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1. INTRODUCAO GERAL

Ecossistemas costeiros tais como deltas, bafas e estudrios sdo caracterizados pela
interacdo terrestre e processos marinhos, tendo experimentado mudancas ativas em
resposta a uma ampla gama de fatores controladores e de origem antrépica (KHIM et al.,

2019).

Os deltas marinhos sdo definidos como morfologias costeiras que representam a
predominancia fluvial (em termos de oferta de sedimentos) sobre as for¢as marinhas, as
quais formam 4reas de baixo relevo com abundante suprimento de dgua (AQUINO DA
SILVA et al., 2019). Estes sdo identificados como proeminéncias discretas de linha de
costa, formadas pela entrada do rio no mar onde o fluxo de sedimentos fluviais € maior
que os processos hidrodindmicos que os redistribuem (ELLIOTT, 1986; KHIM et al.,
2019). De maneira cléssica, os deltas podem ser divididos em dominados por rios (por
exemplo, Mississippi e Yellow), dominado por ondas (por exemplo, Nilo e Danubio) e

dominado por maré (por exemplo, Amazonas e Yangtze) (GALLOWAY, 1975).

Dentre esses ecossistemas, 0s estudrios sdo os principais fornecedores de
importantes servicos ambientais, como producdo de alimentos e ciclagem de nutrientes,
0 que os torna um dos sistemas mais produtivos do mundo (COSTANZA et al., 1997;
AZEVEDO et al., 2008; WATANABE et al., 2014). Estes sistemas apresentam gradientes
ambientais em escalas espaciais ou temporais, associados a mistura de dgua turva, rica
em nutrientes com dgua do mar mais clara e pobre em nutrientes, sendo zonas de transi¢ao
entre os ambientes dulcicolas e marinhos (SHEN et al.,, 2011; AZHIKODAN;
YOKOYAMA, 2016).

A palavra estudrio € derivada do adjetivo latino aestuarium, que significa maré ou
onda abrupta de grande altura, fazendo referéncia a um ambiente altamente dinamico,
com mudancas constantes em resposta as forcantes naturais. Os estudrios apresentam
véarias definicdes que levam em consideracdo salinidade, processos fisicos atuantes,
circulacdo estuarina, génese geoldgica, natureza ecoldgica e processos regionais

(MIRANDA et al., 2002).

Kjerfve (1987) definiu os estudrios de uma forma mais ampla levando em
consideracdo fatores climdticos, sedimentacdo e forcantes dindmicas: estudrio € um
ambiente costeiro que apresenta conexao restrita com o oceano adjacente, tal conexao

permanece aberta pelo menos intermitentemente. Este ambiente pode ser dividido em trés
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zonas distintas: Zona de Maré do Rio (ZR), que corresponde a parte fluvial com salinidade
praticamente zero, sujeita a influéncia da maré; Zona de Mistura (ZM), regiio onde ocorre
amistura da dgua fluvial com dgua do mar; e Zona Costeira (ZC) que corresponde a regidao
costeira adjacente se estendendo até a frente da pluma estuarina. Segundo Frazio (2003),
tais zonas estuarinas sdo dependentes da descarga fluvial e da influéncia da maré,

podendo considerar ainda o gradiente sazonal.

Davies (1964) classificou os estudrios de acordo com a altura méxima da maré:
micromarés, com alturas menores que 2 m; mesomarés, alturas que variam de 2 a 4 m;
macromarés, aqueles com alturas que variam entre 4 a 6 m e hipermarés com alturas
maiores que 6 m. Os estudrios também podem ser classificados de acordo com a
estratificacdo de salinidade e processos de mistura (PRITCHARD, 1955) cunha salina,
moderadamente ou parcialmente misturado, verticalmente bem misturado e lateralmente

estratificado e bem misturado.

Ha vérios gradientes ambientais que sdo relevantes para o ambiente estuarino,
dentre eles estd a salinidade que pode ser um gradiente espacial tanto na horizontal quanto
vertical, devido a mistura de d4gua do mar e dgua fluvial. E, gradiente temporal que pode
ocorrer quinzenalmente devido a maré e sazonalmente causado pelas mudancas na
descarga de dgua doce (AZHIKODAN; YOKOYAMA, 2016). A temperatura das dguas
estuarinas € varidvel devido a essa mistura de massas de 4gua com propriedades fisico
quimicas diferentes (MAURIEL, 2004), quando elevadas pode aumentar a taxa de
decomposi¢cdo da matéria organica particulada e de nutrientes dissolvidos utilizados pelo
fitoplancton, ocasionando assim, flora¢des algais que podem reduzir a capacidade da dgua
de dissolver gases e aumentar a chance de esgotamento de oxigénio (WARWICK et al.,

2018; BARLETTA et al., 2017; COSTA; BARLETTA, 2016).

A entrada de nutrientes nos estudrios pode variar de acordo com a composicao e
fontes, tais como: escoamento superficial, residuos domésticos, efluentes industriais e
fontes pontuais costeiras. Insumos antropogénicos via rios excedem outras fontes de
entrada, como no caso do nitrogénio e fésforo por via deposicao atmosférica. Altas cargas
de nutrientes geralmente causam distirbios nos estudrios, mas suas propriedades fisicas
vao determinar os niveis de resposta em relacao a produtividade, diluicdo e eutrofizagdo,
sendo o fésforo e nitrogénio os elementos mais importantes envolvidos nesses processos

(RABALALIS, 2002; CHOWDHURY et al., 2017; BARLETTA et al., 2019).
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Comparado ao escoamento de nitrogénio e fésforo, as concentragdes de silicio ou
silica permanecem bastante constante ou reduzidas, de modo que a silica vem se tornando
um fator limitante e pode reduzir a produgdo primadria ou alterar a composi¢ao de espécies
fitoplanctonicas como diatomdceas marinhas, estuarinas e dulcicolas (RABALAIS, 2002;
YUAN et al., 2018). Na literatura j4 € relatada que o nitrogénio € limitante em aguas

marinhas e o fésforo € limitante em dguas fluviais e estuarinas (BHARATHI et al., 2018).

z

A comunidade fitoplanctonica é um componente bioldgico importante que
alimenta as redes tréficas dos ecossistemas aquaticos, além de ser considerada um
excelente bioindicador da qualidade da 4gua, pois apresenta um curto ciclo de vida e
responde rapidamente a mudangas ambientais (OTSUKA et al., 2016; RAJANEESH et
al., 2018). O desenvolvimento sazonal, espacial e a sucessdo das populagcdes
fitoplanctonicas sofrem influéncia da luz, temperatura, salinidade e disponibilidade de
nutrientes. Varidveis como regime de maré, condi¢des climdticas e antrépicas locais
influenciardo na distribuicio e sobrevivéncia desses organismos, podendo causar
modificacOes na sua composi¢do, biomassa e produtividade (ESKINAZI-LECA et al.,
2000; REYNOLDS, 2006).

Segundo Branco (1986), existe uma relacdo estreita entre a composicao fisica e
quimica da dgua e a frequéncia de determinados tipos de organismos quanto a composi¢ao
do meio (quantidade de determinados sais ou substancias organicas, valor osmético e
temperatura) como também as modificagdes produzidas no ambiente pelos proprios

organismos.

O tamanho do fitoplancton baseado na biomassa € considerado um fator
importante, pois influencia no funcionamento do ecossistema aqudtico, variando de
nanofitoplancton (2 a 20 pum) a microfitoplancton (> 20 pm). Células grandes de
fitoplancton tendem a ser ingeridas por grandes células de zooplancton, resultando em
teias troficas mais curtas, simples com alta eficiéncia e transferéncia de energia para

niveis troficos superiores (RYTHER, 1969; LIANG et al., 2018; IRWIN et al., 2006).

A dependéncia do tamanho da aquisicdo de recursos pode ter um grande efeito
sobre a fisiologia e as taxas de crescimento do fitoplancton e, portanto, pode
potencialmente alterar a abundancia e a estrutura do tamanho da comunidade (IRWIN et

al., 2006). As células pequenas t€m um requisito metabdlico celular minimo mais baixo
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que permite seletivamente que elas sobrevivam com concentracdes de recursos muito

menores do que as células maiores de fitoplancton (SHUTER, 1978; GROVER, 1991).

Em ecossistemas estuarinos deltaicos podem ser encontradas representantes
praticamente de todos os grupos de fitoplancton, com o predominio de um grupo ou mais,
determinado pelas caracteristicas ambientais locais. As diatomdceas sdo predominantes
em ecossistemas deltaicos como verificado por Ghobara; Salem (2017); El-Din et al.
(2015) e Shaaban et al. (2011) no Delta do Nilo; Essien-Ibok (2013) e Ezekiel et al. (2011)
no Delta do rio Niger; Wang et al. (2016); Shen et al. (2011) e Huang et al. (2004) no
Delta do rio Pearl; Spiridon et al (2015) no Delta do rio Dantbio; Gao et al. (2013) no
Delta do rio Yellow e Baker; Baker (1981) no Delta do rio Mississippi.

Esse grupo pode ocorrer solitdrias ou em colonias, amplamente distribuidas em
ambientes marinhos e dulcicolas, pois apresentam um grande sucesso em colonizar e
dominar uma vasta gama de habitats, abrangendo de 10.000 a 12.000 espécies, também
sdo muito abundantes em dguas fluviais com habito planctonico e bentonico (ROUND et

al., 1990; NORTON et al., 1996; BELLINGER; SIGEE, 2015).

As cloroficeas sdo o grupo mais diversos de algas com mais de 17.000 espécies
conhecidas pela sua diversidade pois apresentam variados tamanhos, desde de
organismos unicelulares microscopicos até grandes colOnias globulares e extensos

filamentos (GRAHAM; WILCOX, 2000; BELLINGER; SIGEE, 2015).

As cianobactérias ocorrem em ambientes com salinidades reduzidas com tamanho
de formas unicelulares a grandes colonias. Frequentemente dominam todos os tipos de
ambientes fluviais, incluindo condi¢des salobras, ambientes com alto e baixo teor de

nutrientes, podendo resultar em condicdes de eutrofizacdo (BELLINGER; SIGEE, 2015).

As Euglenoficeas sdao quase inteiramente organismos unicelulares, com um total
de 40 géneros em todo o mundo, cerca de 900 espécies, sendo a maioria pertencente a
ambientes fluviais. Sdo células tipicamente moveis, que se deslocam por de flagelos ou
até mesmo com células ndo flageladas, mas apresentam capacidade de mudar de forma
corporal muito devido ao seu metabolismo. Os dinoflagelados sdo na maioria
biflagelados, unicelulares, predominantes em &4guas superficiais, cerca de 90% sado
marinhos, com apenas 220 espécies presentes em dguas fluviais, tipicamente organismos

de células grandes (BELLINGER; SIGEE, 2015).
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2. CARACTERIZACAO DA AREA

A bacia hidrografica rio Parnaiba apresenta uma drea de superficie de 333.056
km? inserida na Regido Nordeste do Brasil, estendendo-se pelos estados do Maranhio,
Piaui e Ceard, abrangendo 279 municipios. Constitui a quarta maior bacia hidrografica
brasileira, sendo o rio Parnaiba o maior do Nordeste ocidental ou Meio Norte € a mais
importante descarga de dgua doce nessa regido com uma extensdo de 1.400 km

(SZCZYGIELSKI et al., 2015; BRITO, 2016; CODEVASF, 2016).

De acordo com o MMA (2006), a bacia do Parnaiba se divide em trés unidades
fisiograficas (sub-bacias): baixo, médio e alto Parnaiba. O alto Parnaiba compreende os
rios Balsas, Alto Parnaiba (que agrega o rio Urucui-Preto), Gurgueia e Itaueiras; O médio
Parnaiba com os rios Canindé/Piaui e Poti/Parnaiba; E o baixo Parnaiba com os rios
Longé/Parnaiba, sendo que o rio Longa alimenta inimeras lagoas de pequeno porte, além
de ser caracterizado por barragens em dois pontos do seu curso. O rio Parnaiba desagua
no oceano Atlantico, formando um delta com cinco canais de maré, Tutéia, Caju,
Melancieiras, Candrias e Igaracu que sofrem influéncia das marés. O Delta do rio
Parnaiba € o Gnico em mar aberto do continente americano, que possui dezenas de ilhas
e igarapés, cobrindo uma érea de 2.700 km? (COSTA, 2015; SZCZYGIELSKI et al.,
2015).

