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RESUMO

Estuarios sdo considerados ambientes importanteprpmover refugio, alimentacao,
reproducao e crescimento, além de servir como\ggisdiabitats de bercario para muitas
espécies de peixes. Estudos sobre os padroes démembwy da comunidade
ictioplanct6nica dentro do ecossistema estuario@edrande importancia para entender
como as espécies utilizam os recursos disponiee#s gompletar os seus ciclos de vida
através das variacdes temporais e espaciais @éasrids fases ontogenéticas. Entretanto,
a complexidade hidrodinamica dos estuarios naafigencia os organismos vivos, mas
também materiais inanimados, tais como os defpi@sticos, atuando em sua retencao
ou transporte para outros ambientes. Os detri@stipbs, associados ao aumento da
urbanizacdo das bacias hidrogréficas, se originantipalmente em terra devido ao
descarte impréprio, acidental ou desastres natubaisnte seu tempo na terra, no mar
Ou nos estuarios, os plasticos se fragmentam emophisticos (< 5 mm). Flutuacbes
sazonais de larvas de peixes e detritos plastcdmin) e suas quantidades em relacéo
ao seston (organismos vivos e particulas nao-vif@sm estudadas ao longo do
gradiente de salinidade do estuario do Rio Goi&eséx Acau-Goiana PE/PB) (Entre
Abril, 2012 até Marco, 2013). Além disso, a infla@nlunar na distribuicédo de larvas de
peixes, zooplancton e detritos plasticos (< 5 mmrgcanais de maré do mesmo estuario
foi estudada durante um ciclo lunar (Entre Abili@io, 2008). Os taxa mais abundantes
no canal principal forarRhinosardinia bahiensisHarengulasp., seguidos pdrrinectes
maculatus Estes contaram 78,7% da captura total. Larvaspécies marinhas € 15)
dominaram o sistema. A flutuacédo sazonal da cualv@asparece regular a distribuicdo
das larvas de peixes e de microplasticos ao lomgsistema. A densidade total de
microplasticos (26,1 itens 1003nrepresentou metade da densidade total de 18688 (
ind. 100 ) e foi comparavel com a densidade de ovos de €B&4 ind. 100 ).
Plasticos moles, duros, filamentos e fragmentdadide barco foram encontrados nas
amostrasr{= 216). Suas origens sao provavelmente a baalaeth@gem do rio, o mar e

a pesca, incluindo a pesca de lagosta). Em algumtasioes, a densidade de
microplasticos ultrapassou a de ictioplancton. bigao inicio da estacdo chuvosa,
zooplancton e larvas de peixes apresentaram delesid@ixas no estuario superior. No
estuario intermediario, a maior densidade de ladepeixes coincidiu com as altas
concentragcoes de zooplancton. No final da estab@wosa, o fluxo rio abaixo foi

responsavel pelo transporte do plancton total endosoplasticos para a regido proxima



a costa. A maior quantidade de microplasticos sieovada durante o final da estacéo
chuvosa (14 itens 100# quando o ambiente esta sob a influéncia de maindio do
rio, o que induz o escoamento dos fragmentos d#iqdd para o estuario inferior. No
inicio da estacdo seca, a densidade total do pkrazimenta rio acima. No final da
estacdo seca, 0 “bloom” de zooplancton no estuafierior resultaram em altas
densidades de larvas (12,74 ind. 169movos de peixes (14,65 ind. 108mindicando
que peixes marinhos utilizam a porcao inferior caneas de desova durante o verao.
Além disso,Cetengraulis edentulugénchovia clupeoides R. bahiensigoram as larvas
de peixes mais abundantes (56.6%) em canais dedagvércao inferior do estuario,
independente da fase da lua. A lua cheia teveénflia positiva na densidade de
Gobionellus oceanicyusCynoscion acoup& Atherinella brasiliensise a lua nova em
Ulaema lefroyi As luas cheia e nova também influenciaram o ndrderzoé e megalopa
deU. cordatus e protozoé e larva de camaréo Caridae, bem camionero de plasticos
duros e moles de ambos os tamanhos < 5 mm e > 5Nhicro e macroplasticos
contaminaram todos o0s 12 canais de maré estudadessidade de fragmentos plasticos
é similar & do terceiro taxon mais abundaRtehahiensi¢4,8 ind 100r7¥). C. edentulus

e R. bahiensisnostraram forte correlacdo com a lua quarto creecguando ha menos
zooplancton. A lua quarto crescente também teve uf@ncia positiva nas altas
densidades de micro filamentos plasticos nos caAaishovia clupeoideDiapterus
rhombeusU. lefroyi e microplasticos duros tiveram associacdo comatifes fases da
lua, ocorrendo quando copépoda calanoida, lar@adielae e zoé dd. cordatusforam
abundantes nos canaidynoscion acoupds. oceanicu® A. brasiliensis tiveram forte
associagdo com a lua cheia, quando protozoé delaéae megalopa dd. cordatus
também estavam altamente disponiveis, bem comtigoggluros e moles > 5mm, e
tintas de barco e plasticos moles < 5mm. As faselia influenciaram a assembléia
faunal e a poluicdo por plastico, mudando suas osigfes entre diferentes estagios de
mareés dentro dos canais da porcéo inferior do estdé Rio Goiana. Esses resultados
reforcam a importancia do canal principal e dosisatle maré para protecao e estratégias
alimentares. Além disso, a assembleia de larvagedess do estuario do Rio Goiana
inclui muitas espécies que ocorrem no sistema govemis e adultos, confirmando o uso
do estuario como bercario.

Palavras chave:Séston. Cunha salina. América do Sul. Zooplandtarva de peixe.

Microplasticos. Ciclo lunar. Estuario tropical.



ABSTRACT

Estuaries are considered important environments gosmoting refuge, food,
reproduction, growth and for being the nursery gasuof many fish species. Studies on
the movement patterns of the ichthyoplankton ineatuarine ecosystem are of great
importance for understand how the species utileeavailable resources to complete
their life cycles using the temporal and spatialateons of different ontogenetic phases.
Although, the hydrodynamic complexity of estuariest only influences the living
organisms, but also inanimate material, such agiptadebris, acting in their retention or
transportation to other environments. Plastics idetassociated to the increasing
urbanization of watersheds, originate mainly ormlldaoe to improper disposal, accidental
release or natural disasters. During their timarad, sea and estuaries, plastics fragment
into microplastics (< 5 mm). Seasonal fluctuatiofidish larvae and plastic debris (<
5mm) and their quantification relative to the sasfliving organisms and non-living
particles) were studied along the salinity gradiginthe Goiana Estuary (Resex Acau-
Goiana PE/PB) (between April, 2012 and March, 200B8)reover, the lunar influence
on the distribution of fish larvae, zooplankton gohalstic debris (> 5 mm <) in mangrove
creeks of the same estuary was studied over a tyober (between April and May, 2008).
The most abundant taxa in the main channel Wareosardinia bahienssndHarengula
sp., followed by the achiridrinectes maculatusThese accounted for 78.7% of total
catch. Larvae of marine species< 15) dominated the system. Seasonal fluctuation of
salt wedge seems to rule the larval fish and miestes distribution along the system.
Microplastics (26.1 items 100 #represented half of the total fish larvae deng8.9
ind. 100 m®) and was comparable to fish eggs density (34.2 100 m?). Soft, hard
plastics, threads and paint chip fragments weradan the samplesn(= 216). Their
origins are probably the drainage river basin,gb& and fisheries, including the lobster
fleet. In some occasions, the density of microptasturpassed that of Ichthyoplankton.
During the early rainy season, zooplankton andlasiae presented low densities in the
upper estuary. In the middle estuary, the highasitig of fish larvae coincided with high
zooplankton concentrations. In the late rainy seadbe downstream flow was
responsible for the shoreward transport of totahklon and microplastics. The highest
amount of microplastics (14 items 108was observed during the late rainy season,
when the environment is under influence of the agghriver flow, which induces the
runoff of plastic fragments to the lower estuanytile early dry season, the turbidity drops

and the density of total plankton rises upstreamthe late dry season, the bloom of



zooplankton in the lower estuary results in sumhigh densities of fish larvae (12.74
ind. 100m®) and fish eggs (14.65 ind. 108 indicating that marine fishes utilizes the
lower portion as spawning grounds during the sumnheraddition, Cetengraulis
edentulus Anchovia clupeoideand R. bahiensisvere the most abundant fish larvae
(56.6%) in mangrove creeks of the lower portiorthed estuary, independent of moon
phase. The full moon had positive influence on dmssof Gobionellus oceanicus
Cynoscion acoupandAtherinella brasiliensisand the new moon ddlaema lefroyi
The full and new moon also influenced the numberoafa and megalopa Of cordatus
and protozoea and larvae of Caridae shrimp, as agethe number of hard and soft
plastics, both < 5mm and > 5mm. Micro and macrdasontaminated all twelve creeks
studied. Their density is similar to the third mabundant taxaR. bahiensig4.8 ind.
100nm°). Cetengraulis edentulusndR. bahiensishowed a strong correlation with the
last quarter moon, when there were less zooplankttire creeks. Last quarter moon also
had a positive influence on higher densities ofroigized plastic thread#&nchovia
clupeoidesDiapterus rhombeydJ. lefroyiand micro-sized hard plastics were associated
to different moon phases, occurring when copeptahoada, Caridae larvae and zoea of
U. cordatuswere abundant in the creekSynoscion acoupaG. oceanicusand A.
brasiliensis were strongly associated to full moon, when moea of Caridae and
megalopa otJ). cordatuswere also highly available, as well as hard arftlastics >
5mm, and paint chips and soft plastics < 5mm. Theomimphases influenced the
composition of the faunal assemblage, and plagtilugon by shifting them between
different tidal stages into the mangrove creekshef Goiana Estuary. These results
reinforce the importance of the main channel andgr@ave creeks for protection and
feeding strategies. In addition, the larval fiskeasblage of the Goiana Estuary includes
many species that occurs in the system as juvesmldsdults, confirming the use of the
estuary as a nursery.

Key words: Seston. Salt wedge. South America. Zooplanktoi. IBivae. Microplastics.

Lunar cycle. Tropical estuary.
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1. INTRODUCAO

O ictioplancton estuarino pode ser residente, méigp de ambientes marinhos ou
de 4gua doce, contudo, a maioria das larvas ercasiem estuarios sdo, originalmente,
espécies marinhas (Gaughan et al., 1990; WhitflEdd0; Neira et al., 1992; Barletta-
Bergan et al., 200B; Sutherland et al., 2012; Williams et al., 201@).sucesso e a
sobrevivéncia de muitos teledsteos marinhos, de@mestagios iniciais do seu ciclo de
vida, estéo relacionados a protecdo contra predadon areas menos salinas e a alta
produtividade do ambiente estuarino (Barletta-Berggal., 2002). Algumas outras
espécies completam todo seu ciclo de vida dentrestizario em associagcdo com as
condi¢des de turbidez, principalmente nas areas swgperiores do sistema (Blaber e
Blaber, 1980; Neira et al., 1992; Suzuki et al140Assim, os estuarios sdo usados por
espécies de peixes como areas de recrutamentojassato, alimentacédo e bercario
(Barletta-Bergan et al., 2002 b; Dantas et al., 2012, 2013; Lima et al., 2011,3201
Potter et al., 2013; Gomes et al., 2014).

As caracteristicas fisico-quimicas dos estuariasam drasticamente, em
diferentes escalas de tempo, de horas a mesegt(Bakrgan et al., 208, Barletta
et al., 2005, 2008). A variacdo espacial das c@mrdigestuarinas é determinada pela
flutuacdo das marés na boca do estuério, e a gestamgua doce provenientes da chuva
ou do fluxo do rio. O encontro da agua costeirasrdansa, com a agua doce, cria uma
estratificacdo na coluna d’agua, conhecida combasalina (Kurup et al., 1998; Ramos
et al., 2006; Barletta e Barletta-Bergan, 2009;elrda et al., 2014; Lima et al., 2014).
Esta hidrodinamica, quando combinadas com a temparaorrentes e vento, fornece
um padrdo de circulagcdo em dupla camada que afdistrdbuicdo e abundancia das
larvas de peixes nos diferentes habitats do sis(bhoais e Morais, 199Blaber et al.,
1997;Barletta-Bergan et al., 208D; Ooi e Chong, 2011; Gomes et al., 2014; Sarpedonti
et al.,, 2013 Estudos em estuarios tropicais demonstram que adaboia do
ictioplancton &, principalmente, dirigida pela egéo sazonal da salinidade e padrbes de
precipitacdo bem definido#/pais e Morais, 1998Blaber et al., 1997Barletta-Bergan
et al.,, 2003,b; Ooi e Chong, 2011; Gomes et al., 2014; Sarpedsnai., 2013) No
estuario do rio Caeté (norte do Brasil), os pads@eenais de precipitacdo e salinidade
foram mais importantes para a distribuicdo larvaspdixes do que as variagcbes de
temperatura (Barletta-Bergan et al., 2002Para este estuario, o estuario superior foi
representado pelas espécies associadas as condedegua doce, enquanto que as

espécies com afinidades marinhas foram capturadastnario inferior (Barletta-Bergan
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et al., 200B). Em estuarios do Indo-Oeste Pacifico (Sarawabaly), variacbes sazonais
na salinidade e precipitagdo também foram impatafilaber et al., 1997). Neta regido,
nos estuarios com haloclinas bem definidas e muadarsazonais no padréo de
precipitacdo, taxa com afinidades marinhas forammais representativos (Blaber et al.,
1997).

O padrdo de circulagdo estuarina resulta em alteerracdes de solidos
suspensos e atua na retencéo e concentragao mmtastrcontribuindo para o aumento
da produtividade, e consequentemente, aumentasdbravivéncia de larvas dentro do
estuario (Allen et al., 1980; Suzuki et al., 200gtanabe et al., 2014). Considerando que
a densidade de zooplancton esta relacionada conbiddz estuarina, estudos sugerem
gue o sucesso do assentamento e recrutamentoves &juvenis € mais alto onde os
sélidos suspensos estdo em maior concentracacodiewita disponibilidade de alimento
(Cloern, 1987; North e Houde, 2003; Martino e HQu2igl0). Os picos de atividade
alimentar podem variar diurnamente e afetar aildisg@o espacial dos peixes dentro de
um ambiente (Morrison et al., 2002; Willis et 2006; Krumme et al., 2008). Larvas de
peixes planctivoras tendem a se distribuirem dedacoom a disponibilidade de suas
presas, e as mudancas nas amplitudes das maréstensdade da luz em diferentes
fases da lua podem ter efeitos marcantes nesseocamento (Alldredge e King, 1980;
Kingsford e MacDiarmid, 1988; Hampel et al., 206f&rnandez-Ledn, 2008). O ciclo
lunar determina a disponibilidade temporal e egpalts habitats de canais de maré das
florestas de manguezal. Durante as marés de queairbth uma parcial inundacéo dos
canais, enquanto que durante as mareés vivas,stfEs@mpletamente inundados por um
longo periodo (Hampel et al., 2003; Ramos et &112 A intensidade da corrente
também varia ao longo das fases da lua, promovenlds de inundacéo das florestas de
manguezais mais ou menos eficientes. Cada ciclmaté traz organismos, detritos e
poluentes para os habitats entremarés. Alguns i8rgas sao adaptados a permanecerem
dentro dos canais, e outros retornam para o camedigal durante as marés vazantes
(Kneibe, 1997; Barletta et al., 2000; Morrisonlet2002; Willis et al., 2006).

Apesar da importancia da complexidade hidrodinarpeia os estuarios, esse
comportamento fisico pode facilitar sua poluicdo getritos marinhos (Barnes et al.,
2009; Lima et al., 2014). Os plasticos sdo disostidoor décadas, como sendo 0s
principais componentes do detrito a poluir todokalstats do ambiente marinho, desde
0 equador até os polos (Bergmann e Klages, 201ga@bal., 2011; Moore et al., 2001;

Moore, 2008; Thornton e Jackson, 1998; Barnes e2@09). Eles se originam em terra,
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onde 0 uso excessivo cria problemas de disposiedaltando na sua acumulacao por
lancamento acidental, desastre natural ou hbéassposicao inadequados (Thompson
et al., 2009; Watters et al., 2010). O transpooieventos e ondas permite que plasticos
inteiros e outros detritos entrem no ambiente rhar{iWright et al., 2013). A baixa taxa
de degradabilidade e a alta flutuabilidade permigema os plasticos viagem por longas
distancias, alcancando habitats distantes de suwesfde origem, até mesmo areas
remotas, como ilhas oceanicas (Ilvar do Sul e8Il 3) e as profundezas dos oceanos
(Bergmann e Klages, 2012; Lozano e Mouat, 2009%efanto, durante o tempo em que
passam no mar, os plasticos se fragmentam em réstmos (< 5mm).

Os fragmentos de plasticos entram nos estuario® tpelo escoamento
superficial, quanto pelo oceano através do vemoda® ou marés (Le Roux, 2005;
Nordstorm et al., 2006). Eles também podem senfesxgadosn situ pela dinamica fisica
do ambiente (Barnes et al., 2009). Uma vez queaggrfentos de plasticos alcangcam o
estuario, eles serdo encontrados quase que emugudlgbitat (Browne et al., 2010;
Thornton e Jackson, 1998; Lima et al., 2014). Rdsimenos densos tendem a submergir
no encontro aguas de diferentes densidades (Cale 2011); e particulas menores sao
transportadas e depositadas onde o fluxo de aguan®s intenso, como planicies
entremarés e floresta de manguezal (Costa eDall)2lsso sugere que 0s microplasticos
estdo disponiveis para os organismos planctorestégios larvais de muitas espécies de
peixes de importancia econfmica, suas presas iwtergara predadores maiores,
promovendo a transferéncias dessas particulas difégrentes niveis troficos (Gregory,
1996; Boerge et al., 2010; Possatto et al., 20Ht&> et al., 2012; Lima et al., 2014;
Ramos et al., 2012).

No sentido de ampliar o conhecimento sobre estedugrinos em larvas de
peixes e sua interagcdo com 0s compartimentos etsofex. fragmentos de plasticos),
este trabalho surge como uma ferramenta para g¢es@@mo o plancton (ictioplancton
e zooplancton) e particulas ndo-vivas (microplas)iestao distribuidas ao longo canal
principal do estuario do Rio Goiana (Nordeste dasBr- PE/PB). Neste sentido, 0
trabalho ird descrever a assembleia ictioplanc&nido sé taxonomicamente, mas
também em termos de estrutura ecoldgica e usoetdossos disponiveis, incluindo o
microplastico como um item alimentar potencial, dderentes habitats dos estuarios
baseados nas variacdes sazonais dos parametrtiscab{®arletta et al., 2003; 2005;
Barletta e Blaber, 2007).
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Com este estudo sera possivel identificar os laddizados como bercario pelas
principais espécies de peixes encontradas e catieadas no local. Essa regido € uma
area de constante ocupacao e acao antropica,zani@i a importancia da identificacdo
do papel desses habitats para a ontogenia dadesspéesentes no local. Considerando
que o estuario do Rio Goiana é uma reserva exg@i(Resex Acau-Goiana), sua
comparacao com outros estuarios do mundo, condioe@eservados, visa gerar dados
que contribuam para a aplicacdo de medidas de ma&okpdas a preservacao desses
habitats e para proteger essas espécies durantepsaducao e renovacao dos estoques

pesqueiros.

2. OBJETIVOS

2.1. Objetivo geral

O presente trabalho tem por objetivo estudar aitesér e a variacdo sazonal e
espacial da comunidade ictioplanctbnica em relagéoplancton (fitoplancton e
zooplancton) e particulas ndo-vivas (microplasjiooscanal principal do estuario do Rio
Goiana. Além disso, estudar a influéncia das ditexefases da lua na composicéo das
larvas de peixes, detritos plasticos e zooplanetoranais de maré da porcéo inferior do

estuério.

2.2.Objetivos especificos

* Examinar a composicéo e a abundancia das famikspécies da comunidade
ictioplanctbnica nos canais de maré da porcao ionfer no canal principal
(estuarios superior, intermediario e inferior) dtudério do Rio Goiana.

» Determinar a variacao sazonal do plancton totaleemos de densidade (ind. 100
m) ao longo do gradiente de salinidade do canakipah (estuarios superior,
intermediario e inferior) do estuario.

» Determinar a variagdo sazonal e espacial de m&stipbs ao longo do gradiente
de salinidade do canal principal, e sua compossggeantificacdo em relacéo ao
plancton presente no sistema.

» Determinar os padrées de uso e composicdes desldevpeixes, zooplancton e
detritos plasticos (ind. 100 #inos canais de maré do estuario de acordo com as

diferentes fases da lua.

22



» |dentificar os possiveis habitats (estuarios sopeintermediario, inferior e
canais de maré) utilizados como bercario pelascespdénais abundantes em

termos de densidade.

3. MATERIAIS E METODOS

3.1. Area de estudo

A bacia hidrogréfica do rio Goiana tem uma are2.8@8,3 kn e localiza-se na
divisa dos estados de Pernambuco e Parai®2 &735'S e 3450’ a 3458'W) (Fig. 1).

E formada pela confluéncia dos rios Capibaribe iliei Tracunhaém, originando o rio
Goiana. Seu sistema estuarino é formado peloSoana e Megaod, e possui 477.660m
Sua cobertura vegetal é predominantemente de terate manguezal na faixa de
influéncia das marés (principalmente as espéRiezophora mangleLaguncularia
racemosa Avicenia spp. O clima é tropical imido do tipo As, segunddassificacao
de Képpen. A temperatura média do ar é d&€28 oscila entre Z€ nos meses de verdo
e 24C nos meses de inverno (Barletta e Costa, 2009es&pta duas estacdes bem
definidas, uma seca e outra chuvosa. Baseado dasgsale precipitagéo da regido, estas
estacbes podem ser divididas em inicio da estagi@o(setembro a novembro), final da
seca (dezembro a fevereiro), inicio da estacdoagdaufmarco a maio) e final da estacao
chuvosa (junho a agosto).

Em 2007, o estuario do Rio Goiana tornou-se a R&sak-Goiana, uma unidade
de conservacdao federal classificada como resetvatieista que abrange os municipios
de Caaporé e Pitimbu no estado da Paraiba e GemrRRernambuco (Barletta e Costa
2009). Essa area estuarina abriga uma fauna riqgeeexes, crustaceos e moluscos, cuja
coleta assegura o sustento de grande parte daagépubtlos aglomerados urbanos
circunvizinhos, a exemplo de Goiana, Tejucopapo, Sdirenco e Carne de Vaca (PE)
assim como Caapora e Pitimbu (PB) (Fidem, 1987poliicdo hidrica de origem
industrial e doméstica, além do corte e aterrosndaguezais para a implantacdo de
grandes projetos de carcinicultura, e a atividaaleaha de acgUcar, representam uma
ameaca a sua preservacao (Barletta e Costa 2009).

