxo zonal de leste em
quase todo o litoral. A velocidade observada a superficie em média no ano fica em torno de 7
km/h. A umidade relativa média anual do ar varia em torno de 80% a 90%, demonstrando uma
alta taxa de umidade na regido. Os sistemas atmosféricos atuantes sao (Brisas Maritima e
Terrestre, Linhas de Instabilidade (LIs), Zona de Convergéncia Intertropical (ZCIT), El Nifio e
La Nina) (MACOLA; EL ROBRINI, 2004).

3.1.4 Aspectos oceanograficos

No NE do Para, as praias e os estudrios sdo dominados pelo regime de meso e
macromarés semidiurnas que induz a formagao das correntes de marés e exerce um importante
papel na circulagao local influenciando fortemente o transporte sedimentar litoraneo (SOUZA

FILHO; PARADELLA, 2002). Segundo a DHN (1994) apud Ranieri e El Robrini (2012), a
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velocidade das correntes de marés, a altura da Baia de Curuga/PA, alcanga cerca de 2,1 a 3,06

m/s na vazante.

3.1.5 Pontos de coleta

Os pontos de coleta foram estabelecidos ao longo do rio Curuperé, organizados em
ordem crescente da nascente em direcao a foz totalizando 10 pontos com as identificagdes e

coordenadas geograficas aprsentadas na tabela 1:

Tabela 1 — Pontos de coleta ao longo do estuario do rio Curuperé.

Pontos Coordenadas Por¢ao do rio
Pl 0°42'7.10"S / 47°51'8.60"O Nascente
P2 0°42'0.91"S / 47°50'57.48"O Nascente
P3 0°41'52.46"S / 47°50'50.98"O Nascente
P4 0°41'44.10"S / 47°50'48.10"O Intermediaria
P5 0°41'29.90"S / 47°50'44.60"O Intermediaria
P6 0°4124.40"S / 47°50'50.20"O Intermediaria
P7 0°41'17.30"S / 47°50'46.30"O Intermediaria
P8 0°41'2.50"S / 47°50'44.30"O Foz
P9 0°40'51.80"S / 47°50'38.70"O Foz

P10 0°40'41.10"S / 47°50'45.60"O Foz

3.2 METODOS

3.2.1 Trabalho de Campo

O material biologico foi amostrado em 10 pontos de coleta, com distancia de
aproximadamente 300 m entre eles, nos meses de fevereiro e maio/2015 e de agosto e
novembro/2015, sendo os dois primeiros meses inseridos no periodo chuvoso e, os dois ultimos,
no periodo seco (MORAES et al., 2005; EL-ROBRINI ef al., 2006).

O horario de coleta foi selecionado de acordo com a tabua de marés para regiao (DHN,
2015), se enquadrando em preamar diurna de sizigia.

Para a andlise quantitativa do fitoplancton, as amostras foram obtidas por meio da coleta
direta da 4gua em subsuperficie. Para analise qualitativa, foi realizado arrasto de trés minutos
com rede de plancton conico-cilindrica, de 20 um de abertura de malha, 30 cm de didmetro de

boca e comprimento de um metro (Figura 2).
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Figura 2— Arrasto com rede de plancton

Fonte: Denise Ribeiro (Laboratorio de Ecologia Aquatica e Aquicultura Tropical -LECAT/UFRA)

O material foi imediatamente acondicionado em frascos de 180 mL (devidamente
etiquetados) e fixado em solucao de formaldeido a 4%, neutralizado com borax.

Para o registro de dados abioticos, foram tomadas amostras de 4gua em cada estagdo de
coleta, as quais foram armazenadas em garrafas de 180 mL, protegidas da luz, e devidamente
resfriadas para posterior andlise em laboratorio, para a determinagdo de nutrientes. Foram
medidos in situ o pH, com o auxilio de um peagadmetro da marca Schott e a temperatura, com
um termdémetro de mercurio.

Para a obtencdo da biomassa fitoplanctonica, foram coletadas amostras de dgua para a
determinagdo de teores de clorofila-a, as quais foram armazenadas em garrafas de 500 mL,

protegidas da luz, e devidamente resfriadas para posterior analise em laboratério.

3.2.2 Procedimentos de laboratorio

e Condutividade, salinidade e turbidez.

A condutividade e a salinidade foram medidas em laboratorio utilizando a sonda HI
9835 da marca Hanna, bem como a turbidez com o colorimetro DR 890 da marca Hexis (Figuras

4A € 4B).
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Figura 3— Sonda HI 9835 (A) e Colorimetro DR 890 (B)

Fonte: (A) Hanna Instruments; (B) Da autora

e C(lorofila—a

A determinacao do pigmento clorofila-a foi realizado segundo o método de Strickland
e Parsons (1972). As amostras foram filtradas com o auxilio de uma bomba de vacuo (Marca
Prismatec 131A), através do filtro AP15 em microfibra de vidro (marca Merck com didmetro
de 47 mm e porosidade de 0,6 um) (Figura 5A). Os filtros foram acondicionados em envelopes
etiquetados, conservados e refrigerados dentro de um recipiente escuro (UNESCO, 1966). O
volume filtrado variou de acordo com a quantidade de material em suspensao.

Para extracdo dos pigmentos clorofilianos, foi utilizada acetona 90%, sendo colocado o
filtro em tubo de ensaio para ser macerado até a dissolugdo do mesmo. Apods isso, as amostras
foram refrigeradas por 24 horas. Decorrido este periodo, as amostras foram centrifugadas a uma
rotagdo de 3000 rpm por 10 minutos em uma centrifuga modelo Excelsa Baby I, da marca
FANEM (Figura 5B) e o material sobrenadante foi colocado em cubetas, com caminho 6tico
de lcm, para fazer as leituras de absorbancias nos comprimentos de ondas: 630, 645, 665 ¢
750nm (UNESCO, 1966) em um espectrofotometro de marca Biochrom Libra, modelo S50
(Figura 5C).
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Figura 4— Materiais utilizados para a determinagéo de clorofila-a, a saber, filtros de microfibra de vidro (A),
centrifuga (B) e espectrofotometro (C).

a) b) c)

Para os calculos da clorofila-a, foi aplicada a seguinte equagao:

CL=C1xD665—(C2x D645 + C3 x D630+ D750) x v

VxL
Onde:
CL = clorofila a (mg.m?);
Cl=11,6;
C2=1,31;
C3=0,14;

v = volume de acetona a 90% (10 ml);
V = volume de adgua que foi filtrada (litro);
L = Caminho 6ptico da cubeta (1 cm);

D665, D645, D630 e D750 = absorbancias em seus respectivos comprimentos de onda;

3.2.3 Dados pluviométricos

Os dados do regime pluviométrico do municipio de Curugd para os ultimos 25 anos

foram obtidos da Agéncia Nacional de Aguas (ANA, 2016).

3.2.4 Material biologico

Apos a fixacdo, a identificacdo taxondmica dos individuos, provenientes do arrasto com

rede de plancton, foi realizada em laminas provisorias, utilizando microscopio 6ptico Olympus
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CX21. A identificagdo foi realizada segundo Peragallo (1965), Round et al. (1990) e Hasle e
Syversten (1997) para a divisdo Bacillariophyta, Schiller (1937) e Steidinger e Tangen (1997)
para o filo Miozoa, Desikachary (1959) para o filo Cyanobacteria, Bourrelly (1972) para as
divisdes Charophyta e Chlorophyta e Uherkovich e Schmidt (1974) para a divisao
Euglenophyta, dentre outras literaturas especializadas.

Do material bioldgico proveniente da coleta direta, foram extraidas subamostras,
realizando a contagem de individuos em uma camara de Utermohl, com auxilio do microscopio

triocular invertido Coleman NIB-100.

3.2.5 Frequéncia de ocorréncia

A frequéncia de ocorréncia dos taxons foi obtida segundo Mateucci e Colma (1982),
usando a relagdo entre o numero de amostras onde cada tdxon ocorreu e o nimero total de
amostras analisadas em cada més, nas categorias muito frequente (>75), frequente (<75 e >50),

pouco frequente (<50 e >25) e esporadica (<25%).

3.2.6 Analise descritiva

A analise descritiva foi usada para verificar a distribuicdo dos dados de diversidade e

densidade relacionadas a distribui¢do espacial.

o Densidade (D)

Para a determinacdo da densidade do fitoplancton foi utilizado microscépio invertido e
aplicado o método de sedimentagao de Utermohl (1958). As amostras foram armazenadas em
cubetas de sedimentagdo e mantidas em descanso por 24 horas em camara umida para
sedimentacdo das células (UEHLINGER, 1964). Os resultados foram expressos em individuos
por Litro (ind/L) e calculados através da formula: N = n.(a/A).(1/V).10°

Onde, N = numero de individuos por litro; n = nimero de organismos contados; A =
4rea total da camara; a = 4rea contada; V = volume total sedimentado; 10° = fator para
transformagao de ml para Litro. Organismos unicelulares, cendbios, tricomas e formas coloniais

foram consideradas como um tnico individuo.
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o Diversidade (H’)

O indice de diversidade de Shannon (1948), de cada amostra, foi calculado, com

auxilio do programa PAST (HAMMER et al., 2001), através da formula:

w= =2 (G

em que os resultados foram expressos em nats/individuo. Este indice leva em
considera¢ao o numero de individuos e o nimero de espécies. Varia de 0 para comunidades
com apenas uma Unica espécie, até valores altos para comunidades com muitas espécies, cada

uma com poucos individuos.
. Equitabilidade de Pielou (J”)

A equitabilidade foi calculada segundo Pielou (1969) como:

o i
_ngES

7

sendo H’ ¢ o indice de diversidade especifica de Shannon e S € o nimero de espécies de cada
amostra; onde 0 < J* < 1. Valores proximos a zero demonstram uma baixa equitabilidade,
enquanto que valores proximos a 1 indicam uma distribui¢@o uniforme de todas as espécies da

amostra e alta equitabilidade.

e Dominéancia (d)
O indice de dominancia de Berger-Parker (Berger e Parker, 1970; May, 1975) foi
calculado através do software PAST (HAMMER et al., 2001), e expressa a abundancia

proporcional da espécie mais abundante, segundo a seguinte férmula:

d= Nmax/N

Onde Nmax ¢ o numero de individuos da espécie mais abundante, N ¢ o nimero de individuos

das outras espécies e d ¢ o valor do indice de dominancia de Berger-Parker.
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3.2.7 Ecologia numérica

A influéncia da variabilidade dos dados foi avaliada com o objetivo de analisar as
relagdes da densidade do fitoplancton com a variagdo espago-temporal. Para isso foi
considerada a classificagdo das seguintes matrizes: Matriz temporal (composta pelos atributos
relacionados a variagdo sazonal); Matriz ambiental (composta pelas variaveis fisico-quimicas:
temperatura, salinidade, condutividade elétrica, pH, turbidez, nitrito, nitrato, ortofosfato,
amonia e silica) e Matriz da variavel resposta (comunidade microfitoplanctonica) aferida pelos

valores de densidade de ind/L.

e Testes de significancia

A normalidade dos dados de parametros ambientais, bem como a dos valores de
densidade do fitoplancton, do indice de diversidade de Shannon, da equitabilidade de Pielou,
do indice de dominancia de Berger-Parker e da riqueza de taxons, foi testada através do teste
W de Shapiro Wilks (Zar, 1999). Para dados normais foi utilizado o teste T de Student e para
dados ndo-normais, o teste U de Mann-Whitney para avaliar a significancia dos mesmos entre
os periodos chuvoso e seco. Para avaliar a significancia entre os meses amostrados, para dados
normais utilizou-se o teste F (ANOVA) e seu teste a posteriori, o teste de Tukey (testa médias
par a par). Enquanto que para dados ndo-normais, utilizou-se o teste ndo paramétrico H de
Kruskall-Wallis, com o teste a posteriori de Mann-Whitney (U) (amostras par a par), com
corre¢ao de Bonferroni. Para todas as comparagdes (sazonal, mensal e espacial) considerou-se

o nivel de significancia inferior a 5% (p<0,05).