Devido a sua importante biodiversidade de fauna e flora, em 1996 foi criada a
Area de Protecdo Ambiental do Delta do Parnaiba (Dec s/n.° de 28.08.1996), abrangendo
uma 4drea aproximada de 313.800 ha, localizada nos municipios de Luis Corréa, Ilha
Grande de Santa Isabel e Parnaiba (no Estado do Piaui); Araioses e Tutéia (no Estado do
Maranhao); Chaval e Barroquinha (no Estado do Ceard), e nas dguas jurisdicionais. Em
2000, foi criada a Reserva Extrativista Marinha do Delta do Parnaiba nos municipios de
Ilha Grande de Santa Isabel (Estado do Piaui), Araioses e Agua Doce (Estado do
Maranhdo) com o objetivo de garantir a exploracdo autossustentdvel e a conservagao dos
recursos naturais renovdveis tradicionalmente utilizados pela populacdo extrativista da

area (PAULA, 2013).

A regido do baixo Parnaiba onde o estudrio se localiza apresenta uma urbanizacao
nas proximidades de Teresina e Parnaiba. As cidades de Parnaiba e Ilha Grande, locais

onde os pontos de coleta estdo inseridos, apresentam segundo os dados do dltimo censo
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do Instituto Brasileiro de Geografia e Estatistica (IBGE), uma populacido de 145.705
habitantes e 8.914 habitantes respectivamente (IBGE, 2018).

Quanto ao esgotamento sanitario da bacia 6,5% da populacio urbana era atendida
em 2012, sendo muito inferior a média nacional que na época era de 42,6% (ANA, 2012).
Em estudos realizados por Monteiro (2004), foram identificados 16 pontos de lancamento
de esgoto, além da Estacdo de Tratamento de Esgoto na Zona Centro e Norte da cidade
de Teresina. Segundo o mesmo autor, o rio Parnaiba possui menores condi¢des de
absorver os niveis de poluicdo a que é submetido, em razao de possuir vazdes bem

maiores e elevado poder de dilui¢do e autodepuracao.

Conforme um estudo realizado pela Agéncia Nacional de Aguas (ANA, 2010), a
regido do Parnaiba apresenta uma vazdo média de 767 m>.s”!, disponibilidade hidrica de
379 m*.s™. O regime de vazio do rio é perene em fungio da alimentagio dos tributdrios
perenes em seu alto curso onde se localiza uma faixa de regime de chuvas em torno de
1.200 e 1.400 mm anuais e seu médio e baixo curso localizam-se numa drea onde ha um

dos maiores aquiferos regionais da bacia do Parnaiba (LIMA, 2013).

O baixo curso do rio Parnaiba apresenta uma altimetria de até 50 cm.km™! e
reduzida velocidade de escoamento, em alguns pontos, 0 seu curso torna-se mais largo
com canal do tipo padrdo dendritico, sendo fortemente influenciado por processos
climato-meteoroldgicos costeiros, o que contribui significativamente para a manutencao
da umidade e precipitacdo da regido. Outro fator contribuinte € a presenca da grande
planicie de inundacdo e planicie fluviomarinha que compde o Delta do Parnaiba, o que
mantém a umidade da regido constante e juntamente com a umidade proveniente do

oceano, o que propicia longas precipitacoes (MMA, 2006; PAULA, 2013).

O estudrio do rio Parnaiba € caracterizado com regime de mesomarés, com
amplitudes que chegam a 3,7 metros de variacdo (PAULA, 2013) sendo que em marés de
sizigia pode chegar a amplitudes de 3,5 metros e marés de quadratura de 1,1 metros
(DHN, 2018), com duas preamares e duas baixa-mares, ou seja marés do tipo semidiurnas
com intervalo entre os dois picos, pouco mais de 6 horas. Os ventos sdao de nordeste,
constantes ao longo do ano, com média de velocidades de 2 m.s” a 4 m.s?! (INMET,
2018), com valores mais expressivos no periodo de outubro a dezembro e velocidades
minimas nos meses de fevereiro e maio. Segundo a classificacdo de Galloway (1975) e

Bhattacharya e Giosan (2003), que se baseia nos padrdes de transporte de sedimentos, o
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Delta do rio Parnaiba ¢ do tipo “Dominado por ondas”, mas ¢ fortemente influenciado

pela maré.

A regido do baixo Parnaiba apresenta uma drenagem caracterizada por canais
meandrantes de alta sinuosidade, composto por canais ativos, representados por barras de
acrecdo lateral, diques marginais e depdsitos de transbordamento. Ainda em trechos do
principal curso verifica-se a presenga de estruturas anastomoticas, que sdo formas
frequentes dos canais de marés. Tais caracteristicas levam ao rio apresentar elevada
producdo de sedimentos em média de 399,3 mg.L"! que percorrem praticamente todo o
territério piauiense advindo de outras grandes bacias hidrograficas que integram a bacia

do Parnaiba (PAULA, 2013).

Em relacdo a descarga fluvial e a densidade da dgua do rio e da dgua do corpo
receptor, o Delta do rio Parnaiba é caracterizado como um delta de Condi¢Oes
Hipopicnais onde o efluente do rio tem menor densidade que a dgua da bacia ocednica
receptora. Sendo assim, a propagacao de sedimentos em suspensao na dgua fluvial sobre
a 4dgua marinha mais densa promove a ampla distribuicdo de sedimentos finos pela
expansdo da pluma e migracdo em ambiente basinais onde os processos fisicos, como

vento forte, corrente costeira ou alta energia de ondas ndo permite que a pluma turva fique

confinada a uma zona estreita ao longo da costa que pode atingir mais de 10 km ao largo

da costa (PAULA, 2013).

7z

A darea de estudo abrange a Formagdo Barreiras que € composta por
conglomerados, arenitos grosseiros e finos com intercalacdes de siltitos e argilitos. Tais
depdsitos sdo referentes ao Tércio-Quaterndrio associado aos depdsitos colivio-
aluvionares em época que o nivel do mar era mais baixo que o atual. Os depdsitos
sedimentares do quaterndrio recobrem toda a planicie costeira. Para a drea de estudo,
inclui-se especificamente os depdsitos litordneos, edlicos litordneos, fluviomarinho e
aluviais. Os depdsitos aluviais sdo constituidos de sedimentos quaternérios de aluvides
que sdo representados por todos os depdsitos fluviais recentes, que no rio Parnaiba
bordeja o baixo curso fluvial. Sdo caracterizados por areias mal selecionadas, argilas,
siltes e as vezes cascalhos, de cores escuras (devido a matéria organica) ou cores variadas

(PAULA, 2013).

Nos depésitos fluviomarinho, os sedimentos sdo essencialmente argilosos de

coloracdo escura produzida pela decomposi¢cdo da matéria organica resultante de um
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ambiente com agdes marinhas e fluviais (PAULA, 2013). Depositos edlicos sdo
compostos por sedimentos mobilizados pela acdo dos ventos representados pelos campos
de dunas da regiao, que podem ser recobertos ou ndo pela vegetacao. Na regido estuarina
do rio Parnaiba esse depdsito estd voltado para faixa litoranea onde a partir dai parte dos
sedimentos volta ao oceano através da descarga fluvial, retroalimentando a costa.
Destaca-se ainda a drea de interdunas, que segundo Lima e Brandao (2010), sdo dreas
umidas, que formam lagoas interdunares no periodo de chuva e marcam os rastros do

movimento migratdrio ao longo do tempo.

Os depositos litoraneos sdo continuos e alongados que se estendem por toda a
costa, situado na drea de atuacdo da maré até o limite do inicio do pds-praia. Sdo
caracterizados por areias de textura média a grossa, em geral, moderadamente
selecionadas, com abundantes restos de conchas, matéria organica e minerais pesados
(PAULA, 2013). As planicies fluviais prolongam-se no sentido dos cursos d’agua,
originadas da deposicao de sedimentos aluviais. Ao longo do rio Parnaiba esse depdsito

se torna mais expressivo tornando-se mais largos (LIMA; BRANDAO, 2010).

O Delta do Rio Parnaiba esta inserido em uma zona climética de transicdo entre o
Pré-Amazodnia Umido e o Semidrido nordestino, também chamado de Meio Norte
(ANDRADE JR et al., 2005), com climas tropical e tropical imido e chuvas de verao,
que se prolongam até o junho. Essa regido apresenta dois periodos sazonais bem distintos,
o periodo de estiagem de junho a dezembro e o periodo chuvoso de janeiro a maio, com
precipitacdes anuais em torno de 1.100 a 1.700 mm.ano™! com chuvas maximas em abril,
sendo que nos meses de agosto, setembro, outubro € novembro, a chuva praticamente

chega a zero (PAULA, 2013; PAULA FILHO 2014; AQUINO DA SILVA et al., 2015).

No Brasil, a Zona de Convergéncia Intertropical (ZCIT) € o principal sistema
meteorolégico atuante sobre o litoral Nordestino, sendo o norte e centro do Maranhao,
Piaui, Ceara, Rio Grande do Norte e os sertdes da Paraiba e Pernambuco os estados mais
afetados (MELO, 1997; ROSA; SILVA, 2016). Em anos de El Nifio, pode haver a
reducdo da formacdo de nuvens e da descida da ZCIT, diminuindo assim a quantidade de
chuvas na regido norte do nordeste brasileiro (FERREIRA; MELLO, 2005). A duragdo
de cada estacdo depende da posi¢do da ZCIT e da ocorréncia e intensidade do fenomeno

El Nifio Oscilagdo Sul (ENSO) (HASTENRATH, 2006).
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No estado do Maranhao encontra-se as maiores areas continuas dos manguezais
do Brasil, com cerca de 5.000 km? de mangue j4 o litoral do Piaui conta com apenas 40
km? (BRITO, 2016). Segundo Lugo e Snedaker (1974), os manguezais sio classificados
como mangues de franja, por se desenvolverem nas margens dos oceanos, de leito de rios
e borda de algumas ilhas fldvio-marinhas. Podem ser encontradas as espécies de mangue
Rhizophora mangle, Laguncularia racemosa e Avicennia germinans que se situam na
cota de altitude que varia entre 1 e 4 metros (FSADU, 2003; CAVALCANTI, 2001;
CODESVASEF, 2016). Ha também uma vegetacdo de influéncia fluvial e de superficie
topograficamente baixa e alagdvel que servem de suporte para gramineas aqudticas e
carnaubeiras (Copernicia prunifera) e macrofitas aquaticas como por exemplo a
Montrichardia linifera (Arruda) Schott caracterizada por apresentar porte de 4 a 8 metros

de altura (MIRANDA et al., 2015).
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RESUMO

O Delta do rio Parnaiba € o tinico em mar aberto do continente americano com uma area
de 2.700 km?. O rio esta situado no Nordeste do Brasil, sendo o segundo maior em termos
de largura, descarga e tamanho da bacia de drenagem. Apresenta um regime de

mesomarés, sujeito a atuacdo do fendmeno El Nifio Oscilacdo Sul. O trabalho objetiva
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investigar a comunidade fitoplanctonica e identificar espécies indicadoras de zonas
estuarinas influenciadas pela sazonalidade local. Para a realizacdo do estudo foram feitas
andlises das varidveis fisicas e quimicas, nutrientes, clorofila a e densidade
fitoplanctonica durante 2018 considerando o ciclo de maré (baixa-mar e preamar) e
periodos sazonais (chuvoso, de transicdo e estiagem), com uma prévia caracterizacao
fisica do estudrio. A partir dos dados obtidos verificou-se uma zonagao nitida do estudrio
em preamar, enquanto que em baixa-mar o fluxo fluvial domina o sistema no periodo
chuvoso, com salinidades e temperaturas tipicas de ambientes fluviais. A precipitacdo
pluviométrica, altera o gradiente de salinidade, concentracdes de nutrientes, turbidez e
MPS, reduzindo a disponibilidade de luz que juntamente com a entrada da maré sdao
fatores condicionantes para a distribuicdo da comunidade. Quanto as varidveis biolégicas,
a abundancia foi maior na ZR (zona de rio) e de clorofila a na ZC (zona costeira). As
espécies bioindicadoras no periodo chuvoso em baixa-mar foram Planktolyngbya
limnetica, Strombomonas fluviatilis na ZR e Strombomonas sp. na ZM (zona de mistura).
Em preamar Chaetoceros lorenzianus e Coscinodiscus sp. tipicas de ambiente marinho,
se destacaram na ZC. No periodo de transi¢do, Cyclotella meneghiniana, Cylindrotheca
closterium, Coscinodiscus oculus-iridis e Chroococcus sp. espécies adaptadas a
ambientes turvos e com turbuléncia da dgua, caracteristicas da ZM e ZC. Na estiagem,
em baixa-mar, foram selecionadas Staurastrum asteroideum, Pseudanabaena sp.,
Trachelomonas volvocina (ZR) e Trichodesmium erythraeum (ZC). Tais resultados
contribuem para o conhecimento dos fatores condicionantes na determinagdo de padrdes

espaciais e temporais neste ecossistema deltaico com marcada influéncia sazonal.