O canal principal foi dividido em 3 areas de acardm o gradiente de salinidade
e a geomorfologia do estuario (Fig. 1). Sendo gaeea superior, com maior influéncia
do rio, area intermediaria, e area inferior, comomanfluéncia das aguas costeiras
(Barletta & Costa, 2009) (Fig. 1).
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Figura"L."EStuaric ad rIO Golana. Estuarios (peswr, (2) iIntermeédiario €(3) interior,

onde as coletas no canal principal serdo realizast&o realcadas no mapa. Os pontos
indicam os canais de maré da porgcdo inferior queanfo amostrados. (Cs)
Empreendimento de carcinicultura desativado. Fdateigle Earth (2014).

3.2. Métodos amostrais

Todas as amostragens realizadas neste estudognsautiorizacdo para atividades
com finalidade cientifica (ANEXO A) emita através Sistema de Autorizacao e Informacao
em Biodiversidade (SISBIO), pelo Instituto ChicoMes de Conservagao e Biodiversidade
(ICMBio).

3.2.1. Amostragem do seston no canal principal

Para as coletas de plancton no canal principaltibzado o método amostral
proposto por Barletta & Barletta-Bergan et al. @0@\s amostragens foram realizadas
com arrastos horizontais simultaneos de supefficiel m de profundidade) e de fundo
(3 — 6 m), durante marés de quadratura, utilizanddbarco de motor de polpa & uma
velocidade média de 2,7 nos, com duracao de 15tosipentre abril de 2012 a marco de
2013. Foi utilizada uma rede de plancton conicand& agua com malha de 306,
diametro de 0,6 m e 2 m comprimento. Um fluxdbméBeneral Oceanics - Model 2030
Digital Series) foi posicionado no centro da redeapmedir o volume de agua filtrada
pela rede de plancton em cada arrasto no canaligalrdo estuario. Um GPS (Ensign
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GPS Trimble Navigation) foi utilizado para deterarima posicdo das coletas. Uma
ecossonda (Eagle Supra Pro D) registrou a profaddiddo canal principal. Foram
realizadas 6 amostras mensais (3 de superficidesf@ndo) em cada uma das areas do
estuario (superior, intermediaria e inferior), iag@ndo 72 amostragens para cada um
destes habitats. Antes de cada arrasto, foramadoletdados referentes as variaveis
ambientais, salinidade, temperatura da agua (%@émio dissolvido (mg/L) e saturacao
de oxigénio dissolvido na agua (%) (Wissenschéftliechnische Werkstatten, WTW
OXIl 325) e transparéncia do disco de Secchi (camiotna superficie quanto no fundo
da coluna d’agua. Os dados referentes a precipittagam compilados em 2014 da
estacdo meteoroldégica mais proxima, “Curado 82900falizada em Recife-PE

(INMET, 2014). As amostras foram preservadas emd&btamponado (4%).

3.2.2.Amostragem do seston nos canais de maré

As amostras de plancton foram realizadas em l12ica@eamarés da por¢cao
inferior do estuario entre abril e maio 2008, sedaia metodologia descrita por Ramos
et al. (2011). Para assegurar a deteccdo da iofludumnar na distribuicdo do seston
(plancton e microplasticos), os meses de amostragéemidiram com um estuario mais
estavel, durante o inicio da estacdo chuvosa (fBarke Costa, 2009). Condi¢des
ambientais extremas, como elevadas precipitactehdla Agosto) ou temperatura da
agua (Dezembro a Fevereiro) foram evitadas (BartCosta, 2009). Além disso, as
amostras iniciaram apos o principal periodo de wWesquando as larvas de peixes
utilizam o estuario e as aguas costeiras tém griafildéncia no estuario inferior (Lima
et al., 2014). Os canais foram escolhidos de acomdosuas similaridades em largura e
comprimento. Para cada fase da lua (quarto crescemtia, quarto minguante e nova)
trés canais diferentes foram amostrados em 3 digsecutivos para evitar a perturbacao
do substrato durante as coletas dos peixes (EaBettganet al, 2002a). Durante as
luas quarto crescente e quarto minguante, as naétess variaram de 1.8 até 2.1 m.
Durante a lua nova, elas variaram de 2.4 até 2&durante a lua cheia de 2.2 até 2.4 m.
Os canais 1-3 (azuis) foram amostrados duranta quarto crescente, 4—6 (vermelhos)
durante a lua cheia, 7-9 (verdes) durante a luaa@uanguante e 10-12 (amarelos)
durante a lua nova (Fig. 2). Para cada lua, o jprinoanal amostrado era mais distante e
o terceiro era 0 mais proximo a boca do estuargp & (Ramos et al., 2011). As amostras
iniciaram durante o segundo pico diario de marg &bi usada uma rede de tapagem

retangular com 10 m de comprimento e 2 m de aleom malha de 100(m para
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bloquear a boca do canal de uma margem até a(&igre8). Um saco conico (& 0,6 m;
500um), com um copo coletor no final, foi fixado a retetapagem. As amostras foram
coletadas apos 4 horas na mare baixa. Um fluxénj@eaeral Oceanics - Model 2030
Digital Series), acoplado a uma boia, foi posictmaa frente da rede retangular para
medir o volume de agua filtrada. A temperaturagla& C), oxigénio dissolvido (mg
I71) (Wissenschaftlich Technische Werkstatten, WTW OXb;3www.wtw.com) e
salinidade (WTW LF 197) foram registradas da superfda agua na boca dos canais
durante 4 horas consecutivas. As amostras forasempadas em formol tamponado
(4%).
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Figura 2. Porcao inferior do estuario do Rio Goidba circulos marcam a entrada de

=
«
o
o
=)
=
=
=
]
L
o
<

cada canal de maré. Amostragens: (1-3), lua quegszente; (4—6), lua cheia; (7-9), lua
guarto minguante; (10-12), lua nova. Fonte: Go&gleh (2014).

3.3. Procedimentos laboratoriais
As amostras foram divididas em aliquotas meno@8 ifdl) para facilitar a separacdo do
plancton e dos fragmentos plasticos envolvidos agena organica com o auxilio de um
estereomicroscopio — ZEISS; STEMI 2000-C (x5). kbane ovos de peixes foram
reservados da amostra e suas quantidades forarartidag para um volume padréo de
100 n?. Os fragmentos de plasticos flutuantes encongradoamostra estatica, foram
peneirados primeiro, numa malha de 45 p. Os miéstigbs foram secados em estufa a
60°C e classificados em plasticos, filamentos dste fragmentos de tinta de barco.
Caracteristicas como rigidez (duro ou mole) e asscde cada item também foram

registrados. O mensuramento dos microplasticofefim com o auxilio de uma camera
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digital (Canon-Powershot G10) acoplada a um estgireoscopio trinocular, utilizando
o software AxioVision Release 4.7.2 (calibrado cama escala que converte os pixels

da imagem em milimetros).

(b)

Figura 3. Rede de tapagem utilizada nas coletptadeton e fragmentos de plasticos nos
canais de maré. Marés: (a) alta; (b) baixa. FHEGECE.

Para contar o zooplancton, cada amostra (700 mlhofmogeneizada e trés sub
amostras de 10 mL foram removidas usando um paeesiempel, com reposigéo (Postel
et al., 2000). Cada taxon de zooplancton foi ifieatlo até o menor nivel taxondmico
possivel (Boltovskoy, 1981, 1999) e contados sejaanante das trés aliquotas para o
calculo das médias. As medias foram extrapoladas#® mL e depois convertidas para
um volume padréo de 100°nA identificag&o taxondmica do ictioplancton f@iseada
em séries de desenvolvimento, pela regressao dteadjuvenis capturados na mesma
regido, usando caracteres comuns aos sucessiaggesbntogenéticos iniciais (Balon,
1990). Além disso, caracteristicas meristicastamanhos dos estagios larvais em pré-,
flexao e pos-flexdo foram utilizados como criténi@sidentificacdo. A identificacdo das
espécies seguiu Figueiredo e Menzes (1978, 198Mekks e Figueiredo (1980, 1985),
Sinque (1980), Moser et al. (1984), Richards (2006)
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O célculo de densidade (Ind. 100°de cada item do plancton e dos detritos
plasticos no canal principal usou o volume de afijitrado resultante da seguinte
equagao:

A Flux * 0,3 m * 0,2827 ra* 100 = Volume de agua filtrada (10Fm
Onde A Flux é a diferenca entre os valores de revoluigéd € inicial do fluxémetro, 0.3
m € a distancia de uma revolucdo do fluxdmetrdoarOé o didmetro da boca da rede,
totalizando uma area de 0,2827 (A = zr?).

Nos canais de maré, o volume filtrado foi calculadgartir da area da rede, da
duracdo da amostragem e da velocidade da corfeatea da rede resultou da distancia
entre os finais da rede de ~8 m devido ao posineno ligeiramente arqueado da rede
na coluna d’agua e uma profundidade estimada dem1A constante do fluxémetro foi
de 57,56/999999.

Distancia percorrida pela agua (mA+lux * 57,56/999999
Velocidade da corrente (m/s) = Distancia (m) * 1@®po (s)
Area filtrada (m) *velocidade da corrente (m/s) * tempo (s) = Voki(@00 nd)

3.4. Analise estatistica
3.4.1. Variacao sazonal e especial do plancton e mhicroplastico no

canal principal

Trés amostras de superficie e trés de fundo, pareapor més, foram consideradas
como replicas e usadas para testar as hipétesapallse de variancia (ANOVA 3-
fatores), com um nivel de significancia de 5 %¢cfmduzida para avaliar se a distribuicdo
de larvas e ovos de peixes (espécies), zooplafgtopos) e microplasticos (duro, mole,
filamentos plasticos e fragmentos de tinta de Havaoiaram com o espaco (estuario
superior, médio e inferior), tempo (estacfes secdmivosas) e a profundidade da coluna
d’agua (superficie e fundo) (Zar, 1996). O testeCdehran foi usado para verificar a
homogeneidade das variancias. Os dados origineasmf@ox-Cox transformados para
aumentar a normalidade da distribuicdo (Box e @8%4). O teste de Bonferroni €
0.05) foi usado sempre que diferencas significatfteeam detectadas (Quinn e Keough,
2002).

Andlises de cluster (baseadas nas matrizes deaghaille entre espécies usando
distancia Euclidiana ranqueadas) foram usadasveaifecar como os grupos de larvas e

ovos de peixes, zooplancton e microplasticos edigtabuidos ao longo do estuario,
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usando as areas, as estacoes e a profundidadkida déagua como atributos (Clarke e
Gorley, 2006).

Analises candnica de correspondéncia (CCA) (CANG@EZ®Windows 4.5) foram
realizadas para detectar correlacdes ecologicaBi@ak e Smilauer, 2002). Mdltiplas
regressdes dos minimos quadrados foram computadasos escores derivados das
médias ponderadas das densidades de larvas e @voseides, zooplancton e
microplasticos (duro, mole, filamentos e tintasbdecos) e os agrupamentos do fatores
(areas, estacOes e profundidade) como variaveendeptes e os parametros ambientais
(precipitacao, temperatura da agua, oxigénio diggmle salinidade) como variaveis
independentes (ter Braak, 1986; Palmer, 1993). 8atar tendéncias relacionadas aos
altos valores de densidade do zooplancton, os dadwos logo(x + 1)-transformados. A
CCA foi rodada com 100 interacbes com locais randados para facilitar o teste de
Monte-Carlo entre os autovalores e as correlac8pécee-ambiente para cada eixo
resultante do CCA bem como aqueles esperados ancehCom esse procedimento, um
“triplot” € produzido onde as variaveis ambientapgrecem como vetores radiando da
origem da ordenacdo. O tamanho do vetor esta oeladd ao poder de relacdo entre a

variavel ambiental que o vetor representa e osogrypara cada estacéo principal.

3.4.2.Influencia lunar na composigéo do plancton e detrids plasticos

nos canais de mare

ANOVA (1-fator) foi realizada para determinar sedagsidades médias de larvas
de peixes, zooplancton e detritos plasticos vagam as diferentes fases da lua (Zar,
1996). O teste de Cochran foi usado para veriicAomogeneidade das variancias. Os
dados originais foram Box-Cox transformados paranemiar a normalidade da
distribuicdo (Box e Cox, 1964). O teste de Bonfeir{a = 0.05) foi usado sempre que
diferencas significativas foram detectadas (Quikreeugh, 2002).

Uma andlise canbnica de correspondéncia (CCA) (Ca8dor Windows 4.5)
foi realizada para observar a relacao entre adweis ambientais e cada fase da lua com
a composicao do plancton e detritos plasticos anais de maré (ter Braak e Smilauer,
2002). Multiplas regressdes dos minimos quadraoi@sf computadas com 0s escores
dos locais, derivados das medias ponderadas deslde/peixes, zooplancton e detritos
plasticos e das fases da lua como variaveis deptasle os parametros ambientais
(precipitacao, temperatura da agua, oxigénio diggmle salinidade) como variaveis
independentes (ter Braak, 1986; Palmer, 1993).
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4. ESTRUTURA DA TESE
De acordo com os objetivos e os resultados obtdobngo da realizagcdo do
presente estudo, esta tese foi dividida em tréisutap. Cada capitulo se refere a artigos

cientificos e seguem as normas de publicacéo deta® escolhidas para publicacéo.

Capitulo 1: “Seasonal distribution and interactions between platton and
microplastics in a tropical estuary

Este capitulo foi submetido a revista cientificstuarine, Coastal and Shelf
Science (ISSN 0272-7714). Este estudo avaliou complancton (ictioplancton e
zooplancton) e os microplasticos estdo distribuaim$ongo do canal principal e se ha
variacdes ao longo do ciclo sazonal e do gradidetsalinidade do estuario do Rio

Goiana.

Capitulo 2:*Distribution patterns of microplastics within the plankton of a tropical
estuary (doi:10.1016/j.envres.2014.03.031

Este capitulo refere-se ao exame de qualificagd@rdgrama de Pds-Graduacgéo
em Oceanografia realizado em setembro de 2013 kcaudd na revista cientifica
Environmental Research (ISSN 0013-9351). Este esawdliou se os microplasticos
variam sazonalmente e espacialmente ao longo diegta de salinidade do estuario, e

sua composi¢ao em relagdo a todo o plancton peerergistema.

Capitulo 3:*Changes in the composition of ichthyoplankton assdmage and plastic
debris in mangrove creeks relative to moon phaseés

Este capitulo foi aceito pela revista cientifioarhal of Fish Biology (ISSN 1095-
8649). O estudo teve como objetivo quantificaaagds de peixes, zooplancton e detritos
plasticos (ind. 100 r¥) associados aos canais de maré do estuario pameender suas

distribuicdes de acordo com as fases da lua duvantatervalo de 30 dias.

30



5. REFERENCIAS

Alldredge, A. L., King, J. M., 1980. Effects of maaht on the vertical migration
patterns of demersal zooplankton. Journal of erpemtal Biology and Ecology 44,
133-156.

Allen, L. G., Horn, M. H., 1975. Abundance, divéysand seasonality of fishes in
Colorado Lagoon, Alamitos Bay, California. Estuarend Coastal Marine Science
3, 371-380.

Balon, E. K., 1990. Epigenesis of an epigenetitist: development of some alternative
concepts on the early ontogeny and evolution dfefis Guelph Ichthyology
Reviews 1, 1-42.

Barletta, M., Saint-Paul, U., Barletta-Bergan, Bkau, W., Schories, D., 2000. Spatial
and temporal distribution dflyrophis punctatugOphichthidae) and associated
fish fauna in a northern Brazilian intertidal maowgg forest. Hydorbiologia. 426,
64-74.

Barletta, M., Barletta-Bergan, A., Saint-Paul, Hubold, G., 2005. The role of salinity
in structuring the fishing assemblages in a trdp&stuary. Journal of Fish
Biology 66, 1-28.

Barletta, M., Amaral, C. S., Corréa, M. F. M., GaabF., Dantas, D. V., Lorenzi, L.,
Saint-Paul, U., 2008. Factors affecting seasonahtans in the demersal fish
assemblages at an ecocline in a tropical-subtrbgstuary. Journal of Fish
Biology 73, 1314-1337.

Barletta, M., Barletta-Bergan, A., 2009. Endogenawsivity rhythms of larval fish
assemblages in a mangrove-fringed estuary in N@ndilzil. The open Fish Science
Journal 2, 15-24.

Barletta, M., Costa, M. F., 2009. Living and noviflg resources exploitation in a tropical
semi-arid estuary. Journal of Coastal Researct6 S3BL-375.

Barletta-Bergan, A., Barletta, M., Saint-Paul, @Q02a. Community structure and
temporal variability of ichthyoplankton in North &ilian mangrove creeks.
Journal of Fish Biology 61, 33-51.

Barletta-Bergan, A., Barletta, M., Saint-Paul, 2002b. Structure and seasonal dynamics
of larval fish in the Caeté River Estuary in NoBhazil. Estuarine, Coastal and
Shelf Science 54, 193-206.

31



Barnes, D. K. A., Galgani, F., Thompson, R. C.,I&rM., 2009. Accumulation and
fragmentation of plastic debris in global enviromtse Philosophical Transactions
of the Royal Society B: Biological Sciences 36433-91998.

Bergmann, M., Klages M., 2012. Increase of litteittee Artic deep-sea observatory
HAUSGARTEN. Marine Pollution Bulletin 64, 2734-2741

Blaber, S. J. M., Blaber, T. G., 1980. Factors diifigy the distribution of juvenile
estuarine and inshore fish. Journal of Fish Biolb@y143—-162.

Blaber, S. J. M., Farmer, M. J., Milton, D. A., BamJ., Boon-Teck, O., Wong, P., 1997.
The ichthyoplankton of selected estuaries in Sakaaval Sabah: composition,
distribution and habitat affinities. Estuarine, G@h and Shelf Science 45, 197—
208.

Boerger, C. M., Lattin, G. L., Moore, S. L., Moor€, J., 2010. Plastic ingestion by
planktivorous fishes in the North Pacific Centrgk& Marine Pollution Bulletin 60,
2275-2278.

Boltovskoy, D., 1981. Atlas del zooplancton delahtico Sudoccidental y métodos de
trabajo con el zooplancton marino. INIDEP, Mar Ekita, pp. 936.

Boltovskoy, D., 1999. South Atlantic zooplanktoradRhuys Publishers, Leiden, pp.
1706.

Box, G. E. P., Cox, D. R., 1964. An analysis ohsfarmation. Journal of the Royal
Statistical Society B 26(2), 211-252.

Browne, M. A., Galloway, T. S., Thompson, R. C.100 Spatial Patterns of Plastic
Debris along Estuarine Shorelines. Environmentaer®e and Technology 44,
3404-3409.

Clarke, K. R., Gorley, R. N., 2006. Plymouth roesnn multivariate ecological research.
PRIMER v6: User Manual/Tutorial. Plymouth: Primei-tgl.

Cloern, J. E., 1987. Turbidity as a control of gpfankton biomass and productivity in
estuaries. Continental Shelf Research 7, 1367-1987.

Cole, M., Lindeque, P., Halsband, C., Galloway, 3., 2011. Microplastic as
contaminants in the marine environment: A revievaridle Pollution Bulletin 62,
2588-2597.

Costa, M. F., Silva-Cavalcanti, J. S., BarbosaC CBarletta, M., 2011. Plastic buried in
the inter-tidal plain of a topical estuarine ectsys Journal of Coastal Research, Sl,
64, 339-343.

32



Dantas, D. V., Barletta, M., Costa, M. F., 2012eTdeasonal and spatial patterns of
ingestion of polyfilament nylon fragments by esimar drums (Sciaenidae).
Evironmental Science and Pollution Research 19--606.

Dantas, D. V., Barletta, M., Ramos, J. A. A,, LimaR. A., Costa, M. F., 2013. Seasonal
diet shift and overlap between two sympatric ch#ss in an estuarine nursery.
Estuaries and Coasts 36, 237-256.

Fidem., 1987. Regido Metropolitana do Recife: ReseEcoldgicas. Recife, Governo do
Estado de Pernambuco, Secretaria de Planejamentést@dolo de Pernambuco,
Fundacao de Desenvolvimento da Regido MetropoldanRecife, 108p.

Figueiredo, J. L., Menezes, N. A., 19F&nual de peixes marinhos do Sudest8idsil.

Il Teleostej 1. Sdo Paula: Museu de Zoologia, UniversidadgsatePaulo.

Figueiredo, J. L., Menezes, N. A., 198Manual de peixes marinhos do SudestBsil.

[Il Teleostej 2. Sdo Paulo: Museu de Zoologia, Universidad8ate Paulo.

Gaughan, D. J., Neira, F. J., Beckley, L. E., RPptt€., 1990. Composition, seasonality
and distribution of ichthyoplankton in the Lower &wEstuary, South-Western
Australia. Australian Journal of Marine and Fresten&esearch 41, 529-543.

Gomes, E. A. P., Campos, P. N., Bonecker, C. TL42@ccurrence of Gobiidae larvae
in a tropical Brazilian estuary, with particular gasis on the use of size classes to
categorize species guilds. Journal of Fish Biolegy996 — 1013.

Gregory, M. R., 1996. Plastic ‘scrubbers’ in hatehosers: a further (and minor) source
for marine pollution identified. Marine PollutionuBetin 32,867-871.

Hampel, H., Cattrijsse, A., Vincx, M., 2003. Tiddigl and semi-lunar changes in the
faunal assemblage of an intertidal salt marsh créskuarine, Coastal and Shelf
Science 56, 795-805.

Hernandez-Ledn, S., 2008. Natural variability cfhiries and lunar illumination: a
hypothesis. Fish and Fisheries 9, 1-17.

INMET, 2014. Instituto Nacional de Meteorologia. tério da Agricultura, Pecuaria e

Abastecimento. Disponivel em : www.inmet.gov.bressado em: 01. 01. 2014.

Ivar Do Sul, J. A., Costa, M. F., Barletta, M., @ggos, F. J. A., 2013. Pelagic
microplastics around an archipelago of the Equaltgkilantic. Marine Pollution
Bulletin 75, 305-309.

Keneib, R. T., 1997. The role of tidal marshes he tcology of estuarine nekton.

Oceanography and Marine Biology an Annual Revie®, D27-238.

33



Kingsford, M. J., MacDiarmid, A. B., 1988. Interamts between planktivorous reef fish
and zooplankton in temperate waters. Marine Ecolxggress Series 48, 103-117.

Krumme, U., Brenner, M., Saint-Paul U., 2008. Sgnreap cycle as a major driver of
temporal variations in the feeding of intertidalhfes: Evidence from the sea catfish
Sciades herzbergfAriidae) of equatorial West Atlantic mangromeeksJournal of
Experimental Marine Biology and Ecology 367, 91-99.

Kurup, G. R., Hamilton, D. P., Patterson, J. C98Modelling the effect of seasonal
flow variation on the position of salt wedge in ratidal estuary. Estuarine, Coastal
and Shelf Science 47(2), 191 —208.

Lacerda, C. H. F., Barletta, M., Dantas, D. V., 20Iemporal patterns in the intertidal
faunal community at the mouth of a tropical estudgurnal of Fish Biology. 85,
1571-1602.