o  Compare diversities

Foram utilizados dois procedimentos diferentes de aleatorizagdo para avaliar diferencas
significativas da diversidade, equitabilidade e dominancia entre nascente e foz nos 4 meses de
amostragem. No procedimento de bootstrap, as duas amostras (nascente e foz) sdo agrupadas e
1000 pares aleatdrios (mesmo numero de individuos das amostras originais) sdo retirados deste
grupo e sao calculados indices de diversidade para cada par. A diferenca em moddulo entre esses
indices ¢ comparada com a diferenca das amostras originais e assim ¢ gerado um valor de p

para a permutagdo. Mil matrizes aleatorias com duas amostras sdo geradas (mesmo niimero de
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linhas e colunas da matriz original) e entdo o valor de p é calculado da mesma forma que no

bootstrap. Considerou-se o nivel de significancia inferior a 5% (p<0,05).

e (Correlacao de Spearman

A correlagao ndo paramétrica de Spearman (rs) foi aplicada aos parametros ambientais,

para identificar padrdes semelhantes durante os periodos seco e chuvoso.

e Analise de Agrupamento

Foi realizada a Anélise de Agrupamento (Cluster), no software PCORD 5 (MCCUNE;
MEFFORD, 2011), sendo empregados os métodos de classificagdo hierarquica e aglomeragao
de Ward, baseado na distancia de Hellinger (MILLIGAN; COOPER, 1987; LEGENDRE;
GALLAGHER, 2001; LEGENDRE; CACERES, 2013), a partir da qual foi avaliada a relagdo
entre as amostras (Modo Q) e as associacdes de espécies do fitoplancton (Modo R). Para tal
foram utilizados dados de densidade do fitoplancton, sendo submetidos ao critério de
eliminagdo de espécies com frequéncia de ocorréncia superior a 95% e inferior a 5% (AZERIA

et al., 2009; POOS; JACKSON, 2012), a fim de evitar distor¢des na analise.

e PERMANOVA

Foi utilizada uma Analise de Varidncia Multivariada Permutada (PERMANOVA)
bifatorial (ANDERSON, 2001), realizada no software PAST (HAMMER et al, 2001),
utilizando algoritmo euclidiano, para testar os fatores variabilidade espacial (por¢des do rio,
divididas em amostras de nascente, amostras intermediarias e de foz) e sazonal (periodos seco
e chuvoso) no agrupamento das espécies. A significancia deste teste foi calculada permutando

as amostras entre grupos, com 9.999 réplicas.
e Analise de Espécies Indicadoras (IndVal)
A utilizagao de organismos como indicadores bioldgicos vém ganhando evidéncia na

biologia da conservagdo e ecologia aplicada. Espécies que sdo fortemente relacionadas com

ambientes de alta diversidade sdo notadamente tteis como bioindicadoras, porque podem ser
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priorizadas nas medidas de conservacdo e monitoramento dos ambientes (OLIVIER;
BEATTIE, 1996).

Neste contexto, foram determinadas as espécies indicadoras do ambiente estudado
(IndVal) (DUFRENE; LEGENDRE, 1997). Este método produz um valor indicador para cada
espécie em cada grupo, que varia de 0 (espécie ndo indicadora) até¢ 100 (indicadora perfeita). A
significancia estatistica do IndVal foi testada pela técnica de Monte Carlo (VALENTIN, 2012).
Para a realizagdo de ambas as andlises foi utilizado o software PCORD 5 (McCUNE;

MEFFORD, 2011). A féormula para a determinagdo do valor indicador das espécies consiste

em:
IndVal(%)=Aij*Bij*x100
Aij=Nindij/Nindi
Bij=Npontosij/Npontosi
Onde:

Aij = medida de especificidade:

Nindij = nimero médio da espécie 1 nas amostras (abundancia) do grupo j;

Nindi = somatério dos numeros médios da espécie i ao longo de todos os grupos;
Bij = medida de fidelidade:

Npontosij = numero de amostras do agrupamento j onde a espécie i esta presente

Npontosi = total do numero de amostras do agrupamento j.

e Anadlise de Redundancia Canonica (RDA)

E, finalmente, para relacionar as varidveis ambientais avaliadas com a comunidade
fitoplanctonica (espécies indicadoras significativas) , foi realizada uma Anélise de Redundancia
(RDA), sendo esta considerada como extensao de uma PCA (VALENTIN, 2012), com o auxilio
do software CANOCO 4.0 (TER BRAAK; MILAUER, 1998).
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ABSTRACT

Phytoplankton community in estuaries is influenced by several factors, such as rainfall,
nutrient supply, depth of photic zone and circulation of water column, as well as temperature,
salinity, tidal transport and herbivory. Thus, this study aimed to evaluate microfitoplankton
dynamics and environmental parameters in the estuary of the Curuperé River, located in an
Amazonian mangrove ecosystem. For this, we defined ten sampling sites, where we obtained
water samples for biological quantification, as well as for the determination of chlorophyll-g,
surface water temperature, turbidity, salinity, conductivity and pH. Significant differences
were observed between months and between river source and mouth for diversity, equitability
and specific dominance in the microphytoplankton community. It was possible to identify
species strongly indicative of the environment, through analysis of indicator species (IndVal),
and their relations with their main environmental conditions (pH, salinity, conductivity and
rainfall), determined by canonical redundancy analysis (RDA). Chlorophyll-a values remained
high throughout the year, while phytoplankton community showed a large number of
indicative species of the environment.

Key words: phytoplankton; estuary; Amazon; environmental parameters; mangrove.

DINAMICA DO MICROFITOPLANCTON E PARAMETROS AMBIENTAIS NA REGIAO
ESTUARINA DE UM ECOSSISTEMA DE MANGUEZAL AMAZONICO
RESUMO

A comunidade fitoplanctonica em estudrios é influenciada por vérios fatores, como
precipitagao, suprimento de nutrientes, profundidade da zona fética e circulacdo da coluna de
agua, bem como temperatura, salinidade, transporte de marés e herbivoria. Assim, este
trabalho teve como objetivo avaliar a dindmica microfitoplancténica e os parametros
ambientais no estudrio do rio Curuperé, localizado em um ecossistema de manguezal na
Amazoénia. Para isso, foram definidos dez locais de amostragem, onde foram obtidas amostras
de dgua para quantificacdo bioldgica, bem como para determinacao de clorofila-a, temperatura
da dgua superficial, turbidez, salinidade, condutividade e pH. Foram observadas diferencas
significativas entre os meses e entre a nascente e a desembocadura do rio para a diversidade,
equitabilidade e dominédncia especifica na comunidade microfitoplanctonica. Foi possivel
identificar espécies fortemente indicativas do ambiente, através da analise de espécies
indicadoras (IndVal), e suas relagdes com suas principais condi¢des ambientais (pH,
salinidade, condutividade e precipitagao), determinadas pela analise de redundancia canénica
(RDA). Os valores de clorofila-a permaneceram altos durante todo o ano, enquanto a
comunidade fitoplanctonica apresentou um grande nimero de espécies indicadoras do meio
ambiente.

Palavras-chave: fitoplancton; estudrio; Amazonia; parametros ambientais; manguezal.



49

INTRODUCTION

Estuaries are highly diverse coastal environments. They also have unique circulations,
complex bathymetric, biogeochemical factors that vary and accord with extensive horizontal
and vertical gradients, and distinct temporal dynamics in the transition from the fluvial to the
marine areas. These complex processes still raise many questions regarding the regulation of
biomass and phytoplankton production in estuaries (Boynton et al., 1982; Cloern, 1987).

The fate of the material introduced into the coastal zone through the tropical estuaries is
controlled by processes very different from those occurring in regions of greater latitude.
Warm and humid climate promotes intensive rock abrasion and increased nutrient supply,
which in turn can lead to high phytoplankton production, inhibited only by a possible increase
in turbidity due to the discharge of fluvial sediments (Nittrouer et al., 1995).

Estuaries located in the north of Brazil are home to the world’s largest mangrove coast, with
a length of 1200 km (Souza-Filho, 2005; Dominguez, 2009). The macrotidal mangroves of the
northeast coast of Para state and northwest of Maranhdo state, known as the Macrotidal
Amazonian Mangrove Coast (MAMC), extend from Maraj6 Bay (Pard) to Ponta de Tubaréao,
Sdo José Bay (Maranhdo), totaling about 650 km of straight line coastline. These mangroves
extend over approximately 7,600 km?2 and are characterized by irregular geomorphology, with
23 estuaries and 30 catchment areas, draining 330,000 km? (Souza-Filho, 2005).

Mangrove estuaries are subject to physical, chemical and biological dynamical processes
that influence water quality. This ecosystem also contributes to an additional organic matter
load, whose decomposition has some effect on the eutrophication of the adjacent aquatic
environment (Souza et al., 2009).

In this context, MAMC estuaries are considered extremely complex environments, which
are fundamentally important for the economic development of the region, especially fisheries
and aquaculture (Sousa et al., 2013).

The MAMC has been the stage for studies of the phytoplankton communities carried out
by Sousa et al. (2008), Sousa et al. (2009), Matos et al. (2011), Sodré et al. (2011), Matos et al.
(2012), Matos et al. (2013) and Matos et al. (2016). Therefore, based on the previously
mentioned assumptions, the purpose of this study is to explain the dynamics of these
organisms in the estuary of Curuperé River, which is located in the great estuarine system of
Curucé River, also located in MAMC. This study contributes to expansion and strengthening

of the knowledge of these factors, and could serve as basis for new studies in adjacent areas
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with similar characteristics, influencing measures of conservation of these important coastal

ecosystems.

MATERIALS AND METHODS
Study area

Curuperé River (Figure 1) flows into Curuga River estuary, Curuga City. It is located in the
northeastern coast of Pard state, inserted in the Mangrove Coast of Amazonian Macrotide
(MAMC). This estuary has approximately 3 km of extension, average depth of 3 meters along
its length, and it becomes increasingly shallow towards the source, including the formation of
sand banks, making it difficult to navigate.

The local climate presents high amounts of rainfall, with an annual average of 2500 mm
year! and low temperature variation; average of 27 °C, with a minimum of 18 °C and
maximum values occurring from August to October, possibly reaching 42 °C (El-Robrini et al.,
2006). The rainy period usually extends from December to May, and the dry season extends

from approximately from June to November (Moraes et al., 2005).
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Figure 1. Map of the study area in Curuca City (PA), with the location of sampling sites.
Sample design
Sampling sites were established along Curuperé River, with a spacing of approximately 300
m, organized in ascending order from the river source towards the mouth, totaling 10 sample

points.
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Sampling was made in four seasons, in months of February, May, August and
November /2015, the first two months corresponding to rainy season and the last two to dry
season (Moraes et al., 2005). The sampling design was standardized according to region tide
chart (DHN, 2015), always occurring in daytime syzygy flood tide.

For the quantitative analysis of the phytoplankton, samples of water subsurface were
immediately conditioned in 180 mL plastic containers (properly labeled) and fixed in 4%
formaldehyde solution.

The pH and temperature were measured with a Schott pHmeter and a mercury
thermometer, respectively. Conductivity and salinity were measured using Hanna HI9835
probe, and turbidity analysis, with Hexis model DR890 colorimeter.

To obtain phytoplankton biomass, water samples were used to determine chlorophyll-a
quantities (Strickland and Parsons, 1972). The samples were stored in 500 mL plastic
containers, protected from light, and cooled for laboratory analysis.

Sub-samples were extracted from samples for analysis, where the biological material was
counted in a sedimentation chamber according to Utermohl (1958), with aid of an inverted
Coleman microscope model NIB-100. Unicellular organisms, cenobios, trichomes and colonial
forms were considered as a single individual. Results were expressed in individuals per liter
(ind.L1).

Shannon's diversity index (Shannon, 1948), Pielou's equitability (Pielou, 1969) and Berger-
Parker's index of dominance (Berger and Parker, 1970) were determined based on density data.

Rainfall data from Curuca City for the last 30 years were obtained from the National Water

Agency (ANA, 2016).