Palavras-chaves: fitoplancton, gradiente de salinidade, espécies bioindicadoras,

sistemas deltaicos, Delta das Américas.
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1. Introducao

Ambientes costeiros tais como deltas, bafas e estudrios sdo caracterizados pela
interacdo terrestre e processos marinhos, tendo experimentado mudangas ativas em
resposta a uma ampla gama de fatores controladores e de origem antrépica (Khim et al.,
2019).

Os ecossistemas deltaicos marinhos sdo morfologias costeiras que representam a
predominancia fluvial (em termos de oferta de sedimentos) sobre as for¢as marinhas, as
quais formam areas de baixo relevo com abundante suprimento de dgua (Aquino da Silva
et al., 2019). Dentre esses ecossistemas, 0s estudrios sdo os principais fornecedores de
importantes servicos ambientais, como producdo de alimentos e ciclagem de nutrientes,
0 que os torna um dos sistemas mais produtivos do mundo (Costanza et al., 1997;
Azevedo et al., 2008).

Levando em consideragdo fatores climaticos, sedimentacao e for¢antes dinamicas,
este ambiente pode ser dividido em trés zonas distintas: zona com maior influéncia fluvial
(zona de maré do rio), regido onde ocorre a mistura da dgua fluvial com dgua do mar
(zona de mistura) e a regido costeira adjacente se estendendo até a frente da pluma
estuarina (zona costeira) (Kjerfve, 1987).

Estas zonas estuarinas apresentam flutuacdes das varidveis condicionadas pela
precipitacdo pluviométrica (sazonalidade), gradiente de salinidade e influxo de maré
(Vajravelu et al., 2018; Madhu et al., 2017), fatores que desempenham um papel critico
afetando a produgdo biolégica, a qualidade da 4gua, o transporte e a dispersdo de materiais
nesse ambiente e interferindo na distribuicao de varidveis quimicas e bioldgicas (Zhou et
al., 2016).

Outro fator potencialmente importante nesse sistema, sio 0s nutrientes que

apresentam variacOes interanuais € sazonais, que podem advir de origem urbana,
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industrial ou agricola estimulando a produ¢do primdria, o que pode induzir a problemas
ambientais a médio prazo, tais como eutrofizacdo, hipdxia, proliferacdo de algas
potencialmente toxicas, alteracdes na estrutura da cadeia tréfica e limitar a taxa de
crescimento do fitoplancton (Bargu et al., 2019; Kasai et al., 2010).

Essa comunidade desempenha uma importante funcdo nas redes tréficas como
produtores primdrios aquaticos, além de interagir fortemente com fatores quimicos e
biol6gicos do meio (Chai et al., 2016; Cavalcanti et al., 2018). Por apresentar um ciclo de
vida curto, responder rapidamente as mudancas ambientais e poder indicar o estado
trofico do ambiente (Otsuka et al., 2016; Zhou et al., 2016), a comunidade fitoplanctonica
¢ considerada uma boa indicadora de qualidade da 4gua. Dessa forma, este trabalho
objetiva investigar a comunidade fitoplanctonica e identificar espécies indicadoras de
zonas estuarinas influenciadas por uma marcante sazonalidade em um ecossistema

deltaico na costa equatorial do Atlantico Sul.

2. Metodologia
2.1 Area de estudo

O Delta do rio Parnaiba desdgua no oceano Atlantico sendo o tinico em mar aberto
do continente americano, constituido por cinco canais de maré, possuindo dezenas de
ilhas e igarapés e cobrindo uma 4rea de 2.700 km?. O estudrio do Delta do rio Parnaiba
(EDRP) esta situado na regiao Nordeste do Brasil, entre os estados do Maranhao e Piaui,
sendo o segundo maior rio em termos de largura, descarga e tamanho da bacia de
drenagem com extensdo aproximada de 1400 km (Aquino da Silva et al., 2015;
Szczygielski et al., 2015).

O estudrio é caracterizado por apresentar um regime de mesomarés tipo

semidiurna com amplitudes que chegam a 3,7 metros de variacdo. O clima da regido estd
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inserido em uma zona climética de transi¢ao entre o Pré-Amazonia Umido e o Semidrido
nordestino, representado por dois periodos sazonais: chuvoso (janeiro a maio) e estiagem

(junho a dezembro) (Aquino da Silva et al., 2015; 2019).

2.2 Amostragem

Trés campanhas foram realizadas em 2018, considerando o ciclo de maré em
cendrio lunar de quadratura em baixa-mar e preamar durante o periodo chuvoso
(fevereiro), de transicdo (agosto) e estiagem (outubro). Ao longo do estudrio, oito pontos

foram estabelecidos com distancias equidistantes de 3km. (Figura 1).

Delta do Parnaiba

Baia de
Tuttia

Rio Parnaiba

Oceano Atlantico

Brasil

Figura 1. Localizacao dos pontos amostrais no estudrio do Delta do rio Parnaiba - EDRP,

Maranhao/Piaui — Brasil.
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2.3 Caracterizacao meteorologica

Os dados meteoroldgicos dos ultimos 24 anos revelam um ciclo sazonal tipico
para a regido com dois periodos bem distintos: o periodo chuvoso com maiores
precipitacdoes em abril (223,61 mm) e o periodo de estiagem com menor precipitacido
(0,93 mm) em setembro. O ano de 2018 registrou maiores precipitacdes em fevereiro com
384,6 mm nio acompanhando a série histérica, mostrando que esse ano a precipitacdo foi
muito maior que a média registrada para esse més (172,43 mm), com permanéncia do
fendmeno La Nifa de fraca intensidade (CPC, 2018). A velocidade dos ventos em 2018
registrou maior valor em novembro com 4,59 m.s”! e menor em fevereiro com 1,90

m.s’. (Figura 2).
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Figura 2. Série historica mensal de chuvas (1994-2018) e total de chuvas registradas para
o ano de coleta. Dados climatolégicos foram obtidos pelo site do Instituto Nacional de

Meteorologia (http://www.inmet.gov.bt/).

O El-Nifo Oscilagdo Sul (ENOS) € o principal fator climitico que controla os

padrdes de precipitacdo, sendo a Zona de Convergéncia Intertropical (ZCIT), o sistema
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meteoroldgico atuante sobre o litoral do nordeste do Brasil, onde estd inserida a drea de

estudo (Hastenrath, 2006; Rosa & Silva, 2016; Aquino da Silva et al., 2019).

2.4 Caracterizacao Fisica
Os seguintes parametros foram mensurados in sifu: profundidade, temperatura,
salinidade e condutividade, através de uma perfilagem vertical da coluna d” 4gua com o

auxilio do perfilador CTD-YSI EXO 2 (Condutivity, Temperature and Depth).

2.5 Analise Hidrolégica

As amostras de 4dgua para andlise dos parametros fisico e quimicos foram
coletadas em dois estratos da coluna d’agua: sub-superficie (0,5 m) e meio da coluna
d’agua de acordo com a profundidade local. Oxigénio dissolvido e pH foram mensurados
através da sonda multiparamétrica (Hanna — modelo HI9828). Em laboratério foram
determinados o material particulado em suspensdao (MPS) de acordo com Strickland &
Parsons (1972) e turbidez com o auxilio do turbidimetro (Lamotte 2020).

Para determinacio dos nutrientes em uMol.L! as seguintes metodologias foram
usadas: fon amonio (NH4*) (Koroleff, 1983), nitrito (NO2") e nitrato (NO3") (Strickland &
Parsons, 1972), ortofosfato (POs?) e silicato (SIO2) por Grasshoff et al., (1983).
Quantificac¢do do nitrogénio inorganico dissolvido (NID) foi obtido pela soma de NH4* +
NO>" + NOs', silicato inorganico dissolvido (SID) pelo SIO> e fésforo inorganico

dissolvido (PID) por PO4, seguindo a metodologia descrita em APHA (2012).
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2.6 Densidade e Composicao Fitoplanctonica

Para o estudo da estrutura da comunidade e densidade fitoplanctonica, foram
coletadas amostras de 4gua em dois estratos da coluna d’agua (sub-superficie e meio) com
auxilio da garrafa de van Dorn e coradas com solucdo de Lugol. Para a determinagdo da
densidade fitoplanctonica, seguiu-se o método de Utermohl (Utermohl, 1958). As
contagens foram realizadas em invertoscopio (ZEISS Axiovert 100) em uma ampliacdo
de 400x, empregando-se a contagem em cruz minima de 100 campos usando camara de
sedimentacao de 10 ml para cada amostra. O nimero de células foi aplicado na equagio
de Villafafie & Reid (1995), onde os resultados foram expressos em células por litro
(cels.L'h).

A diversidade do fitoplancton foi analisada através dos indices de Shannon (H’)
(Shannon, 1948), equitabilidade (J) (Pielou, 1966) e riqueza (S) (Margalef, 1958).

A identificacdo taxonomica foi baseada em bibliografias especializadas, e a
atualizacdo dos tdxons seguiram o sistema de classificacio do banco de dados

internacional ALGAEBASE (Guiry & Guiry, 2018).

2.7 Biomassa Fitoplanctonica (Clorofila a)

A biomassa fitoplanctonica foi estimada pela concentracdo de clorofila a
(mg.m™). Amostras de dgua (2L) foram coletadas na sub-superficie e no estrato do meio
da coluna d’agua com auxilio da garrafa de van Dorn. As amostras foram filtradas através
de filtros de fibra de vidro Whatman GF/F e a extracdo do pigmento foi realizada com
acetona 90%. Para a separagdo das fracdes do fitoplancton, microfitoplancton (> 20 um)
e nanofitoplancton (<20 pum), as amostras foram filtradas em tela de 20 um. As
concentragdes do pigmento foram mensuradas usando o método espectrofotométrico

(UNESCO, 1966) de acordo com Parsons & Strickland (1963).
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2.8 Analise Estatistica

Com o proposito de avaliar as diferengas significativas das varidveis ambientais e
bioldgicas entre os periodos sazonais e zonas estuarinas foi aplicado a andlise de variancia
(ANOVA One-Way) e seu respectivo teste ndo-paramétrico Kruskal-Wallis, com nivel
de significancia definida em p<0,05. Para cada varidvel foi testada a normalidade (teste
de Shapiro-Wilk) e homogeneidade (Teste de Levene), e em seguida transformados a log
(x + 1). A Andlise de Componentes Principais (ACP) foi realizada como objetivo de
identificar padrdes sazonais e espaciais relacionados aos gradientes ambientais.

A Analise de Cluster, baseada na distincia Euclidiana e método de Ward,
determinou a dissimilaridade das amostras em relagdo a estrutura da comunidade
fitoplanctonica por meio da densidade celular, onde as matrizes originais dos tdxons
foram previamente reduzidas, eliminando-se os tdxons poucos frequentes (< 2%) e pouco
abundantes (< 4,8 x10° cel.L"!) para diminuir o ruido nas anélises (Legendre & Legendre,
1998), onde foi realizada a transformacdo de Hellinger.

O IndVal (Indice de Valor Indicador) foi utilizado para selecionar os indicadores
potenciais das zonas do EDRP. O método é determinado com base na férmula proposta
por Dufréne & Legendre (1997) e combina a abundincia de uma espécie com sua
frequéncia de ocorréncia dos pontos amostrados, considerando a especificidade e
fidelidade. O valor do indice foi expresso em porcentagem, o nivel de significancia foi
avaliado através do teste de permutagdo aleatéria de Monte Carlo, onde as espécies com
IndVal significativo (p<0,05) e >40% foram consideradas como boas espécies
indicadoras.

A Andlise de Redundancia Candnica (RDA) foi aplicada para avaliar as relacdes
entre os grupos fitoplanctonicos e as varidveis ambientais. Nesse método uma matriz de

espécies € analisada em relacdo a uma matriz de varidveis ambientais, sendo possivel
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observar a influéncia das varidveis ambientais significativas (p<0,05) na distribui¢ao dos
tdxons fitoplanctonicos através de um teste de permutacdo de Monte Carlo. As andlises
estatisticas foram realizadas usando os softwares PAST 3.0, CANOCO 4.5, PC-Ord 6.0

e Matlab R2013b.

3. Resultados
3.1 Caracterizacao Fisica

A salinidade, temperatura e MPS apresentaram diferencas significativas sazonal
(p<0,01) e entre zonas (p<0,01).

Durante o periodo chuvoso, em preamar, o gradiente horizontal de salinidade
(Vy S) foi de aproximadamente de 1,46 g.Kg"'.Km™ (Figura 3A). Entretanto, em baixa-
mar o Vy, S foi apenas de 0,12 g.Kg"'.Km™ com variacio de 0,03 g.Kg' a 0,13 g.Kg"' no
fundo da coluna d’agua (Figura 3B). No periodo de transi¢do em preamar o V4 S foi o
mesmo observado para o periodo chuvoso com variagio de 0,1 g.Kg' a 32,4 gKg'
(Figura 3C). Em baixa-mar o Vy S foi de 1,12 g.Kg'.Km™! com variacio de 0,06 g.Kg
a 24,7 g Kg! (Figura 3D). No periodo de estiagem em preamar e baixa-mar o Vy S
observado foi de 1,55 g.Kg'.Km™ em ambas as marés com variacdo de 0,03 a 34,2
g.Kg! (Figura 3E e 3F).