Le Roux, J. P., 2005. Grains in motion: A reviewdientary Geology 178 (3—4), 285—
313.

Lima, A. R. A., Barletta, M., Dantas, D. V., RamdsA. A., Costa, M. F., 2011. Early
development and allometric shifts during the oniygeof a marine catfish
(Cathorops spixit Ariidae). Journal of Applied Ichthyology 28, 24225.

Lima, A. R. A,, Barletta, M., Dantas, D. V., PossafF. E., Ramos, J. A. A., Costa, M.
F., 2013. Early development of marine catfishesigae): From mouth brooding to
the release of juveniles in nursery habitats. JalwhFish Biology 82, 1990-2014.

Lima, A. R. A., Costa, M. F., Barletta, M., 2014isDibution patterns of microplastic
within the plankton of a tropical estuary. Envircemal Research 132, 146-155.

Lozano, R. L., Mouat, J., 2009. Marine Litter inetiNorth-East Atlantic Region:
Assessment and Priorities for Response. KIMO |Iatiééonal.

Martino, E. J., Houde, E. D., 2010. Recruitmergtoped bass in Chesapeake Bay: spatial
and temporal environmental variability and avaii@piof zooplankton prey.
Marine Ecology Progress Series 409, 213-228.

Menezes, N. A., Figueiredo, J. L., 198Manual de peixes marinhos do SudestBusil.

IV Teleostei, 3Sa0 Paulo: Museo de Zoologia da UniversidadeadePaulo.

Menezes, N. A, Figueiredo, J. L., 198%anual de peixes marinhos do SudestBsil.

V Teleostei, 4Sao Paulo: Museu de Zoologia da UniversidadeadePaulo.
Moore, C. J., 2008. Synthetic polymers in the ne@gnvironment: A rapidly increasing,

long-term threat. Environmental Research 108, 139-1

34



Moore, C. J., Moore, S. L., Leecaster, M. K., Wergp S. B., 2001. A comparison of
Plastic ad Plankton in the North Pacific Centratéywarine Pollution Bulletin 42,
1297-1300.

Morais, T.A., Morais, T.L., 1994 The abundance diversity of larval and juvenile fish
in a tropical estuary. Estuaries 17, 216-225.

Morrison, M. A., Francis, M. P., Hatrtill, B. W., Banson, D. M., 2002. Diurnal and tidal
variation in the abundance of the fish fauna cfragerate tidal mudflat. Estuarine,
Coastal and Shelf Science 54, 793-807.

Moser, H. G., Richards, W. J., Cohen, D., FahayPMKendall, A. W. Jr, Richardson,
S. L., 1984. Ontogeny and Systematics of fishesergan Society of Ichthyologists
and Herpetologists Special Publications No. 1.

Neira, F. J., Potter, I. C., Bradley, J. S., 199@asonal and spatial changes in the larval

fish fauna within a large temperate Australian astuMarine Biology 112, 1-16.

Nordstorm, K., Jackson, N. L., Klein, A. Sherman,H®sp, P., 2006. Offshore aeolian
transport across a low foredune on a developedebastand. Journal of Coastal
Research 22, 1260-1267.

North, E. W., Houde, E. D., 2003. Linking ETM physi zooplankton prey, and fish
early-life histories to striped babforone saxatilisand white percM. americana
recruitment. Marine Ecology Progress Series 260;,-236.

Ooi, A. L., Chong, V. C., 2011. Larval Fish asseagls in a tropical mangrove estuary
and adjacent coastal Waters: offshore-inshore fifixmarine and estuarine
species. Continental Shelf Research 31, 1599-1610.

Palmer, M. W., 1993. Putting things in even betteter: the advantages of canonical
correspondence analysis. Ecology 74 (8), 2215-2230.

Possatto, F. E., Barletta, M., Costa, M. F., vaSail, J. A., Dantas, D. V., 2011. Plastic
debris ingestion by marine catfishes: an unexpedigueries impact. Marine
Pollution Bulletin 62, 1098-1102.

Postel, L., Fock, H., Hagen, W, 2000. Biomass abdrlance. In: Harris, R.P., P.H.
Wiebe, J. Lens, H.R. Skjoldal & M. Huntley (edsSCHS Zooplankton Methodology
Manual. Academic Press, London, pp. 83-192.

Potter, I. C., Tweedley, J. R, Elliott, M., Whéld, A.K., 2013. The ways in which fish
use estuaries: a refinement and expansion of tie @pproach. Fish and Fisheries.
doi: 10.1111/faf.12050.

35



Quinn, G. R., Keough, M. J., 2002. Experimental ipesand Data Analysis for
Biologists. Cambridge: Cambridge University Press.

Ramos, J. A. A., Barletta, M., Dantas, D. V., LilaR. A., Costa, M. F., 2011. Influence

of moon phase on fish assemblages in estuarinenmantdal creeks. Journal of
Fish Biology 78, 344-354.

Ramos, J.A.A., Barletta, M., Costa, M.F., 2012 esigpn of nylon threads by Gerreidae
while using a tropical estuary as foraging grouagiatic Biology 17, 29-34.

Ramos, S., Cowen, R. K., Ré, P., Bordalo, A. AQemporal and spatial distribution
of larval fish assemblages in the Lima Estuary {iRyal). Estuarine, Coastal and
Shelf Science 66, 303-314.

Richards, W. J., 2006. Early Stages of AtlantidhEs An Identification Guide for the

Western Central North Atlantic. 2vols. pp 01-2640.

Sarpedonti, V., Anunciacéo, E.M.S., Bordalo, A.ZD13. Spatio-temporal distribution
of fish larvae in relation to ontogeny and watealgy in the oligohaline zone of a
North Brazilian estuary. Biota Neotropica 13, 55—63

Sinque, C., 1980. Larvas de Sciaenidae (Teleogteijtificados na regido estuarino-
lagunar de Cananéia. Boletim de Zoologia da Unidade de Sao Paulo 5, 39-77.

Sutherland, K., Strydom, N. A., Wooldridge, T. R0Q12. Composition, abundance,
distribution and seasonality of larval fishes ie Bundays Estuary South Africa.
African Zoology 47(2), 229 — 244.

Suzuki, K. W., Kanematsu, Y., Nakayama, K., Tanig,2014. Microdistribution and
feeding dynamics dfoilia nasugEngraulidae) larvae and juveniles in relation to
the estuarine turbidity maximum of the macrotidhlkbigo River estuary, Ariake
Sea, Japan. Fisheries Oceanography 23(2), 157.— 171

ter Braak, C. J. F., 1986. Canonical correspondeataysis: a new eigenvector
techinique for multivariate direct gradient anasystcology 67 (5), 1167-1179.

ter Braak, C. J. F., Smileuer, P., 2002. CANOCOeR=fce Manual and CanoDraw for
Windows User’s Guide: Software for Canonical Comityu@rdination (version 4.5)
— Microcomputer Power, Ithaca, NY.

Thompson, R. C., Swan, S. H., Moore, C. J., vom,FaaS., 2009. Our plastic age.
Philosophical Transactions of the Royal SocietyB®ilogical Sciences 364, 1973—
196

36



Thornton, L., Jackson, N. L., 1998. Spatial andgeral variations in debris accumulation
and composition on an estuarine shoreline, Clifdvid@ach, New Jersey, USA.
Marine Pollution Bulletin 36 (9), 705-711.

Watanabe, K., Kasai, A., Antonio, E. S., Suzuki, Keno, M., Yamashita, Y., 2014.

Influence of salt-wedge intrusion on ecologicalgasses at lower trophic levels
in the Yura Estuary, Japan. Estuarine, CoastaSadf Science 139, 67-77.

Watters, D. L., Yoklavich, M. M., Love, M. S., Sceder, D. M., 2010. Assessing marine
debris in deep seafloor habitats off California.rida Pollution Bulletin 60, 131—
138.

Whitfield, A. K., 1990. Life-history styles of figs in South African estuaries.

Environmental Biology of Fishes 28, 295-308.

Williams, J., Hindell, J. S., Swearer, S. E., JaskiG. P., 2012. Influence of freshwater
flows on the distribution of eggs and larvae ofckldoreamAcanthopagrus
butcheriwithin a drought-affected estuary. Journal of HBblogy 80, 2281 —
2301.

Willis, T. J., Badalamenti, F., Milazzo, M., 20Biel variability in counts of reef fishes
and its implications for monitoring. Journal of Expnental Marine Biology and
Ecology 331, 108-120.

Wright, S. L., Thompson, R. C., Galloway, T. S.,130 The physical impacts of
microplastics on marine organisms: A review. Envimental Pollution 178, 483—
492.

Zar, J. H., 1996. Biostatistical analysis. Uppem@#He River, New Jersey: Prentice Hall.

37



CAPITULO 1

Seasonal distribution and interactions between

plankton and microplastics in a tropical estuary

38



Seasonal distribution and interactions between platon and microplastics in a
tropical estuary
A. R. A. Lima, M. Barletta*, M. F. Costa

Laboratério de Ecologia e Gerenciamento de Ecossisls Costeiros e Estuarinos, Departamento de
Oceanografia, Universidade Federal de PernambudeR G0740-550, Recife, Brazil
*Author to whom correspondence should be addres3edl: and fax: 00558121267223; email:

barletta@ufpe.br
Abstract

Seasonal migration of salt wedge and rainfall wiaee major factors influencing the
spatiotemporal distribution of ichthyoplankton angtroplastics along the main channel
of the Goiana Estuary. The most abundant taxa therelupeidfRhinosardinia bahiensis
and Harengula clupeolafollowed by the achiridlrinectes maculatu$78.7% of the
catch). Estuarine and mangrove larvaeg( Anchovia clupeoides Gobionellus
oceanicu}, as well as microplastics were ubiquitous. Dudnger months, the salt wedge
reaches the upper estuary and marine lama@pynoscion acoupamigrated upstream
until the zones of coastal waters influence. Howgethee meeting of waterfronts in the
middle estuary forms a barrier that retains theopilastics in the upper and lower estuary
most part of the year. During the late dry seaadnlpom of zooplankton was followed
by a bloom of fish larvae (12.74 ind. 108rand fish eggs (14.65 ind. 10(nat the
lower estuary. During the late rainy season, thgh hireshwater inflow flushed
microplastics, together with the biota, seawardrimy this season, a microplastic
maximum (14 items 100/) was observed, followed by fish larvae maximum234nd.
100n) in the lower estuary. Differently from fish lamamicroplastics presented
positive correlation with high rainfall rates, bgimore strictly associated to flushing
out/into the estuary than to seasonal variatioenvironmental variables. Microplastics
represented half of fish larvae density. Compardbfesities in the water column increase
the chances of interaction between microplastickfesh larvae, including the ingestion

of smaller fragments, whose shape and colour argasito zooplankton prey.

Keywords: Seston, salt wedge, rainfall, South America, zaokton, fish larvae.
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1. Introduction

The connectivity between estuarine and ocean halptavides a great physic-
chemical variability on hydrological circulationtperns, where the denser marine water
flows below the river freshwater, creating a stiedi water column upstream, commonly
referred to as a salt wedge estuary (Kurup e1888; Able, 2005; Barletta and Barletta-
Bergan, 2009; Williams et al., 2012; Strydom, 20IB)ese mechanisms act for the
retention of nutrients originated in the river masind mangrove forest, partially
supplying a diverse planktonic community, whichdtion as the basin of the estuarine
food web (Kjerfve, 1994; Beck at al., 2003; Nagekiem et al., 2008).

Estuaries are important marine coastal ecosysteatsas settlement, feeding and
nursery grounds by many estuarine dependent fishiep (Whitfield, 1990; Kjerfve,
1994; Able, 2005; Dantas et al., 2013; Lima et20)13; Potter et al., 2013; Gomes et al.,
2014). Many fish species spawn in estuaries atgithat ensure protection and food
availability for their eggs and larvae (Cloern, I9Blorth and Houde, 2003; Martino and
Houde, 2010). Seasonal variations on salinity, tmampre, oxygen, turbidity and
availability of food resources, are the main fastamfluencing the spatiotemporal
distribution and abundance of fish larvae and offlanktonic organisms in estuaries
worldwide (Blaber et al., 1997; Harris et al., 19%arletta-Bergan et al., 2002a,b;
Hoffmeyer et al., 2009; Ooi and Chong, 2011; Wilimet al., 2012).

Although, the hydrodynamic complexity of estuanesonly influences the living
part of the plankton, but also inanimate matesath as plastics debris, acting in their
retention or transportation to other environmefis|¢ et al., 2011; Costa et al., 2011;
Lima et al., 2014). Plastics debris, associatéddancreasing urbanization of watersheds,
originate mainly on land due to improper dispoaatidental release or natural disasters
(Alongi, 1998; Able 2005; Watters et al., 2010) e$h fragments enter estuaries by land
runoff, river discharge or from the ocean (Le Ro@df05; Nordstorm et al., 2006).
However, during their time at land, sea and estgaplastics fragment into microplastics
(<5 mm) (Barnes et al., 2009; Thompson et al. 9200

Plastics have been discussed as the principal endehbris to ubiquitously pollute
the marine environment. Recent studies recorded ¢ogcentration of microplastics in
estuarine, coastal waters and sea samples, withitésncomparable to the living
plankton (Collignon et al., 2012; Frias et al., 20Lima et al., 2014). The increasing
amount of microplastics in the aquatic environmieawe raised concerns about their

incorporation into food webs. Their small size neakegem available to a wide range of
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marine biota (Barnes et al., 2009; Cole et al.,120Microplastic ingestion has been
widely reported in marine organisms, including rm@ustaceans (Besseling et al., 2014),
bivalves (Cauwenberghe and Janssen, 2014), amghifididua et al., 2014), mysid
shrimps, copepods, polychaete larvae (Setalg @Hl4) and fishes (Boerger et al., 2010;
Possatto et al., 2011; Dantas et al., 2012; Lushat., 2013; Sa et al., 2015). Ingested
microplastics might induce gut blockage and lingiod intake (Cole et al., 2013). In
addition, microplastics have the capacity of adgmtsistent organic pollutants (POPS),
biocides and trace metal posing a threat to th&r@mwent and organisms, such as the
effects of eating contaminated fragments, consetyeaducing the nursery function of
estuarine habitats (Moore, 2008; Frias et al., 20Loner, 2010).

Thence, this study described the spatial moveménthe living plankton
(ichthyoplankton and zooplankton) and non-livingtigées (microplastics) according to
the seasonal migration of the salt wedge of thea@River Estuary in order to assess
how environmental factors influence their distribatpatterns. Whereas researches on
the occurrence of microplastic in estuaries aregcscahis study also describes the
possible effects of the presence of microplastitisimthe plankton of the estuary for fish

larvae.

2. Material and methods
2.1. Study area

The Goiana Estuary has a main channel 17 km lodgtsfloodplain covers 4700
ha in total area. It is located on the Northeastst@f Brazil (7°32'-7°35’S; 34°50'-
34°58'W) and characterised by a tropical semi-aliimhate (Fig. 1). The rainfall patterns
define four seasons: early dry (September to Noegjndate dry (December to
February), early rainy (March to May) and late yaiune to August) (Barletta and Costa,
2009) (Fig. 2). The Goiana Estuary is also a Réseau-Goiana PE/PB) and the fishery
of fish, molluscs and crustaceans all along ther y#stermine the subsistence of
traditional populations (Barletta and Costa, 200® study area was divided into three
portions according to the salinity gradient andgeemorphology of the estuary (Fig. 1).
The upper estuary is located next to the river imedtere the width of the main channel
varies from 0.05 to 0.09 km, with mean depth ofm.gFig. 1). The salinity of the upper
estuary varies from 0O (late rainy) to 10 (late dihie middle estuary has between 0.05
and 0.37 km in width, with mean depth of 4.7 m (R It is considered the portion at

which occurs the mixing of fresh and salty wateithwalinity range from O (late rainy)
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to 21 (late dry). The lower estuary is dominatednigrine waters throughout the year
with a width range of 0.14 to 0.61 km and mean ldeptd.1 m (Fig. 1). The salinity of
the lower estuary varies from 13 (late rainy) to(lé%e dry) in surface waters; and from
0 (late rainy) to 34 (early rainy) in bottom waters
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Figure 1. Goiana EstuargZ2} = (1) upper, (2) midathel (3) lower portions of the

estuary. {———-) Main channel. Source: Google Earth (2014).

2.2.Sampling

Samples were conducted in the main channel of tnara Estuary from April
2012 to March 2013. They were performed during riebgpcycles to avoid tide effects.
Three superficial (0—1 m) and three bottom (3—8aader sample replicates were taken
monthly in each portion of the estuary (upper, redahd lower) by towing a conical
plankton net (30Qum; @ 0.6 m; 2m long) for 15 min at an average sp#e?l7 knots,
totalling 216 samples. The volume filtered per tetas calculated using a flowmeter
(General Oceanics - Model 2030 Digital Series). GRS (Ensign GPS Trimble
Navigation) determined the sampling position aneéem sounder (Eagle Supra Pro D)
registered the depth along the track. Water tenpexr# C), dissolved oxygen (mg?)
(Wissenschaftlich Technische Werkstatten, WTW O28;3vww.wtw.com) and salinity
(WTW LF 197) were recorded before the beginningaxth sampling, from both surface
and bottom watersSamples were preserved in buffered formalin (4%).
2.3.Laboratory procedures

Samples were divided into smaller aliquots (100tmfgcilitate the separation of
plankton and organic matter with the aid of a siBreroscope — ZEISS; STEMI 2000-
C (x5). Fish larvae, fish eggs and microplasticsenmstally separated from the bulk
sample and their counts per unit were converted $tandard volume of 1003niThe
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ichthyoplankton taxonomic identification was baseddevelopmental series, working
backwards from the adults and juveniles capturethénsame region, using characters
common to successively earlier ontogenetic stagak, 1990). Species identification
followed Figueiredo & Menzes (1978, 1980), Mene&es-igueiredo (1980, 1985),
Sinque (1980), Moser et al. (1984), Richards (200®) ascertain the presence of
microplastics, plastic fragments were oven drie®@t°C. Withered fragments were
discarded, and the remaining were classed as@dapaint chips or threads. For counting
zooplankton, each sample was diluted to 700 mLhemdogenized. Three subsamples of
10 mL were removed using a Stempel pipette, wiploséion (Postel et al., 2000). Each
zooplankton taxon was identified to the lowest paes taxonomic categories
(Boltovskoy, 1981, 1999) and counted separatelyftioe three aliquots to calculate the
means. Mean counts were extrapolated to 700 mLtlaed converted to a standard
volume of 100

2.4. Statistical analysis

Three superficial and three bottom water samplesgpea per month were
considered as replicates and were used to tespriposed hypothesis. The factorial
analysis of variance (three-way ANOVA), with a 5 el of significance, was
performed to assess whether the distribution amditieof the most abundant plankton
groups and microplastics varied with space (uppeidle and lower estuary), time (dry
and rainy seasons) and catch depth (surface atmhijofZar, 1996). The Cochran’s test
was used to check the homogeneity of variances. drlggnal data were Box-Cox
transformed (Box and Cox, 1964) to increase notgnadf the distribution. The
Bonferroni's test ¢ = 0.05) was used whenever significant differenwese detected
(Quinn and Keough, 2002).

A canonical correspondence analysis (CCA) (CANOGOWindows 4.5) was
performed to detect ecological correlations (temd&rand Smilauer, 2002). A multiple
least-squares regression was computed with thesstiees (derived from weighted
average densities of fish larvae, fish eggs, zadgtan, and microplastics) as dependent
variables and the environmental parameters (rdinfehter temperature, dissolved
oxygen and salinity) as independent variablesBtaak, 1986; Palmer, 1993). To avoid
the effect of high density values, data weradpg+ 1)-transformed. The CCA was run
with 100 iterations with randomized site locatidosfacilitate the Monte-Carlo tests
between the eigenvalues and species—environmaetations for each axis that resulted

from CCA as well as those expected by chance. Wishprocedure, a triplot is produced
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where the environmental variables appear as vecaalisting from the origin of the
ordination. The length of the vector is relatedthhe power relationship between the
environmental variable that the vector represendistae groups, for each main season.

3. Results
3.1.Seasonal fluctuation of environmental variables

At the beginning of the early dry season (Sep-Qehen there are low rainfall
rates, the salinity presented an increasing trenldae upstream, with wider ranges in the
lower estuary (19.9 - 29.2), intermediate valuethenmiddle estuary and lower values in
the upper estuary (5.8 in bottom waters) (Fig.Fdx. this period, the salt wedge was
formed in the middle estuary. During this seasoastal water had low influence in the
upper estuary. From November to March, the salioitthe lower and middle estuaries
increased (Fig. 2). For this period (late dry segsiie marine coastal water had greater
influence in the main channel, causing an incre&salinity in the upper estuary, which
ranged from 3.5 in surface to 11.2 in bottom wafErg. 2). During this period, the salt
wedge reached the upper estuary. At the end afdHg rainy season (Apr-May), salinity
values of the lower estuary drop to 17.2 in surfacd 34.2 in bottom waters (Fig. 2).
Consequently, the salinity of the middle portioscablecreased (4.3 - 21.2) (Fig. 2).
During this period, the salinity of the upper pontidecreased to 1.1, meaning that the salt
wedge retreated to the middle portion because wfdoastal water influence. At the
beginning of the late rainy season (Jun-Jul), wiregipitation reaches its highest values,
the salinity of the lower estuary ranged from @.bottom to 27.9 in surface waters (Fig.
2). The salinity reached 0 in the upper estuary @3din the middle estuary (Fig. 2).
During this period, the river had a greater inflcemn the main channel. The high flow
of freshwater downstream makes the salt wedge tegta the lower estuary. At the end
of the late rainy season (Aug), rainfall drop, siadinity of the lower estuary increased to
29.9 in surface waters, and marine coastal watgtiate to influence again the middle
estuary (Fig. 2).

Temperature presented a seasonal trend in the apdamiddles estuaries, with
higher values during the dry season (Sep-Feb) arlg miny season (Mar-May), and
lower values during the late dry season (Fig. B).tRese areas, the highest temperature
was observed in January in surface waters of tddlmestuary (30.8 °C), and the lowest
in June in surface waters of the upper portion °@% (Fig. 2). For the lower estuary,

temperatures were higher in bottom water duringlttyeseason (Sep-Feb), ranging from

44



27 to 30 °C (Fig. 2). During the early rainy seggbe higher temperature was observed
in surface waters in March (32.1 °C) and in botwaters in May (29 °C) (Fig. 2). The
lowest temperatures occurred in the lower portommciding with the late rainy season,
ranging from 25 to 26 °C in bottom waters (Fig. B)hereas, dissolved oxygen did not
present a corresponding seasonal trend. The higlabsts were observed in surface
waters of the lower estuary, while the upper anddhei estuaries presented lower values
(Fig. 2). The lowest value was registered in botteaters of the middle estuary in March
(3.5 mg L), while the highest was observed in May, but irfate waters of the lower
estuary (8.5 mg %) (Fig. 2).