Data analysis

Normality of environmental parameter data, microphytoplankton density, Shannon
diversity index, Pielou equitability and Berger-Parker index of dominance was tested using
Shapiro Wilks W test (Zar, 1999). For normal data, we used Student's T-test, and for non-
normal data we used Mann-Whitney U-test to evaluate their significance between rainy and
dry periods. In order to evaluate the significance of parameters between the sampled months,
ANOVA F-test and its posteriori test, Tukey test (test pairs averages) were used for normal
data. For non-normal data, we used non-parametric Kruskall-Wallis H-test, with a posteriori
Mann-Whitney U-test (pairwise samples), with Bonferroni correction. In both comparisons

(seasonal and monthly) were considered significance level lower than 5% (p<0.05). The
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Spearman nonparametric correlation (rs) was applied to environmental parameters to identify
similar patterns during dry and rainy periods.

Two different randomization procedures were used to evaluate significant differences of
diversity, equitability and dominance between source and mouth in the 4 months of sampling,
the first being a bootstrap procedure and the second a permutation procedure. All analyzes
were performed using the PAST software (Hammer et al., 2001).

Cluster Analysis was performed in the PCORD 5 software (McCune and Mefford, 2011),
from which the relation between samples (Mode Q) and phytoplankton species associations
(Mode R) was evaluated. Phytoplankton density data were used, being submitted to the
criterion of elimination of species with occurrence frequency greater than 95% and less than
5% (Azeria et al., 2009; Poos and Jackson, 2012). A PERMANOVA bifactorial (Anderson, 2001),
performed in PAST software (Hammer et al., 2001), was used to test spatial variability factors
(river portions, divided in source samples, intermediate samples and mouth samples) and
seasonal (dry and rainy periods) in the grouping of species. The significance of this test was
calculated by exchanging the samples between groups, with 9,999 replicates.

The groups of samples formed in Cluster analysis were used to determine species indicative
of the studied environment (IndVal - Indicative Value of the species) (Dufréne and Legendre,
1997). Statistical significance of IndVal was tested by the Monte Carlo technique through 9,999
permutations (Valentin, 2012). PCORD 5 software was used to perform IndVal analysis
(McCune and Mefford, 2011). Characteristic ecological habit for each of significant indicator
species was classified according to Round et al. (1990), Moro and Fiirstenberger (1997) and
Eskinazi-Leca et al. (2010) for diatoms, Steidinger and Tangen (1997) and Odebrecht (2010) for
dinoflagellates and Desikachary (1959) for cyanobacteria, among other specialized literature.
Taxonomic standardization for all groups followed the Algaebase criteria (Guiry and Guiry,
2017).

Finally, in order to correlate environmental variables to phytoplankton community, a
Canonical Redundancy Analysis (RDA) were performed with aid of software CANOCO 4.5
(Ter Braak and Milauer, 2002), using the Monte Carlo test to evaluate significance of
environmental variables in order to explain the biological variables. For a better graphic
visualization, only species with explanatory quantities greater than 20% were selected.
RESULTS
Rainfall regime

In Figure 2 were observed the graph showing the variation of historical monthly average

rainfall in Curuca City, followed by monthly average rainfall of 2015. In the months of January
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and February, 2015, the amount of rainfall was below the standard deviation found in the
historical average for that month, while the months of March and July showed amounts of rain
above the deviation. However, rainfall in the months of sampling (May, August and

November) remained within the data natural variability.
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Figure 2. Total monthly precipitation observed during 2015 and the historical average
monthly rainfall (1988 - 2018) with its standard deviations, data acquired by National Water
Agency (ANA). * Months studied.

Seasonal and monthly variation of environmental parameters

Significant differences were observed only between parameters of pH, salinity,
conductivity (p<0.001) and temperature (p<0.05) evaluated during rainy and dry periods.
These variables had significantly higher values during dry period. Finally, there was also a
significant difference between rainfall values between the two periods (p<0.001), presenting
an inverse pattern.

Correlation data for the rainy season showed that a strong positive correlation between
salinity and conductivity (rs = 0.99, p<0.001) and temperature with salinity and conductivity
(rs ~0.55, p<0.05). These three parameters were less strongly correlated. Negative correlations
occurred between rainfall with salinity and conductivity (rs ~-0.71, p<0.001) and temperature
(rs =-0.61, p<0.01).

For dry period, there was also a positive correlation between salinity and conductivity (rs
=0.98, p<0.001), while turbidity correlated positively with rainfall (rs = 0.66, p<0.01). Negative
correlations were between rainfall with salinity and conductivity (rs = -0.69, p <0.001).

Among the sampled months, were observed significant difference only for the pH (Figure

3C), tested by ANOVA (p<0.001), salinity (Figure 3B) e conductivity (Figure 3D) (p<0.001),
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temperature (Figure 3A) (p<0.01), rainfall (p<0.001), and chlorophyll-a (Figure 3E) (p<0.05), as
assessed by Kruskall-Wallis. The pH values showed significant differences between all
months, but it was possible to notice that pH values of August and November (dry) were
significantly higher than the rainy season months. Salinity and conductivity showed a pattern
similar to pH; however, the two variables decreased significantly from February to May and
increased from May onwards. Temperature also presented a similar pattern to the previously
mentioned variables, however, only May was significantly different from the other months.
Regarding chlorophyll-a, were observed significant difference only between February and
August. Finally, rainfall presented an inverse pattern to the other variables, with the highest
values occurring in February and May, and only between these two months there were no

significant differences.

Specific composition, density and structure of microphytoplankton community

This study identified 212 taxa, belonging to Bacillariophyta (149 taxa), Euglenophyta (5
taxa), Charophyta (4 taxa) and Chlorophyta (4 taxa) phyla were identified, and Myzozoa (29
taxa) and Cyanobacteria (21 taxa) phyla. In general, Bacillariophyta presented the highest
specific composition throughout the sampled period, tending to increase in dry season,
followed by Myzozoa, whose specific composition decreased during dry period.

Furthermore, 164 phytoplankton species were counted, ranging in density from 7,700 ind.L-
1found in point 1 in May, to 343,800 ind.L! in point 4, in August. This last month was the one
that presented the highest densities and greater variations between the sampling points. In
general, density of phytoplankton in ind.L-! tends to increase from source to intermediate

portion of the river and decrease towards the mouth.
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Figure 3. Monthly variation of the parameters evaluated. (a) temperature; (b) salinity; (c) pH;
(d) conductivity; (e) chlorophyll-a; (f) turbidity.

Seasonal periods revealed no difference in abundance values between rainy and dry
periods (p>0.05), but there were differences in abundance between February and May and
between May and August (p<0.05).

In February, Cymatosira belgica was the most abundant species in 9 sampling sites, while
Dimeregramma minor was the second most abundant species in 8 sites, being these two species
the most responsible for the peak of density in point 6 (38,600 and 25,800 ind.L-, respectively).
These species presented very similar patterns of spatial distribution along the river. The
diatom Cylindrotheca closterium was the most abundant species at point 1 (7,600 ind.L-?) and
the second most abundant at point 2 (5,400 ind.L1), both points located closer to river source.
This species density decreased along Curuperé River in February.

In May, Coscinodiscus concinnus was the most abundant at points 4, 5, 8 and 10 (9,650 +
3,767.84 ind.L), while Dimeregramma minor was more abundant at points 1, 7 and 9 (9,933.33
+ 8,295.38 ind.L1). The diatom Navicula gregaria was responsible for higher values of
phytoplankton density at points 2 and 3 (6,050 + 3,889.08 ind.L) and, Cymatosira belgica had
higher density of individuals at point 6 (11,000 ind.L-!). The peak density of phytoplankton at
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point 7 was mainly caused by Dimeregramma minor (17,000 ind.L?), Coscinodiscus concinnus
(15,800 ind.L1) and Cymatosira belgica (13,800 ind.L-) densities.

In August, Cymatosira belgica and Dimeregramma minor were respectively the first and
second most abundant species at all points sampled, being the most responsible for the peak
density of individuals at point 4 (180,600 ind.L-* and 120,400 ind.L-, respectively) and 7
(140,200 and 37,000 ind.L?, respectively). Thirdly, the diatom Odontella longicruris also
obtained a high density of individuals from point 3 onwards (10,475 + 4,108.44 ind.L), except
for point 8, where the third most abundant species was Thalassionema nitzschioides (8,000 ind.L-
1). This month showed higher phytoplankton density when compared to other months.

Moreover, in November, Cymatosira belgica was the most abundant in almost all the
sampling sites, except for point 7, in which the most abundant species was the cyanobacteria
Phormidium cf. nigroviride (48,000 ind.L-). In point 3, the diatoms Skeletonema sp. and
Thalassionema nitzschioides were the most abundant along with Cymatosira belgica (1,600 ind.L
each).

Shannon diversity index varied from 1.26 in August to 3.61 nats.ind.? in February with
monthly averages being 2.82 + 0.67 nats.ind.” in February; 2.44 + 0.38 nats.ind.”! in May; 1.84 +
0.63 nats.ind.? in August; and 2.70 + 0.56 nats.ind.” in November (Figure 4). There was no
significant difference between rainy and dry periods for diversity indexes (p<0.05), but there
were differences between months of February and August and August and November
(p<0.01). August was significantly lower than February and November. We observed a
significant difference between the specific diversity of source and mouth of Curuperé River in
all months (p<0.001).

Pielou equitability varied from 0.36 in August to 0.92 in May and November, and varied,
on average, 0.73 £ 0.14 in February; 0.71 £ 0.09 in May; 0.48 + 0.13 in August; and 0.74 + 0.14 in
November (Figure 4). A difference was showed between the equitability of the species of the
rainy and dry periods, and that of the dry period was significantly lower than that of the rainy
season (p<0.05). There was also difference between monthly equitability values, and it was
possible to observe that the August equitability was significantly lower than that February
(p<0.001), May (p<0.01) and November (p<0.001). Equitability also diverged significantly
between river source and mouth in the 4 months of sampling (p<0.001).

Finally, Berger-Parker index of dominance ranged from 0.10 in May to 0.71 in August, and
its averages were 0.27 % 0.15 in February; 0.26 + 0.07 in May; 0.53 + 0.15 in August; and 0.25 +
0.12 in November (Figure 4). Between rainy and dry periods, were detected difference between

their respective average values of Berger-Parker index, evidencing that in dry period the
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dominance index was higher than in rainy season (p<0.05). There was also a difference
between the values of monthly dominance index, with significant differences between August
and other months (p<0.001), showing that species dominance in August was higher. There
were also significant differences between indexes of dominance of source and mouth in the 4

campaigns carried out in 2015 (p<0.001).
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Figure 4. Monthly means of (a) Shannon diversity index, (b) Pielou equitability and (c) Berger-
Parker index of dominance in four campaigns realized in the year of 2015.

Among species found in the counts, those with a frequency greater than or equal to 95%
were diatoms Cymatosira belgica Grunow, Dimeregramma minor (Gregory) Ralfs, Coscinodiscus
concinnus W. Smith, Thalassionema nitzschioides (Grunow) Mereschkowsky and Thalassionema
frauenfeldii (Grunow) Tempere & Peragallo.

The R mode cluster analysis showed the formation of five species associations. In addition,
these associations were related to both temporal (groups defined for each sampling month)
and spatial patterns (groups that took into account areas near source, intermediate areas and
river mouth) and therefore, in Q mode, its formed also five samples groups (Figure 5).

Association 1 was composed by neritic and oceanic species, with presence of centric
(Odontella aurita, O. longicruris, Trieres mobiliensis, T. sinensis Lauderia annulate, Zygoceros
ehrenbergii, and pennate diatoms (Campylosira cymbelliformis and Pleurosigma elongatum) and

simple filamentous cyanobacteria (Phormidium nigroviride).
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Association 2, in turn, indicates presence of predominantly estuarine species, some with an
optimal development in freshwater (Cyclotella meneghiniana and Fragilaria capucina) and, to a
lesser extent, neritic species. It is composed mostly of diatoms, with a greater number of centric
diatoms (Coscinodiscus radiatus, Cyclotella striata, Melosira nummuloides, Paralia sulcata,
Skeletonema sp., Thalassiosira eccentrica, T. gravida and pennate (Campyloneis grevillea, Diploneis
bombus, D. littoralis and D. crabro). There is the presence of a branched filamentous
cyanobacteria (Scytonema sp.).