No geral, este comportamento sugere que o estudrio apresenta trés zonas
estuarinas baseadas no gradiente de salinidade: Zona Costeira (ZC —ponto 1; § > 30 g.Kg
1; Zona de Mistura (ZM — pontos 2 e 3; 15 > § < 30 g.Kg!) e Zona de Rio (ZR — pontos
420 8; S <15 gKg™"). No entanto, durante o periodo chuvoso foi evidenciado apenas uma
zona estuarina em baixa-mar: ZR.

A temperatura da dgua, em periodo chuvoso na baixa-mar apresentou amplitude

térmica de 2,2 °C, com gradiente horizontal (Vy T') de 0,07 °C.km onde observa-se aguas
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mais quentes (T > 31°C) na parte mais interna do estudrio e dguas mais frias (T < 30°C)
na regido da foz (Figura 3G). O mesmo comportamento foi observado em preamar, com
VyT de 0,05 °C.km™ (Figura 3H). No periodo de transi¢io, a amplitude térmica
observada em preamar foi a mesma da estagdo chuvosa, enquanto que em baixa-mar a
amplitude térmica foi de 2,0 °C. Os Vy T foram praticamente iguais, aos observados no
periodo chuvoso (0,07 °C.km™' e 0,05 °C.km!) para ambas as marés (Figura 31 e 3J). No
periodo de estiagem, em preamar, observa-se que a regido da foz apresentou um V5 T de
0,05 °C.km™!, enquanto que em baixa-mar registrou um Vy T de 0,14 °C.km™! (Figura 3L
e 3M).

O material particulado em suspensdo (MPS), durante a estacdo chuvosa em
preamar apresentou maiores concentracdes na regido interna (60 a 80 mg.L'!) e menores
valores na regido da foz (19,3 mg.L'!) (Figura 3N). Em baixa-mar, devido a menor
influéncia da maré, o aporte continental aumentou as concentracdes de MPS na regiao
interna (78 a 98 mg.L") e a regido da foz apresentou concentragdes de MPS junto ao
fundo cinco vezes maior do ocorrido em preamar (Figura 30). Os gradientes horizontais
(Vy MPS) variaram de 2,6 mg.L'km' a 1,5 mg.L'km' em preamar e baixa-mar
respectivamente. No periodo de transi¢io, em preamar, o MPS variou de 22,2 mg.L! nas
ZM e ZR a 70,2 mg.L'1 na ZC, j4 em baixa-mar variou de 34,1 mg.L'1 (ZR) a 20,9
mg.L'! (ZM). O V,; MPS aumentou 67% do gradiente de MPS em preamar quando
comparado ao observado em baixa-mar (Figura 3P e 3Q).

No periodo de estiagem, em preamar o MPS variou de 23,1 mg.L"! na ZR e ZM a
43,1 mg.L‘1 na ZC, resultando em um Vy MPS de 0,9 mg.L‘l.km'l, em baixa-mar com
maximos obtidos na regido da foz foi de 31,3 mg.L'l, resultando em um Vy MPS de 0,04
mg. L' km. O valor de V; MPS em preamar é praticamente o dobro do encontrado em

baixa-mar (Figura 3R e 3S).
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Figura 3. Transectos longitudinais de salinidade, temperatura e material particulado em suspensao ao longo do EDRP em diferentes marés e periodos sazonais.

Onde: Chu - P — Preamar chuvoso; Tra - P — Preamar transic¢do; Est - P — Preamar estiagem; Chu - B — Baixa-mar chuvoso; Tra - B — Baixa-mar transi¢ao;

Est - B — Baixa-mar estiagem; A a F — Salinidade; G a M — Temperatura; N a S — Material particulado em suspensao.

39



3.2 Caracterizacao Hidrolégica

Os valores das varidveis ambientais, bioldgicas e nutrientes da 4dgua estdo
resumidas na tabela 1 com diferenca significativa (p<0,05) sazonal e entre zonas
estuarinas.

A condutividade elétrica apresentou maiores valores no periodo de estiagem
(11.148+18.428,81 uS.cm), e espacialmente na ZC (33.047,43+22.607,20 uS.cm™).
Esse parametro apresentou diferenca significativa sazonal (p<0,01) e entre zonas
(p<0,01). A turbidez registrou as maiores concentracdes no periodo chuvoso
(114,22440,76 UNT) sendo uma consequéncia da maior precipitacdo nesse periodo,
espacialmente a ZR apresentou maiores valores (58,16+58,03 UNT). Diferencas
significativas foram observadas entre periodos sazonais (p<0,01) e entre zonas (p<0,01).
O periodo de transi¢do registrou as maiores concentracdes de oxigénio dissolvido
(6,78+0,96 mg.L!) e espacialmente a ZC foi a zona com maior concentragio (6,61+0,92
mg.L'!). O pH apresentou maiores valores no periodo de transi¢io (7,93+0,42) e
espacialmente na ZM (7,22+0,80), com diferencas significativas sazonal (p<0,05) e entre

zonas (p<0,05).

3.3 Nutrientes da Agua

Quanto aos nutrientes, nitrito (0,22+0,11 umol.L‘l; p<0,01), nitrato (19,56+3,95
pmol.L“; p<0,01) e silicato (3,43+0,55 umol.L‘l; p<0,01) apresentaram diferencas
significativas sazonais com maiores concentra¢des no periodo chuvoso. O fon amdnio
apresentou diferenca significativa somente entre zonas (p<0,05) com maiores
concentracdes na ZM (0,19+0,10 pumol.L!") e o PID foi o tinico a apresentar diferenca
significativa entre zonas (p<0,05) e sazonal (p<0,05) com maiores concentragdes no

periodo de estiagem (0,38+0,29 pmol.L‘l) e na ZC (0,58+0,41 umol.L‘l) (Figura 4).
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Em relacido a razdao de Redfield NID:PID em todos os periodos sazonais, a
propor¢ao foi maior que 16:1 (chuva 100% dos dados, transicdo 54,2% e estiagem
78,1%), demonstrando que o fésforo € o fator limitante. A razdo NID:SID no periodo
chuvoso (100% dos dados) e de estiagem (96,9% dos dados) a propor¢do foi maior que 1
indicando uma limitag¢do por silicato enquanto que no periodo de transi¢ao 87,5% dos
dados estiveram menores que 1 indicando limitacao por nitrogénio.

Quanto arazao SID:PID no periodo chuvoso, 81,3% dos pontos estiveram maiores
que 16 indicando uma limitagdo por fésforo, enquanto que no periodo de estiagem 90,6%
dos pontos estiveram menores que 16 indicando limitagcao por silicato. Ja no periodo de
transi¢do foi constatado uma colimitagdo por fésforo e silicato, ja que metade dos pontos

estiveram com valores menores 16.

Figura 4. Distribui¢ado espacial do (A) - ion amonio, (B) - nitrito, (C) - nitrato, (D) - PID,
(E) - silicato, (F) —Razdo NID:PID (médiatdesvio padrdo) no EDRP nas zonas estuarinas
e periodos sazonais. Onde: Chu — periodo chuvoso; Tra — periodo de transi¢do; Est —

periodo de estiagem; ZR — zona de rio; ZM — zona de mistura; ZC — zona costeira.
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3.4 Caracterizacao Biolégica

As concentracdes de clorofila a ndo apresentaram diferengas significativas em
relacdo a sazonalidade e entre zonas (p>0,05). Houve uma tendéncia de menores valores
no periodo de estiagem (8,94+17,28 mg.m™), seguido pelo periodo chuvoso (16,04+8,90
mg.m>) e um acentuado aumento no periodo de transicio (21,74+23,49 mg.m>).
Espacialmente a ZC apresentou maiores concentragdes de clorofila a (18,38+30,61 mg.m"
3) (Figura 5).

Em relacdo ao fracionamento do fitoplancton, o nanofitoplancton apresentou
menores valores no periodo de estiagem (5,43%£15,97 mg.m™) e maiores valores no
periodo chuvoso (9,37+3,14 mg.m'3). Espacialmente, a ZC apresentou maiores
concentracdes de nanofitoplancton (14,64+31,58 mg.m™). O microfitoplancton registrou
menores concentracdes no periodo de estiagem (3,51£7,52 mg.m™) e um aumento das
concentracdes no periodo de transicio (12,17+19,26 mg.m>). Espacialmente, a ZM
registrou maiores concentracdes (8,30+12,50 mg.m) (Figura 5). No periodo chuvoso,
72% dos pontos o nanofitoplancton foi dominante, na transi¢do 52% correspondeu ao
microfitoplancton e na estiagem 55% ao nanofitoplancton.

A densidade fitoplanctonica apresentou diferenca significativa entre periodos
sazonais (p<0,05) e entre zonas (p<0,05) com menores valores registrados no periodo
chuvoso (20,5+5,0 x10* cel.L™"), seguido pelo periodo de transicao (124,5+83,5 x10*
cel.L'") e um aumento significativo durante a estiagem (157,4491,3 x10* cel.L').
Espacialmente foi observado um gradiente crescente da ZC para a ZR, com maior registro

de densidade da comunidade (116,8+94,5 x10* cel.L™") (Figura 5).
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Figura 5. Distribui¢do espacial da (A) — clorofila a, (B) — nanofitoplancton, (C) -
microfitoplancton, (D) densidade fitoplanctonica (média+desvio padrdao) no EDRP nas
zonas estuarinas e periodos sazonais. Onde: Chu — periodo chuvoso; Tra — periodo de
transi¢do; Est — periodo de estiagem; ZR — zona de rio; ZM — zona de mistura; ZC — zona

costeira.

Os indices ecoldgicos apresentaram padroes semelhantes, com menores valores
no periodo chuvoso e maiores na estiagem (Tabela 1). Espacialmente, a ZC apresentou
média diversidade (2,27+0,18 bits.cel ') enquanto que a ZR apresentou grande riqueza de
espécies (6,02+2,37). A diversidade especifica, equitabilidade e riqueza de espécies
apresentaram diferenca significativa entre periodos sazonais (p<0,05), enquanto que a

equitabilidade apresentou somente para zonas estuarinas (p<0,01).
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Sazonal

Varidveis Ambientais e Média + Desvio Padrao Zonas
Bioldgicas p - valor
Chuvoso Transi¢do Estiagem ZR M ZC Chuvoso Transicdo Estiagem p - valor
Salinidade (g.Kg™") 2,59+7,39 8,86+12,44 8,42+12,67 1,2143,13 21,85+7,21 32,74+0,33  0,0006%* 0,0029** 0,0000%* 0,0000%*
Temperatura (°C) 31,5940,44 29,2140,92 29,36+0,90 30,50+1,10 29,25+1,39 28,00£0,66  0,0013** 0,0035** 0,0001** 0,0000%*
R e e 11 ST < 0 sV OR pys
Oxigénio Dissolvido (mg.L'")  5,67+0,24 6,78+0,96 6,22+0,77 6,10+0,83 6,25+0,52 6,61+0,92 0,0000F
pH 7,21£0,40 7,93+0,42 6,57+0,43 7,18+0,66 7,22+0,80 6,89+0,70 0,0109%* 0,0000**  0,0000%*
MPS (mg.L") 71,70+24,21  30,48+14,87 21,8949,55 43,55+30,51 31,04+16,75 45,97£17,70  0,0043** 0,0032** 0,0236%*
Turbidez (UNT) ! 14’2§i40’7 16,30+10,11 10,65+4,46 58,16+58,03 23,84+20,83 9,70+6,09 0,0014%** 0,0004**  0,0037**
fon aménio (umol.L-1) 0,22+0,07 0,11+0,02 0,16+0,13 0,17+0,10 0,19+0,10 0,11+0,01 0,0397%**
Nitrito (umol.L!) 0,22+0,12 0,04+0,04 0,07+0,03 0,12+0,12 0,13+0,09 0,08+0,05 0,0058%**
Nitrato (umol.L) 19,56+3,95 2,88+0,98 9,44+4.47 11,98+8,11 10,13+4,75 7,19+5,36 0,0030%*
NID (umol.L-") 20,42+4,60 3,03+0,98 9,66+4,46 12,51+8,56 10,06+4,56 7,38+5,35 0,0043%%*
PID (umol.L) 0,15+0,12 0,22+0,14 0,38+0,29 0,22+0,17 0,26+0,21 0,58+0,41 0,0291** 0,0312%%*
Silicato (umol.L") 3,43+0,55 2,89+0,61 1,13+0,61 2,46+1,12 2,87£1,42 1,85+1,24 0,0103**
Clorofila a (mg.m™) 16,04+8,90 21,74423,49 8,94+17,28 14,67+16,43 14,72+12,54 18,38+30,61
Nanofitoplancton (mg.m) 9,37£3,14 7,53+8,11 5,43£15,97 6,76+5,71 6,42+5,58 14,64+31,58
Microfitoplancton (mg.m) 6,67+7,45 12,17£19,26 3,51+£7,52 7,21%12,89 8,30£12,50 3,74+3,04
b emida‘i‘z Eﬁ;ti?}?“a@“ica 20,5132,0 % 124’51%§3 Sx 13 7"%31’” 116,8494,5% 10 38,333,1x 10*  154+4.0x 10 0,0103%* 0,0126%* 0,0000%% 0,0000%*
Diversidade (bits.cel'") 1,52+0,56 2,37+0,33 2,59+0,24 2,11+0,67 2,26+0,56 2,2740,18 0,0083%**
Equitabilidade 0,53+0,14 0,66+0,09 0,69+0,07 0,60+0,12 0,77+0,05 0,71£0,12 0,0325%* 0,0010**  0,0000%*
Riqueza 3,73+1,63 6,45+1,55 7,30£1,66 6,02+2,37 5,06+1,82 4,44+0,53 0,0103**  0,0007**