Late rainy season

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
- Upper 0 Middle 40 Lower
3= 35 L Y ) -8
2" 30 30 3 3 ) 3 e e
=2 25 - . 2548 | rva
= wq 2 P R i o+t
o o 1%
&1 15 ® 15 % P
10 o e 10"/ -t 10 |
2 o @ =T = |
s N ¥ e ¥ + o 4 o} ]
o 8 - [ T 0 ]
-3 35 33
&)
o3 33 33
)
o 31 31 0. 3L
2 . & e S - -0
= -y W Y e A 29 | &g el
i \ o \ A i . g
@ 2 4 e 27 » 27 |
= Ve ’ -
£ i 25 |2 25 ' g
U L]
B s 23 23
9 ? 9
5 @ e
8 . . 8 3
— L 3
o 8 /& Ll IS o i ¢ @ o 4@
~’ R / "\ @ e T i Foo
Bn 6 ! " Y /i 6 $- %; / g i - 64° g b Y i N
N FEAY AN Y 0 & \ L
E e i\ e Y s e R e % 8+ : ¥
=R °x8 & e/ é i NAFE
. @ L )
3 - 3 3
2 2 T e A B e B e
Aprhay Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar AprMay.Jun Jul Aug Sep Oct Nov Dee Jan Feb Mar Apr¥ayJun Jul Aug Sep Oct Nov Dec Tan Feb Mar
Months

Figure 2. (a) Monthly rainfall rates and salinityater temperature (°C), and dissolved
oxygen (mg L'}) means (+ S.D.) in surface)(and bottom €) waters for the three areas

(upper, middle, lower) of the Goiana Estuary froprin2012 to March 2013.

3.2.Distribution of plankton and microplastics
In total, 71,212 fish larvae (54 ind. 100°jrand 42,898 (32.4 ind. 100 nfish

eggs, with mean densities of 6 and 3.6 individ@ i3, respectively, were collected

45



(Table 1 and Table 2). The three-way ANOVA ressliswed that fish larvae differed
significantly among areas and catch depth (Figjmd8TEable 3). Zooplankton (13,564 ind.
100 m?) differed significantly among seasons and are@ableé 3). Fish eggs and
microplastics (26.1 particles 1003 differed among the three factors (season, arda a
depth) (Fig. 3 and Table 3). The interactions seascarea, seasors. depth and arez
depth were also significant for these variables<(0.01) (Fig. 3 and Table 3). Such
interactions suggest that seasonality and the dagghnfluencing the distribution of
plankton and microplastics in the main channelhef Goiana Estuary. Fish larvae and
fish eggs were more abundant in the lower estuangeahe year, with highest values in
bottom and surface waters of the lower estuarynduhe late dry season, respectivey (
<0.01) (Fig. 3 and Table 3). Zooplankton was alauntdh the entire estuary, independent
of the catch depth, with highest mean density ttdno waters of the lower estuary during
the late dry seasom  0.01) (Fig. 3 and Table 3). Microplastics (>®16 3.88 mm)
were found in the three areas of the estuary yegylwith highest mean densities in
bottom waters of the lower estuary during the laiay seasonp(< 0.01) (Fig. 3 and
Table 3).
3.3. Distribution of main ichthyoplankton

The ANOVA showed that the mean density of the 8tfrequent species differed
either among season, area and/or catch depth {Fagd Table 3). In the early rainy
season, fish larvae had higher densities in boti@ters of the middle estuary, where
Rhinosardinia bahiensigpre-flexion: 46% and post-flexion: 32.9%) was thmst
abundant for instance (Fig. 4 and Table 2). Thetmngsortant larvae in the upper estuary
were R. bahiensisand Anchovia clupeoidegpre-flexion: 52.1%)Fig. 4 and Table 2).
While, Trinectes maculatugpre-flexion: 100%) and Engraulidae eggs were tlustm
important in surface waters of the lower estuarg.(#and Fig. 5). In additiolGynoscion
acoupa(pre-flexion: 74.1%presented highest density in bottom waters, andridlele
eggs in surface waters of the lower estuary duhegearly rainy season, with significant
differences | < 0.05) (Fig. 4 and Table 3). In the late raingssm, higher densities of
fish larvae were observed in surface waters oflthesr estuary, where larvae &.
bahiensis A. clupeoidesT. maculatusandCetengraulis edentulugre-flexion: 55.1%)
were most abundant (Fig. 4 and Table Rarengula clupeola(pre-flexion: 100%)
differed significantly, with highest mean densitybottom waters of the lower estuary
during this seasorp(< 0.01) (Fig. 4). Fish eggs were not found indpeer and middle

estuaries during the late rainy season (Fig. 5).
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Tablel. Density of the plankton and microplasticsf the Goiana Estuary during different seasons @aRy rainy; LR, late rainy; ED, early dry; LD,

late dry) and areas (upper, middle and lower) sRjaine; E-M, estuarine-marine; MS, mangrovesmdrine. Sub-total densities in bold.

Density (%)

Total density Upper Middle Lower
Seston Habitat Number N° 100 m® % ER LR ED LD ER LR ED LD ER LR ED LD
Fish larvae
Rhinosardinia bahiensis E 40 076 28.26 52.44 58.34 7.04 90.19 83.68 85.68.76 17.38 32.72 294 5244 2379 50.25
Harengula clupeola M 10572 7.20 13.37 5.83 1.55 6.34 20.20 64.6%.85 6.33 21.13 1.73 2.62
Trinectes maculatus M 5988 6.99 12.98 3.24 012 0.14 1.32 132 04%68 11.04 39.97 5.84 4043 23.98
Gobionellus oceanicus MS 1524 2.52 4.67 0.87 4.96 0.02 0.24 0.16 0.79.50 0.85 5.70 1.86 9.64 13.17
Anchovia clupeoides E 3969 2.38 4.41 1143 37.16 2.05 4.92 285 21948 2.90 1.09 941 402 0.85
Cynoscion acoupa M 2 205 1.96 3.64 1.12 4.56 1.94 094 116 5.664.61 1585 137 582 229
Cetengraulis edentulus M 2 815 1.94 3.61 150 0.12 0.72 1.03 0.26 052.162 1.85 1465 496 963 1.74
Lupinoblennius nicholsi M 451 0.49 0.91 0.18 0.12 0.02 0.16 0.54 0.08 80.15.76 091 016 133 219
Achirus lineatus E 723 0.46 0.86 0.05 0.01 0.09 0.04 0.06 42663 051 153
Syngnathusp. E-M 588 0.43 0.80 454 1390 0.98 2.40 0.22 18®.70 1.13 207 015 019 0.04
Opisthonema oglinum M 580 0.41 0.77 11.47 34.83 0.01 0.47 2.09 .010
Stellifer stellifer E-M 527 0.33 0.62 0.07 6.47 1.11
Stellifersp. E-M 77 0.14 0.27 0.16 1.23 0.18 0.12 0.07 730.
Bathygobius soporator MS 117 0.07 0.12 0.04 0.04 1.24 0.19
Lutjanussp. M 102 0.06 0.11 0.19 0.02 0.03 0.06 0.07 040. 0.30
Pseudophallus mindii E-M 105 0.05 0.10 0.16 1.13 0.47 0.70 0.06 0.0®.09 0.02 0.04 003 o0.01
Achirussp. E 91 0.05 0.09 0.04 0.04 0.76 0.15 012 012 411 0.01 0.04 0.02
Larimus breviceps E-M 71 0.04 0.07 0.43 0.15 0.37 0.04 0.050.13
Anchoasp. E-M 55 0.03 0.06 0.37 0.13 0.29
Sphoeroides testudineus M 27 0.02 0.04 0.03 0.16 0.01 0.03 0.35 0.02.04 0.01
Micropogoniassp. M 21 0.02 0.03 0.35
Trachinotus coralinus E-M 5 0.01 0.02 0.51 0.04
Eugerres brasilianus M 6 0.01 0.01 0.02 0.01 0.13 0.01
Guavina guavina E 4 0.001 0.01 0.62 0.02
Oligoplites saurus M 3 0.001 0.001 0.04 0.02
Pomadasysp. M 2 0.001 0.001 0.01 0.03
Atherinellasp. M 2 0.001 0.001 0.03
Eleotrissp. MS 2 0.001 0.001 0.03
Strongylura timucu M 1 0.001 0.001 0.02
Centropomus undecimalis M 1 0.001 0.001 0.02
Sub-total density (A) 53.90 1.71 0.39 4.36 1.93 5.06 2.67 349 127 3.77 1423 271 1274
Fish eggs
Clupeidae eggs 21749 16.40 50.61 0.28 3.88.03 26.93 11.46 5251 22.70
Engraulidae eggs 20098 15.29 47.19 6.18 3.43 0.49 10.09 54.89 36.58 27.87 57.67
Achiridae eggs 1051 0.71 2.19 100.00 93.82 4&6. 36.86 66.90 6.36 0.21 0.48
Sub-total density (B) 32.40 0.02 0.01 0.03 0.09 0.19 6.73 315 7.09 14.65

47



Table 1. Continued

Density (%)

Total density Upper Middle Lower
Seston N°100mM % ER LR ED LD ER LR ED LD ER LR ED LD
Zooplankton
Nauplii of Cirripedia 8223.43 60.63 033 115 ®.910.05 19.26 83.60 92.17 2593 26.77 7490 746.1
Hydromedusa larvae 2762.14 20.36 2.48 44.15 957 235 55,52 9.33 1057 36.26
Zoeae oUcides cordata 848.65 6.26 63.79 76.45 76.12 77.16 12.74 10.73.09 2.27 2.44 7.32 3.93 1.56
Calanoid copepods 754.78 5.56 248 12.02 10.27 4 58 1221 87.00 2.38 2.24 592 46.05 7.21 1.94
Appendicularia 721.10 5.32 1.43 11.18 0.89 920. 9.20 0.46 2.29 11.57
Molusc larvae 102.61 0.76 0.04 1.22 0.10 2.44
Penaeidae larvae 76.71 0.57 2260 794 208 3.030.12 2.00 0.03 0.05 0.06 0.67 0.31 0.01
Amphipoda spp. 38.94 0.29 10.80 244 0.43 0.17 0.23 0.01 0.74 0.44 0.03
Zoeae of Euphasidae 19.01 0.14 0.06 3.69.50 0.03
Chaetognata 8.22 0.06 0.07 2.64 0.02
Mysis ofLucifer faxoni 6.25 0.05 0.03 1.31 0.17
Isopoda spp. 2.27 0.02 0.15 0.17 0.05 0.15
Sub-total density (C) 13564.1 231 279 2442 M3. 5119 176.8 1369.3 3796.5 1248.2 2456 1613.296.2
Microplastics (D) 26.1 1.3 1.7 1 25 0.4 0.7 0.5 0.5 0.8 14 0.4 2.3
Total density (A+B+C+D) 13676.4 234.1 30 2495 107.8 517.3 180.2 1373.3 3798.5 1259.4 276.9 16234 4025.9

Table 2. Developmental stages size of the mostiitapbspecies catch in the main channel of the izoksstuary.

Larval species

Developmental stages (Length £ S.D. mm)

Pre-flexion

Flexion

Post-flexion

Rhinosardinia bahiensis

Harengula clupeola
Trinectes maculatus
Gobionellus oceanicus
Anchovia clupeoides
Cynoscion acoupa
Cetengraulis edentulus
Lupinoblennius nicholsi

4.80  0.631 = 18 435)
4.09 +0.611f = 10 572)
2.54 +0.571f = 5 988)
2.56 + 0.481f = 1 077)
4.72 +0.621f = 2 068)
2.85 + 0.471f = 1 633)
4.35 +0.861f = 1 552)
3.12 + 0.491 = 451)

7.26 = 0.8M(= 8 416)

6.65 + 1.0d(= 29)
7.79 + 1.1%(= 779)
4.44 + 0.28(= 281)
7.80 + 1.17(= 662)

13.22 + 2.53(= 13 225)

14.04 + 3.56n(= 418)
16.46 + 4.43(= 1 122)
9.35 + 3.45n(= 291)
15.70 + 4.79(= 601)
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Figure 3. Total mean (+ S.E.) density of sestosh(liarvae, fish eggs, zooplankton,
microplastics) in different depthss( surface; ) bottom] of the three areas of the Goiana
Estuary (upper; middle; lower) for each seasonyeard late dry; early and late rainy).

In the early dry season, higher larval density wlaserved in the bottom waters
of the upper and middle estuaries, where the nimsidant larvae were. bahiensisand
H. clupeolarespectively (Fig. 4). Only Achiridae eggs weregent in the upper estuary.
The most important fish larvae in the upper estweeye R. bahiensisC. acoupaand
Gobionellus oceanicuire-flexion: 70%)Fig. 4 and Table 2). Larvae & maculatus
was the most abundant in surface Badbahiensisn bottom waters of the lower estuary.
Only Clupeidae and Engraulidae eggs were presehteitower estuary during the early
dry season (Fig. 5). In the late dry season, higeesity of fish larvae was observed in
bottom waters of the lower portioR. bahiensigH. clupeola T. maculatusG. oceanicus
C. acoupaandLupinoblennius nicholgpre-flexion: 100%) were the most abundant (Fig.
4 and Table 2). All three families of fish eggs vévund in the middle estuary, however,
only Engraulidae and Achiridae eggs were presetidmupper portion during the late dry
season (Fig. 5). In addition, the highest meanitleasR. bahiensisL. nicholsiandG.

oceanicuoccurred in bottom waters of the lower estuaryrduthe late dry seasop €
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0.05) (Fig. 4 and Table 3). Clupeidae and Engraelieggs presented their highest mean
densities in surface waters of the lower estuarinduhe late dry season, with significant
differencesf < 0.05) (Fig. 5 and Table 3).

Table 3. Summary of the ANOVA results for the mebansity of plankton and microplastics. Analysis
performed using Box-Cox transformed data. Diffeemn@among seasons, areas and water column were
determined by Bonferroniigost hoaccomparisons test. Seasons: ER, early rainy; iR réany; ED, early dry;

LD, late dry. Areas of the Goiana Estuary: UE, uppE, middle; LE, lower. Depth of water column: BU
surface; BOT, bottom. ns, not significant; j*< 0.01; *p < 0.05.

Source of variance Interactions

Variables Season Area Depth 1x2 1x3 2x3 1x2x3

1) (2 (3)
Fish larvae ns _UE MELE*  SUF BOT** * * * ns
Rhinosardinia bahiensis ns ns _SUF BOT** ¥ ns  ns **
Harengula clupeola ns UE LE ME*  SUF BOT** ns ns ns ns
Trinectes maculatus ns UE ME LE** ns ns ns * ns
Gobionellus oceanicus ns UE ME LE** ns ns ns * ns
Anchovia clupeoides ns ns SUF BOT** RO e **
Cynoscion acoupa ns UE ME LE** SUFE BOT** ns ns ns ns
Cetengraulis edentulous ns UE ME LE** ns ns ns ns ns
Lupinoblennius nicholsi LR ED ER LD** UE ME LE** ns ns ns ns ns
Fish eggs LR ER ED LD** UE ME LE** SUF BOT** * ns ** ns
Clupeidae eggs ns UE ME LE*  SUF BOT** ns * *x *
Engraulidae eggs LR ER ED LD** UE ME LE** SUF BOT** Feookk o wk ns
Achiridae eggs LREDLE ER* UE ME LE* SUF BOT** FROORR o **
Zooplankton LR ED ER LD** UE ME LE** ns ** . ns  ns ns
Microplastics ED ER LD LR** ME LE UE** BOT SUF** ns ns ns ns

3.4. Influence of the environmental variables ianiton and microplastc distributions

In both seasons dry and rainy, the first axes @x@tamore than 50% of the
variance of the species/microplastic-environmelatien and represented the estuarine
ecocline (salinity gradient) (Fig. 6a-b). The fiestes of these seasons showed negative

correlation with salinityfg < 0.01) (Fig. 6a-b and table 4). For the rainysseathe second
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axis explained 28.3% and represented the seaso(lati rainy season above and early
rainy season below the first axis) (Fig. 6a). Far dry season, the second axis explained
22.9% of the variance and represented depth (bottaters above and surface waters
below the first axis) (Fig. 6b).

During the rainy season, larv&tellifer sp., H. clupeola R. bahiensis A.
clupeoides together with calanoid copepods, paint chipseadts, soft and hard
microplastics, showed positive correlations witlghhirainfall, in both depths of the
middle and lower estuaries, during the late raiegssn (Fig. 6a and table Z)chirus
lineatus C. edentulusG. oceanicusC. acoupal. nicholsj T. maculatushowed positive
correlations with dissolved oxygen in surface watdrthe lower portion during the late
rainy season, and in bottom waters of the middigigo during the early rainy season
(Fig. 6a and table 4). Nauplii of cirripedia, appgeunlaria and hydromedusa larvae
showed positive correlations with salinity and temgure in both depths of the middle
and lower portions during the early rainy seasog.(6a and table 4)Opisthonema
oglinum Syngnathusp., zoeae of). cordatus amphipoda and Penaeidae larvae were
strongly correlated with the upper portion of tistuary during the entire rainy seasons,
in both depths (Fig. 6a and table 4).

During the dry season, larvAl. clupeoidesSyngnathussp., Achiridae eggs,
together with zoea dfl. cordatus Penaeidae larvae, paint chips, threads, sofhand
microplastics, showed positive correlation with drgire dry season, in both depths of
the upper estuary; and with surface waters of tiddia estuary during the early dry
season (Fig. 6b and table Arhirus lineatusEngraulidae and Clupeidae eggs presented
positive correlations with the dry season in swfacaters of the lower estuarg.
edentulus T. maculatusG. oceanicusL. nicholsi A. brasilianalarvae, hydromedusa
larvae and appendicularia were strongly positiveretated with salinity, dissolved
oxygen, rainfall and temperature in bottom watdrshe lower estuary along the dry
season (Fig. 6b and table ©ynoscion acoupaR. bahiensisH. clupeola calanoid
copepods and nauplii of cirripedia showed corretatvith the middle portion along the

entire dry season (Fig. 6b and table 4).
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4. Discussion

4.1.Influence of seasonal patterns on fish larvae thstion

In the Goiana Estuary, Clupeidae and Achiridaedarvepresented 66.6% and

13.9% of the ichthyofaunal assemblage, respectitzgigraulidae larvae contributed with
only 8.1%. From these, most were represented Wy stages of marine and estuarine
fishes (> 70% in pre-flexion). Similar trends ardeserved in other tropical estuaries,
where early Clupeidae and Engraulidae are highiyndant (Rakocinski et al., 1996;
Sarpedonti et al., 2013). However, this is notrsall tropical estuaries. In Indo-West
Pacific and Peninsular Malaysia estuaries, for etantobiidae larvae are ubiquitous
with high densities (Blaber et al., 1997; Ooi arftb@g, 2011).

In the Goiana Estuary, seasonal fluctuations imfadi and salinity are the
responsible for the distribution of fish larvae rajothe main channel. Due to a high
diversity of marine larvae associated with thermalower estuary and total absence of
freshwater species, the density of larvae increasgvard, being ~1.6 times higher than
in the areas upstream. In a sub-tropical well-miestthary (Mississippi Sound - northern
Gulf of Mexico), the taxonomic diversity also inased seaward due to the abundance of

coastal spawning fishes (Rakocinski et al., 1996)) this estuary, larval distribution were
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positive correlated with water temperature andngiglichanges due to high freshwater
input during springs (Rakocinski et al., 1996). Boother well-mixed temperate estuary
(Lima Estuary - northwest Portugal), fish larvaer@vmore diverse near the ocean, due
to the presence of marine and the absence of fegshvgpecies, although highest
abundances occurred in upstream saltmarsh zonesofRet al., 2006). For this estuary,
seasonal variations in temperature and preciprtati@re responsible for the larval
distribution (Ramos et al., 2006). However, in thaeté Estuary (tropical Northern
Brazil), where fish larvae were more influencedabgya, most larvae were from estuarine
and freshwater species associated with freshwadedittons €.g. Rhinosardinia
amazonicandA. clupeoidels with maximum abundance in the upper estuarynguttie
dry season (Barletta-Bergan et al., 2002b). Thdicate that fish larvae of similar
ecological guilds use different habitats regardihgir environmental characteristics.
Such features were observed in Indo-West Pacifimess (Sarawak and Sabah) (Blaber
et al., 1997). Larger and deeper mixed estuarigh, mgh turbidity and strong currents
had larvae associated with estuarine conditionslevemaller and shallower estuaries,
with marked haloclines and seasonal changes ihvr&er inflow had taxa with marine
affinities (Blaber et al., 1997).

Marine and estuarine fishes spawn in the GoianaaBgbecause of the high food
supply provided by the system for early stagessdf farvae (~70% in pre-flexion) all
along the year (Nagelkerken et al., 2008). Larviaestuarine fish species, suchRs
bahiensisandA. clupeoidesind mangrove larvae &. oceanicusiwelled both depths of
the main channel during the entire year, supposdimgde range of salinity variation. For
this estuary, during dryer months, coastal wateftaence the main channel and the salt
wedge reaches partially the upper estuary. Thenagne larvae migrate in bottom flows
to the upper estuarye(. H. clupeola T.maculatus C. acoupa C. edentulusand L.
nichols). Similar trends were observed in the Caeté Egtuahen in dry months the
influence of coastal waters allows marine larvaentwabit the upper estuarg.§.C.
acoupa Lycengraulis grossiderendStellifer rastrife) (Barletta-Bergan et al., 2002b).

The distribution of fish larvae in the Goiana Esyuaight also be associated to
high availability of zooplankton along during thetiee year €.g. nauplii of cirripedia,
zoeae ofU. cordatusand calanoid copepods) (Allen et al., 1980; Suatkal., 2014;
Watanabe et al., 2014). In the tropical Sangga IKEstuary (Western Peninsular
Malaysia), salinity was also the most significaattor influencing the distribution of

larvae (Ooi and Chong, 2011). For this estuarg, $édges of Engraulidae and Clupeidae
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Figure 6. Canonical correspondence analysis (C@@{dt for the ecological correlations
between the plankton and the environmental varsalilércles ¢) represent the three
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season [(a) Rainy season: ER, early rainy; LR, faitey and (b) Dry season: ED, early
dry; LD, late dry] and depth of water column (Srface; B, bottom). TrianglesAf
represent the plankton [ichthyoplanktolclupe Anchovia clupeoidesAline, Achirus
lineatus Cacoy Cynoscion acoupa Ceden Cetengraulis edentuluys Gocean
Gobionellus oceanicysHclupe Harengula clupeolaLnich, Lupinoblenius nicholsi
Ooglin, Opisthonema oglinumRbahj Rhinosardinia bahiensjsStelsp Stellifer sp;
Syngsp Syngnathussp; Tmacy Trinectes maculatys zooplankton Abras(larv)
Anomalocardia brasiliandarvae; Amph amphipodaAppen appendiculariaCopcal
copepod calanoidaCyr(naupli) cyrripedia larvae;Hydrom hydromedusa larvae;
Pen(larv) Penaeidae larvaéjcord(Zoea) Zoea ofUcides cordata and microplastics
(Hard(u), hard;Soft(u) soft; paint(u) paint chipsThr(u), threads)]. The environmental
variables (rainfall, dissolved oxygen, salinitynigerature) were represented by arrows.