Association 3 is composed of majority of estuarine, oligohaline and mesohalobic species
and cosmopolitan neritic species. Most are represented by pennate diatoms (Cylindrotheca
closterium, Nitzschia sigma, Navicula arenaria, Navicula gregaria and Nitzschia sigmoidea). There
are two species of cyanobacteria, one filamentous composed of heterocytes (Yonedaella sp.) and
another simple filamentous (Phormidium corium).

Association 4 is composed of nerito-oceanic species, represented in their totality by
diatoms, centric (Chaetoceros compressus, Ditylum brightwellii, Rhizosolenia setigera and
Skeletonema costatum) and pennate (Bacillaria paxillifera, Navicula sp., Thalassiotrix longissima and
Pseudo-nitzschia delicatissima).

Finally, association 5 has predominantly estuarine-neritic habitats, composed mostly of
diatoms (Aulacoseira granulate, Fragilaria acus, Polymyxus coronalis and Pseuso-nitzschia seriata),
but with the presence of two dinoflagellates species (Peridinium sp. and Tripos fusus).

The nodal analysis (Figure 5) revealed that the highest phytoplankton densities occurred in
species associations 3, 5 and 2. In addition, these associations were related, respectively, to
groups of samples G1, G2 and G3. It is also possible to identify that certain species associations
are absent or with very low densities in certain groups of samples.

According to PERMANOVA results, the variation of species selected for this grouping was
significant both in relation to seasonal pattern (F = 4.91) and spatial pattern (F = 2.72) (p =
0.0001 for both the patterns), but there was no significant difference in interaction between
them (F =-0.78, p = 0.0584).

Indicator species based on groups of samples formed can be identified in Table 1. Of the

species analyzed in IndVal, 54 were significant as environmental indicator species.
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Figure 5. Nodal analysis of the abundance data of 44 phytoplankton species at 10 points and
4 sampling months in course of Curuperé River. Cladograms generated by WARD grouping
method based on Hellinger distance. Legends 1 through 5 represent species associations.
Legends from G1 to G5 represent groups of samples formed. F = February; M = May; A =
August; N = November.

Table 1. Significant indicator species. mar = marine; ner = neritic; oce = oceanic; eur =
eurihaline; mhb = mesohal6bia; olg = oligohaline; s = brackish water, but at unspecified salt
concentrations; I = indifferent, tolerates small amounts of salt; plc = planktonic; tcp =
ticoplanktonic; per = periphytic; eps = epipsamic; epf = epiphytic.

Samples Indval p-

Species Groups (%) Mean Deviation value Habitat
Cylindrotheca closterium 1 77.9 25.3 8.96 0.0001 ner; mhb; plc
Yonedaella sp. 1 69.6 22.3 7.59 0.0001  s; mar; per; epf, tcp
Navicula gregaria 1 66.7 21.5 9.8 0.0009 olg, s; per; epl
Nitzschia recta 1 54.7 15.5 7.56 0.001 s; per; tcp
Navicula arenaria 1 54.2 26.2 8.27 0.004 mar; ner; tcp
Nitzschia sigma 1 54 259 6.58 0.0012  s; mhb; plh; per; tcp
Nitzschia sigmoidea 1 50.4 26.5 11 0.0296 olg; per; tcp
Entomoneis alata 1 46.6 17.6 8.01 0.0063 s; per; tcp



Surirella splendida
Phormidium cf. corium
Guinardia striata
Rhizosolenia setigera
Nitzschia subtilis
Hemiaulus sinensis
Scytonema sp.
Navicula sp.
Skeletonema costatum
Chaetoceros subtilis
Guinardia flaccida
Pleurosigma marinum
Nitzschia palea
Chaetoceros decipiens
Tripos fusus

Tripos furca

Fragilaria acus
Bacillaria paxillifera
Thalassiothrix longissima
Peridinium sp.
Thalassiosira cf. gravida

Campyloneis grevileii

Pseudo-nitzschia delicatissima

Cyclotella stylorum
Coscinodiscus concinus
Melosira nummuloides
Bellerochea malleus
Lauderia annulata
Cymatosira belgica
Odontella longicruris
Zygoceros ehrenbergii
Campylosira cymbelliformis
Tryblionella coarctata
Dimeregramma minor
Diploneis crabro
Paralia sulcata
Cyclotella striata
Psamodiscus nitidus
Actinoptychus senarius
Tryblionella granulata
Chaetoceros costatus
Phormidium cf. nigroviride
Trieres regia

Trieres mobiliensis
Lithodesmium sp.

Thalassiosira subtilis
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71
53.2
50.5
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40
353
33.7
70.1
59
85.7
72.5
65.2
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58.9
542
53.3
529
48.6
43
42.0
33.2
321
29.8
25.6
94.6
51.6
455
37.7
324

16.6
20.7
12.6
19.5
17.3
17.5
184
181
17.2
134
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13.6
11.5
11.3
20.1
17.9
18.6
22.8
23.7
19.9
25.8
28.2
224
17.6
324
20.6
144
229
32.6
26
251
251
154
35.1
234
27.2
26.7
124
14.7
141
12.3
36.1
16.4
227
134
14.6

7.84
6.1
7.09
6.65
7.37
7.07
7.22
8.28
7.75
6.94
7.21
7.19
7.24
7.37
7.44
7.79
7.38
5.65
6.25
6.79
4.52
6.16
5.8
6.62

6.62
7.24
73
5.45
6.52
6.08
5.99
7.04
4.68
7.16
4.98
4.39
7.02
7.54
7.05
7.22
12.9
6.67
5.99
6.86
7.03

0.0066
0.0029
0.005
0.0134
0.0129
0.0182
0.0264
0.0469
0.0402
0.014
0.0302
0.0316
0.03
0.0308
0.0001
0.0001
0.0001
0.0001
0.0014
0.0019
0.0014
0.0478
0.0335
0.0269
0.0001
0.0002
0.0001
0.0001
0.0001
0.0001
0.0001
0.0005
0.0005
0.0003
0.0052
0.0051
0.0023
0.0237
0.0231
0.0265
0.0448
0.0002
0.0004
0.0033
0.0114
0.0299
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s; per; plc; tcp
s; per; tcp
mar; eur; ner; oce; plc
mar; ner; oce; plc
s; per; tcp
mar; eur; ner; plc
s; per; tcp
s; per; tcp
mar; eur; ner; plc
mar; s; net; plc
mar; eur; ner; plc
mar; s; net; plc
olg; per; plc
mar; ner; plc
mar; ner; s; ple
mar; ner; s; plc
I; per; epf; plc
mar; eur; per; plc
mar; ner; s; ple
s; plc
mar; ner; plc
mar; eur; plc
mar; ner; s; plc
mar; ner; tcp
mar; eur; ner; oce; plc
mar; s; per; plc
mar; eur; ner; plc
mar; ner; plc
mar; eur; eps; tcp
mar; eur; ner; plc
mar; eur; ner; epf; tcp
mar; eur; per; plc
s; ner; per; tcp
mar; eur; ner; eps; tcp
mar; eur; per; tcp
plh; eur; ner; per; plc
mar; eur; per; plc
mar; ner; plc
mar; eur; ner; plc
mar; s; per; tcp
mar; s; ner; plc
mar; eur; per; tcp
mar; eur; ner; plc
mar; ner; eur; plc
mar; ner; plc

mar; eur; oce; plc; tcp
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The first group of samples (G1), which grouped points closest to river source in each month,
presented 22 indicative species, especially the diatoms Cylindrotheca closterium and Navicula
gregaria, and cyanobacteria Yonedaella sp., with indval higher than 60%.

Ten species were indicative in the second group of samples (G2), which grouped
intermediate points and river mouth points, in February (rainy). Dinoflagellates Tripos fusus
and Tripos furca and the diatom Fragilaria acus showed values above 70%.

For the third group of samples (G3), which grouped points considered intermediate and
mouth of May (rainy season), two species were indicative, mainly the diatom Coscinodiscus
concinnus (70.1%).

Fifteen species were indicative for the fourth group of samples (G4), which grouped
intermediate points and river mouth points of August (dry), especially the diatoms Bellerochea
malleus, Lauderia annulata, Cymatosira belgica and Odontella longicruris, with indval higher than
60%.

In the fifth group of samples (G5), which consisted mostly of intermediate and mouth
points of November (dry), except for one point near the mouth of August, five species were
indicative. Cyanobacterium Phormidium cf. nigroviride was the species with the highest
indicator value, not only in group 5 (94.6%), but also in relation to all other values.

Redundancy analysis (RDA), based on indicator species, showed that the first two axes of
the ordination analysis explained 24.3% of the total variance of the species. Among analyzed
variables, pH, rainfall and salinity explained a significant proportion (p <0.05) of the
phytoplankton species variance.

The ordination diagram (Figure 6) indicated that in axis 1 (13.7%) there was a tendency to
group samples closer to the source of the river in the right quadrants. The species most related
to the springs in the rainy season were Nitzschia sigma, Yonedaella sp., Cylindrotheca closterium,
Navicula gregaria and Phormidium cf. corium, while in the dry period were Pseudo-nitzschia
delicatissima and Rhizosolenia setigera. In contrast, the species most related to the mouth were
mostly grouped in the left quadrants, and during the rainy season, the species were more
related to the rainfall vector, whereas in the dry period, predominant species of these portions
were related more to the pH vector. It should be emphasized that the position of the vectors
of the species Cymatosira belgica and Dimmeregrama minor indicate that these tend to occur more
in samples located in the intermediate course and at the mouth of the river. Based on these
data, it can be demonstrated that the gradient explained by axis 1 is related to the spatial

pattern while that of axis 2 is related to a seasonal pattern.
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In axis 2 (10.6%) the environmental variables pH, salinity and conductivity were more
correlated to their negative portion (r = -0.66, -0.75, and -0.75, respectively), while the variable
rainfall was correlated to the positive portion of this axis (r = 0.91). Thus, in the upper
quadrants of the graph, the samples for the months of February and May (rainy season) were
grouped, while on the left the samples of the months of August and November (dry period)
were grouped. The species Tripos fusus, Thalassiosira cf. and Coscinodiscus concinnus showed
higher correlations to the rainfall parameter, while Trieres mobiliensis, Odontella longicruris, and
Lauderia annulata correlated with higher values of pH, conductivity and salinity. It is necessary
to remember that these data corroborate the spatial and seasonal gradients tested in
PERMANOVA, the groups formed in the Cluster Analysis and the strong seasonal gradient in

the nonparametric correlation of Spearman.
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Figure 6. RDA ordering diagram showing relationships between species data and
environmental variables. Bacpax = Bacillaria paxillifera; Camcymb = Campylosira cymbelliformis;
Cosconc = Coscinodiscus concinnus; Cybelg = Cymatosira belgica; Cyclost = Cylindrotheca
closterium; Cycstr = Cyclotella striata; Dimminor = Dimeregramma minor; Ental = Entomoneis
alata; Guistria = Guinardia striata;, Hemisin = Hemiaulus sinensis; Laudann = Lauderia annulata;
Lithsp = Lithodesmium sp .; Navgre = Navicula gregaria; Nitpal = Nitzschia palea; Nitrect =
Nitzschia recta; Nitsigma = Nitzschia sigma; Nitsub = Nitzschia subtilis; Odolongi = Odontella
longicruris; Parsul = Paralia sulcata; Phocor = Phormidium cf. corium; Phonigro = Phormidium cf.
nigroviride; Psnitdel = Pseudo-nitzschia delicatissima; Rhiset = Rhizosolenia setigera; Skecost =
Skeletonema costatum; Surspl = Surirella splendida; Thagrav = Thalassiosira cf. gravida; Trimob =
Trieres mobiliensis; Tripfus = Tripos fusus; Trireg = Trieres regia; Yonael = Yonedaella sp .; Zygehre
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= Zygoceros ehrenbergii; Cdt = conductivity; Pluv = Rainfall; Salt = salinity; F = February; M =
May; A = August; N = November.
DISCUSSION

The results of this study showed that the environmental parameters evaluated had a
considerable seasonal influence during the year 2015, evidenced by statistical tests and by
nonparametric correlation of Spearman, mainly with respect to pH, salinity, conductivity and
rainfall.