Tabela 1. Estatistica descritiva das varidveis ambientais e biolégicas do EDRP com seus respectivos valores médios e desvio padrao. Os

asteriscos representam diferenga significativa sazonal e entre zonas estuarinas (p<0,05), () ANOVA One-Way e (**) teste de Kruskal-

Wallis.
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3.5 Estrutura e Ecologia da Comunidade Fitoplanctonica

No EDRP foram identificados 279 tixons distribuidos em seis divisdes
taxondmicas, as quais incluiram a divisao Chlorophyta (49,1%), Bacillariophyta (28,0%),
Cyanophyta (12,5%), Euglenophyta (8,6%), Dinophyta (1,4%) e Cryptophyta (0,4%).
Dentre estas, Chlorophyta foi a mais representativa com 137 tdxons, seguida por
Bacillariophyta com 78 tdxons (Apéndice A). Quanto ao nimero de espécies, ficou
evidenciado um gradiente crescente em fun¢do da sazonalidade, no periodo chuvoso 128
espécies foram identificadas, na transicdo 148 espécies e na estiagem 196 espécies
identificadas (Apéndice A).

Os organismos com maiores densidade foram cianobactérias no EDRP com média
de 39,5 x10* cel.L'!, seguidas pelas diatomdceas 38,6 x10* cel.L"! e cloroficeas 19,2 x10*
cel.L'!. As espécies com maiores densidades celulares foram Pseudanabaena sp. (36,0
x10* cel.L'Y), Aulacoseira granulata (28,2 x10* cel.L!") e Chroococcus minimus (20,9
x10* cel.L'!) (Apéndice B).

Quanto a ecologia das 279 espécies identificadas, 199 foram enquadrados em trés
categorias ecoldgicas, com o predominio das dulcicola (82,9%), seguidas das marinhas
(11,6%) e estuarinas (5,5%) (Apéndice A). Os demais tdxons ndo se enquadraram na

classificacdo ecoldgica.

3.6 Comunidade fitoplanctonica em resposta aos gradientes ambientais

De acordo com a Andlise de Componentes Principais (ACP), 52,47% das
variagOes foram expressas nos dois primeiros eixos (Figura 6). O eixo 1 com 37,40% e o
eixo 2 com 15,02%. O eixo 1 explica a correlacdo entre o periodo de chuva e o periodo
de estiagem, onde durante o periodo de maior precipitacdo a ZR se destaca principalmente

na baixa-mar se associando com turbidez (0,42), temperatura (0,41), MPS (0,36), nitrato
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(0,35) e nitrito (0,31) e a ZM em preamar se correlaciona com as concentracoes de silicato
(0,25). Enquanto que, no periodo de estiagem, a ZM e a ZC em ambas as marés se
correlacionam inversamente com oxigénio dissolvido (-0,26), salinidade (-0,24) e PID (-

0,22). O eixo 2 explica a correlagdo do periodo de transicdo, onde a ZR em baixa-mar se

associa com pH (0,55) e clorofila a (0,42).
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Figura 6. Andlise de Componentes Principais para as varidveis ambientais no EDRP em
funcdo dos periodos sazonais, zonas estuarinas € marés. Onde: Chu — Chuvoso; Tra —
Transi¢do; Est — Estiagem; ZR — zona de rio; ZM — zona de mistura e ZC — zona costeira;

P — Preamar; B — Baixa-Mar; Formas: tridngulo — zona de rio; quadrado — zona de mistura;

circulo — zona costeira.

A partir da andlise de agrupamento, uma distribuicio da comunidade
fitoplanctonica foi identificada em relacdo aos periodos sazonais e gradiente salino (zonas
estuarinas). Houve a formacdo de nove grupos, com nivel de dissimilaridade de 9%, os

quais tiveram relacionados aos periodos sazonais: chuvoso, transicao e estiagem (Figura
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7A). A partir das associacdes da comunidade fitoplanctonica, foram elaborados perfis

verticais indicando a localiza¢do dos mesmos (Figura 7B).
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Figura 7. Sintese das associagdes fitoplanctonicas ao longo do EDRP. (A) Agrupamento

das amostras a partir da matriz dos tdxons fitoplanctonicos e (B) perfis verticais dos

agrupamentos da comunidade fitoplanctonica durante os periodos sazonais, zonas

estuarinas e marés. Onde: ZR — zona de rio; ZM — zona de mistura e ZC — zona costeira.

Baseado no IndVal, um total de 35 espécies indicadoras foram identificadas,

distribuidas em nove grupos (Tabela 2).
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Grupos Sazonal
Chuvoso
Chuvoso
Chuvoso
Chuvoso
Chuvoso
Chuvoso

Transi¢ao

Transicao

Transicdo

Transi¢ao

Transicao

Transicdo

Transi¢ao

Transicio

Transicao

Transi¢ao

Transi¢ao

Transicao

Transi¢ao

Transi¢ao
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem
Estiagem

[y

~N 00 O O VO OO VOVWVOVVLOVVOVVOVVO VO, PE,EA,PUUUULEULUUNDDNDDND WR

Zonas
ZR
7R
M
7C
ZC
7C
ZR
ZR
ZR
ZR
ZR
ZR
ZR
ZR
/M
M
/M
/M
M
7ZC
ZR
ZR
ZR
ZR
ZR
ZR
ZR
ZR
ZR
ZR
ZR
ZR
ZR
M
7ZC

Espécies indicadoras
Planktolynbya limnetica
Strombomonas fluviatilis

Strombomonas sp.
Chaetoceros lorenzianus
Coscinodiscus sp.

Pinnularia pulchella

Closterium kuetzingii
Staurastrum chaetoceras

Staurastrum dorsidentiferum

Coelastrum indicum

Craticula ambigua

Monactinus simplex
Cyclotella meneghiniana

Radiocystis fernandoi

Chroococcus sp.
Cylindrotheca closterium
Eudorina elegans
Chlamydomonas sp.
Ulnaria ulna
Coscinodiscus oculusiridis
Staurastrum asteroideum
Hyalotheca sp.
Eucapsis densa
Spondylosium moniliforme
Scenedesmus sp.
Nephrocytium sp.
Sellaphora sp.
Amphora sp.

Discostella stelligera

Pseudanabaena sp.

Chroococcus turgidus

Chroococcus minimus
Trachelomonas volvocina

Cosmarium spp.
Trichodesmium erythraeum

Valor Indicator (%)
25,5
22,3
43,4
94,5
34,5
30,3
64,1
54,9
51,7
50,7
50,4
47,2
40,3
40,2
79,8
62,2
49,9
42,9
42,9
76,5
73,0
63,9
59,4
58,0
57,6
50,0
47,7
43,9
42.4
74,9
53,8
44,0
64,6
64,4
46,5

p-valor
0,05
0,05
0,00
0,00
0,05
0,05
0,00
0,01
0,00
0,01
0,00
0,00
0,04
0,02
0,00
0,01
0,03
0,01
0,02
0,00
0,00
0,00
0,00
0,00
0,00
0,01
0,01
0,02
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Tabela 2. Espécies indicadoras em cada grupo (sazonal e zonas estuarinas) baseada no

IndVal (valor indicador), com p-valor.

A Anilise de Redundancia Canonica (RDA) avaliou a relacdo entre as varidveis

ambientais e os taxons fitoplanctonicos selecionados, evidenciando a influéncia sazonal

e espacial na distribuicao de 10 varidveis significativas (p<0,05) das 15 varidveis testadas,

com 50,3% da variacdo explicada para os dois primeiros eixos (Figura 8 e Tabela 3).
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Figura 8. Andlise de Redundancia Candnica (RDA) para as varidveis ambientais e
comunidade fitoplanctonica no EDRP. (A) Diagrama com a relacio das amostras
fitoplanctonicas com as varidveis ambientais, onde: as formas circulo representa preamar
e quadrado baixa-mar; as cores representam os grupos formados no dendrograma (Figura
8): cinza, rosa e lilds — ZR; marrom, amarelo e azul claro — ZM; azul escuro, verde e
vermelho — ZC e (B) diagrama com a relacdo dos tdxons selecionados com as varidveis
ambientais, onde os circulos coloridos sdo as espécies indicadoras e os circulos vazados
sdo as demais espécies nao indicadoras. Os codigos das varidveis sdo expressos na Tabela

3 e dos tédxons selecionados no Apéndice B.

O eixo 1 explicou 34,7% das variancias dos dados, indicando que as condi¢des
ambientais sdo influenciadas pelas concentracdes de silicato, MPS, turbidez, temperatura
e nitrato. Este eixo agrupou as amostras pertencentes ao periodo chuvoso. Esse periodo
foi influenciado diretamente na distribui¢ao das espécies P. limnetica, S. fluviatilis, C.
ambigua e C. lorenzianus. O eixo 2, por sua vez, explicou 15,6% da variabilidade dos

dados, sendo caracterizado principalmente pelo pH, concentracdes de oxigénio
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dissolvido, salinidade, condutividade se correlacionando com o periodo de transi¢cdo e

PID se associando com o periodo de estiagem.

O periodo de transicdo agrupou as espécies C. oculus-iridis, E. elegans, C.

closterium, U. ulna, Crucigenia fenestrata, Chlamydomonas sp., Chroococcus sp., C.

kuetzingii, S. chaetoceros, S. dorsidentiferum, C. indicum, M. simplex, C. meneghiniana

e R. fernandoi. J4 o periodo de estiagem agrupou as espécies 7. erythraeum, Cosmarium

spp., Pseudanabaena sp., S. asteroiderum, T. volvocina, Hyalotheca sp., E. densa, S.

moniliforme, Scenedesmus sp., C. turgidus, Nephrocytium sp., Sellaphora sp., Closterium

acutum, Pectinodesmus pectinatus, Neglectella solitaria, C. minimus, Amphora sp., D.

stelligera e Stauridinium tetras.

. . . N Eixo 1 Eixo 2

Variaveis ambientais Abreviacdes 34.7% 15.6% P
Salinidade Sal 0,04 0,42 0,0001
Temperatura Temp 0,55 -0,54 0,0001
Condutividade elétrica Cond 0,06 0,29 0,03
Oxigénio Dissolvido OD -0,27 0,53 0,008
Material Particulado em Suspensdo MPS 0,76 -0,21 0,0001
Turbidez Turb 0,74 -0,40 0,0001
Nitrato NO3 0,52 -0,66 0,008
Fésforo Inorganico Dissolvido PID -0,36 -0,09 0,05
Silicato SiO2 0,79 0,22 0,0001
pH pH 0,33 0,58 0,008
Maré Enchente Enc -0,03 -0,13 0,05
Maré Vazante Vaz 0,03 0,13 0,05

Tabela 3. Resumo da Andlise de Redundancia Candnica (RDA) para as varidveis

ambientais no ERP.
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4. Discussao
4.1 Caracterizacao Fisica

No EDRP durante a preamar, observou-se uma zonac¢do nitida onde a ZC ¢é
caracterizada com d4guas salinas e temperaturas mais baixas, associada a menores
concentragdes de MPS. Na ZM, ocorre a presenca de dguas estuarinas com valores de
salinidade reduzindo rio acima e temperaturas mais altas devido ao aporte continental,
enquanto que, na ZR evidenciou-se o aporte fluvial significativo em funcdo da salinidade
bastante reduzida e d4guas mais quentes além de altas concentracdes de MPS.