** < 0.01.

marine larvae moved to less saline shallower tuvkéders with high availability of
zooplankton (Ooi and Chong, 2011). In the late skgson was observed a bloom of
zooplankton at the bottom of the Goiana lower egtutollowed by a maximum in
ichthyoplankton density. Engraulidae and Clupeidggs, as well as larvae &.
bahiensis G. oceanicusandL. nicholsj presented maximum abundances at the bottom
of lower estuary, indicating a spawning seasontli@se species. During this season

coastal waters penetrates farther in the Goianarggtuary, thence, larvae of marine and
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estuarine species used the entire main channdbdoes salinity stratification. As such,
in temperate estuaries of South Africa, early stagfeestuarine larvaes (g. Clupeidae
and Gobiidae) peaked in abundance during warmerthmpmroinciding with coastal
spawning and zooplankton maxima (Strydom, 2015hérGuajara Bay Estuary (tropical
northeastern Brazilian), the main spawning seasonreed at the beginning of the rainy
period, when larval fish density was 8 times higivan dryer months (Sarpedonti et al.,
2013). In this estuary salinity never excides alhiough marine Sciaenidae larvae were
highly abundant (Sarpedonti et al., 2013). In addjtin the Macaé Estuary (tropical
Southeast Brazil)3. oceanicugontributed with 33% of the Gobiidae larvae andeve
highly abundant in dry months, such as observetthenGoiana Estuary, suggesting a
similar spawning season for this species (Gomak,£2014).

Table 4. Summary of canonical correspondence (Ca&#glysis using four environmental
variables (rainfall, water temperature, dissolveggen, salinity) and density of fish larvae
species, fish eggs, zooplankton and microplastitise main channel of the Goiana estuary. **

p <0.01.
Summary of CCA Rainy season Dry season

Axis 1 Axis 2 p value Axis 1 Axis 2 p value
Eigenvalue 0.256 0.116 0.187 0.065
Species-environment correlation 0.894 0.855 97D. 0.916
Cumulative % variance
of species data 36.8 53.6 44.8 60.5
of species-environmental variables 62.5 90.8 6 6 88.9
Correlation with environmental variables
Rainfall 0.2829 0.6796  0.0594 -0.2862 0.2119 2?2
Water temperature -0.3331  -0.6593 0.5743 -0.0839.4087 0.0792
Dissolved oxygen -0.3333 0.2517 0.1188 -0.8574 .28  0.2079
Salinity -0.8450 -0.1930  0.0099** -0.9754 0.02810.0099**

In the late rainy season is observed angibak of larvae density in the Goiana
lower estuary, with the marine larv&e edentulusandH. clupeolabeing some of the
most abundant. The high freshwater inflow flushezlgalt wedge, together with the biota
seaward (Lima et al., 2014). AlthoudR, bahiensisA. clupeoidesand the mangrove
larvaeG. oceanicusvere found to use the upper and middle estuariei depths, even
where salinity values reached 0. A second peakoutlSAfrican estuaries was also
observed during late winter rainfall, associateth®strong influence of river inflow on
food availability and larval survival (Strydom, Z8)1 In the Kowie Estuary (temperate
southeast coast of South Africa) a peak in estadarvae was observed in summer, also

associated with high rainfall (Kruger and Stryd@010). Nevertheless, in the temperate
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Lima Estuary, euhaline most part of the year, threew rainfall forms a seasonal vertical
stratification that decrease the abundance ofdistae due to a decreasing in food supply,
avoidance of salt water or larval flushing outlué £stuary (Ramos et al., 2006)

These comparisons emphasizes that larval specigi# im¢ affected differently
by the seasonal fluctuation of environmental vdeiain accordance with their ecological
guilds (Drake and Arias, 1991; Strydom et al., 20@&ter et al., 2013). However, these
comparisons must take into account differencesondt in the sampling design and
effort, but also in how the abiotic environment lhaen influenced by geomorphology,
tidal amplitude, freshwater flow and anthropic tast(Blaber et al., 1997; Barletta and
Barletta-Bergan, 2009; Lacerda et al., 2014).
4.2.Seasonal distribution of microplastics and the @fef their interaction with
fish larvae

Microplastics might be introduced in the Goianauasy by the runoff of large or
previously fragmented plastics from surrounded sreach as river basin, mangrove
forest and adjacent beaches due to domestic, tegraband artisanal/commercial
fishery activities (Possatto et al., 2011; Ramoalet2012; Lima et al., 2014). Another
source can be the ocean. In addition, the mangianest function as a pathway for
microplastic contamination, due to less anthropagenpacts (Ivar do Sul et al., 2014;
Lima et al., 2014). However, studies has been siggethat the main source of plastic
fragments for the Goiana Estuary is fishery (B&aland Costa, 2009; Dantas et al., 2012;
Guebert-Bartholo et al., 2011). The weathering katlea/n of large plastics will generate
fragments to the size of microplastics (<5 mm), séhpresence is able to cause harm to
the environment and biota (Barnes et al., 2009pgDn et al., 2009).

For the Goiana Estuary, microplastics were founervhere during the entire
year, representing half of fish larvae density. hAligh, during specific times
microplastics surpassed the total ichthyoplank&msdy. Microplastics presented lowest
densities in the middle estuary (2.1 items 18Rrand were well represented in the upper
and lower estuary (6.5 and 17.5 items 100naspectively). It indicates that during most
part of the year, when rainfall rates are low (deason and early rainy season), the
meeting of waterfronts in the middle estuary formbarrier that does not allow the
passing of microplastics from the upper to the lo@gtuary and also in opposite direction
(Lima et al., 2014; Watanabe et al, 2014). Howederjng the late rainy season, the

highest river flow during induces the seaward finghof microplastics and points the
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Goiana Estuary as a source of debris to the oddaoré et al., 2011). Microplastics
presented highest mean density in bottom watetheofower estuary, exceeding five
times fish larvae density. All types of microplastihard, soft, paint chips and threads)
presented strong positive correlation with higmial rates. Differently, fish larvae,
whose density increased seaward, presented posdivelation with dissolved oxygen,
temperature and, especially, with seasonal vanatio salinity and rainfall. As such, this
study indicates that microplastics drift followitige main water movement, being strictly
associated to flushing out/into the estuary thasdasonal variation in environmental
variables (Lima et al., 2014).

Microplastics are ubiquitous available in the manannel of the Goiana estuary,
negatively affecting prey-predator relations (Baraeal., 2009; Cole et al., 2011; Wright
et al., 2013). Studies have suggested that plaitktwganisms, as well as their predators,
can feed on microplastics and promote the trophaasfer of this class of debris
throughout the food web (Possatto et al., 2011t&%at al., 2012; Lusher et al., 2013;
Besseling et al., 2014; Chua et al., 2014; Setdhl.£2014; S4 et al., 2015). Whereas
microplastics are within the plankton of the Goidf&tuary, the main concern of this
study is that the assurance of high food supphacttipredators that can easily feed on
plastic debris of the same size and shape agsthieiral prey (Barnes et al., 2009; Boerger
et al., 2010; Cole et al., 2011; Wright et al., 201n this study, for example, flexion and
pre-flexion larvae (35.75%) can prey on microplgsspecially those smaller than 1 mm
(~40%), which are similar in shape and colour toptankton prey. Besides the effects
caused by eating microplastics contaminated witsigient organic pollutants (POPSs),
biocides and trace metal, ingestion might causebiputkage and induce starvation
(Moore, 2008; Frias et al., 2010; Turner, 2010;eCasdlal., 2013).

In this study, larval species of different ecol@jiguilds might be affected
differently by the seasonal migration of the sattige in the main channel of the Goiana
estuary. However, microplastics remains retainetheupper and lower portion most
part of the year. Meanwhile, during the late raepson, when the environment is under
influence of the highest river flow, microplastitem the upstream zones drift together
with the plankton to the lower portion of the esy&llowing the main water movement.
This paper shows that the densities of microplastitd fish larvae have the same order
of magnitude in the water column, what increasecttences of interaction between the
species and this class of debris. Further studigarding the seasonal distribution of

living plankton and their interaction with non-lng particles, such as microplastics, are

58



required to a detailed understanding on how thebeislare affecting the use of South

American estuaries by fish species.

Acknowledgements

Authors acknowledge financial support from Conselarional de Desenvolvimento
Cientifico e Tecnoldgico through grants (CNPg-R#06818/2012-2/COAGR/PESCA)

and scholarship (CNPg-Proc.140810/2011-0), Funddedfpoio a Pesquisa do Estado
de Pernambuco (FACEPE) through grant (FACEPE/APQ+08908/12). MB and MFC

are a CNPq Fellows.

REFERENCES

Able, K.W., 2005. A re-examination of Fish estuaridependence: Evidence for
connectivity between estuarine and ocean habitsiarine Coastal and Shelf
Science 64, 5-7.

Allen, G.P., Salomon, J.C., Bassoullet, P., Du BahlyY., De Grandpré, C., 1980. Effects
of tides on mixing and suspended sediment transporbacrotidal estuaries.
Sedimentary Geology 26, 69—-90.

Alongi, D.M., 1998. Coastal System Processes. CRGs?Boca Raton, FL.

Balon, E.K., 1990. Epigenesis of an epigenetit¢is: development of some alternative
concepts on the early ontogeny e evolution of Bsk&ielph Ichthyology Reviews
1,1-42.

Barletta, M., Barletta-Bergan, A., 2009. Endogenawsvity rhythms of larval fish
assemblages in a mangrove-fringed estuary in NBrdzil. The Open Fish
Science Journal 2, 15-24.

Barletta, M., Costa, M.F., 2009. Living and nonifliy resources exploitation in a tropical

semi-arid estuary. Journal of Coastal Researct6 S3BL-375.

Barletta-Bergan, A., Barletta, M., Saint-Paul, @Q02a. Community structure and
temporal variability of ichthyoplankton in North &ilian mangrove creeks.
Journal of Fish Biology 61, 33-51.

Barletta-Bergan, A., Barletta, M., Saint-Paul, 2002b. Structure and seasonal dynamics
of larval fish in the Caeté River Estuary in NoBhazil. Estuarine, Coastal and
Shelf Science 54, 193-206.

59



Barnes, D.K.A., Galgani, F., Thompson, R.C., Barlslz, 2009. Accumulation and
fragmentation of plastic debris in global enviromtse Philosophical
Transactions of the Royal Society B: Biologicaledwe 364, 1985-1998.

Beck, M.W., Heck Jr., K.L., Able, K.W., Childers,.ID, Eggleston, D.B., Gillanders,
B.M., Halpern, B.S., Hays, C.G., Hoshino, K., MielT.J., Orth, R.J., Sheridan,
P.F., Weinstein, M.P., 2003. The Role of NearsHétesystems as Fish and
Shellfish Nurseries. Issues in Ecology 11, 1-12.

Besseling, E., Wang, B., Lurling, M., Koelmans, A.2014. Nanoplastic affects groeth
of S. obliquusand reproduction ofD. magna Environmental Science and
Technology 48, 12336-12343.

Blaber, S.J.M., Farmer, M.J., Milton, D.A., PangmBoon-Teck, O., Wong, P., 1997.
The ichthyoplankton of selected estuaries in Sakaaval Sabah: composition,
distribution and habitat affinities. Estuarine, G and Shelf Science 45, 197-
208.

Boerger, C.M., Lattin, G.L., Moore, S.L., Moore,JC. 2010. Plastic ingestion by
planktivorous fishes in the North Pacific Centrakr& Marine Pollution Bulletin 60,
2275-2278.

Boltovskoy, D., 1981. Atlas del zooplancton delahtico Sudoccidental y métodos de
trabajo con el zooplancton marino. INIDEP, Mar Ekta, pp. 936.

Boltovskoy, D., 1999. South Atlantic zooplanktoradRhuys Publishers, Leiden, pp.
1706.

Box, G.E.P., Cox, D.R. 1964. An analysis of transfation. Journal of the Royal
Statistical Society B 26(2), 211-252.

Cauwenberghe, L.V., Janssen, C.R., 2014. Micrdpkast bivalves cultured for human
consumption.

Chua, E.M., Shimeta, J., Nugegoda, D., MorrisoD, FClarke, B.O., 2014. Assimilation
of polybrominated diohenyl ethers from microplastlry the marine amphipoda,
Allorchestes compressknvironmental Science and Technology 48, 81274813

Cloern, J.E., 1987. Turbidity as a control of pipjémkton biomass and productivity in
estuaries. Continental Shelf Research 7, 1367-1987.

Cole, M., Lindeque, P., Halsband, C., Galloway,.,l2811. Microplastic as contaminants
in the marine environment: A review. Marine PolutiBulletin 62, 2588—-2597.

60



Cole, M., Lindeque, P., Fileman, E., HalsbandGdodhead, R., Moger, J., Galoway, T.
S., 2013. Microplastic ingestion by zooplankton.viEmnmental Science and
Technology 47, 6646—6655.

Collignon, A., Hecq, J., Glagani, F., Voisin, Pqllérd, F., 2012. Neustonic microplastic
and zooplankton in the North Western Mediterrar®aa. Marine Pollution Bulletin
64, 861-864.

Costa, M.F., Silva-Cavalcanti, J.S., Barbosa, CBarletta, M., 2011. Plastic buried in
the inter-tidal plain of a topical estuarine ectsys Journal of Coastal Research, Sl,
64, 339-343.

Dantas, D.V, Barletta, M., Costa, M.F., 2012. Tleasonal and spatial patterns of
ingestion of polyfilament nylon fragments by esionar drums (Sciaenidae).
Evironmental Science and Pollution Research 19-606.

Dantas, D.V, Barletta, M., Ramos, J.A.A., Lima, AR Costa, M.F., 2013. Seasonal
diet shift and overlap between two sympatric ch#ss in an estuarine nursery.
Estuaries and Coasts 36, 237-256.

Drake, P., Arias, A.M., 1991. Composition and seasofluctuations of the
ichthyoplankton community in a shallow tidal chahaeCadiz Bay (S.W. Spain).
Journal of Fish Biology 39, 245-263.

Figueiredo, J.L., Menezes, N.A., 19K8anual de peixes marinhos do Sudest&udsil.

Il Teleostej 1. S&o Paula: Museu de Zoologia, UniversidadgatePaulo.

Figueiredo, J.L., Menezes, N.A., 1980anual de peixes marinhos do Sudest8dxsil.

lll Teleostej 2. S&o Paulo: Museu de Zoologia, Universidad8atePaulo.

Frederiksen, M., Edwards, M., Richardson, A.J.JiHay, N.C., Wanless, S., 2006. From
plankton to top predators: bottom-up control of imaufood web across four trophic
levels. Journal of Animal Ecology 75, 1259-1268.

Frias, J.P.G.L., Sobral, P., Ferreira, A.M., 20Q8ganic pollutants in microplastics from
two beaches of the Portuguese coast. Marine Ruil@ulletin 60, 1988—-1992.

Frias, J.P.G.L., Otero, V., Sobral, P., 2014. Evade of microplastics in samples of
Zooplankton from Portuguese coastal Waters. MagEneéronmental Research 95,
89-95.

Gomes, E.A.P., Campos, P.N., Bonecker, C.T., 20tdurrence of Gobiidae larvae in a
tropical Brazilian estuary, with particular emplsasin the use of size classes to
categorize species guilds. Journal of Fish Biolegy996 — 1013.

61



Guebert-Bartholo, F.M., Barletta, M., Costa M.Fuyckna L.R., Pereira da Silva, C.,
2011. Fishery and the use of space in a tropicali-aed estuarine region of
Northeast Brazil: subsistence and overexploitatlmurnal of Coastal Research, Sl
64, 398-402.

Harris, S.A., Cyrus, D.P., Beckeley, L.E., 1999eTarval fish assemblage in nearshore
coastal waters off the St Lucia Estuary, SouthdsfrEstuarine, Coastal and Shelf
Science 49, 789-811.

Hoffmeyer, M.S., Menéndez, M.C., Biancalana, Fzd\oy, A.M., Torres, E.R., 2009.
Ichthyoplankton spatial pattern in the inner sluéffBahia Blanca Estuary, SW
Atlantic Ocean. Estuarine, Coastal and Shelf Seié4; 383-392.

Ivar do Sul, J.A., Costa, M.F., Silva-Cavalcantg.JAraujo, M.C.B., 2014. Plastic debris
retention and exportation by a mangrove foresttpa#tarine Pollution Bulletin 78,
252-257.

Katsuragawa, M., Zani-teixeira, M.L., Gogalo, C.Ghkawara, M.W., Itagaki, M.K.,
2011. Ichthyoplankton distribution and abundancéheanorthern Todos os Santos
and Camamu bays, Bahia State — Brazil. Braziliamri of Oceanography 59, 97—
109.

Kjerfve, B., 1994. Coastal lagoons. Elsevier Ocgaaphy Series, 60.

Kruger, M., Strydom, N.A., 2010. Spatial and tengborariability in the larval fish
assemblage of a warm temperate South African gstwéh notes on the effects of
artificial channelling. African Zoology 45, 195-212

Kurup, G.R., Hamilton, D.P., Patterson, J.C., 1998delling the effect of seasonal flow
variation on the position of salt wedge in a mictak estuary. Estuarine, Coastal and
Shelf Science 47(2), 191 —208.

Lacerda, C.H.F., Barletta, M., Dantas, D.V., 20Iémporal patterns in the intertidal
faunal community at the mouth of a tropical estudournal of Fish Biology. doi:
10.1111/jfb.12518.

Le Roux, J.P., 2005. Grains in motion: A reviewdientary Geology 178 (3—4), 285—
313.

Lima, A.R.A., Barletta, M., Dantas, D.V., PossattoE., Ramos, J.A.A., Costa, M.F.,
2013. Early development of marine catfishes (Aeijdd&rom mouth brooding to the
release of juveniles in nursery habitats. Jourh&igh Biology 82, 1990-2014.

Lima, A.R.A., Costa, M.F., Barletta, M., 2014. Dibution patterns of microplastic
within the plankton of a tropical estuary. Envircemal Reserach 132, 146-155.

62



Lusher, A.L., McHugh, M., Thompson, R.C., 2013. ence of microplastics in the
gastrointestinal tract of pelagic and demersalfiism the English Channel. Marine
Pollution Bulletin 67, 94-99.

Martino, E.J., Houde, E.D., 2010. Recruitment apstd bass in Chesapeake Bay: spatial
and temporal environmental variability and avaii@piof zooplankton prey.
Marine Ecology Progress Series 409, 213-228.

Menezes, N.A., Figueiredo, J.L., 1988anual de peixes marinhos do Sudest&udsil.

IV Teleostei, 3Sa0 Paulo: Museo de Zoologia da UniversidadeadePaulo.

Menezes, N.A., Figueiredo, J.L., 198Banual de peixes marinhos do Sudest8dxsil.

V Teleostei, 4Sao Paulo: Museu de Zoologia da UniversidadeadePaulo.

Moore, C.J., 2008. Synthetic polymers in the madneironment: A rapidly increasing,
long-term threat. Environmental Research 108, 139-1

Moore, C.J., Lattin, G.L., Zellers, A.F., 2011. @tity and type of plastic debris flowing
from urban rivers to coastal waters and beach&oathern California. Journal of
Integrated Coastal Zone Management 11, 65-73.

Moser, H.G., Richards, W.J., Cohen, D., Fahay, MKEndall, A. W. Jr, Richardson, S.

L., 1984. Ontogeny and Systematics of fishes. Aoa@rSociety of Ichthyologists
and Herpetologists Special Publications No. 1.

Nagelkerken, 1., Blaber, S.J.M., Bouillon, S., Gre®., Haywood, M., Kirton, L.G.,
Meynecke, J.-O., Pawlik, J., Penrose, H.M., Sasekum., Somerfield, P.J.,
2008. The habitat function of mangroves for terrasand marine fauna. Aquatic
Botany 89, 155-185.

Nordstorm, K., Jackson, N.L., Klein, A. Sherman,Hsp, P., 2006. Offshore aeolian
transport across a low foredune on a developedebastand. Journal of Coastal
Research 22, 1260-1267.

North, E.W., Houde, E.D., 2003. Linking ETM physizeoplankton prey, and fish early-
life histories to striped badglorone saxatilisand white perchM. americana
recruitment. Marine Ecology Progress Series 260--236.

Ooi, A.L., Chong, V.C., 2011. Larval Fish assembkl@ a tropical mangrove estuary
and adjacent coastal Waters: offshore-inshore fifixmarine and estuarine
species. Continental Shelf Research 31, 1599-1610.

Palmer, M.W., 1993. Putting things in even bettetea the advantages of canonical

correspondence analysis. Ecology 74 (8), 2215-2230.

63



Possatto, F.E., Barletta, M., Costa, M.F., IvarSis, J.A., Dantas, D.V., 2011. Plastic
debris ingestion by marine catfishes: an unexpedigueries impact. Marine
Pollution Bulletin 62, 1098-1102.

Postel, L., Fock, H., Hagen, W., 2000. Biomass Ahdndance. In: Harris, R.P., P.H.
Wiebe, J. Lens, H.R. Skjoldal & M. Huntley (edsSCHS Zooplankton Methodology
Manual. Academic Press, London, pp. 83-192.

Potter, I.C., Tweedley, J.R., Elliott, M., WhitfilA.K., 2013. The ways in which fish
use estuaries: a refinement and expansion of tife @pproach. Fish and Fisheries.
doi: 10.1111/faf.12050.

Quinn, G.R., Keough, M.J., 2002. Experimental Desigd Data Analysis for Biologists.
Cambridge: Cambridge University Press.

Rakocinski, C.F., Lyczkowski-Shultz, J., Richardsd@L., 1996. Ichthyoplankton
assemblages structure in Mississippi Soud as rededby canonical
correspondence analysis. Estuarine, Coastal ariti&hence 43, 237-257.

Ramos, J.A.A., Barletta, M., Costa, M.F., 2012 esigpn of nylon threads by Gerreidae
while using a tropical estuary as foraging groudguatic Biology 17, 29-34.

Ramos, S., Cowen, R.K., Ré, P., Bordalo, A.A., 20@8nporal and spatial distribution
of larval fish assemblages in the Lima Estuary i{yal). Estuarine, Coastal and
Shelf Science 66, 303-314.

Richards, W.J., 2006. Early Stages of Atlantic EsshAn Identification Guide for the
Western Central North Atlantic. 2vols. pp 01-2640.

S4, L.C., Luis, L.G., Guilhermino, L., 2015. Effeaf microplastics on juvenile of the
common goby RPomatoschistus microjpsconfusion with prey, reduction of the
predatory performance and efficiency, and possibfieience of developmental
conditions. Evironmental Pollution 196, 369—-362.