Among sampled months, pH, salinity and conductivity, temperature, rainfall and
chlorophyll-a, were significantly different. pH values, in August and November (dry period),
were the highest, due, mainly, to the greater entrance of sea water in the estuary. This
phenomenon may also explain the higher chlorophyll-a significant concentration in August
when compared to February, and may be associated with transport of sandy sediment to the
estuary, bringing with it a larger number of individuals of epipsamic species, in particular
Cymatosira belgica. In May, the amount of rainfall was higher when compared to the other
months of sampling. Rainfall was also present at the time of sampling in the rainy season
months, with May rainfall being more intense than February rainfall. On the other hand, in
the month of November, values of salinity were registered above the standard of the sea water
(35). This is due to the fact that Curuperé River is a shallow environment, where the residence
time of the water in the channel was higher in period of lower rainfall index, in which an
increase in the evaporation process is possible and, consequently, an increase of the
concentration of dissolved salts per liter of river water. In this period, it is also possible to
observe the presence of marine species in the local plankton community, as was emphasized
in the relation between the grouping of samples and associations of species.

Taking into account the realities closest to Curuperé River, Monteiro, El-Robrini and Alves
(2015) evaluated spatial and seasonal distribution of abiotic parameters in an Amazonian
estuary located on Maraj6 Island, northern Amazonian coast. The authors detected pH and
salinity increase near the river mouth, as well as determined for Curuperé River.

Diatoms were the highest percentage of taxa recorded in Curuperé River, considering each
and every one of months sampled. This pattern is explained by Riley (1967) and Procopiak et
al. (2006) and similarly occurred in estuarine regions of Guajard Bay and mouth of Guama
River (Paiva et al., 2006), on a stretch of Guama River (Monteiro et al., 2009), in Caeté River
(Matos et al., 2011), Paracauari, Arari and Guajard rivers (Sodré et al., 2011) and Arienga River

(Sena et al., 2015).
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Ecological indexes also had significant variations, both seasonal and spatial. It was
observed that river source samples always had an index of diversity and equitability greater
than intermediate samples and, in some cases, even larger than samples closest to mouth. Due
to the natural continental contribution in this area and the relative restriction that source has
in relation to the water circulation, the permanence of several species of freshwater, estuarine
and neritic habits can be favored. These species take advantage of nutritional resources that
probably accumulate in the place and consequently distribute more evenly in the environment.
The decrease in diversity and, hence, equitability, can be commonly observed in estuaries or
in eutrophic environments (Llebot et al., 2011), due to the unstable equilibrium of these
systems. In general, low to medium diversity indexes (classification according to Margalef,
1978) were recorded in phytoplankton communities of Igarassu Estuary (Ledo et al., 2008),
Formoso estuary (Silva et al., 2009) and estuaries of Ceara, Coc6, Pacoti and Pirangi rivers
(Barroso et al., 2016), all on Brazilian northeast coast, and in Arari, Paracauari and Guajard Bay
estuaries (Sodré et al., 2011), located on the northern coast of Brazil.

On the other hand, dominance increased in intermediate samples, mainly in August. We
observe that when one or a few species dominate the community, diversity decreases (Omori
and Ikeda, 1984). The increase in dominance was mainly due to the increase in the abundance
of the species Cymatosira belgica and Dimeregramma minor, ended up interfering in the
establishment of other species. Dominance of D. minor has already been observed in surf zone
of an Amazonian beach (Sousa et al., 2009).

We verified that specific diversity is directly related to the ecosystem complexity and
maturity. Thus, in intermediate degrees of water mixing, as observed in source of Curuperé
River, we find the maximum diversity of the species, with a reduction of the dominance of a
few precursor species and tending to the uniformity in the number of taxa. However, the high
degree of water mixing in the intermediate and mouth samples allowed the occurrence of one
or a few species resistant to this disturbance until its dominance (Belgrano and Brown, 2002;
Ledo et al., 2008).

Among the most significant species represented in RDA order and with IndVal above 50%,
characteristics of source, we can mention, in descending order of indicator value: Cylindrotheca
closterium, cyanobacteria Yonedaella sp., Navicula gregaria and Nitzschia sigma. Koening et al.
(2002), in an evaluation of phytoplankton community in estuary of Ipojuca river, found C.
closterium associated with brackish water.

Yonedaella is a marine genus, with a habit primarily as periphytic, but its occurrence

characterized the region near the source of Curuperé River, in February, being this month with
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greater salinity of the rainy season. Branco et al. (2003) identified mangrove genus of
Pernambuco state, northeastern Brazil, and stated that it can be found in both brackish and
marine waters.

Navicula gregaria is characteristic of oligohaline habitats with higher nutrient intakes and
was recorded in continental environments, in regions with more tropical characteristics, (Day
et al., 1995 and Montoya-Moreno et al., 2013). In Brazil, it was recorded in the inventories made
in the marine and estuarine areas of southern Brazil (Moreira Filho et al., 1990) and in the north
and northeast of Brazil (Moreira Filho et al., 1999).

Nitzschia sigma occurs in brackish waters and was identified by Silva et al. (2009) in the
Formoso river estuary, northeast of Brazil, being associated with periods of higher rainfall and
higher concentrations of inorganic nitrogen compounds. This species was also found in
Guajara Bay and the mouth of the Guama River, both oligohaline ecosystems and with tidal
influence, being part of the Amazonian estuary (Paiva, et al., 2006).

Tripos fusus was the most significant in the intermediate and mouth group of samples of
Curuperé River for February. This species has an optimum development between
temperatures ranging from 14 ° C to 28 ° C and between salinities ranging from 20 to (Baek et
al., 2007), and is also able to grow under conditions of low nutrient concentration, although
higher amounts of N and P in the environment favor higher rates of growth and increased
abundance (Baek et al., 2008). In February, similar temperature and salinity conditions favored
the occurrence of T. fusus in the estuary of the Curuperé River. This species is distributed along
the north, northeast, southeast and south coast of Brazil (Odebrecht, 2010).

The source of Curuperé River, where this species was shown to be indicative, is in a more
restricted area, where marine water circulation is less prominent, which may favor the
accumulation of nutrients and other organic substances.

In May, we can observe the occurrence of Coscinodiscus concinnus, the most significant
species of the month. This species can be classified as eurihalin, r-strategist and commonly
found in eutrophic environments (Reynolds, 2006). In Amazon region, C. concinnus is
distributed through an extensive salinity gradient in estuaries, and also in sandy beaches
(Paiva et al., 2006; Sousa et al., 2008; Monteiro et al., 2009; Sodré et al., 2011; Matos et al., 2012;
Sena et al., 2015; Matos et al., 2016).

There was a differentiation in terms of indicator species for August and November. The
most significant species related to August were Lauderia annulata, Cymatosira belgica and
Odontella longicruris, while the species Phormidium cf. nigroviride was the best indicator of

November.
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August was characterized by the higher height condition of syzygy flood tide, when
compared to the other months of sampling, because of the greater incursion of marine water
into the estuary. In this context, Lauderia annulata is very common and well distributed in
oceanic phytoplankton (Round et al., 1990). This species has an occurrence along the northern
coast of Brazil (Sousa et al., 2008; Santana et al., 2010), and in an estuary associated with a
mangrove ecosystem in India (Biswas et al., 2010). Odontella longicruris, belonging to the
diatomaceous group, has an eurialine pattern and occurs along the entire Brazilian coast
(Eskinazi-Leca et al., 2010).

Also related to August, was also the month with the highest values of turbidity recorded.
In this month, Cymatosira belgica and Dimeregramma minor occurred in all samples. These
species have a periphytic life habit, associated with sandy sediment (Round et al., 1990) and
with ticoplankton habit (Vos and Wolf, 1993). According to the observations made in the area,
it was possible to notice that the studied environment has undergone a gradual sedimentation
with sandy sediment coming from the coast and, the occurrence of these species corroborates
the existence of this oceanographic phenomenon. The transport of sandy bulks into estuaries
located in coastal zone of Para state, northern Brazil, was discussed by Macola and El-Robrini
(2004) and El-Robrini et al. (2006). On the Guaras island, located in Curuga City, in Par4 state,
distant approximately 13 km from Curuperé River, the presence of an elongated submarine
sandy crest was identified in one of its estuarine channels, which presents a preferential
direction, the tidal currents.

Finally, in November, the cyanobacteria Phormidium cf. nigroviride was the most indicative
species, at the sampling point closest to the mouth of the Curuperé River. According to Branco
et al. (2003), P. nigroviride is a marine species and has a habit mainly perithyticl. In a mangrove
ecosystem in the state of Pernambuco, northeastern Brazil, the cited authors found this
cyanobacterium as a mass of individuals growing on the soil. In the estuary of the Curuperé
River, we visualize, during the low tide, extensive periphytic carpets adhered to muddy
sediment of the estuary channel borders, mainly in the outer parts of it. Based on these
characteristics, the occurrence of P. nigroviride in plankton was probably due to water
circulation that may have resuspended individuals. This last process was explained by Torgan
(1989), in addition to the decrease of the turbidity, which causes greater input of solar radiation
in the water column (Tundisi, 1970), conditions observed during the month of November.
These may have been important factors for the occurrence of the species in high
concentrations, as well as conditions of eutrophication of the environment may be favoring

the flowering of this species since, in the vicinity of the study area, there are shrimp farms
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whose effluents may have been directed to the mouth of the Curuperé River by the estuarine

currents of the Curuga River (Paula et al., 2006; Brabo et al., 2016).

CONCLUSION

The results of this study allow us to conclude that seasonal and spatial variation strongly
interfere in most of the abiotic parameters and in the phytoplankton community of the
Curuperé estuary.

It was possible to observe a greater amount of freshwater and estuarine species in the rainy
season months, while more species of marine habit settled in the dry season, where we
observed a greater incursion of seawater into the estuary. It was inferred that this phenomenon
was accompanied by transport of more intense sandy sediment, which brought with it greater
density of marine ticoplankton species, which indicate a gradual transformation of the
environment.

Species diversity of Curuperé River was directly related to the complexity of the
environment in question. In intermediate degrees of water mixing, close to river source, it was
possible to find the maximum diversity of the species, tending to the uniformity in the number
of taxa, while the high degree of mixing of the water in the intermediate samples and of the
mouth allowed the dominance of a few species.

The most strongly indicative species of the environment, suggesting a process of
eutrophication caused by possible carcinogenic effluents. To prove this fact, more in-depth
studies about the biogeochemical dynamics of Curuperé River are necessary.

Knowledge of the ecology of phytoplankton organisms in this environment is of vital
importance, and will serve as a subsidy for new studies in Amazonian coastal areas and,

mainly, to contribute to the conversation of biodiversity and local productivity.
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CAPITULO 3: CONSIDERACOES FINAIS

Pluviosidade, salinidade, condutividade e pH foram parametros determinantes na
distribuicdo espago-temporal da comunidade fitoplanctonica no estudrio do rio
Curuperé¢, formando associagdes de espécies e grupos de amostras bem delineados neste
aspecto, com muitas espécies indicadoras significativas, relacionadas principalmente,
as flutuacdes de salinidade no estuério ao longo do ano.

A diversidade de espécies do fitoplancton foi, no geral, mais baixa no més de agosto, e
mais alta nos outros meses.

A comunidade fitoplanctonica demonstrou ter mais uniformidade nos pontos amostrais
mais proximos a nascente, bem como nos meses de maio e novembro.

Cymatosira belgica e Dimeregramma minor foram espécies com comportamento mais
dominante em relagdo as demais, principalmente no més de agosto, devido ao maior
grau de mistura promovido pelo maior aporte de 4gua marinha, bem como pela maior
entrada de sedimento arenoso litoraneo.

Foram observadas diferencas significativas em relagcdo as variagdes espago-temporais
para diversidade, equitabilidade e dominancia especifica.

As concentracdes de clorofila-a mantiveram-se altas em todos os meses, indicando
elevada produtividade neste estuario.

O fato de a espécie mais indicadora identificada ter sido Phormidium cf. nigroviride,
mostra o quanto ¢ marcante a caracteristica que este estudrio possui, a de baixa
profundidade, a qual propicia fortemente a ocorréncia de espécies de habito de vida
bentonico no plancton.