A presenca dessa massa de d4gua marinha que adentra o sistema em preamar, a
partir do periodo de transi¢do, aumenta as concentragdes de MPS espacialmente na ZC,
sendo depositado no fundo, devido a elevacdo da densidade do fluido e da incapacidade
desse material em transpor o barramento hidraulico gerada pelo aumento da densidade da
dgua como verificado por Corréa et al. (2019).

Em baixa-mar, no periodo chuvoso, o maior fluxo fluvial sobre a maré determina
o sistema com salinidades e temperaturas tipicas de ambientes fluviais, associadas a altos
valores de MPS, cendrio semelhante ao observado por Menéndez et al. 2016; Choudhury
& Pal, 2014. Enquanto que, no periodo transicional houve a diminuicdo das
concentracdes de MPS e a ZC foi advectada muito provavelmente para a Plataforma
Continental Interna (PCI) ficando o estudrio restrito a regido da ZM. Na estiagem, o
barramento hidraulico permanece, onde € possivel ser observado pelo aumento de

concentracdes de MPS na ZC.

4.2 Caracterizacio Ambiental
A influéncia da ZCIT, associada ao fendmeno La Nifia de fraca intensidade,

proporcionou o aumento da precipitagdo nessa escala de tempo amostrado (CPC, 2018),
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determinando o regime de precipitacdo no EDRP, com maiores pluviosidades nos meses
de janeiro a maio e menores nos demais meses do ano (Silva et al., 2012; Aquino da Silva
et al., 2015).

Essas variagdes na precipitacdo pluviométrica causam mudangas na dindmica do
EDRP e consequentemente, na comunidade fitoplanctonica, alterando o gradiente de
salinidade, concentracdes de nutrientes, turbidez e MPS e reduzindo assim, a
disponibilidade de luz que atua como fator limitante para o desenvolvimento do
fitoplancton (Vajravelu et al., 2018). Esse padrao ambiental também foi observado em
outros ecossistemas estuarinos (Domingues et al., 2011; Morelle et al., 2018).

A maior disponibilidade de luz e de nutrientes no periodo de menor precipitacao,
possibilitou maiores concentragdes de clorofila a. Essa tendéncia € ocasionada pelo fator
climatolégico e variacdes de marés (Teixeira et al., 1988; Azevedo et al., 2008; Madhu et
al., 2017).

Em relacdo aos nutrientes, altas concentracdes podem limitar o crescimento do
fitoplancton (Wu & Chou, 2003). No EDRP, o fésforo é um fator limitante para o
fitoplancton em todo o periodo de estudado como observado em outros ecossistemas
estuarinos e em regides deltaicas com grandes descargas de rios (Gang et al., 2014;
Madhu et al., 2017; Sylvan et al., 2006). Essa limitacdo por fésforo € mais evidente
durante periodos de maior fluxo de 4gua fluvial que tendem a ser enriquecidas em
nitrogénio (Bargu et al., 2019), além da sua possivel adsor¢ao na matéria orginica e sua
imobilizacdo no sedimento (Liu et al., 2018; Trommer et al., 2013). A diminuicdo da
abundancia das diatomdceas no periodo de estiagem deveu-se principalmente a limitagao
de silicato no ambiente, pois a relacdo SID:PID apresentou valores menores que 16
também verificados por Wu & Chou, (2003); Garnier et al. (2010); Vajravelu et al.

(2018).
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A distribuicdo espacial da clorofila a, apresentou maiores valores na ZC,
possivelmente devido a maior concentragdo do nanofitoplancton, que sao seletivamente
mais adaptados a assimilarem nutrientes que microfitoplancton (Irwin et al., 2006; Geyer
et al., 2018). Sazonalmente, o nanofitoplancton apresentou maiores concentragdes no
periodo chuvoso assim como registrado por Teixeira et al. (1988); Azevedo et al. (2008);
Soria-Piriz et al. (2017) que podem ter sido transportados por meio do fluxo fluvial.

A densidade fitoplanctonica ndo acompanhou o padrdo espacial da clorofila a,
onde foi possivel perceber que a ZR, apresentou maiores abundancias, associando-se a
disponibilidade de nutrientes (Domingues et al., 2011; Chowdhury et al., 2017).

Os movimentos periddicos das marés contribuem também para variacdes de
salinidade, temperatura, MPS e consequentemente na distribuicao do fitoplancton e no
deslocamento das zonas estuarinas (Blauw et al., 2012; Zhou et al., 2016; Cordeiro et al.,

2018).

4.3 Distribuicao da comunidade fitoplanctonica e sua relacao com o ambiente

O grupo das cloroficeas foi o predominante no EDRP, corroborando com
Rodrigues et al. (2007), entretanto numa visao global, as diatomdceas sdo predominantes
em ecossistemas deltaicos como verificado por El-Din et al., 2015 no Delta do Nilo;
Essien-Ibok (2013) e Ezekiel et al. (2011) no Delta do rio Niger; Wang et al. (2016) e
Shen et al. (2011) no Delta do rio Pearl e Gao et al. (2013) no Delta do rio Yellow.

Na baixa-mar do periodo chuvoso, as espécies bioindicadoras da ZR (P. limnetica
e S. fluviatilis) e ZM (Strombomonas sp.) apresentam uma ampla gama de tolerancia a
distirbios fisicos, como nivel de flutuacio da dgua, grandes quantidades de sélidos
suspensos, baixa transparéncia da dgua (Reynolds et al., 2002; Albany & Akcaalan,

2003).
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Enquanto que em preamar, as bioindicadoras da ZC (C. lorenzianus e
Coscinodiscus sp.) espécies tipicas de ambientes com maior transparéncia da dgua e altas
salinidades (Tas & Hernandez-Becerril, 2017) e P. pulchela espécie dulcicola de habito
bentdnico que pode ter se deslocada do estrato com a oscilagdo das marés (Pereira et al.,
2012).

Na transicao, as bioindicadoras C. meneghiniana, C. closterium e C. oculus-iridis,
sdo diatoméceas de ambientes turvos e enriquecidos de nutrientes, capazes de sobreviver
a turbuléncia da dgua (Reynolds et al., 2002; Najdek et al., 2005), enquanto as cloroficeas
C. kuetzingii e Chlamydomonas sp., e a cianobactéria Chroococcus sp., sdo espécies que
toleram uma ampla variacao de salinidade (Feder et al., 2013; Xie et al., 2018).

No periodo de estiagem em baixa-mar, as bioindicadoras (S.asteroideum,
Pseudanabaena sp. e T. volvocina) sao espécies cosmopolitas com bom desenvolvimento
em regides tropicais € em ecossistemas estuarinos (Komarek & Anagnostidis, 2005;
Souza & Melo, 2011), assim como a cianobactéria marinha 7. erythraeum que é
encontrada em regides tropicais e subtropicais com elevadas temperaturas da 4gua
(>20°C) e forte estratificagdo da coluna d’ 4gua sob alta intensidade de luz (Detoni et al.,
2016).

No EDRP A. granulata foi uma das mais abundantes e mais frequente, sendo
referida como uma espécie cosmopolita e dominante de 4guas continentais com elevado
estado tréfico e capacidade de se adaptar as variacdes do fluxo da dgua e baixa
luminosidade (Wang et al., 2009; Houssou et al., 2017; Wang et al., 2017; Wang et al.,
2016). No entanto, tal espécie ndo foi eleita como bioindicadora de uma zona devido a
sua elevada abundancia e constante frequéncia ao longo de todo o estudrio.

As cianobactérias Cylindrospermopsis raciborskii e Raphidiopsis mediterranea,

muito frequentes no EDRP, sdo mencionadas em vdérios estudos como potencialmente
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téxicas (Namikoshi et al., 2003; Watanabe et al., 2003; Moustaka-Gouni et al., 2009;
McGregor et al., 2011). C. raciborskii ocorreu a partir do periodo de transicdo e com
maior abundancia na ZR. Engstrom-Ost et al. (2015) relata que essa espécie apresenta
excelente capacidade de armazenar fésforo e nitrogénio e preferéncia por temperaturas

maiores que 25 °C. Nossos registros sao consistentes com esse estudo.

5. Conclusao

A entrada da maré € o fator condicionante para a estruturacdo da comunidade
fitoplanctonica no estudrio do Delta rio Parnaiba, assim como a sazonalidade da regido.
No periodo chuvoso em baixa-mar o estudrio é dominado pela zona de rio, onde os
principais grupos fitoplanctonicos bioindicadores sdo as euglenoficeas, cianobactérias e
diatomdceas. J4 no periodo de transi¢cdo € gerada uma barreira hidraulica devido ao
aumento da densidade da 4gua, com o predominio de espécies com maiores tolerancias a
salinidade, enquanto que no periodo de estiagem em ambas as marés ocorre a distribuicao
de espécies pertencentes as trés zonas estuarinas, indicando que a comunidade

fitoplanctdnica varia com a disponibilidade de recursos e condi¢des hidroldgicas.
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Apéndice A. Distribuicdo geral dos grupos taxondmicos e em relagdo as marés e periodos

sazonais, ecologia das espécies e frequéncia de ocorréncia.

Geral Baixa-mar Preamar Ecologia
Frequéncia de
Chuvoso Transi¢iio Estiagem Ocorréncia

» Bacillariophyta » Cyanophyta » Chlorophyta = Dinophyta = Euglenophyta = Cryptophyta

® Dulcicola = Marinha Estuarina

® Muito Frequente ®Frequente ®Pouco Frequente ® Esporddica
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Apéndice B. Composigio Fitoplanctdnica e densidade média (x10* cel L!) nos periodos sazonais

e zonas estuarinas do EDRP. Onde: Chu — periodo chuvoso; Tra — periodo de transi¢do; Est —

periodo de estiagem; ZR — zona de rio; ZM — zona de mistura; ZC — zona costeira; F.O —

frequéncia de ocorréncia; E — esporadica; F — frequente; PF — pouco frequente e MF — muito

frequente.
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Apéndice C. Resumo grafico
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Apéndice D. Destaques
HIGHLIGHTS
e A entrada da maré condiciona a estrutura e a distribuicdo da comunidade
fitoplanctonica
e A zona de rio apresentou maiores abundancias de espécies
e Asespécies estdo adaptadas a distdrbios fisicos, alta concentracio de turbidez
MPS e nutrientes além de disponibilidade de luz
e Sdo espécies indicadoras de zonas estuarinas do estudrio do rio Parnaiba:
Chaetoceros lorenzianus, Chroococcus sp., Coscinodiscus oculus-iridis e

Pseudanabaena sp.

2

73



ANEXO

74



ESTUARINE, COASTAL AND SHELF SCIENCE

In association with the Estuarine Coastal Sciences Association (ECSA)

TABLE OF CONTENTS

Description

Audience

Impact Factor
Abstracting and Indexing
Editorial Board

Guide for Authors

DESCRIPTION

p.1
p.2
p.2
p.2
p.2
p.6

ISSN: 0272-7714

Estuarine, Coastal and Shelf Science is an international multidisciplinary journal devoted to the analysis of saline water
phenomena ranging from the outer edge of the continental shelf to the upper limits of the tidal zone. The journal provides a
unique forum, unifying the multidisciplinary approaches to the study of the oceanography of estuaries, coastal zones, and
continental shelf seas. It features original research papers, review papers and short communications treating such disciplines

as zoology, botany, geology, sedimentology, physical oceanography.

Data reports of mainly local interest are discouraged.

Research areas include:

Effects of waste disposal

Sea-surface and sea-bed processes

Transitional waters

Reviewer recognition

Groundwater runoff and Chemical processes
Estuarine and fjord circulation patterns
Meteorological and oceanic forcing of semi-enclosed and continental shelf watermasses

Numerical modelling of estuarine and coastal marine ecosystems
Species distribution in relation to varying environments

Estuarine and coastal sedimentary processes and geochemistry
Brackish water and lagoon phenomena

To download a certificate of your review, please go to your Reviewer Recognition Profile (RRP). You can
access this with the email address you used for your review here: reviewerrecognition.elsevier.com.

Benefits to authors

We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services.

Please see our Guide for Authors for information on article submission. If you require any further

AUTHOR INFORMATION PACK 17 Apr 2019

www.elsevier.com/locate/ecss 1



information or help, please visit our Support Center

AUTHOR INFORMATION PACK 17 Apr 2019 www.elsevier.com/locate/ecss



AUDIENCE

Marine biologists and ecologists, physical, chemical and biological oceanographers, marine
sedimentologists, geologists and geochemists.