Sarpedonti, V., Anunciagéo, E.M.S., Bordalo, A.ZD13. Spatio-temporal distribution
of fish larvae in relation to ontogeny and watealgy in the oligohaline zone of a
North Brazilian estuary. Biota Neotropica 13, 55—63

Setéla, O., Fleming-Lehtinen, V., Lehtiniemi, M.Q12. Ingestion and transfer of
microplastics in the planktonic food web. Enviromta Pollution 185, 77-83.

Sinque, C., 1980. Larvas de Sciaenidae (Teleosteijtificados na regido estuarino-
lagunar de Cananéia. Boletim de Zoologia da Unigdade de S&o Paulo 5, 39—
77.

64



Strydom, N.A., 2003. An assessment of habitat ydarval fishes in a warm temperate
estuarine creek using light traps. Estua?@s1310-1318.

Strydom, N.A., 2015. Patterns in larval fish divgrsabundance, and distribution in
temperate South African Estuaries. Estuaries ara$S@8, 268—284.

Suzuki, K.W., Kanematsu, Y., Nakayama, K., Tans3g,2014. Microdistribution and
feeding dynamics dfoilia nasugEngraulidae) larvae and juveniles in relation to
the estuarine turbidity maximum of the macrotidhlkbigo River estuary, Ariake
Sea, Japan. Fisheries Oceanography 23(2), 157.— 171

ter Braak, C.J.F., 1986. Canonical correspondenalysis: a new eigenvector techinique
for multivariate direct gradient analysis. Ecold#/(5), 1167-1179.

ter Braak, C.J.F., Smileuer, P., 2002. CANOCO Refee Manual and CanoDraw for
Windows User’s Guide: Software for Canonical Comityu@rdination (version 4.5)
— Microcomputer Power, Ithaca, NY.

Thompson, R. C., Swan, S. H., Moore, C. J., vom,JFaaS., 2009. Our plastic age.
Philosophical Transactions of the Royal SocietyB®ilogical Sciences 364, 1973—
196.

Tuner, A., 2010. Marine pollution from antifoulingaint particles. Marine Pollution
Bulletin 60, 159-171.

Watanabe, K., Kasai, A., Antonio, E.S., Suzuki, Keno, M., Yamashita, Y., 2014.

Influence of salt-wedge intrusion on ecologicalgasses at lower trophic levels
in the Yura Estuary, Japan. Estuarine, CoastaSadf Science 139, 67-77.

Watters, D.L., Yoklavich, M.M., Love, M.S., SchradD.M., 2010. Assessing marine
debris in deep seafloor habitats off California.rida Pollution Bulletin 60, 131—
138.

Whitfield, A.K., 1990. Life-history styles of fislsein South African estuaries.

Environmental Biology of Fishes 28, 295-308.

Williams, J., Hindell, J.S., Swearer, S.E., Jenki@<., 2012. Influence of freshwater
flows on the distribution of eggs and larvae ofckldoreamAcanthopagrus
butcheri within a drought-affected estuary. Journal of H&hblogy 80, 2281—
2301.

Wright, S.L., Thompson, R.C., Galloway, T.S., 20Ihe physical impacts of
microplastics on marine organisms: A review. Envmental Pollution 178, 483—
492.

Zar, J.H., 1996. Biostatistical analysis. Upperd&H#a River, New Jersey: Prentice Hall.

65



CAPITULO 2

Distribution patterns of microplastics within the

plankton of a tropical estuary

66



Distribution patterns of microplastics within the plankton of a tropical estuary

A. R. A. Lima, M. F. Costa, M. Barletta®*

Laboratdrio de Ecologia e Gerenciamento de Ecossias Costeiros e Estuarinos, Departamento de
Oceanografia, Universidade Federal de PernambudeR G0740-550, Recife, Brazil

*Author to whom correspondence should be addres$el: and fax: 00550218121267223; email:
mario.barletta@pg.cnpg.br

Abstract

The Goiana Estuary was studied regarding the sahsomd spatial variations of
microplastics (< 5mm) and their quantification tela to the zooplankton. The total
density (n 100 of microplastics represented half of the totahflarvae density and
was comparable to fish eggs density. Soft, hardtiplg threads and paint chips were
found in the samples (n = 216). Their origins ar@bpbly the river basin, the sea and
fisheries (including the lobster fleet). In somecagions, the amount of microplastics
surpassed that of Ichthyoplankton. The highest arnotimicroplastics was observed
during the late rainy season, when the environnsammder influence of the highest river
flow, which induces the runoff of plastic fragmentdsthe lower estuary. The density of
microplastics in the water column will determineithbioavailability to planktivorous
organisms, and then to larger predators, possitagnpting the transfer of microplastic
between trophic levels. These findings are impartanbetter informing researchers in

future works and as basic information for managdectons.

Keywords: estuarine trophic web, plastic ingestion, risk, $bg harm
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1. Introduction

Plastics have been discussed for decades as beipgimcipal component of the
marine debris polluting every habitat in the mameironment (Bergmann and Klages,
2012; Costa et al., 2011; Moore et al., 2001; Mp2888; Thornton and Jackson, 1998)
from the equator to the poles (Barnes et al., 20083y originate mainly on land, where
excess usage creates disposal problems (Thompshn 2009). The durability and low
recycling rates of plastic materials resulted mitlaccumulation after accidental release,
natural disasters and inadequate disposal haba#€vg et al., 2010). Transport by winds
and rivers permits entire plastic items and ddbrenter the marine environment (Wright
et al., 2013). Because of their low degradabildates and efficient buoyancy, plastics
travel over long distances reaching habitats awam ftheir generating sources, even
remote areas as mid-ocean islands (Ivar do Sul &04.3) and ocean depths (Bergmann
and Klages, 2012; Lozano and Mouat, 2009). Howeligting their time at sea, plastics
fragment into microplastics (< 5mm).

Plastic fragments enter estuaries either by landffand from the ocean through
wind, waves and the tidal flow (Le Roux, 2005; Ngiadm et al., 2006) They might also
be fragmented in situ by the physical dynamics doainate the environment (Barnes et
al., 2009). Once plastic fragments reach the egtulaey will be found almost in any
habitat (Browne et al., 2010; Thornton and Jackd®98). Low-density plastics are
usually submerged when they meet water fronts (€okd., 2011); small particles are
transported by the flow of water and are depositedteas where the movements of water
is less intense (Dalrymple et al., 1992), suchtestidal plains and the mangrove forest
(Costa et al., 2011).

Since many microplastics are buoyant (Barnes €2@09; Cole et al., 2011), they
will be widely available to planktonic organismsdato a host of larval stages of many
commercially important species and their naturaygBoerger et al., 2010; Fendall and
Swell, 2009; Gregory, 1996). Meanwhile, whereasasts are eutrophic environments,
highly abundant fouling organisms, such as algag iamertebrates, may attach to
buoyant microplastics and cause them to sink (Baetal., 2009; Browne et al., 2010;
Cole et al., 2011; Moore et al., 2001). On thedratsome pieces can be buried, suffer
stern physical and chemical degradation and be inilired by sediments, remaining in
the environment for a long period (Costa et al11)00ther pieces may enter the food
chain when ingested by benthic and demersal faBrawe at al., 2008; Graham and
Thompson, 2009; Iribarne et al., 2000; Moore, 200&mpson et al., 2004), including
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benthophagous fish (Dantas et al., 2012; Possadtq 2011; Ramos et al., 2012). A third
option is to be exported out to sea.

Little is known about fragmentation dispersion aegosition of microplastics in
estuarine ecosystems (Browne et al., 2010; Costd,e2011; Thornton and Jackson,
1998). This study assessed whether microplastigssemsonally and spatially along the
salinity gradient of the main channel of the Goidtger estuary, and their relative

composition in relation to the whole plankton presa the system.

2. Material and methods
2.1.Study area

The Goiana Estuary is an environment of tropicatisa#id climate located on the
Northeast coast of Brazil (7°32'-7°35’S; 34°50'-88"W) (Fig. 1). Its main channel has
17 km and the estuarine floodplain covers 4700nhatal area. The rainfall rates (RR)
of the region allow the characterization of fourmasenal periods: early dry (ED:
September to November — RR: 4.2 - 58.4 mm), laye(ldD: December to February —
RR: 40.7 — 145 mm), early rainy (ER: March to MaRR: 38 — 144 mm) and late rainy
(LR: June to August — RR: 83.9 — 372.8 mm) (Baalethd Costa, 2009). The great
diversity of habitats, including the main channiébodplain and mangrove forest,
supports a rich fauna of fish, crustaceans, andusid. These groups, in turn, are
subjected to fishery all along the year determinthg subsistence of traditional
populations (Barletta and Costa, 2009). The studg avas divided into three regions
(upper: U, middle: M and lower: L) according to gadinity (ED- U: 0.3 - 9.8, M: 7.5 —
20.2,L:21.5-30.1; LD- U: 5.4 -9, M: 15 -241428.6 — 32; ER- U: 0.2 - 6.8, M: 8.1
—-20.3, L: 21 - 33.8; LR- U: 0 — 0.05, M: 0.01 5,2L: 6.5 — 21.4) gradient and the
geomorphology of the estuary.
2.2.Sampling

Samples (n = 216) were taken monthly during nedg tiycles from April 2012

to March 2013. Plankton samples were collectedrigwi conical plankton net (3@n;
@ 0.6 m; 2m long) for 15 min, in both surface anttdm water hauls, at an average speed
of 2.7 knots. A flowmeter (General Oceanics - Mo2i@BO Digital Series) was used to
calculate the volume filtered per tow. A GPS (BnsiGPS Trimble Navigation)
determined the sampling position and an echo soui&@gle Supra Pro D) registered the

depth. Three superficial (depth between 0-3 m)tarek bottom (3—6 m) water samples
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replicates were taken in each reaches of estuariyl(ehd L). Water temperature C),
dissolved oxygen (mg?¥) (Wissenschaftlich Technische Werkstatten, WTW OX%;3
www.wtw.com) and salinity (WTW LF 197) were recoddeefore the beginning of each
sampling, from both surface and bottom waters. $esnwere preserved in buffered

formalin (4%) in their own estuarine water.
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Figure 1. Goiana Estuar&-_-_j = (1) upper, (2) micaie (3) lower portions of the
estuary. Source: Google Earth (2013).

2.3.Laboratory procedures

Microplastics, fish larvae and fish eggs were safgak from the entire sample and
then their counts were converted to a standardnwelof 100 M. Floating plastic
fragments found in the static sample, were firevad through a 45 p mesh. Samples
were divided into small aliquots to facilitate teeparation of sunk plastic fragments
involved in the organic matter with the aid of arebmicroscopy — ZEISS; STEMI 2000-
C (x5). Microplastics were oven dried at 60°C aladsed per type as plastic, threads and
paint chips (Fig. 2). Characteristics as hard dt glastic and the colour of each item
were also registered. Occasionally, larger plaggms (> 5 mm) were found in the
samples, but they were not included in the analyBigital measurements for
microplastics were made with the aid of a digitamera (Canon-Powershot G10)
attached to the trinocular stereomicroscopy andstfevare AxioVision Release 4.7.2
(image capturer calibrated with a millimeter sdalall micrometer zooms that converts
the image pixels in millimeter). For counting th@oplankton, each sample was diluted
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to 700 mL and homogenized through random movem@&hige subsamples of 10 mL

were removed using a Stempel pipette, with reposiiPostel et al., 2000). Each taxon
was identified to large groups (Boltovskoy, 198999) and counted separately from the
three aliquots to calculate the means. Means werapmlated to the entire sample of 700
mL and their counts were also converted to a standziume of 100

9

Figure 2. Examples of linving plankton and micrgpies found in the main channel of
the Goiana Estuary. (a) fish larvae, (b) fish e@yszooplankton (isopod), (d-f) hard
plastic, (g-i) soft plastic, (j-1) threads, (m-agipt. Images captured with a digital camera
Canon PowerShot G10 coupled to a stereomicroscgapé¢SS; STEMI 2000-C.

2.4. Statistical analysis
Three superficial and three bottom water samplesuga/month were considered as

replicates and were used to test the proposed hggpistT he factorial analysis of variance
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(ANOVA), with a 5 % level of significance, was permed to assess whether the
distribution and density of microplastics, fishvae and fish eggs varies with space (U,
M and L), time (dry and rainy seasons) and watéuroa depth (surface and bottom)
(Zar, 1996). The Cochran’s test was used to chieekhbmogeneity of variances. The
original data were Box-Cox transformed (Box and CI®64) to ensure it conformed to
a normal distribution. Bonferroni’s tesp (< 0.05) was used whenever significant
differences were detected (Quinn and Keough, 2002).

A cluster analysis, based on Euclidian distance,ws&d to check how microplastics,
fish larvae and fish eggs are distributed alongetteary using the areas of the estuary,
seasons and water column depth as attributes larki Gorley, 2006). Another
similarity matrix was computed for abiotic factdRainfall, salinity, water temperature
and Q) considered as attributes (Clarke and Gorley, PO0tisters were determined
based on similarity matrix using Euclidian distaneéh distances calculated by group-
average sorting and ranked similarities.

A canonical correspondence analysis (CCA) (CANO®@D Windows 4.5) was
performed to observe ecological correlations (teraR and Smilauer, 2002). A multiple
least-squares regression was computed with thessitees [derived from weighted
averages of microplastics (soft and hard pladtigads and paint chips), fish larvae and
fish eggs and of the groups] as the dependenthlasi@and the environmental parameters
(rainfall, water temperature, dissolved oxygen salthity) as the independent variables
(ter Braak, 1986; Palmer, 1993). The CCA was ruih A0 iterations with randomized
site locations to facilitate Monte-Carlo tests betw the eigenvalues and species—
environment correlations for that each axis thatited from CCA and those expected
by chance. With this procedure, a biplot is prodiuadere the environmental variables
appear as vectors radiating from the origin ofdtaination. The length of the vector is
related to the relationship power between the enwrental variable that the vector
represents and the groups, for each season.

3. Results
3.1.Environmental variables

The four defined seasons for the region, early(8gptember to November), late dry
(December to February), early rainy (March to Magyl late rainy (June to August) are
indicated on Figure 3 for all environmental varegbl Salinity and water temperature

present trends related to these four seasons. Véin&all reaches its highest values, in
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June, salinity drops to 0 in the upper and middteay, and the lower estuary shows its
lowest salinity value (5) (Fig. 3b). The upper asyualways presents the lowest salinity
values (0 — 9), whereas the lower estuary had itffeehkt value (35). Water temperature
showed the same trends as salinity, with the lowakie (June) in the upper estuary
(24°C) and the highest (March) in the lower esty&dyC) (Fig. 3c). Dissolved oxygen
was highest in the lower estuary, while the uppet middle estuaries presented lower
values (Fig. 3d). The lowest value was registeneitié upper estuary in January (3.5 mg
L 1), while the highest was observed in May, but i bwer estuary (8 mg 1) (Fig.
3d).

The Cluster analysis distinguished two groups iedeent of the water column
depth (Fig. 4). Group |, comprised all the threeaarduring the dry season (early and
late) plus the early rainy season and was distgigaad from the other group by lower
rainfall values and higher water temperatures. @ibuonsisted of the three areas of the
estuary during the late rainy season and was digshed by higher rainfall values and
lower waters temperatures. The first group (I) Wiasded into two subgroups. The first
subgroup (I — A) consisted of the three areas dutire early dry season, and was
distinguished by the lowest rainfall values (Fig. #he second subgroup (I — B)
comprised the three areas during the early raidylae dry season and was distinguished
from | — A by higher rainfall values. This subgrowas further subdivided into two
smaller groups. The first Il — B1, consisted of tbeer and middle estuary during the
early rainy and late dry seasons, and was distiihgui by higher water temperature and
salinity. The second Il — B2, consisted of the upstuary during the late dry and early
rainy seasons, with lower salinity values (Fig. 4).
3.2.Distribution of microplastics items

A total of 14,724 items of microplastic (26.04 i®A00nm?’) with mean size of
2.23+1.65mm were recorded from the 216 samplestdkeng 12 months. From these,
41.08% were soft plastic, 29.11% paint chips, 2&4@rd plastic and 1.4% threads. The
most representative soft and hard plastics weréewbreen and blue; threads were red
and blue; and paint chips were blue, green andwe(Table 1). Large portions of the
microplastics were found with signs of fouling angams. In addition, primary plastic
pellets (typically 2-5 mm in diameter) were absenthe samples. Plastics contributed
with 0.18% of the whole plankton catch in the thaeeas (upper, middle and lower) of
the main channel in the Goiana Estuary. Fish laarakeggs contributed with 0.37 and
0.22%, respectively.
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Figure 3. (a) Total monthly rainfall and means (D% of (b) salinity, (c) water
temperature, and (d) dissolved oxygen in the threas [¢) upper, ) middle, A) lower]
of the Goiana Estuary from April 2012 to March 2013

Zooplankton represented 99.2% (Table 1). The tdalsity of microplastic
represented almost half of the total fish larvaesity. During the late rainy season was
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observed the highest density of microplastics (5d4otal plankton) in the lower
estuary, equivalent to the density of Ichthyoplanki5.2% of total plankton) in the same

period and region of the estuary (Table 1).
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Figure 4. Cluster dendrogram based on similaridfesnvironmental variables (rainfall,
salinity, water temperature and dissolved oxygémh® samples measured in the Goiana
Estuary. Each object corresponds to the seasonséflg rainy; LR, late rainy; ED, early
dry; LD, late dry) areas (U, upper; M, middle anddwer estuary) and depth of water
column (S, surface; B, bottom) where the samplas teken. Samples were clustered by

group average of ranked Euclidean similarity indexll, groups; A, B, 1, 2, subgroups.

Results from the ANOVA showed that hard plasticsuoed with higher densities
in the upper estuary during all year (Fig. 5); pregsented the highest densipy<(0.01)
in bottom waters of the lower estuary during the lainy season (Fig. 5 and Table 2).
The lowest densities of hard plastics were obseirvédttom waters of the lower estuary
during the early rainy and early dry seasons @&)igin turn, soft plastics appear in highest
densities in bottom waters of the lower estuaryrduall year, with peakg(< 0.01) in
the late rainy and late dry seasons (Fig. 5). Amofieak of density of soft plastic was
observed in the upper estuary during the late ragason in surface waters (Fig. 5 and
Table 2). The lowest densities of soft plasticsendyserved in bottom waters of the lower
estuary during the early dry season (Fig. 5).

Threads represented the less abundant items iwhiode estuary and did not
significantly differ among seasons, areas and wadiimn depth. However, peaks in the
late rainy and late dry season could be observedrilace waters of the lower estuary
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Tablel. Density of the planktonic components (nptastics, ichthyoplankton and zooplankton) from @@ana Estuary during different seasons (ER, early
rainy; LR, late rainy; ED, early dry; LD, late drghd areas (upper, middle and lower). The densigach item was adjusted to a standard volume @fi.G.

Bold number: sub-total densities.

Density (%)

Total Density Upper Middle Lower
Items (No. 100 n?) % ER LR ED LD ER LR ED LD ER LR ED LD
Plastic debris
Sof plastic 10.703 0.08 0.09 2.02 0.10 0.11 0.020.15 0.01 <0.01 0.03 2.72 <0.01 0.02
Paint chips 7.584 0.06 0.10 0.38 0.03 1.98 0.03 .06 0 <0.01 <0.01 0.02 1.12 <0.01 0.03
Hard Plastic 7.404 0.05 0.37 2.90 0.27 0.21 0.020.18 0.01 <0.01 0.01 1.25 <0.01 <0.01
Threads 0.364 0.00 <0.01 0.05 0.01 0.03 <0.01 3 0.0<0.01 <0.01 <0.01 0.02 <0.01 <0.01
Sub-total density (A) 26.06 1.33 1.72 1.01 250 0.37 0.74 0.47 0.49 0.8 13.98 0.39 2.27
Ichthyoplankton
Fish larvae 51.031 0.37 0.73 2.16 1.75 1.75 0.981.48 0.26 0.03 0.28 4.04 0.17 0.32
Eggs 30.487 0.22 0.01 0.01 0.01 0.01 0.01 0.01 0.37 1.15 0.44 0.38
Sub-total density (B) 82 1.71 0.69 4.38 1.88 8.0 2.68 3.59 1.61 8.2 14.20 9.93 27.95
Zooplankton
Naupli of Cyrripedia 8223.433 60.15 0.33 0.99 20.7 9.64 19.06 83.36 92.12 25.75 2401 7442 45.82
Hydromedusa larvae 2762.140 20.20 2.38 43.68 7.93 2.35 55.12 8.37 10.50 35.99
Zoea of Brachyura 848.645 6.21 62.96 67.79 74.44.0Z 1261 10.56 5.07 2.27 2.42 6.56 3.90 1.55
Copepod Calanoida 754.782 5.52 2.44 1469 10.0561 5. 12.08 85.35 2.37 2.24 5.88 41.31 7.16 1.92
Appendicularia 721.102 5.27 1.37 11.06 0.89 .920 9.13 0.41 2.28 11.48
Molusc larvae 102.605 0.75 0.04 1.09 00.1 242
Panaeidae Larvae 76.706 0.56 22.30 6.89 2.03 2.91 0.12 1.96 0.03 0.05 0.06 0.60 0.31 0.01
Amphipoda spp 38.937 0.28 10.66 2.12 0.42 0.17 .230 0.01 0.73 0.39 0.03
Zoea of Euphasidae 19.012 0.14 0.06 3.270.50 0.03
Chaetognata 8.223 0.06 0.07 2.37 0.02
Mysis Lucifer faxoni 6.246 0.05 0.03 1.18 0.17
Isopoda spp 2.274 0.02 0.15 0.17 0.05 0.13
Sub-total density (C) 13564.1 231.0 29.7 2442 310 511.9 176.8 1369.3 3796.5 1248.2 2456 16133996.2
Total density (A+B+C) 13671.7 234.1 321 2496 107.8 517.3 180.2 13734 37985 12571 273.8 16235 4026.4
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(Fig. 5 and Table 2). The lowest values of denditis item were observed in the middle
estuary during the early dry season (Fig. 5).

Paint chips occurred in low densities in the thaesas of the estuary during all
year. The highest densitpg € 0.01) of paint chips was observed in bottom veaté the
lower estuary during the late rainy season (Fig.As)other peak (p<0.01) was also
observed in the upper estuary during the late dasan in surface waters (Fig. 5 and
Table 2).
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Figure 5. Total mean (£ S.E.) density of microptassthard plastic, soft plastic, threads,
paint) in the different water columnsa(surface; (m) bottom] of the three areas of the
Goiana Estuary (upper, middle, lower) for each sedsarly and late dry; early and late

rainy).

3.3. Distribution of total microplastics and Ichthyopkdon

The ANOVA showed that the total density of micragies, fish larvae and eggs
differed significantly among seasons, areas andhdepwater column (Table 2). The
interactions seasors.area, seasors.water column and are@.water column were also

significant for these variablep (< 0.01) (Table 2). Such interactions suggest that
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seasonality and the depth of the water column wheceoplastics, fish larvae and eggs

are found influences the distribution of theseafalgs in the main channel of the estuary.