A espécie P. nigroviride também indica um processo de eutrofizagdo do ambiente,
causado, possivelmente, por efluentes de empreendimentos de carcinicultura presentes

nas adjacéncias do estuario do rio Curuga.
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ANEXO A

Lista de taxons encontrados no estuario do rio Curuperé nos meses de fevereiro, maio, agosto e novembro de 2015,
indicando suas respectivas categorias de frequéncia de ocorréncia. FO= Frequéncia de Ocorréncia; MF= Muito
frequente; F= Frequente; PF= Pouco frequente; E= esporadico. Sistema de classificagdo taxonémica padronizado
segundo Guiry e Guiry (2017).

F.O
FEV MAI AGO  Nov

Divisio Bacillariophyta
Classe Bacillariophiceae

Ordem Bacillariales

Familia Bacillariaceae

Bacillaria paxillifera (O.F.Miiller) T.Marsson MF MF MF
Cylindrotheca closterium (Ehrenberg) Reimann & J.C.Lewin MF MF MF MF
Fragilariopsis oceanica (Cleve) Hasle E

Nitzschia bilobata W .Smith E E

Nitzschia longissima (Brébisson) Ralfs F E F PF
Nitzschia lorenziana Grunow MF MF F
Nitzschia macilenta W .Gregory E

Nitzschia obtusa W .Smith PF F F F
Nitzschia palea (Kiitzing) W.Smith F PF PF E
Nitzschia recta Hantzsch ex Rabenhorst F PF F F
Nitzschia sigma (Kiitzing) W.Smith MF MF MF MF
Nitzschia sigmoidea (Nitzsch) W.Smith F MF PF F
Nitzschia subtilis (Kiitzing) Grunow MF MF F PF
Pseudo-nitzschia delicatissima (Cleve) Heiden MF MF MF
Pseudo-nitzschia seriata (Cleve) H.Peragallo MF E F PF
Tryblionella apiculata 'W.Gregory E
Tryblionella coarctata (Grunow) D.G.Mann PF F PF
Tryblionella compressa (J.W .Bailey) Poulin E

Tryblionella debilis Amott ex O'Meara MF E PF
Tryblionella granulata (Grunow) D.G.Mann PF PF F
Ordem Cocconeidales

Familia Cocconeidaceae

Campyloneis grevillei (W.Smith) Grunow & Eulenstein MF MF MF MF
Cocconeis sp. F PF F

Ordem Fragilariales

Familia Fragilariaceae

Fragilaria acus (Kiitzing) Lange-Bertalot MF E F E
Fragilaria capucina Desmazires MF MF MF F
Fragilaria striatula Lyngbye E

Ordem Lyrellales

Familia Lyrellaceae

Lyrella abrupta (Gregory) D.G.Mann E

Lyrella lyra var. subcarinata (Grunow) Moren E E
Petroneis humerosa (Brébisson ex W.Smith) Stickle & D.G.Mann E

Ordem Mastogloiales

Familia Achnanthaceae

Achnanthes brevipes var. intermedia (Kiitzing) Cleve PF E

Ordem Naviculales

Familia Amphipleuraceae

Vanheurckia lewisiana (Greville) Brébisson F PF F F
Familia Diadesmidaceae

Luticola inserata (Hustedt) D.G.Mann E E E
Familia Diploneidaceae

Diploneis aestiva (Donkin) Cleve E E

Diploneis bombus (Ehrenberg) Ehrenberg MF MF MF MF
Diploneis crabro (Ehrenberg) Ehrenberg PF F MF F
Diploneis didyma (Ehrenberg) Ehrenberg E

Diploneis littoralis (Donkin) Cleve E MF F MF

Familia Pinnulariaceae
Pinnularia sp. PF
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Familia Plagiotropidaceae
Meuniera membranacea (Cleve) P.C.Silva
Plagiotropis vitrea (W.Smith) Grunow

Familia Pleurosigmataceae

Pleurosigma angulatum (J.T.Quekett) W.Smith
Pleurosigma cuspidatum (Cleve) H.Peragallo
Pleurosigma elongatum W.Smith
Pleurosigma formosum W.Smith

Pleurosigma lanceolatum Donkin
Pleurosigma marinum Donkin

Pleurosigma salinarum (Grunow) Grunow

Familia Naviculaceae

Caloneis brevis (Gregory) Cleve

Gyrosigma acuminatum (Kiitzing) Rabenhorst
Gyrosigma attenuatum (Kiitzing) Rabenhorst
Gyrosigma balticum (Ehrenberg) Rabenhorst
Gyrosigma fasciola (Ehrenberg) J.W.Griffith & Henfrey
Gyrosigma wansbeckii (Donkin) Cleve

Haslea sp.

Navicula arenaria Donkin

Navicula carinifera Grunow

Navicula gregaria Donkin

Navicula lyra var. recta Greville

Navicula maxima var. bicuneata (Grunow) Amosse
Navicula sp.

Ordem Raphoneidales
Familia Raphoneidaceae
Asterionellopsis glacialis (Castracane) Round

Familia Psammodiscaceae
Psammodiscus nitidus (W.Gregory) Round & D.G.Mann

Ordem Rhopalodiales
Familia Rhopalodiaceae
Rhopalodia musculus (Kiitzing) Otto Miiller

Ordem Surirellales
Familia Entomoneidaceae
Entomoneis alata (Ehrenberg) Ehrenberg

Familia Surirellaceae

Coronia impressa (Grunow) Ruck & Guiry
Surirella elegans Ehrenberg

Surirella fastuosa (Ehrenberg) Ehrenberg
Surirella minuta Brébisson ex Kiitzing
Surirella sp.

Surirella splendida (Ehrenberg) Kiitzing

Ordem Thalassionematales

Familia Thalassionemataceae

Thalassionema frauenfeldii (Grunow) Tempére & Peragallo
Thalassionema nitzschioides (Grunow) Mereschkowsky
Thalassiothrix longissima Cleve & Grunow

Ordem Thalassiophysales
Familia Catenulaceae
Amphora sp.

Classe Coscinodiscophyceae

Ordem Aulacoseirales

Familia Aulacoseiraceae

Aulacoseira granulata (Ehrenberg) Simonsen

Ordem Corethrales
Familia Corethraceae
Corethron pennatum (Grunow) Ostenfeld

MF

MF

MF

PF
MF

MF

PF
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Ordem Coscinodiscales

Familia Coscinodiscaceae
Coscinodiscus apiculatus Ehrenberg
Coscinodiscus centralis Ehrenberg
Coscinodiscus concinnus 'W.Smith
Coscinodiscus granii L.F.Gough
Coscinodiscus marginatus Ehrenberg
Coscinodiscus oculus-iridis (Ehrenberg) Ehrenberg
Coscinodiscus perforatus Ehrenberg
Coscinodiscus radiatus Ehrenberg
Coscinodiscus rothii (Ehrenberg) Grunow

Familia Heliopeltaceae

Actinoptychus annulatus (Wallich) Grunow
Actinoptychus senarius (Ehrenberg) Ehrenberg
Polymyxus coronalis L.W .Bailey

Ordem Melosirales
Familia Melosiraceae
Melosira nummuloides C.Agardh

Familia Paraliaceae
Paralia sulcata (Ehrenberg) Cleve

Ordem Rhizosoleniales

Familia Rhizosoleniaceae

Guinardia flaccida (Castracane) H.Peragallo
Guinardia striata (Stolterfoth) Hasle

Pseudosolenia calcar-avis (Schultze) B.G.Sundstrom
Rhizosolenia bergonii H.Peragallo

Rhizosolenia imbricata Brightwell

Rhizosolenia setigera Brightwell

Ordem Stephanopyxales
Familia Stephanopyxidaceae
Stephanopyxis palmeriana (Greville) Grunow

Ordem Triceratiales

Familia Triceratiaceae

Triceratium broeckii Leuduger-Fortmorel
Triceratium favus Ehrenberg

Classe Mediophyceae
Ordem Anaulales

Familia Anaulaceae
Terpsinoé musica Ehrenberg

Ordem Biddulphiales

Familia Bellerocheaceae

Bellerochea horologicalis Stosch
Bellerochea malleus (Brightwell) Van Heurck

Ordem Briggerales
Familia Streptothecaceae
Helicotheca tamesis (Shrubsole) M.Ricard

Ordem Chaetocerotales
Familia Chaetocerotaceae
Bacteriastrum hyalinum Lauder
Chaetoceros affinis Lauder
Chaetoceros atlanticus Cleve
Chaetoceros brevis F.Schiitt
Chaetoceros coarctatus Lauder
Chaetoceros compressus Lauder
Chaetoceros convolutus Castracane
Chaetoceros costatus Pavillard
Chaetoceros curvisetus Cleve

MF MF MF F
F F E PF
MF MF MF MF
E
E E
MF F F PF
PF MF PF PF
MF MF MF MF
PF MF F PF
F MF PF MF
PF F PF PF
PF F MF PF
F MF MF PF
MF MF MF F
MF E MF MF
MF E F MF
E E F
F MF
E MF
MF F MF MF
E
E
PF PF E PF
E F PF E
E
MF F
F F F
F E MF MF
MF F F
E
PF
E E
MF PF MF MF
E
PF PF

PF PF
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Chaetoceros decipiens Cleve
Chaetoceros didymus Ehrenberg
Chaetoceros diversus Cleve
Chaetoceros lauderi Ralfs ex Lauder
Chaetoceros lorenzianus Grunow
Chaetoceros peruvianus Brightwell
Chaetoceros subtilis Cleve

Familia Leptocylindraceae
Leptocylindrus danicus Cleve
Leptocylindrus minimus Gran

Ordem Cymatosirales
Familia Cymatosiraceae

Campylosira cymbelliformis (A.Schmidt) Grunow ex Van Heurck

Cymatosira belgica Grunow
Ordem Eupodiscales

Amphitetras antediluviana Ehrenberg

Cerataulus smithii Ralfs

Odontella aurita (Lyngbye) C.Agardh

Odontella longicruris (Greville) M.A.Hoban

Trieres mobiliensis (J.W .Bailey) Ashworth & Theriot

Trieres regia (M.Schultze) M.P.Ashworth & E.C.Theriot
Trieres sinensis (Greville) M.P.Ashworth & E.C.Theriot

Zygoceros ehrenbergii E.A.Sar in Lavigne et al.

Ordem Hemiaulales

Familia Hemiaulaceae

Cerataulina dentata Hasle
Cerataulina pelagica (Cleve) Hendey
Hemiaulus membranaceus Cleve
Hemiaulus sinensis Greville

Ordem Lithodesmiales

Familia Lithodesmiaceae

Ditylum brightwellii (T.West) Grunow
Lithodesmium sp.

Lithodesmium undulatum Ehrenberg

Ordem Plagiogrammales
Familia Plagiogrammaceae
Dimeregramma minor (Gregory) Ralfs ex Pritchard

Ordem Stephanodiscales

Familia Stephanodiscaceae
Cyclotella meneghiniana Kiitzing
Cyclotella striata (Kiitzing) Grunow
Cyclotella stylorum Brightwell

Ordem Thalassiosirales
Familia Lauderiaceae
Lauderia annulata Cleve

Familia Skeletonemataceae
Skeletonema costatum (Greville) Cleve
Skeletonema sp.

Familia Thalassiosiraceae

Thalassiosira eccentrica (Ehrenberg) Cleve
Thalassiosira cf. gravida Cleve

Thalassiosira leptopus (Grunow) Hasle & G.Fryxell
Thalassiosira subtilis (Ostenfeld) Gran

Ordem Toxariales
Familia Ardissoneaceae
Ardissonea robusta (Ralfs ex Pritchard) De Notaris

MF
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Divisdo Charophyta

Classe Conjugatophyceae

Ordem Desmidiales

Familia Closteriaceae

Closterium moniliferum Ehrenberg ex Ralfs
Closterium setaceum Ehrenberg ex Ralfs

Familia Desmidiaceae
Cosmarium subcucumis Schmidle

Ordem Zignematales
Familia Zygnemathaceae
Zygnema cylindricum Transeau

Divisao Clorophyta

Classe Clorophyceae

Ordem Sphaeropleales

Familia Scenedesmaceae

Desmodesmus opoliensis (P.G.Richter) E.Hegewald

Familia Hydrodictyaceae
Monactinus simplex (Meyen) Corda

Classe Pyramimonadophyceae
Ordem Pyrammimonadales
Familia Pterospermataceae
Pterosperma undulatum Ostenfeld

Classe Trebouxiophyceae
Ordem Chlorellales
Famila Chlorellaceae
Mucidosphaerium sp.