IMPACT FACTOR

2017: 2.413 © Clarivate Analytics Journal Citation Reports 2018

ABSTRACTING AND INDEXING

Scopus

BIOBASE

CAB International

Chemical Abstracts

Current Awareness in Biological Sciences

Current Contents ASCA/Engineering Technology & Applied Science/Science Citation Index/SCISEARCH Data
Current Contents/Agriculture, Biology & Environmental Sciences
Current Contents/Physics, Chemical, & Earth Sciences
Engineering Index

Environmental Periodicals Bibliography

Geo Bib & Index

INSPEC Data/Cam Sci Abstr

Marine Literature Review

Oceanbase

Research Alert

SciSearch

Meteorological and Geoastrophysical Abstracts

Oceanographic Literature Review

BIOSIS databases/Zoological Records

EDITORIAL BOARD

Editors
D. Baird, University of Stellenbosch, Matieland, South Africa

Estuarine and coastal ecosystem theory, dynamics and modelling; Ecological Network Analysis;
Nutrient dynamics and cycling in estuarine and marine ecosystems; Water quality assessments;
Coastal fisheries

D.J. Burdige, Old Dominion University, Norfolk, Virginia, USA

Chemical oceanography; Biogeochemistry of marine and estuarine sediments, including sediment
contaminants; Global change
M. Elliott, University of Hull, Hull, UK

Life Sciences (ecology, biology, ecosystems); Biota-Chemistry links; Human impacts; Ecosystem
Management; Natural science - social science links
T. Jennerjahn, Leibniz Centre for Tropical Marine Research, Bremen, Germany

Biogeochemical cycling in rivers/estuaries; Mangroves; Seagrasses and coastal seas; Organic matter
AUTHOR INFORMATION PACK 17 Apr 2019 www.elsevier.com/locate/ecss 3
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Coastal ecology; Food web analysis; Primary production of seagrasses; Microphytobenthos and
phytoplankton; Nutrient dynamics; Benthic - pelagic coupling
M.M. Baskaran, Wayne State University (WSU), Detroit, Michigan, USA

U-Th series radionuclides as tracer in aqueous system; scavenging of particle-reactive radionuclides
and species in marine environment; dating of marine sediments using short-lived radionuclides (Pb-
210, Cs-137, Pu); sediment focusing/erosion using radionuclides; Atmospheric studies using progeny
of radon

A. Borges, Université de Liege, Liege, Belgium

carbon and carbonate cycling across aquatic systems including freshwater ecosystems (lakes and
rivers), coastal ecosystems (estuaries, seagrass beds, mangroves and continental margins), and open
ocean with particular emphasis on the exchange of CO2 with the atmosphere and on the coupling
between inorganic carbon dynamics and biological processes

J. Bowen, Northeastern University (NU), Nahant, MA, USA

Estuarine microbial ecology; estuarine nitrogen cycling; salt marsh ecology
D. Bowers, Bangor University, Menai Bridge, Wales, UK

Marine optics; Remote sensing of suspended sediments and CDOM; Physical oceanography of
estuaries and shelf seas; Suspended sediments and marine turbulence
L. Chicharo, Universidade do Algarve (UAlg), Faro, Portugal

Estuarine fisheries; Food web; Salt marsh; Integrated river basin management; Ecohydrology
F. De Serio, Politecnico di Bari, Bari, Italy

Hydrodynamics of coastal areas; Breaking turbulence and sediment transport; Data analysis and
numerical models in lagoons and estuaries; Turbulence transport and dispersion in vegetated channels
Q. Fang, Xiamen University, Xiamen, China

Strategic environmental assessment; Regional environmental planning; Marine environmental policy
R. Feagin, Texas A&M University, College Station, Texas, USA

Spatial analysis of the erosion in wetlands; Dunes; Beaches (This includes the use of GIS)

A. Franco

Fish ecology; Community structure and functioning; Estuaries, lagoons and coastal waters;
Numerical/quantitative ecology and statistics
J French, University College London (UCL), London, UK

C.K. Harris, Virginia Institute of Marine Science, Gloucester Point, Virginia, USA

Sediment transport; Numerical models; Estuaries; Continental shelves
L. Harris, University of Maryland, Solomons, Maryland, USA

systems ecology; estuarine biogeochemistry, ecological modeling (ecosystem, biological-physical
models, individual-based models); primary producers from phytoplankton to macrophytes; lagoon
ecology; mass balance nutrient budgets; time series analysis

W. Huang, Florida State University, Tallahassee, Florida, USA

Coastal hazards; Coastal hydrodynamics and ecosystems; Computational fluid dynamics and

turbulence modeling
E. Jackson, Central Queensland University, Gladstone, Queensland, Australia

seagrass ecosystems, marine landscape and spatial ecology, marine plant sediment interactions,

marine protected area networks, coastal ecology, estuaries
L. Karczmarski, School of Biological Sciences, University of Hong Kong and Cetacea Research Institute, Hong Kong

Marine megafauna - Behaviour and behavioural ecology; Marine mammals - Cetaceans, Socio- spatial

ecology, Population processes and demography, Range use and habitat selection, Conservation ecology.
J. Lambrechts, Université Catholique de Louvain (UCL), Louvain-la-Neuve, Belgium

Estuarine and shelf oceanographic modelling; Cohesive fine sediment modelling; Modeling the
dispersion of waterborne particles with/without a special behavior (e.g. swimming for fish larvae and
turtle hatchlings, additional wind drift for floating debris)

A. Manning, HR Wallingford Ltd, Oxfordshire, England, UK

Cohesive sediment transport; Flocculation process; Mixed sediment dynamics; Nearshore physical

oceanography
R.N. Mead, University of North Carolina Wilmington (UNCW), Wilmington, North Carolina, USA
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A.M. Shiller, University of Southern Mississippi, Stennis Space Center, Mississippi, USA

Trace element chemistry; Biogeochemical cycling; Methane; Carbon cycling
S.A. Skrabal

Trace metal speciation and behavior; Sediment-water intereactions; Effects of sunlight on inorganic
and organic components in sediments

I. Telesh, Zoological Institute of the Russian Academy of Sciences, St. Peterburg, Russian Federation Plankton ecology; Biodiversity;
Biological invasions; Trophic interactions in plankton; Triggers and drivers of plankton dynamics; Environmental gradients;
Response of aquatic biota to salinity stress

M.A. Teodésio, Universidade do Algarve (UAlg), Faro, Portugal

Planktonic ecology; Jellyfish blooms ecology; Fish larvae and recruitment; Estuarine and coastal

trophic ecology; Ocean acidification; Indicators and ecophysiological indices
S. Vizzini, Universita degli Studi di Palermo, Palermo, Italy

C and N stable isotopes; Food webs; Seagrasses; Blue carbon; Contaminant trophic transfer;

Aquaculture; Ocean acidification
S. von der Heyden, University of Stellenbosch, Matieland, South Africa
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X.H. Wang, UNSW Australia, Canberra, New South Wales, Australia

Coastal oceanography; Numerical modelling; Sediment transport dynamics
A. Whitfield, South African Institute for Aquatic Biodiversity (SAIAB), Grahamstown, South Africa

Biology and ecology of fishes in estuaries
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Bioindicators and coastal management; Aquatic systems analysis; Estuarine pollution; heavy metals

and nutrients; Biota/sediment/water interactions; Ecophysiology and energetics
M. Xia, University of Maryland Eastern Shore, Princess Anne, Maryland, USA

River plume and estuary dynamics; Ecological, biogeochemistry and larval transport process; TMDL
modeling; Nearshore wave-current dynamics and sediment transport process; River watershed

modeling
K. Xu, Louisiana State University, Baton Rouge, Louisiana, USA

Geological oceanography; Coastal morphodynamics; Observation and numerical modeling of sediment

transport; Sediment dynamics of bottom boundary layer; Sedimentary geology; Coastal processes
A. Zaiko, Cawthron Institute, Nelson, New Zealand

Marine ecology and biosecurity; Ecology and impacts of; Invasive species; Ecosystem functioning;
Environmental health assessment; Environmental DNA barcoding and biomonitoring; High throughput

sequencing; Ecology of benthic communities; Ballast water and shipping introduction pathways
W. Zhang, East China Normal University, Shanghai, China

Heavy metal pollution; Sediment tracing using magnetic and geochemical methods; Coastal
environmental changes

Editorial Board
M. Alber, University of Georgia, Athens, Georgia, USA

Estuarine ecology; Salt marsh ecology; Coastal policy
W.R. Boynton, University of Maryland, Solomons, Maryland, USA

estuarine ecology, eutrophication/water quality; nutrient cycling; nutrient mass balances
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0. Defeo, UNDECIMAR, Montevideo, Uruguay

small-scale fisheries: assessment, management
M. Devlin, James Cook University, Townsville, Queensland, Australia

eutrophication, water quality, phytoplankton, remote sensing, Great Barrier Reef, Water Framework
Directive
Q. Dortch, National Oceanic and Atmospheric Administration, Silver Spring, Maryland, USA

phytoplankton ecology, Harmful Algal Blooms, and eutrophication
J. Gomes Ferreira, Universidade NOVA de Lisboa, Monte de Caparica, Portugal

Ecological modelling of estuarine and coastal systems, particularly in the fields of aquaculture and
eutrophication
R. Gowen, Agri-Food and Biosciences Institute, Belfast, Northern Ireland, UK
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Phytoplankton and zooplankton ecology; Marine eutrophication; Harmful algal blooms; Marine

ecosystem structure and functioning
F.L. Hellweger, Technische Universitat Berlin (TUB), Berlin, Germany

Surface water quality; Microbial ecology; Mathematical modeling
O. Iribarne, Universidad Nacional de Mar del Plata, Mar del Plata, Argentina

Estuarine and coastal ecology; Community ecology; Food webs; Coastal fisheries
E. Jaramillo, Universidad Austral de Chile, Valdivia, Chile

D.S. McLusky, University of Stirling, Stirling, UK

Definition of estuaries and transitional waters; Effects of salinity on estuarine invertebrates; Estuarine

ecosystems, and the impact of pollution on them
A.J. Mehta, University of Florida, Gainesville, Florida, USA

coastal Hydraulics; cohesive sediment transport
G. Millward, Plymouth University, Plymouth, UK

Etuarine and marine biogeochemistry, specifically reaction kinetics in aquatic systems, involving
particle-water interactions; Behaviour and transport of radionuclides in estuaries.
G. M. E. Perillo, Instituto Argentino de Oceanografia, Bahia Blanca, Argentina

Geomorphology and Dynamics of Estuaries and Coastal Wetlands - Dynamics of sediment transport
- Physical-Biological interactions
D. Prandle

Observational, modelling and theoretical studies of: Tide and storm surge propagation; Tidal energy
extraction; Circulation and mixing; Temperatures; Sedimentation and water quality in shelf seas and

their coastal margins
J. Romero Martinengo, Universitat de Barcelona, Barcelona, Spain

Seagrass biology and ecology; Benthic community ecology
Y. Saito, Shimane University, Matsue, Japan

Delta, Coast, Sedimentation, Asia
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.
Types of paper

Estuarine, Coastal and Shelf Science is an international multidisciplinary journal devoted to the
analysis of saline water phenomena ranging from the outer edge of the continental shelf to the upper
limits of the tidal zone. The journal provides a unique forum, unifying the multidisciplinary approaches
to the study of the oceanography of estuaries, coastal zones, and continental shelf seas. It features
original research papers, review papers and short communications treating such disciplines as zoology,
botany, geology, sedimentology, physical oceanography. Data reports of mainly local interest are
discouraged. An original research paper should not contain more than 8000 words, and no more than
8 figures and 3 tables. A research note/short communication should not contain more than 4,000
words and no more than 3 figures and 1 table. The Journal also welcomes suggestions from leading
and internationally renowned scientists for in-depth Reviews and Invited Feature Articles on wide-
ranging and contemporary topics. These Reviews can be approx. 12,000 words but the suggestions
should be discussed with one of the Editors-in-Chief in the first instance.

Research areas include: Numerical modelling of estuarine and coastal marine ecosystems; Species
distribution in relation to varying environments; Effects of waste disposal; Groundwater runoff and
Chemical processes; Estuarine and fjord circulation patterns; Meteorological and oceanic forcing of
semi-enclosed and continental shelf water masses; Sea-surface and sea-bed processes; Estuarine and
coastal sedimentary processes and geochemistry; Brackish water and lagoon phenomena; Transitional
waters.

Up-front rejections of papers submitted to Estuarine, Coastal and Shelf Science

ECSS handles about 1000 papers per year and over 3000 reviewers are involved in assisting the
journal each year.

As editors we follow the declared guidelines for the journal and we also receive advice and comments
from the publishers, and members of the editorial board as well as reviewers. The consistent advice
that we have received from everyone is that the editors should reject papers which are likely to be
rejected at the beginning of the process rather than sending them out for review, knowing what the
answer is likely to be. Over 25% of papers are now rejected at the editorial submission phase.

The papers are subject to an initial technical pre-screening process by the publisher. This process
checks on submission format and examines matters such as the provision of suitable keywords and
legible figures. It also tries to check up on the standard of English, as it is totally inappropriate to
expect a reviewer to undertake linguistic revision.