Table 2. Summary of the ANOVA results for the dengin® 100 m?) of each
microplastics and total of microplastic, fish laevand fish eggs. Analysis performed on
Box-Cox transformed data. Differences among seasmeas and water column were
determined by Bonferroni’'s tegbst hoacomparisons. Seasons: ER, early rainy; LR, late
rainy; ED, early dry; LD, late dry. Areas of the i@wa Estuary: UE, upper; ME, middle;

LE, lower. Water column: SUF, surface; BOT, bottars, not significant; *p < 0.01.

Source of variance Interactions
Variables Season (1) Area (2)  Water column (3) 1x21x3 2x3
*% *%
Hard plastic LDEDERLR MELEUE ns ns ns **
** *%
Soft plastic EDERLDLR MEUELE ns ns ns ns
Threads ns ns ns ns ns ns
*%
Paint chips EDLRERLD ns ns ns ns ns
*% ** **
Total of EDERLDLR MELE UE SUF BOT * i b
microplastics
*% *%
Total of fish larvae ns UE ME LE SUF BOT * o o
** *% *%
Total of fisheggs LREREDLD UE ME LE SUF BOT ** *x *x

The highest density(< 0.01) of total microplastics occurred in bottasaters of the
lower estuary during the late rainy season (Fign@ Table 2). The lowest densities of
microplastics were observed in the lower estuamynduthe early rainy and early dry
seasons (Fig. 6). Fish larvae differed among amedswater column, but did not differ
among seasons (Table 2). Fish larvae presente@rhigtiues of density mainly in the
lower estuary with peakp  0.01) in the late rainy season in surface waarsin the
late dry seasons in bottom waters (Fig. 6). Thendsgy densities of fish eggs were
observed in the lower estuary, being more abunitastirface waters, with a pegk €
0.01) during the late dry season (Fig. 6 and Tahle
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In the upper estuary microplastics occurred withhkr density than fish larvae
during the late dry season in surface water, wihilthe bottom microplastics occurred
with higher density than fish larvae in the lateyaseason (Fig. 6). In the middle estuary
microplastics and fish larvae occurred in the sagnogortion along the year in surface
waters, however in the bottom fish larvae presehigter densities than microplastics
(Fig. 6). For the lower estuary, microplastic, fisinvae and fish eggs occurred in the
same proportion in the early rainy season in serfa@aters, while in the bottom
microplastics presented higher density than fistseand fish larvae in the late rainy

season (Fig. 6).
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Figure 6. Total mean (+ S.E.) density of planktonicfoplastics, fish larvae, fish eggs) in
different depths [) surface; (m) bottom] of the three areas of the Goiana Estuary (upper,

middle, lower) for each season (early and late eayty and late rainy).

Cluster analysis distinguished two main groups.(FFlg Group | consisted of fish
eggs and was distinguished by their higher dessitighe lower estuary, mainly in the
late dry season. Group Il comprised fish larva#t,aad hard plastics, and paint chips and
was distinguished from the other group because W well represented along the
three areas of the estuary and presented a peh& lawer estuary during the late rainy
season. This group was divided into two subgro#jxs (7). The first sub-group (Il — a)

consisted of plastic items with lower densitiesthie upper and middle estuary. The
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second subgroup (Il — b) comprised the fish laraag was distinguished from the first

subgroup by their higher densities in the upperraidtlle estuary.

I: Fish eggs
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Figure 7. Cluster dendrogram based on similartieghe composition of the plankton
(microplastics and ichthyoplankton) in the Goiarsuary using the areas, seasons and
water column as attributes. Samples were clusteyeploup average of ranked Euclidean

similarity index. | — Il, groups; a, b, subgroups.

3.4.Correlation of microplastics, fish larvae and fesfgs with environmental variables
The CCA was performed to determine the influencerofironmental variables on
the distribution pattern of microplastic, fish laevzand fish eggs in the main channel of
the Goiana estuary (Fig. 8 and Table 3). The éixs$ explained 69.1% and the second
axis explained 28.1% of the variance of the speemsronment relation. The first axis
represents the estuarine gradient. The lower gsisiagpresented by the right side of the
figure and the upper the left side. The second @epsesents the seasonality. The first
axis showed positive correlation with dissolvedgety < 0.01) and salinityq < 0.01).
Soft and hard plastic showed significant corretatiath high rainfall value in the three
areas of the estuary during the late rainy seas@urface and bottom waters. Paint chips
and threads also showed correlation with rainfedhe upper estuary during the early and
late dry and early rainy season in both surfacebaitbm waters. Moreover, paint chips
and threads showed correlation with the middleaggtduring the early and late dry and
late rainy seasons in surface waters. Fish lasta@ved correlation with high
temperatures in the middle estuary during the ety late dry seasons in bottom water
and during the early rainy season in both surfaw l@ottom water. Fish eggs were
strongly correlated with the lower portion of th&uary during the early and late dry

seasons and early- rainy season in surface watatghen during the early dry and early
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rainy season in bottom waters. The factors Salinégperature and dissolved oxygen

showed correlation with fish eggs.

4. Discussion

4.1.Sources of microplastics and environmental contatian

Microplastic contamination spreads throughout thHeole system of the Goiana
Estuary along the entire year. Soft and hard miastiere well represented in the upper

and lower estuary. However, in the middle estuaeytoccurred in lower density values

during all year.
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Figure 8. Canonical correspondence analysis (C@@idt for the ecological correlations
between microplastics, fish larvae and fish eggktha environmental variables. Circles
(o) represent the three areas (U, upper; M, midd]dpwer) of the main channel of
Goiana estuary in each season (ER, early rainy;latR,rainy; ED, early dry; LD, late
dry) and depth of water column (S, surface; B, djt Triangles A) represent
microplastics (soft and hard plastic, threads amdtchips), fish larvae and fish eggs.

The environmental variables (rainfall, dissolvedygen, salinity, temperature) were

represented by arrowsp*< 0.05.
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Table 3. Summary of canonical correspondence (GAlysis using four environmental
variables (rainfall, water temperature, dissolvedygen, salinity) and density of
microplastics (soft and hard plastic, threads aaidtpchips), fish larvae and fish eggs

groups in the main channel of the Goiana estuapy<.05; **p < 0.01

Axis1l Axis2 pvalue

Eigenvalue 0.07 0.028
Species-environment correlation 0.808 0.773
Cumulative % variance of species data 35.1 49.3
Cumulative % variance of species-environmental 69.1 97.2

variables

Rainfall -0.3506 0.3610 0.089
Water temperature 0.2564 -0.3519 0.128
Dissolved oxygen 0.6306 0.4049 0.009**
Salinity 0.8996 -0.1206 0.009**

It is already known that during the dry seasonb{staydrological conditions) the upper
and middle portion of the estuary is a transitiegion between fresh water and marine
costal water, generating turbulence and creatiragifstation in the water column of the
middle portion of the Goiana Estuary (Dantas et2010). It seems that this physical
behaviour does not allow the passing of microptadtiom the upper to the lower estuary.
In addition, transport in the opposite directiopguream) seems equally difficult. This
suggests that the origin of microplastics mightalseociated to different sources. The
origin of microplastics from the upper estuarypgsybably, associated to the river basin
(Costa et al., 2011; Ramos et al. 2012). Furthesmibrs also possible that microscopic
size plastic items, associated with river basintammination, are also polluting the
environment. For example, primary plastics usethenformulation of facial cleansers
and cosmetics, generally in the form of micro speemay enters the estuary by sewage
transport, after domestic use (Cole et al., 20Ehdall and Swell, 2009). On the other
hand, microplastics found in the lower estuary séehmve a local and/or marine origin
associated to coastal villages/harbours fisheiyities in the lower estuary and adjacent
waters (Barletta and Costa, 2009). For exampleselysckers, by digging the sediment,
can cause the exhumation of buried plastic itenostget al., 2011).

In the case of the Goiana Estuary, fishery has hpeninted as the main source of
plastic fragments (Dantas et al., 2012; GuebertHdéw et al., 2011; Ramos et al., 2012).
The constant activity of fishermen during the mamaince of gearg(g, nets mending)

generate microplastics (Browne et al., 2010; Cold.e2011). Ropes, handlines or nets,
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when left behind or lost by fishermen, will degraagléhe environment and release threads
and fragments to the size of microplastics (<5 nfipgssatto et al., 2011; Ramos et al.,
2012). Threads had their highest density in theslogstuary in surface waters, but they
were well represented in the whole system durieggtitire year. For this estuary, threads
have received special attention taking into accoleit predominance over other types
of fragments found in the gut of demersal fish (@daret al., 2012; Possatto et al., 2011;
Ramos et al., 2012). In fact, 20% of juvenile Aagdcatfishes that use this estuary, as
nursery ground, had ingested threads (Possattd.,eR@l1). Moreover, 13.4% of
Gerreidae mojarras were found to have threadsam #iomachs (Ramos et al., 2012).
Rencently, 8% of Scianidae drums were found witlelthreads in their gastrointestinal
contents (Dantas et al., 2012). In this studyh@niddle estuary, threads presented higher
density values during the late rainy season whenpeoed with the other times of the
year. Such fact coincided with the temporal pattd#rmgestion of blue thread by adult
drums that live in the Goiana Estuary, which hasb ahgested the highest amount of
these fragments in the same area during the saaserséDantas et al., 2012).

Paint chips sink to the sediment and contaminagebtimthic environment. As the
other microplastics, they have the capacity of gdalpersistent organic pollutants (POPS),
posing a threat to coastal environments (Barldtt.£2012; Frias et al., 2010; Moore,
2008). Their presence is harmful also becauseitivegase the level of biocides and trace
metal found in their formulation (Bellinger and Berm, 1978; Turner, 2010). Large
quantities of paint chips are generated during bma@htenance and cleaningd, paint
chip scraping) (Tuner, 2010). However, for thigstit seems to be directly related to the
period of the year. During the rainy season, labatel prawns are the most profitable
catch and 53% of fishers are dedicated to its capi@uebert-Bartholo et al., 2011).
Consequently, the number of boats increases iretfien making the environment more
prone to contamination. The open-season of lobstreided exactly with the time in
which paint particles reached their highest densitthe lower estuary during the late
rainy season in bottom waters. The off-seasowpludters occurs during the late dry and
early rainy seasons (Guebert-Bartholo et al., 20d19n the amount of paint chips is at
its lowest levels in the estuary.

For this study, the highest amount of microplasties observed during the late rainy
season (from June to August) in the lower estuahgn the environment reaches its
highest level of rainfall. This period is charaized by an increased river flush into the

estuary. The high fresh water discharge in the fguegtion makes the environmental
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variables (salinity and water temperature) simitathose of the upper estuary, so the
stratification of the water column moves from thigldte to the lower estuary (Dantas et
al., 2010). It is hypothesised here that in raiagigrds microplastics generated in the river
basin migrate together with the biota to the lowertion of the estuary, following the
river flow. Moreover, the stream of rainy watening through land on the adjacent areas
of the estuary (mangrove forest, flood plains asadhes) may induce the runoff and the
resurrection of previously fragmented microplastacthe estuary. Such fact emphasizes
the idea of Moore et al., 2011, which asserted thatriver is an important source
exporting microplastic to the sea.

Due to variations in sampling methods and effod, veell as differences in
geomorphology and tidal range of the regions, dar@meeded to compare coastal
ecosystems regarding the density of microplasiibse.mean density of microplastics per
100n? found in the Goiana Estuary, varied from 0.03D.®6 items.100m in surface
waters, considering that this is a long time st{ghe year). These values are much lower
than that found in a short time study (lesser nurobsamples and replicates) of coastal
pelagic ecosystems of the Northeast Pacific oc&autheast Bering sea) with mean
density varying from 0.4 to 19 items.108rfDoyle et al., 2011).

The total density of microplastics for the Goianstuary varied from 7.13
items. 1001 during the dry period to 19 items.108muring the rainy period. The lower
microplastic density levels of the Goiana estuaeyadso identified when compared to a
study in the coastal ocean near Long Beach (Caldprnext to the mouth of San Gabriel
River, that varied from 1,000 items. 108muring the dry period to 6,000 items.100m
after a storm when land-based runoff was extentie@gver, this is a study of only one
sample per station and period (Moore et al., 2002).addition, the density of
microplastics on the surface of the Goiana estuay 4.3 items.100thduring the dry
period and 3.5 items.100hduring the rainy period. While in the bottom itieased
from 2.8 during the dry period to 15.3 items.100cluring the rainy period. When
compared with Santa Monica Bay (southern Califgrréamother short time study, the
studied estuary also present smaller density levelassociation with urban runoff,
enhanced quantities from <100 to 1,800 items.I®0mhe surface nearshore were also
observed after a late storm event (Lattin et &04). However, in the bottom offshore, it
decreased from 600 during the dry period to 13®i$té00nT after the stornfLattin et
al., 2004).
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4.2.Contribution of microplastics to the compositidrestuarine zooplankton

Whereas most studies on plastic debris take intesideration how large items
accumulates on estuarine shorelines or river-béateinfaces, mainly on muddy and
sandy plains (Araujo and Costa, 2007; Browne et28l10; Cordeiro and Costa, 2010;
Thornton and Jackson, 1998; Williams and Simmor@97), the contamination of
estuarine planktonic habitats (main channel) byropiastic had not yet been examined.

The main concern of this study is that microplastice found everywhere along the
main channel of the Goiana Estuary sharing thetétabith planktonic organisms during
the entire year. Also, a large amount of microptastere found with fouling organisms,
evidencing that such fragments are within the egtéiar a long time. Worldwide,
estuaries function as nursery habitats for a washge of fish and invertebrates (Dantas
etal., 2013; Lima et al., 2011; Lima et al., 2018is expected that Ichthyoplankton (fish
larvae and fish eggs) and zooplankton are foutarge quantities in these systems. When
compared with the amount of microplastic, fish &\presented higher densities along
space and time. Fish eggs presented the samenpla¢ielg more abundant in the lower
estuary. However, this is not a rule for the enyiear. In specific times, the amount of
microplastic surpassed Ichthyoplankton in denditye distribution of microplastics in
the water column is not well understood, but onthefreasons for the sinking of plastic
particles in estuaries is biofouling (Barnes et 2009; Browne et al., 2010; Cole et al.,
2011; Moore et al., 2001). The cyclic behavioumitroplastics makes them available to
planktivores, filter feeders and suspension feeidiabiting different depths of the water
column (Wright et al., 2013).

During the rainy season in the surface waters efughper estuary, total density of
microplastic was almost two times higher than figtvae. In the early dry season,
microplastics and fish larvae appear with the sderesity, but in the late dry season the
amount of microplastic was six times higher tha flarvae. In the late rainy season in
bottom waters, the amount of microplastic was &lgber than that of fish. In addition,
the amount of microplastic was five times highartHish larvae during the late rainy
season in bottom waters of the lower estuary. Steshs, when within a dynamic
environment suffer fragmentation to a small rigizesto cause harm to the biota in
different ways. The fact is that the density arel¢mall size of microplastic in the water
column will determine the bioavailability of thegems to lower and higher trophic
organisms (Boerger et al., 2010; Wright et al.,301
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The darkness and turbidity of the estuary may ater relation prey-predator,
negatively affecting the ability of zooplankton amygsms to ingest natural prey.
Microplastic enters the food web being first ingelsby zooplankton and small fish
(Boerger et al., 2010; Wright et al., 2013; Ivar S0l et al., 2013). Through indirect
ingestion, some fish preying on smaller fish oraakton that had ingested microplastic
will contaminate their predators (Possatto et 2011). This trophic transfer might
facilitate the transport of microplastic to oth@wveonments, especially when estuarine
species are preyed by riverine or marine fish mgithe estuary (Cole et al., 2013;
Possatto et. al. 2011; Wright et al., 2013).

5. Conclusion

Plastic fragments in their different compositioftgms and colours are an arising
concern regarding contamination in estuaries agid #djacent areas. Most of these items
are introduced in the estuary by direct runoff oéyiously fragmented microplastics
(including micro spheres from cosmetic productshother source is the weathering
breakdown of large plastic items generated durorgestic (e.g. tubs, flasks and bottles),
artisanal or commercial fishery (gear and boat tea@nce) or recreational activities
(snacking packaging) in the river basin or beadchesirrounded areas of the estuary.

For the Goiana Estuary, the density of microplastiepresents half of the total
density of fish larvae, what is a large amount.yTé&ee found in every habitat of the main
channel being bioavailable for planktonic organismd many vertebrates in surface and
bottom water during the entire year. Lower tropimganisms feeding on small fragments
therefore represent a vector for microplastic ti@mtrough the food chain and other
environments. Moreover, microplastic contaminasuish as biocides and trace metals of
paint chips, represent a threat through bioaccuinland biomagnification, thus, being
available to human population that uses estuadod fesources.

Most studies in plankton take only in consideratioaliving portion and left behind
the non-living portion, including microplastics. &vif the attention is given, the results
probably will be inconsistent because the sampfirethods were not planned or the
samples already are very disturbed by previousysisdriage for a contamination
insight. If microplastics are found everywherehe tmarine environment and we know
about the importance of preserve environments ftois type of contamination, the
scientific community must dedicate special attentim plankton samples. When

sampling methods are planned, better results aaheel, including seasonal and spatial
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variations according to the dynamics of the envimental variables of the system chosen.
Thus, attaching consistent knowledge, we can palgnprovide information on how
microplastics are negatively affecting marine hatkitand solve this environmental

problem.
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ABSTRACT
Lunar influence on the distribution of fish larvamoplankton and plastic debris in
mangrove creeks of the Goiana Estuary, Brazil, waglied over a lunar cycle.
Cetengraulis edentulugénchovia clupeoideandRhinosardinia bahiensisere the most
abundant fish larvae (56.6%), independent of mduase. The full moon had a positive
influence on the abundance®bbionellus oceanicyu€ynoscion acoupandAtherinella
brasiliensis and the new moon ddlaema lefroyi Full and new moon also influenced
the number of zoeae and megalopad&Jotordatus protozoeae and larvae of Caridea
shrimp, and the number of hard and soft plastigideboth < 5mm and > 5mm. Micro-
and macroplastics were present in samples frortwalve creeks studied, at densities
similar to the third most abundant taxdf, bahiensisCetengraulis edentuluand R.
bahiensisshowed a strong positive correlation with the tastrter moon, when there was
less zooplankton available in the creeks and higbendance of microplastic threads.
Anchovia clupeoidesDiapterus rhombeysU. lefroyi and hard microplastics were
positively associated with different moon phasesuaing when calanoida copepods,
Caridea larvae and zoeaeldf cordatuswere highly available in the creekSynoscion
acoupa G. oceanicugndA. brasiliensiswere strongly associated with full moon, when
protozoeae of Caridea and megalopa¥.ofordatuswere also highly available, as were
hard and soft macroplastics, paint chips (< 5mng soft microplastics. The results
reinforce the role of mangrove creeks as nursebjtdta. The moon phases influenced

the distribution of fish larvae species, zooplankémd plastic debris by changing their

93



compositions and abundances in the mangrove c#e¢ke Goiana Estuary when under

the influence of different tidal current regimes.

Key words: fish larvae, microplastics, lunar cycle, northd&igtzil, tropical estuary

INTRODUCTION

Estuarine mangroves are important nursery halfibatthe early stages of most
teleost fishes that spawn within these systemsrbyiging food sources and protection
from predators (Blabeat al, 1989; Larochet al, 1997; Barletta-Bergagt al, 2002,b;
Barletta et al, 2003; Hampelet al, 2003; Krummeet al, 2008). Studies of fish
assemblages in mangrove environments such as Taggson, Madagascar (Laroche
al., 1997), Embley Estuary, Australia (Blaketral, 1989), Caeté Estuary, north Brasil
(Barletta-Berganet al, 2002; Barletta et al, 2003; Krummeet al, 2008) and
Westercheld Estuary, southwest Netherlands (Haetpl, 2003) report that mangrove
creeks are one of the most important and produtialetats of estuarine systems. The
organic compounds provided to the sediments byfaheg leaves of the mangrove
forest, function as food sources for detritivorouganisms such as shellfish, bacteria and
fungi (Robertson & Alongi, 1992; Tzeng & Wang, 19¥&fiez Arancibizet al, 1993;
Nagelkerkeret al, 2008). These organisms are of vital importamedte plankton and
the early stages of many fishes and invertebraiesyell as juvenile and adult fishes,
benefiting from the energy transfer from estuartethe sea (Dittmar, 1999).

Feeding activity may vary diurnally and affect thaatial distribution of fishes
within the environment (Morrisoet al, 2002; Williset al, 2006; Krummeet al, 2008).
Planktivorous fish larvae tend to be distributedoading to the availability of their prey,
and changing tidal amplitudes and light intensityinlg different moon phases can have
marked effects on this behaviour (Alldredge & Kidg®80; Kingsford & MacDiarmid,
1988; Hampelet al, 2003; Hernandez-Ledn, 2008). The lunar cyclemeines the
temporal and spatial availability of mangrove crhakitats. At neap tides, less creek area
is flooded, while at spring tides, they are congdietlooded for a longer period (Hampel
et al, 2003; Ramost al, 2011). Current intensity also varies with modmage,
promoting cycles of more or less efficient floodiagd flushing. Each tidal cycle brings
organisms to the intertidal habitats, some are tedafp remain within the creek, and
others return to the main channel on ebb tides ig€nel997; Barlettaet al, 2000;
Morrisonet al.,, 2002; Williset al, 2006).
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Tidal flood pulses can also bring plastic debmsriland to the estuary, and creeks
are possibly an important pathway of such pollufrom the mangrove forest to the main
channel of the estuary (Limet al, 2014). Plastics pollution originates principatig
land, where improper disposal, accidents and disastause it to reach coastal
environments and the sea (Thompsral, 2009; Watterset al, 2010). The marine
environment is probably a secondary source of ipldstoris to mangrove creeks during
flood tides. Once exposed to environmental prosess®st larger plastics (> 5mm)
fragment into microplastics (< 5mm) (Barnetsal, 2009; Wrightet al, 2013; Limaet
al., 2014). For the Goiana River Estuary, Brazil, nmtastics were found in the main
channel in densities comparable to those of figis@md half of the density of fish larvae
(Lima et al, 2014). Plastic debris buoyancy makes them agabl@to transport and
predators as planktonic organisms. As microplastitare the habitats with fish and
invertebrate larvae, they also may be ingestedratigte trophic transfer of both plastics
and absorbed organic pollutants (Baratal, 2009; Fendall & Swell, 2009; Coé al,
2011; Possattet al, 2011; Dantast al, 2012; Ramost al, 2012).

Limited research on estuarine fish movements okiertdemporal and spatial
scales has been done (Lin & Shao, 1999; Morrisioal, 2002; Hampekt al, 2003;
krummeet al, 2008; Ramost al, 2011; Lacerdat al, 2014). Studies of estuarine fish
assemblages in space and time, usually considestiates of months to years, but rarely
examine lunar cycles, or periods of days to wedkss is the scale at which the
environment and its resources are most strictlpleml) and might be related to feeding,
shelter, avoidance of predators and other behafidosrisonet al, 2002; Hampett al,
2003; Lacerdaet al, 2014). The present study quantifies fish lanzmplankton and
pelagic plastic debris associated with mangroveks®f the Goiana Estuary, to assess
their distribution and relations over a short tigpan with respect to moon phases.