Filo Cyanobacteria
Classe Cyanophyceae
Ordem Chrococcales
Familia Aphanothecaceae
Aphanothece sp.

Ordem Nostocales
Familia Scytonemataceae
Scytonema sp.

Ordem Oscillatoriales

Familia Oscillatoriaceae

Lyngbya spl.

Lyngbya sp2.

Oscillatoria sp.

Phormidium ambiguum Gomont

Phormidium cf. corium Gomont ex Gomont

Phormidium cf. nigroviride (Thwaites ex Gomont) Anagnostidis & Komarek
Phormidium spl.

Phormidium sp2.

Familia Microcoleaceae

Kamptonema formosum (Bory ex Gomont) Strunecky, Komarek & J.Smarda

Kamptonema sp.

Microcoleus sp.

Oxynema acuminatum (Gomont) Chatchawan, Komarek, Strunecky, Smarda & Peerapornpisal

Ordem Spirulinales

Familia Spirulinaceae

Glaucospira laxissima (G.S.West) Simic, Komarek & Dordevic
Spirulina meneghiniana Zanardini ex Gomont

Spirulina sp.

Ordem Synechococcales

Familia M erismopediaceae
Aphanocapsa sp.

Merismopedia glauca (Ehrenberg) Kiitzing

PF

MF

PF

mmm
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Familia Pseudoanabaenaceae
Jaaginema cf. quadripunctulatum (Briihl & Biswas) Anagnostidis & Komarek
Yonedaella sp.

Divisdo Euglenophyta

Classe Euglenophyceae

Ordem Euglenales

Familia Phacaceae

Lepocinclis acus (O.F.Miiller) B.Marin & Melkonian
Lepocinclis oxyuris (Schmarda) B.Marin & Melkonian
Lepocinclis spirogyroides B.Marin & Melkonian
Phacus orbicularis K.Hiibner

Phacus pleuronectes (O.F Miiller) Nitzsch ex Dujardin

Filo Miozoa

Classe Dinophyceae
Ordem Gonyaulacales
Familia Gonionomataceae
Alexandrium sp.

Familia Ceratiaceae

Ceratium breve (Ostenfeld & Schmidt) Schroder
Ceratium trichoceros (Ehrenberg) Kofoid
Ceratium tripos var. atlanticum Ostenfeld
Tripos furca (Ehrenberg) F.Gomez

Tripos fusus (Ehrenberg) F.Gomez

Tripos lineatus (Ehrenberg) F.Gomez

Familia Pyrophacales
Pyrophacus steinii (Schiller) Wall & Dale

Ordem Gymnodiniales

Familia Gymnodiniaceae

Akashiwo sanguinea (K.Hirasaka) G.Hansen & ©.Moestrup
Gymnodinium sp.

Gyrodinium fulvum Kofoid & Swezy

Gyrodinium fusiforme Kofoid & Swezy

Gyrodinium sp.

Ordem Peridiniales

Familia Peridiniaceae
Peridinium sp.

Peridinium volzii Lemmermann

Familia Protoperidiniaceae

Protoperidinium cerasus (Paulsen) Balech
Protoperidinium conicum (Gran) Balech
Protoperidinium denticulatum (Gran & Braarud) Balech
Protoperidinium depressum (Bailey) Balech
Protoperidinium divergens (Ehrenberg) Balech
Protoperidinium leonis (Pavillard) Balech
Protoperidinium ovatum Pouchet

Protoperidinium subinerme (Paulsen) Loeblich IIT

Familia Thoracosphaeraceae

Scrippsiella acuminata (Ehrenberg) Kretschmann, Ebréichter, Zinssmeister, S.Soehner, Kirsch, Kusber & Gottschling

Ordem Prorocentrales

Familia Prorocentraceae

Prorocentrum gracile Schiitt

Prorocentrum lima (Ehrenberg) F.Stein

Prorocentrum micans Ehrenberg

Prorocentrum rhathymum A.R.Loeblich ITI, Sherley & Schmidt
Prorocentrum sp.
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making the submission of a new article or note.
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impact factor in JCR (2016/2017) 0,349.

The electronic files containing the original and other required documents should be sent to the
Editorial Board of Instituto de Pesca, by e-mail: ceipboletim@gmail.com.

The BIP is intended to publish original documents (scientific articles and scientific notes) that
contribute to the expansion of knowledge in fisheries (fishing technology, fisheries biology,
sociology and economy fishing), aquaculture, aquatic ecology, technology and fish inspection
and pathology of aquatic organisms.

Published papers present results from both fundamental as well as applied, or directed research.
Emphasis is given to results on interdisciplinary contributions, on innovative methodological
or technical developments, on items with wide general applicability, and on local or regional
experiments that can be a source of inspirations to other regions.

In terms of editorial management, the Open Journal Systems (OJS) platform of the Public
Knowledge Project (PKP) is used, an editorial system that is used in Brazil under the name of
Electronic Journaling System (Sistema Eletronico de Editoragdo de Revistas - SEER)
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Brasileiro de Informagao em Ciéncia e Tecnologia — IBICT).
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costs will be borne by the authors. In case of non-native authors from countries that speak these
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de Pesca may indicate.
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Open access journals are freely available via the Internet for immediate worldwide open access
to the full text of articles serving the best interests of the international research community.
Open access journals are no different from traditional subscription-based journals; they undergo

the same peer-review and quality control as any other scholarly journal.

Publishing in Boletim do Instituto de Pesca

Your article will be peer-reviewed and made available on-line very fast. All interested readers
can read, download, and/or print open access articles (or the whole journal) at no cost. Your
article can be read by potentially millions of readers (which is incomparable to publishing in a
traditional journal) what increases the potential to obtain more citations and consequently an

increase on the impact index.

EDITORIAL POLICY

All paper submitted to the BIP will be evaluated preliminarily by the Editorial Board, if
overcome this initial screening will be sent to two expert reviewers in the covered area. The
publication will be made only with the approval of the document by the reviewers, being the
Editorial Board of Boletim do Instituto de Pesca final decision accepted.

The selection of items will be based on originality, quality and scientific merit.

The evaluation process used by the Editorial Board of Instituto de Pesca is the system by peers
"blind review", ie confidentiality of the identity of both authors and reviewers, which will be
maintained throughout the process. All contributions will be initially assessed by the editor for
suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two
independent expert reviewers to assess the scientific quality of the paper. The Editorial Board
will take care that the reviewers of each article are compulsorily of different institutions of
origin of those authors. The Editor is responsible for the final decision regarding acceptance or

rejection of articles. The Editor's decision is final.

Plagiarism Policy

The Boletim do Instituto de Pesca has a tracking policy for plagiarism. Items that are detected

will be automatically denied and returned. This journal aims to publish original high quality

research work. Submission of manuscript to this journal indicates that the study has not been
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published anywhere or not been submitted elsewhere for publication. If author(s) are using any
part of published paper (in English or any other language), they should give proper reference
or in any case, if required they should get permission from the previous publisher or copyright
holder (whichever is suitable). Plagiarized manuscripts would not be considered for publication.
If plagiarism is found in any published paper after internal investigation, a letter would be
immediately sent to all the authors, their affiliated institutes and funding agencys, if applied and
subsequently the paper will be retracted.

The views expressed in the papers are the sole responsibility of their authors. The original
Boletim do Instituto de Pesca reserves the right to make minor adjustments in order to maintain

the uniformity of publication.

Author rights

The Boletim do Instituto de Pesca (BIP) uses the CC BY License for all articles published after
March 2018. The CC BY License allows others to distribute, remix, adapt and create from their
work, even for purposes duly quoted. It is the most flexible license of all available licenses. It
is recommended to maximize the dissemination and use of licensed materials.

Thus, by submitting your article to the BIP, the author agrees to its publication under the CC
BY License, mentioned above. Consistent with this license, the BIP also follows the
recommendations of the DOAJ - Directory of Open Access Journals - which encourages the
publication of open access journals. In this way, once you have your article approved and
published, the author retains all copyright and copyrights of the published version, transferring
to the magazine the right to publish and keep updated this version of official registration, under
the terms indicated above. The authors are encouraged to archive this version of official
registration, published by BIP, both in social media dedicated to scientific communication and
in personal or institutional repositories.

As the author, you (or your employer or institution) have some rights to reuse your work, always
bearing in mind the terms of the above CC BY license. In this case, the authors have the right
to:

Share your article in the same manner as allowed to third parties, under the terms of the Creative
Commons CC BY license, provided that the work used is referenced and quoted:

Preserve patent, trademark and other intellectual property rights (including research data).

Appropriate allocation and credit for the published work.
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(if double-blind) or the manuscript file (if single-blind). If there are no interests to declare then
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published if the article is accepted. 2. Detailed disclosures as part of a separate Declaration of
Interest form, which forms part of the journal's official records. It is important for potential
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Animal and Human rights

In works that involve the manipulation of vertebrates, a certificate must be sent that the research
was approved by the Ethics and Biosafety Committee of the institution of origin of the research.
Human Research Also, a certificate that the project was approved by the Ethics Committee in
Research with Human Beings should be sent in case of socioeconomic or ethno-ecological
studies. Authors should include a statement in the manuscript that informed consent was
obtained for experimentation with human subjects. The privacy rights of human subjects must

always be observed

Ethical Standards

The act of publishing involves the author, the journal editor, the peer-reviewer, the publisher
and there are clear responsibilities that all involved to meet expected ethical standards at all
stages in their involvement from submission to publication of an article.

The Boletim do Instituto de Pesca is committed to meeting and upholding standards of ethical
behaviour at all stages of the publication process. We follow the Council of Science Editors
(CSE) that has set standards and provide guidelines for best practices in order to meet these
requirements, with respect to: Monitoring/safeguarding publishing ethics by editorial board;
Rules for retracting articles; Maintaining the integrity of the academic record; Precluding

business needs from compromising intellectual and ethical standards; Always be willing to
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publish corrections, clarifications, retractions and apologies when needed. Banning any form
of plagiarism and/or fraudulent data.

The Chief Editor, Associate Editors and Editorial Board guarantee the needs of readers and
authors, ensure the quality of the material they publish, maintain the integrity of the academic
record, guarantee intellectual standards and are always willing to publish corrections,
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Scientific paper
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that can be replicated and generalized. The discussion should be careful with sound scientific
basis; should not be limited to comparisons of the results with the literature, but present

inferences, assumptions and arguments about what was studied.

Short communications

Short communication unprecedented result of scientific research, whose immediate disclosure
is justified, but with insufficient information to form a scientific article. Included in this
category describing a technique, the record of the discovery of a new species, observations and
results of surveys of experiments that can not be repeated, and other unique situations. It must
have the same rigor of a scientific article and contain the elements necessary to assess the

arguments presented.

EDITORIAL PROCEDURES

Served Cost

The cost is US$ 30.00 (thirty dollars) per final page typeset for publication. For Brazilians this
cost per page will be R$ 90.00 (ninety Reais).
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PAPER SUBMISSION
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approved by the Ethics Committee and Biosafety research institution of origin.
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Assignment and Authorization document for publication in Electronic Media, containing only

the signature of the author responsible for the submission of paper, and whose model is:

Paper analysis

The submitted paper will be primarily evaluated by the Editorial Board.
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After preliminary approval by the Editorial Board, and the chronological order of receipt, the
paper is sent to at least two reviewers of recognized expertise. Then, if necessary, return to the
(s) author (s) for changes / corrections. The return of the text may occur more than once, if the
(s) author (s) request (in).

The paper will be accepted for publication if you have two favorable opinions, or rejected when
at least two opinions are unfavorable. In case of conflicting opinions among reviewers, the
paper is sent to a third reviewer.
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Final dispositions

Omissions will be evaluated by the Editorial Board of Instituto de Pesca.