The pre-screening process however makes no judgement on the suitability of the paper for ECSS. This
judgement is made by one of the editors who will up-front reject a paper judged unsuitable without
going to review. These up-front rejections are due to three principal reasons:

Firstly, we receive several papers each year that have been submitted to the "wrong journal". We
have received, for example, papers on inland freshwater lakes or palaeontology, and other topics
which are clearly beyond the scope of the journal. As a simple guide, if there is no mention of any
previous ECSS paper in the reference list, it strongly suggests that the paper has been submitted to
the wrong journal.

Secondly, papers that are "data reports" or "reports of local interest" will be rejected up-front. Papers
in this category may describe a particular estuary in great detail, but fail to advance estuarine, coastal
and shelf science. The overwhelming feeling when reading such a paper is "so-what!"
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Thirdly, other reasons for up-front rejection can be a lack of a valid Discussion which integrates the
study with the peer-reviewed literature or else relies on excessive self-citation, or a lack of appropriate
statistical analysis, or purely statistical analyses without considering processes.

We at ECSS seek that all papers are based on hypothesis testing and that the hypotheses should be of
general and international interest. We are interested in contributions that add to general knowledge,
and move the field forward.

By up-front rejection we hope to give the authors a chance to quickly submit to a more appropriate
journal. We do accept that we will sometimes make mistakes in this process, but we do this to protect
the reviewers by offering them only relevant papers that are potentially publishable in ECSS. Up-
front rejected papers will not be reconsidered for publication and we have a similar policy for papers
rejected after review.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:
Manuscript:

® Include keywords

e All figures (include relevant captions)

e All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any figures inprint Graphical
Abstracts / Highlights files (where applicable) Supplemental files (where
applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

o All references mentioned in the Reference List are cited in the text, and viceversa

e Permission has been obtained for use of copyrighted material from other sources (including the Internet)
e A competing interests statement is provided, even if the authors have no competing interests to declare
e Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately 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 interests to be declared in both places and that
the information matches. More information.
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Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder.

Submission Declaration and Verefication

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see https://www.elsevier.com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that, if accepted, it will not be published
elsewhere in the same form, in English or in any other language, including electronically without the
written consent of the copyright-holder. To verify originality, your article may be checked by the
originality detection service CrossCheck https://www.elsevier.com/editors/plagdetect.

The cover letter must include a declaration that all authors agree to the submission

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason for
the change in author list and (b) written confirmation (e-mail, letter) from all authors that they agree
with the addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of
this agreement.

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

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

e Articlesare madeavailabletosubscribersaswellas developing countries and patientgroupsthrough our universal access
programs.

* No open access publication fee payable by authors.

e The Authoris entitled to post the accepted manuscript in their institution's repository and make this publicafteran embargo
period (known as green Open Access). The published journalarticle cannot be shared publicly, for example on ResearchGate or
Academia.edu, to ensure the sustainability of peer- reviewed research in journal publications. The embargo period for this
journal can be found below. Gold open access

e Articles are freely available to both subscribers and the wider public with permittedreuse.

e A gold open access publication fee is payable by authors or on their behalf, e.g. by their research funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:
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Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, and
do not modify the article in such a way as to damage the author's honor orreputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3250, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find outmore.

This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Manuscripts should be written in English. Authors who are unsure of correct English usage should have
their manuscript checked by someone proficient in the language. Manuscripts in which the English is
difficult to understand may be returned to the author for revision before scientificreview.

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who require information about language editing and copyediting services pre-
and post-submission please visit https://www.elsevier.com/languagepolishing or our customer
support site at service.elsevier.com for more information. Please note Elsevier neither endorses nor
takes responsibility for any products, goods or services offered by outside vendors through our
services or in any advertising. For more information please refer to our Terms & Conditions:
https://www.elsevier.com/termsandconditions.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

In the case of Special Issues, authors should ensure that they submit manuscripts and meet any
additional requirements in line with deadlines set by the Guest Editor(s) to ensure that the entire
Special Issue can be published in a timely fashion.

The above represents a very brief outline of this type submission. It can be advantageous to print this
"Guide for Authors" section from the site for reference in the subsequent stages of article preparation.
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Note: electronic articles submitted for the review process may need to be edited after acceptance to
follow journal standards. For this an "editable" file format is necessary. See the section on "Electronic
format requirements for accepted articles" and the further general instructions on how to prepare
your article below.

Please submit, with the manuscript, the names and addresses of 4 potential Referees. You may also
mention persons who you would prefer not to review your paper.

After peer review, authors will have a 60 days period for submitting their revised manuscript.

Please submit your article via http://ees.elsevier.com/ecss/

When submitting a manuscript, the author must carefully select the type of paper because several
options are possible including normal research papers, short contributions, invited feature papers,
review papers, invited editorials, and Special Issues. In the case of Special Issues, several Special
issues may be in preparation at the same time and therefore authors must be very careful to select
the correct Special Issue.

Please submit, with the manuscript, the names, addresses and current email addresses of four experts
on the topic of the manuscript. To fit the broad scope of the journal, possible reviewers should include
experts from a range of regional and international locations. You may also mention, with a brief
reason, persons whom you would prefer not to review your paper.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

REFERENCES_YPYW

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced and includes page numbers this is an essential
peer review requirement.
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Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review 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 Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in @ way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then1.1.1,1.1.2...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering
also for internal cross-referencing: do not just refer to "the text". Any subsection may be given a brief
heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature. However, if the paper reads better with a combined section and this prevents an undue
amount of repetition then we allow a joint section.

Conclusions

A short Conclusions section can be presented at the end of the Discussion.

Place Acknowledgements, including information on grants received, before the references in a
separate section, and not as a footnote on the title page. Figure captions, tables, figures and schemes
should be presented in this order at the end of the article. They are described in more detail below.

Glossary
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Please supply, as a separate list, the definitions of field-specific terms used in your article if applicable.
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Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Paper length

The paper should not contain more than 8000 words, and not more than 8 figures and 3 tables.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and formulae
where possible.

e Author names and dffiliations. Please clearly indicate the given name(s) and family name(s) of each author and check that
all names are accurately spelled. You can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower- case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-mail address of each
author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication, also post-
publication. This responsibility includes answering any future queries about Methodology and Materials. Ensure that the e-mail
address is given and that contact details are kept up to date by the corresponding author.

® Present/permanent address. If an author has moved since the work described in the article was done, or was visiting at the
time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the online
submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum
85 characters, including spaces, per bullet point). You can view example Highlights on our information
site.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstractitself.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with @ minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
also in accordance with all technical requirements.

Keywords

Authors must provide 4 to 6 keywords plus regional index terms. At least four of the subject keywords
should be selected from the Aquatic Science & Fisheries Thesaurus. An electronic version of the
Thesaurus can be found at http://www.csa.com/csa/support/demo.shtml. You may also find a paper
version in your library. The Regional Terms should be provided as a hierarchical string (e.g.: USA,
California, Monterey Bay). Authors are also encouraged to submit geographic bounding coordinates
at the end of the keyword string. These keywords will be used for indexing purposes.
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Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article
if applicable.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Reporting of Salinity Measurements

In articles in ECSS, salinity should be reported using the Practical Salinity Scale. In the Practical
Salinity Scale salinity is defined as a pure ratio, and has no dimensions or units. By decision of the
Joint Panel of Oceanographic Tables and Standards it does not have any numerical symbol to indicate
parts per thousand. Salinity should be reported as a number with no symbol or indicator of proportion
after it. In particular, it is not correct to add the letters PSU, implying Practical Salinity Units, after
the number.

An example of correct phrasing is as follows: 'The salinity of the water was 34.2'. It is reasonable to
state at some point early in the paper that salinity was measured using the Practical Salinity Scale.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAC:
Nomenclature of Organic Chemistry for further information.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in  line
with normal text where possible and use the solidus (/) instead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic
artwork General
points

e Make sure you use uniform lettering and sizing of your original artwork.
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e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.
e Use a logical naming convention for your artwork files.

AUTHOR INFORMATION PACK 17 Apr 2019

www.elsevier.com/locate/ecss

20



e Indicate per figure if it is a single, 1.5 or 2-column fittingimage.
® For Word submissions only, you may still provide figures and their captions, and tables within a single file at the revision
stage.
e Please note that individual figure files larger than 10 MB must be provided in separate source files. A detailed guide on
electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

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

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi

is required.
Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.

e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

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

Please note: Because of technical complications which can arise by converting color figures to "gray
scale" (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

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

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Responsibility for the accuracy of bibliographic citations lies entirely with the Author(s). Please ensure
that every reference cited in the text is also present in the reference list (and vice versa). Any
references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text as
"unpublished results" or "personal communication". Citation of a reference as 'in press' implies that
the item has been accepted for publication. Papers which have been submitted are not valid as
references until accepted.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.
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Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting the
electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/estuarine-coastal-and-shelf-science

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

All citations in the text should refer to: 1. Single Author's name (without initials) and year of
publication. 2. Two Authors' names and the year of publication. 3. Three or more Authors; first Author's
name followed by "et al." and the year of publication. In the list of references names of authors and
all co-authors must be given in full.

References in the text should be arranged chronologically.

References in the Reference List should be arranged first alphabetically, and then further sorted
chronologically if necessary. More than one reference from the same Author(s) in the same year must
be identified by the letters "a", b", "c", etc., placed after the year of publication.

Examples:

References to a journal publication:

Names and initials of all authors, year. Title of paper. Journal nhame (given in full), volume number:
first and last page numbers of the paper.

Gooday, A.l., Bett, B.]., Shires, R., Lambshead, P.J.D., 1998. Deep-sea benthic foraminiferal species
diversity in the NE Atlantic and NW Arabian sea: a synthesis. Deep Sea Research Part II 45, 165-201.

References to a book:

Names and initials of all authors, year. Title of the book. Publisher, location of publisher, total number
of pages.

Fennel, W. and Neumann, T., 2004. Introduction to the Modelling of Marine Ecosystems. Elsevier,
Amsterdam, 297 pp.

Reference to a chapter in an edited book:
Names and initials of all authors, year. Title of paper. Names and initials of the volume editors, title
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of the edited volume. Publisher, location of publisher, first and last page numbers of the paper.
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Thomas, E., 1992. Middle Eocene-late Oligocene bathyal benthic foraminifera (Weddell Sea): faunal
changes and implications for ocean circulation. In: Prothero, D.R., Berggren, W.A. (Eds.), Eocene
Oligocene Climatic and Biotic Evolution. Princeton Univ. Press, Princeton, NJ, pp. 245-271.

Conference proceedings papers:

Names and initials of all authors, year. Title of paper. Name of the conference. Publisher, location of
publisher, first and last page numbers of the paper.

Smith, M.W., 1988. The significance of climatic change for the permafrost environment. Final
Proceedings International Conference on Permafrost. Tapir, Trondheim, Norway, pp. 18-23.

Unpublished theses, reports, etc.: Use of unpublished theses and reports is strongly discouraged. If
they are essential and the editors agree, you must supply:

Names and initials of all authors, year. Title of item. All other relevant information needed to identify
the item (e.g., technical report, Ph.D. thesis, institute, current status i.e. in press/unpublished etc.).
Moustakas, N., 1990. Relationships of Morphological and Physiochemical Properties of Vertisols under
Greek Climate Conditions. Ph.D. Thesis, Agricultural Univ. Athens, Greece, unpublished.

In the case of publications in any language other than English, the original title is to be retained.
Titles of publications in non-Latin alphabets should be transliterated, and a note such as '(in Russian)'
or '(in Japanese, with English Abstract)' should be added at the end of the reference.

The following provide examples of appropriate citation formats for non-text and electronic-only
information. However, it is requested that a Web site address or list server message is given as a
reference ONLY where the information is unavailable in a more permanent form. If such sources are
given, then please give as complete information as possible.

Jones, P., 1996. Research activities at Smith Technology Institute. WWW Page,
http://www.sti.com/about_us/research.

Smith, F., Peabody, A.N., 1997. Hydrographic data for the Sargasso Sea, July-September 1993, SarSea
mission. (Deep-Sea Data Centre, Hull, UK), online, dataset, 740 MB, http://www.dcdc.gov.

Green, A., 1991. Deformations in Acanthaster planci from the Coral Sea, observed during UEA Special
Project 7, July 1978. Journal of Pollution Research 14 (7) suppl., CD-ROM, photographic images, 240
MB.

James, Z., 1997. Ecological effects of sea wall construction during 1994 at Bridlington, UK. List server
Message, Eco-list, 20 October 1995.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
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supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers
to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.
Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access journal,
now publishes this information in order to make it searchable, peer reviewed, citable and reproducible.
Authors are encouraged to submit their MethodsX article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your methods article will
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automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
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