STRUCTURE OF THE PAPER - Formatting

General instructions

The paper must be typed in Microsoft Word text editor, according to the following format:
Book Antiqua font, size 11; line spacing: 1.5; page size: A4; left and right margins: 2.5 cm; top
and bottom margins: 3.0 cm; maximum number of pages, including Figure (s) and / or table (s)
and References: Scientific Paper: up to 25 pages; Short communications: up to 15 pages. Lines

should be numbered sequentially, from first to last page. Pages should also be numbered.

Scientific paper structure
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The Scientific paper format should follows the order: Title (written in English and Portuguese;
the same for Spanish), Author(s), institutional addresses (complete) and electronic, Abstract
and Keywords (written in English and Portuguese too; also in Spanish), Introduction, Material
and Methods, Results, Discussion, Conclusions, Acknowledgements (optional) References.
The Title, Abstract and Keywords must be translated to English, in the case of papers written
in Portuguese or Spanish, and Portuguese, in the case of papers written in English or Spanish.
The terms: Introduction, Material and Methods, Results, Discussion, Conclusions,
Acknowledgements and References should be aligned to the left and spelled in capital letters
and bold.

TITLE

Must be clear and concise (not to extend for more than two lines or ten words) written in
Portuguese and English and, if applicable, in Spanish, English and Portuguese. It should be
written in capital letters and centered on the page. In the case of paper with financial support,
inform on the first page where the financing agent, indicated with an asterisk, also affixed to
the end of the title. It is recommended that is not inserted the scientific name of the species and

the reference to its descriptor, unless it is essential (for poorly known species).

NAME (S) AUTHOR (S)

(Are) to be presented (s) complete (s) and direct order (first and surname), with only the
surname by which the (s) author (s) must (m) be identified (s) in capital letters. The affiliation
(s) of author (s) as well as a complete mailing address and an e-mail should be placed on the
first page, following the authors' names, being identified (s) by Arabic numbers, separated by
commas when necessary.

Note: It not be accepted more than six authors

ABSTRACT and Keywords

The abstract must contain concisely the objectives, methodology, results and conclusions, using

a maximum of 200 (two hundred) words. It must be written so that the reader is interested in

reading the entire paper.
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Keywords: at least three (3) and at most six (6) written in small letters and separated by

semicolons. It should not repeat words already in the title.

INTRODUCTION

Should occupy preferably no more than two pages, with the scientific problem to be solved and
its importance (rationale for conducting the paper), and the development / current status of the
researched subject. The last paragraph must express the objective, being consistent with that

contained in the abstract.

MATERIAL AND METHODS

Must briefly describe the applied methodology, organized preferably in the order of application
and so the experiment can be reproduced. This item may vary depending on the thematic nature
of the document, but in general should contain a description of the site sampling procedure,
frequency, period, instrument and methods, other relevant variables or the design of the
experiment, the description of the treatments and variables, the number of repetitions and
characteristics of the experimental unit. It should contain information about the statistical
methodos and data transformations. One should avoid unnecessary detail, the description of

extensive use of current techniques and the use of unusual abbreviations.

RESULTS

The results should be presented separately from the discussion. And this can be done literally
or under the form of tables and / or figures. Data presented in tables or figures should not be

systematically repeated in the text.

Tables:

Should be numbered with Arabic numerals and legend placed on the top of the table. It is
recommended that the data presented in tables are not repeated in graphics, unless absolutely
necessary. Tables should have a maximum of 16 cm wide. Should be avoided whenever
possible, tables in a "landscape". Abbreviations should also be avoided unless for measuring

units. If necessary, however, should have their meaning indicated in caption under the table.
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Figures (graphs, drawings, maps or photos):

Should be no more than 16 cm wide and 21 cm high, numbered in Arabic numerals, with self-
explanatory title below. Words in graphs and maps should be readable font. It is recommended
not insert graphics, maps or photos in tables or frames. Graphics should not have grid lines or

edges.

Original drawings, maps and photos should be sent in separate files, preferably in digital format

"tif" or "jpeg, and allow reduction to 16 cm or 7.5 cm wide without loss of resolution.

DISCUSSION

Should be prepared and not just a comparison of data obtained with the available literature.
Should focus on and demonstrate the main ideas and contributions made by paper, as well as
comment on whether there is need for further research or on any limitations found. Avoid

repeating already figures in the results.

CONCLUSIONS

Should be clear, concise and respond to the objective of the study.

ACKNOWLEDGEMENTS (optional)

Should be succinct, directed the institution or person who has effectively contributed to the

realization of the paper. Preferably should not exceed five lines.

STRUCTURE OF SHORT COMMUNICATION

Should follow the similar order of the scientific paper containing Title, Author, institutional
addresses and electronic, Summary, Keywords, Title in English, Abstract, Key words,
Introduction, Material and Methods, Results (s) and, eventually, Discussion, Acknowledgement
(s) (optional) and References. Results and Discussion in this case may be presented as a single

item.
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The format follows the same pattern, but with a maximum 15 pages (including tables and
figures).

Note: It not be accepted more than six authors

REFERENCES (for ALL types of paper)

Should be presented in alphabetical order of surname of the authors, unnumbered.

Should contain the names of all authors, publication year, article title (in full) and periodical
(also full), volume number and / or editing and number and / or page range.

The accuracy and appropriateness of the references that have been cited in the text are those of
the author.

Dissertations and theses should be avoided as references. However, it is accepted when
absolutely necessary, but should be available online.

Papers completed undergraduate and abstracts presented at conferences are not valid references.

Note: inadequacies in the references also result in the refusal of paper

Text citations

Use the system author/date, ie the author's last name the year in which the paper was published.

Examples:

* For an author: "Mighell (1975) observed ..."; "According to Azevedo (1965), the spawning

...""; "These statements were confirmed in later papers (Wakamatsu, 1973)."

* For two authors: "Richter and Efanov (1976) researching ...

* For three or more authors: the first author should be followed by "et al." (Example: "Soares

et al. (1978) found ... "or" This fact was found in Africa (Soares et al., 1978)."

* To the same author in different years of documents, respecting chronological order, separated

by commas year. Example: "According to Silva (1980, 1985) ..."
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* When citing several authors sequentially, the chronological order of publication year should
be respected and separated by semicolons. Example: "... in commercial nurseries (Silva, 1980;

Ferreira, 1999; Giamas and Barbieri, 2002) ...."

Citations in the REFERENCES list

THE PRINTED DOCUMENTS

# Papers are listed as follows:

Barbieri, E.; Bondioli, A.C.V.; DE Melo, C.B.; Henriques, M.B. 2014. Nitrite toxicity to
Litopenaeus schmitti (Burkenroad, 1936, Crustacea) at different salinity levels. Aquaculture

Research, 47(4): 1260-1268.

DOCUMENTS WITH DOI
Barbieri, E.; Coa, F.; Rezende, K.F.O. 2016. The exotic species Litopenaeus vannamei (Boone,

1931) occurrence in Cananeia, Iguape and Ilha Comprida lagoon estuary complex. Boletim do

Instituto de Pesca, 42(3): 479-485. http://dx.doi.org/10.20950/1678-2305.2016v42n1p479.

References should be ordered alphabetically by last name of the first author. If there is more
than one paper with the same last name, it is considered the chronological order and, continuing

the coincidence, the alphabetical order of the third reference element.

Recalling after the authors' names, enter the year of publication, article title, journal title (to

repeat, MUST NOT BE SHORT), volume, the issue and the number / page range.

# The citation dissertation and thesis, types of documents that can be used only when necessary

ABSOLUTELY and is available online, it must be made as follows:

Bernadochi, L.C. 2012. Capta¢ao de sementes em coletores artificiais e cultivo da ostra perlifera
Pinctada imbricata (Mollusca: Pteriidae), Sdo Paulo, Brasil. S3o Paulo. 75f. (Dissertacdo de
Mestrado. Instituto de Pesca, APTA). Disponivel em:

<http://www.pesca.sp.gov.br/dissertacoes.pg.php> Acesso em: 22 ago. 2014.

# To book, also used only when necessary ABSOLUTELY, the citation should be:
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Gomes, F.P. 1978. Curso de estatistica experimental. 8 ed. Piracicaba: Escola Superior de

Agricultura “Luiz de Queiroz”. 430p.

Engle, R.F.; Granger, C.W.J. 1991. Long-run economic relationship: readings in cointegration.

New York: Oxford University Press. 301p.

New, M.B.; Valenti, W.C.; Tidwell, J.H.; D’Abramo, L.R.; Kutty, M.N. Freshwater prawns:
biology and farming. Wiley-Blackwell, Oxford. 544 p.

# Book chapter or publication on collective paper, is cited:

Moraes-Valenti, P.; Valenti, W.C. 2010. Culture of the Amazon river prawn Macrobrachium
amazonicum. In: NEW, M.B.; VALENTI, W.C.; TIDWELL, J.H.; D’Abramo, L.R.; Kutty,
M.N. Freshwater prawns: biology and farming. Wiley-Blackwell, Oxford. p. 485-501.

# Laws, Decrees, Normative Ordinances and instructions are included in the list as follows:

Brasil, 1988. Constituicdo da Reputblica Federativa do Brasil. Didrio Oficial da Unido, Brasilia,
05 de outubro de 1988, n°. 191-A, Sec¢ado 1, p. 1.

Brasil, 2000. LEI n°. 9.985, de 18 de julho de 2000. Regulamenta o Art. 225, § 1°,, incisos I, II,
III, e VII da Constituicdo Federal, institui o Sistema Nacional de Unidades de Conservagao da

Natureza e da outras providéncias. Didrio Oficial da Unido, Brasilia, 19 de julho de 2000, n°.

138, Secao 1: p. 45.

Brasil, 1990 Decreto n°. 98.897, de 30 de janeiro de 1990. Dispde sobre as reservas extrativistas
e da outras providéncias. Diario Oficial da Unido, Brasilia, 31 de janeiro de 1990, n°. 22, Se¢ao

L, p. 2.

Brasil, 2007. Instru¢do Normativa n°. 02, de 18 de setembro de 2007. Disciplina as diretrizes,
normas e procedimentos para formacao e funcionamento do Conselho Deliberativo de Reserva
Extrativista € de Reserva de Desenvolvimento Sustentavel. Diario Oficial da Unido, 20 de

setembro de 2007, n°. 182, Sec¢do 1, p. 102.
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ICMBIO - Instituto Chico Mendes de Conservagao da Biodiversidade. 2010b Portaria n°. 77,
de 27 de agosto de 2010. Cria o Conselho Deliberativo da Reserva Extrativista Marinha de
Arraial do Cabo/RJ. Diario Oficial da Unido, Brasilia, 01 de setembro de 2010, n°. 168, Se¢ao
l: p. 69.

ELECTRONIC REFERENCES (journals published exclusively online, documents online
consulted)

Examples:

Lam, M.E.; Pauly. D. 2010. Who is right to fish? Evolving a social contract for ethical fisheries.
Ecology and Society, 15(3): 16. [online] URL:
<http://www.ecologyandsociety.org/voll5/iss3/art16/>

Castro, P.M.G. (sem data, on line) A pesca de recursos demersais e suas transformacoes

temporais. Disponivel em: <http://www.pesca.sp.gov.br/textos.php> Acesso em: 3 set. 2014.

Toledo Piza, A.R.; Lobdo, V.L.; Fahl, W.O. 2003. Crescimento de Achatina fulica (gigante
africano) (Mollusca: Gastropoda) em funcdo da densidade de estocagem. In: Reunido Anual da
Sociedade brasileira para o Progresso da Ciéncia, 55, Recife, 14-18 jul./2003. Anais... Recife:
Sociedade Brasileira para o Progresso da Ciéncia. 1 CD-ROM.

ADDITIONAL INSTRUCTIONS

Formula, expression and mathematical equation

If without special characters can be inserted in the text. Example: Weight Gain = end Weight -
initial weight. If you have special characters, must appear in isolated line.

Measurement units

It should be presented in the International System of Units. Example: 10 m?; 100 fish m-1; 20 t

ha-1.

Number of decimal places
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Should be standardized for all text. For example, spelled the length of the specimens sampled

to one decimal place, throughout the text the figures for this parameter should be spelled with

one decimal place.

Appendices and attachments

Not accepted