MATERIAL AND METHODS
STUDY AREA

The Goiana estuary, northeast Brazil (7°32'-7°35'38°50-34°58" W), is
characterized by a tropical, semiarid climate (Rig.This estuary has diverse habitats
including the main channel, flood plain, creeks &nel mangrove forest (Barletta &
Costa, 2009). Mangrove trees, mailfizophora manglé., Laguncularia racemosa
(L.) C.F. GaertrandAvicenniaspp., grow around the main channel and the credksm
a flooded forest of,700 ha (Barletta & Costa, 2009). The flooded $bre subject to a

semi-diurnal tidal regime, with amplitudes rangfngm -0.1 to 2.7 m (Barletta & Costa,
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2009). The main channel can be divided into upméaldle and lower estuary according
to the different salinity ranges and channel molpin (Barletta & Costa, 2009).

. South America
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Figure 1. Lower portion of the Goiana Estuary. @scmark the entrance of each
mangrove creek. Sampling: (1-3), first quarter;6{4-+full; (7-9), last quarter; (10-12),
new moon. Source: Google Earth. Image accesse@'dbN@ember 2014.

SAMPLING METHODS

Plankton samples were taken from twelve mangrogeks of the lower estuary
(1 < salinity < 35) during 30 days in April and M2§08 (Fig. 1). To assure the detection
of the lunar influence on the seston distributithvg sampling months coincided with a
more stable estuary, during the early rainy sedBamletta & Costa, 2009). Extreme
environmental condition as highest precipitatiomn@l to August) or water temperature
(December to February) were avoided (Barletta &t&,02009). In addition, sampling
began after the main spawning period, when fisrakause the estuary and coastal waters
have a greater influence on the lower estuary (Lémal.,in press Lima et al., 2014).
The 12 creeks were chosen according to similanitywidth and length. For each moon
phase, three creeks (replicates) were randomly ls@ingm 3 consecutive days to avoid
bottom disturbance during the deployment of the igamos et al., 2011). During first
and last quarter moon, high tides varied from @.8.1 m. During new moon, they ranged

from 2.4 to 2.7 m, and during full moon from 2.22@ m. Creeks 1-3 were sampled
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during first quarter moon, 4—6 during full moon97during last quarter moon and 10-12
during new moon (Fig. 1). The first creek samplexbwhe farther and the third was the
closest to the mouth of the estuary (Fig. 1) (Raetad., 2011). Sampling began during
the second daily peak of high tide, using a reatlargl000um mesh trap net (10 x 2m)
to block the creek mouth from one margin to theentA conical cod end (& 0.6 m; 500
um) was positioned in the middle of the net, formagollecting jar. Samples were
retrieved after ~4 hours at low tide. During lowletj the depth varied among creeks
(completely empty te. 10 cm of water). To ensure that all fishes weregba drag-net
of 2 m x 1 m with a mesh size of 54t was trawled from the beginning to the end of
the creek. Water temperature C), dissolved oxygen (mg?l) (Wissenschaftlich
Technische Werkstatten, WTW OXI 325; www.wtw.comygasalinity (WTW LF 197)
were recorded from surface waters at the moutthefcteeks during four consecutive
hours. Water flow was measured hourly using a Geri@gceanics flowmeter with a low-
speed rotor mounted near the net. Samples were drately fixed in 4% buffered

formalin.

LABORATORY PROCEDURES

Samples were divided into smaller aliquots (100 naLjacilitate the separation
of plankton and plastic debris from the organicteratvhich was made with the aid of a
stereomicroscope — ZEISS; STEMI 2000-C (x5). Fatvde and plastic debris (Fig. 2)
were totally separated from the entire bulk sanaplé their counts were corrected to a
standard volume of 1003xiThe ichthyoplankton taxonomic identification weessed on
developmental series, working backwards from thdtadnd juveniles captured in the
same region, from characters common to successdaglyer ontogenetic stages (Balon,
1990) (Table II). Species identification followedg&eiredo & Menzes (1978, 1980),
Menezes & Figueiredo (1980, 1985), Sinque (1980psédet al (1984), Richards
(2006).

For counting the zooplankton, three subsampleaohll were removed from a
diluted 700 mL sample for each creek, using a Setpipette, with subsequent reposition
(Postelet al, 2000). Each zooplankton taxon from the thregqualis was counted
separately to calculate a mean (x S.D.). Mean sowete then extrapolated to 700 mL
and, as ichthyoplankton and plastics corrected tetamdard volume of 100 3m
Zooplankton were identified to the lowest possitalkonomic categories (Boltovskoy,
1981, 1999) (Fig. 2).
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Figure 2. Examples of plankton and plastic delwismfl in the mangrove creeks of the
Goiana Estuary. Fish larvae: @pbionellus oceanicugb) Atherinella brasiliensis(c)
Anchovia clupeoideszooplankton: (d) zoea dficides cordatus(e) Megalopa obJ.
cordatus (f) copepod calanoida; microplastics: (g) bluedhplastics, (h) yellow soft
plastics, (i) green paint chips; Macroplastics:b{j)e threads, (k) green hard plastic, (l)
white soft plastic. Images captured with a digt@inera Canon PowerShot G10 coupled
to a stereomicroscope - ZEISS; STEMI 2000-C.

STATISTICAL ANALYSIS

One-way ANOVA was performed to determine whethgh farvae, zooplankton
and plastic debris mean densities vary with differmoon phases (Zar, 1996). The
Cochran’s test was used to check the homogeneiridinces. The original data were

Box-Cox transformed (Box & Cox, 1964) to reach anmal distribution. Bonferroni’s

98



test P < 0.05) was used whenever significant differensese detected with ANOVA
(Quinn & Keough, 2002).

A canonical correspondence analysis (CCA) (CANOGOWIindows 4.5) was
performed to observe the relationship power betwieernvironmental variable and the
groups, for each moon phase (ter Braak & Smilagéf2). Multiple least-squares
regression was performed with the site scoresye@rrom weighted averages of fish
larvae, zooplankton and plastic debris, as the ritbgrd variables and the environmental
parameters (water temperature, dissolved oxygen sahidity) as the independent
variables (ter Braak, 1986; Palmer, 1993). Thi$ wess computed with 100 iterations
with randomized site locations to facilitate Moi@arlo tests between the eigenvalues
and species—environment correlations. The resubhswn as a triplot, where the
environmental variables appear as vectors radiétorg the origin of the ordination.

RESULTS
ENVIRONMENTAL VARIABLES

Significant differences were not detected for thesttiation of environmental
variables during the lunar cycle for flood and ¢ble. Salinity (6.2 — 24.6), temperature
(27.4 — 30.4° C) and dissolved oxygen (2.6 — 6.3.migdeclined from flood to ebb tide
during both new and full moon. During first andtlgsiarter moons there are no clear
trends for temperature or salinity, but dissolvegigen presented lower values during
ebb than during flood tide (Fig. 3). The environta¢variables showed wider ranges
during spring tides (full and new moons), when cared to neap tides (first and last
guarter moons), possibly because of the increagstlaam volume of marine water and
flushing intensity.

DISTRIBUTION OF THE PLANKTON ACCORDING TO MOON PHAS

In total, 14 320 fish larvae (29.97 ind. 108nwere collected from the twelve
creeks (Table | and Fig. 2). The most abundant t&x@ the Engraulida€etengraulis
edentulugCuvier 1829) (40.12%) anéinchovia clupeoidet§Swainson 1839) (29.79%),
followed by the Clupeida®hinosardinia bahiensi¢Steindachner 1879) (16.49%). In
total, 4 372 individual plastic debris (4.77 iterd®0nm?®) were also recorded.
Microplastics (300um to < 5mm) represented 38%rmaadroplastics (> 5mm to 181mm)
were 62% of the total catch in number (Table | &gl 2). Fish larvae represented
5.9910“ % and plastic debris 9.843° % of the whole plankton density. Zooplankton
contributed to 99.9% of the catch (Table | and Big.
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Figure 3. Means (z+ S.D.) of water temperature nggliand dissolved oxygen during the following fdwours after flood tide on each moon

phase (first quarter, full, last quarter and new).
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TasLe |. Density of the main plankton components (fiahvae, zooplankton, and plastic debris) from theignave creeks of the
Goiana Estuary during different moon phases. bagiste; E-M, estuarine-marine; MS, mangroves; Mringa Sub-total densities in

bold.

Number (N) Density (n 100n¥) Moon phase density (%)
Ichthyoplankton Habitat N % Density % First quarter Full Last quarter New
Cetengraulis edentulus M 5746  40.12 13.53 45.16 17.44 29.31 58.51 30.72
Anchovia clupeoides E 4267 29.79 8.16 27.23 48.81 27.31 20.54 40.79
Rhinosardinia bahiensis E 2362 16.49 4.80 16.01 25.39 14.68 18.26 9.38
Gobionellus oceanicus MS 536 3.74 1.00 3.35 2.88 11.89 0.20 3.36
Diapterus rhombeus M 458 3.19 0.87 2.90 0.17 3.81 1.68 5.83
Ulaema lefroyi E-M 307 2.14 0.62 2.06 0.25 4.43 0.30 4.81
Cynoscion acoupa M 189 1.32 0.41 1.35 0.91 4.66 0.17 1.29
Atherinella brasiliensis M 109 0.76 0.23 0.78 0.32 2.62 0.15 0.75
Ctenogobius smaragdus E 38 0.26 0.06 0.21 0.02 1.05
Stellifer rastrifer M 157 1.09 0.03 0.11 2.68
Centropomusp M 30 0.21 0.03 0.11 0.46 0.21 0.01 0.19
Stellifersp. E-M 16 0.11 0.03 0.10 0.51
Eleotris pisonis MS 12 0.08 0.03 0.09 0.02 0.28 0.16
Citharichthys arenaceus M 7 0.05 0.02 0.07 0.19 0.16
Bathygobius soporator MS 14 0.09 0.02 0.07 0.02 0.10 0.23
Gobionellussp. MS 5 0.03 0.02 0.06 0.02 0.03 0.09
Mugil sp. M 14 0.09 0.02 0.05 0.26
Stellifer stellifer E-M 8 0.05 0.01 0.04 0.07 0.02 0.07
Sphoeroides testudineus M 8 0.05 0.01 0.04 0.46 0.03 0.02 0.02
Achirus lineatus E 13 0.09 0.01 0.04 0.12 0.03 0.13
Stellifer brasiliensis E-M 5 0.03 0.01 0.04 0.18
Etropus longimanus M 8 0.05 0.01 0.03 0.14
Eucinostomusp. M 2 0.01 0.003 0.01 0.04
Coryphopterus glaucofraenum M 1 0.007 0.002 0.007 0.03
Ctenogobius stigmaticus E 2 0.01 0.002 0.007 0.04
Dormitator sp. M 1 0.007 0.002 0.007 0.01
Symphurus tessellatus M 1 0.007 0.001 0.004 0.02
Bairdiella ronchus E-M 1 0.007 0.001 0.004 0.02
Hyporhamphus unifasciatus M 1 0.007 0.001 0.004 0.02
Sphyraena barracuda M 1 0.007 0.001 0.004 0.02
Gobiomorus dormitor M 1 0.007 <0.001 0.001 0.02
Total of fish larvae 14320 29.9 1.3 6.2 16.5 6.1
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TasLe |. Continued

Zooplankton

Zoeae olUcides cordatus
Calanoida Copepods
Protozoeae of Caridea
Caridea larvae

Megalopae oUcides cordatus
Insects

Megalopae of Portunidae
Anomalocardia brasiliandarvae
Isopoda

Amphipoda Gammaridae
Polychaeta

Tanaidacea

Total of zooplankton

Microplastics (< 5mm)
Soft

Hard

Paint chips

Threads

Total of microplastics

Macroplastics (> 5mm)
Soft

Hard

Paint chips

Threads

Total macroplastics
Total debris

Total density

Number (N) Density (n 100n?) Moon phase density (%)

N % Density % First quarter Full Last quarter New
4287392640 91.87 4586823 91.69 10.27 0.21 98.11
328424670  7.03 343433  6.86 98.41 78.79 91.71 1.15

24134600 0.52 38192.52 0.76 8.01 0.833 0.27
15981560 0.34 20037.53 0.40 141 1.28 6.12 0.31
8 890310 0.19 11478.13 0.23 0.017 1.32 0.65 0.15
510320 0.01 822.67 0.02 0.046 0.15 0.29 0.006
452860 0.01 530.38 0.011 0.006 0.02 0.01
274090 0.006 395.46  0.008 0.008 0.04 0.006
153270 0.003 311.35 0.006 0.068 0.05 0.17 0.002
175500 0.004 232.25 0.005 0.039 0.02 0.02 0.003
138320 0.003 162.15 0.003 0.02 0.002

3480 <0.003 7.68 <0.003 0.002
4666531620 5002427 23375.9 315503 19808.5 4643739

933 56.14 1.991 58.67 65.18 69.43 30.16 55.33
516 31.05 0.921 27.13 17.08 22.58 28.50 36.22
101 6.08 0.264 7.78 8.00 7.38 15.82 3.81
112 6.74 0.218 6.42 9.74 0.61 25.52 4.64

1662 34 0.2 1.6 0.6 0.9
2213 81.66 1.08 78.64 33.87 83.15 93.33 76.95
418 15.42 0.15 10.98 59.68 5.40 3.04 8.91
77 2.84 0.14 10.06 6.45 10.90 3.62 14.14

2 0.07 <0.01 0.32 0.56
2710 14 0.1 0.8 0.2 0.3
4372 47 0.3 24 0.8 1.2
4666551 974 5002465 23377.7 315513 19826.3 4643747
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Results from ANOVA showed that the mean numberisti §pecies differed
significantly among moon phasd3< 0.05), with highest mean during new moon (Table
Il and Fig. 4). However, the mean number of fistvd@ did not significantly differ, but
the highest values were observed during last quarté new moon. Densities of fish
larvae and zooplankton did not differ among mooaggls, however, their highest means
occurred during last quarter and new moon, resgagt(P > 0.05) (Table Il and Fig. 4).
The highest mean density of plastic debris occudwihg the full moon, microplastic
being more abundant during full and new moon andramdastic during full moonR <
0.05) (Table 1l and Fig. 4).
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Figure 4. Mean (x S.E.) of number of fish larvad apecies, and mean densities (+ S.E.)

of fish larvae, zooplankton, microplastic and madastic in the mangrove creeks of the

Goiana Estuary in relation to moon pha(aefi(st quarterQ, full; ), last gquarter®, new).
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TasLe Il. Summary of ANOVA results for the mean densfytotal plankton, fish larvae,

zooplankton and plastic debris. Analysis performisthg Box-Cox transformed data.

Differences among moon phases were determined bfeBoni’spost hoclcomparisons

test. Moon phases: Fi, first quarter; Fu, full mpba, last quarter; Ne, new moon. * p <

0.05; * p <0.01.

Variables Source of variance
Plankton Moon phases
N of individual Ns

N of species *La Fi Fu Ne
Total fish larvae Ns
Total zooplankton Ns
Total plastic debris *Fi La Ne Fu
Total microplastics *FiﬁNe Fu
Total macroplastics *Fi La Ne Fu
Fish larvae

Cetengraulis edentulus Ns
Anchovia clupeoides Ns
Rhinosardinia bahiensis Ns
Gobionellus oceanicus **_a Fi Ne Fu
Diapterus rhombeus Ns
Ulaema lefroy *Fi La Fu Ne
Cynoscion acoupa *Fi La Ne Fu
Atherinella brasiliensis *Fi Lamj
Zooplankton

Calanoida Copepods Ns
Megalopae ofJcides cordatus **_i La Ne Fu

Zoeae olJcides cordatus

Protozoeae of Caridea
Caridea larvae

**Li La Ne Fu

**_i La Ne Fu
*La Li Ne Fu

Microplastics (< 5mm)
Threads

Hard
Soft
Paint chips

Ns
*Fi La Ne Fu
**Ei La Ne Fu
Ns

Macroplastics (> 5mm)
Threads

Hard

Soft
Paint chip

Ns
**La Li Ne Fu
*Fi La Ne Fu
Ns
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DISTRIBUTION OF FISH LARVAE ACCORDING TO MOON PHASE

Larvae ofC. edentulus A. clupeoideR. bahiensisthe Sciaenida€ynoscion
acoupa (Lacepede 1801) and the Atherinopsidatherinella brasiliensis(Quoy &
Gaimard 1825) were captured in pre-, flexion anst{fiexion stages (Table II). Whereas,
the Gobiidagsobionellus oceanicuCuvier, 1829), the Gerreiddgiapterus rhombeus
(Cuvier, 1829) andllaema lefroyi(Goode 1874) were captured only in the post-flexio
stage (Table Ill). Results from ANOVA showed thandities ofC. edentulusA.
clupeoidesR. bahiensi@andD. rhombeudlid not differ among moon phasésX 0.05).
However, their highest mean density occurred dutvegast quarter moon (Table Il and
Fig. 5). Densities of5. oceanicusC. acoupaandA. brasiliensissignificantly differed
among moon phases, with highest mean density déwihghoon (Table Il and fig. 5).
Densities olJ. lefroyi (Goode 1874) also significantly differed among mpbases, with

highest mean density during new moon (Table Il ligd 5).

TasLe Ill. Developmental stages size of the most impurtesh larvae species catch in
the mangrove creeks of Goiana Estuary.

Developmental stages
(Length £ S.D. mm)

Species Pre-flexion Flexion Post-flexion
Cetengraulis edentulus 5.01 +0.631f = 84) 8.81 +1.05n=587) 15.36 £ 3.7 (=5 075)
Anchovia clupeoides 6.82 +0.931f = 53) 9.16 £ 0.58(=1016) 16.65 +4.06(= 3 198)
Rhinosardinia bahiensis 6.50 +1.171 = 267) 8.57 + 0.28n(= 285) 10.64 £ 1.7(= 1 810)
Gobionellus oceanicus 11.79 £ 4.20r( = 536)
Diapterus rhombeus 11.62 £+ 1.60r( = 458)
Ulaema lefroyi 14.56 + 3.24r(= 307)
Cynoscion acoupa 450 +0.341 = 54) 5.84 + 0.54n(= 84) 10.78 £ 3.55n(= 51)
Atherinella brasiliensis 4.62 +0.3311 = 12) 5.92 + 0.56n= 45) 9.89 + 2.68n= 52)

DISTRIBUTION OF ZOOPLANKTON ACCORDING TO MOON PHASE

The ANOVA showed that densities of calanoid copepdd not differ among
moon phases, although they were higher duringutherioon @ > 0.05) (Table Il and
Fig. 5). Densities of megalopae of the ctitides cordatud.. 1763 and protozoeae of
Caridea shrimp differed significantly, with peaksridg the full and new moon# (<
0.01) (Table Il and fig. 5). Zoeae &f. cordatusand Caridea larvae also differed
significantly, with highest mean densities durihng hew moon (Table Il and Fig. 5).
DISTRIBUTION OF PLASTIC DEBRIS ACCORDING TO MOON RASE

Four main types of plastic debris were identified éach size class: soft plastic,
hard plastic, paint chips and plastic threads @ ap! Results from ANOVA showed that
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the microplastic threads and paint chips did nfedamong moon phaseP ¢ 0.05).
However the highest mean density of threads ocduwueing the last quarter moon and
paint chips during full and last quarter moon (Babland Fig. 6). Hard microplastics
were equally abundant during full, last quarter aeds moon, with lowest mean density
during the first quarter moorP(< 0.05) (Table Il and Fig. 6). Soft microplastiogan
densities were highest during full and new moBrk(0.01) (Table Il and Fig. 6). The
macroplastic threads and paint chips did not déf@ong moon phase eithér ¥ 0.05);
their highest mean densities occurred during fitsarter and full moon, respectively
(Table Il and Fig. 6). On the other hand, hard switl macroplastics mean densities were
highest during full moon, although only significenhigher during first quarter for the
soft macroplastics (Table Il and Fig. 6).
CORRELATION AMONG PLANKTON COMPONENTS, MOON PHASESND
THE ENVIRONMENTAL VARIABLES

A CCA was performed to determine the influencemfimnmental variables on
the distribution of the fish larvae, zooplanktord godastic debris in the mangrove creeks
through moon phases (Table IV and Fig. 7). Fistdarand zooplankton were studied
separately to avoid obtaining results biased togvaobplankton, thus masking any trends
for fish larvae [Fig. 7 (a)—(b)]. In addition, ptessdebris were added in both models. For
all graphs, the first axes represents the moongshasd explained more than 75% of the
variance of the species/plastic-environment ratatithe axes did not show correlation
with the environmental variables. Both micro- andicnoplastic were positively
correlated with full moon, except for the micropiasthreads, which were more
correlated with last quarter moon (Fig. €).edentuluandR. bahiensishowed positive
correlation with last quarter moon, when salinitgsMowest. Larvals. oceanicusC.
acoupaandA. brasiliensis and protozoeae of Caridea and megalopad.afordatus
showed positive correlations with full moon, whetirsty and water temperature were
highest [Table IV and Fig. 7 (a)—(b)P. rhombeusand zoeae o). cordatusshowed
strong positive correlation with new moon. They evagrouped together witl.
clupeoides U. lefroyi, calanoid copepods and caridean larvae becauséheaif

representative abundance in the four moon phasemdinly during full and new moons
[Fig. 7 (a)—(b)].
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Figure 5. Mean densities (x S.E.) of the most ingoarspecies of fish larvae and groups of zooptamkiaught in the

mangrove creeks of the lower portion of the Goigstuary in relation to moon phasé {irst quarter;0O, full; ), last

qguarter;®, new).
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mangrove creeks of the lower portion of the Goigstuary in relation to moon phaie (
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Figure 7. Canonical correspondence analysis (C@plpt for the ecological correlations between

plastics debris and (a) fish larvae, (b) zooplanktand the environmental variables. Circle$ (
represent moon phaseé {irst quarter;O, full; ), last quarter®, new). TrianglesA) represent the

plankton: IchthyoplanktonAprasil, Atherinella brasiliensis Aclupe Anchovia clupeoidesCacoy
Cynoscion acoupa Ceden Cetengraulis edentuluysDrhomly Diapterus rhombeys Gocean
Gobionellus oceanicusRbahij Rhinosardinia bahiensjsUlefroyi, Ulaema lefroyj. Zooplankton
(Carid(larv), larvae of Caridae shirimpCarid(prot), protozoea of CarideaCopcal calanoida
copepods;Ucord(meg) megalopae ofUcides cordatus Ucord(zoea) zoeae ofU. cordatus.
Microplastics Hard(u), hard; Soft(u) soft; Paint(u) paint chips;Thr(u), threads). Macroplastics
(Hard(M), hard;Soft(M) soft)] The environmental variables (dissolved gy, salinity, temperature)
are represented by arrows.

DISCUSSION

LARVAL FISH ASSEMBLAGES FROM MANGROVE CREEKS OF THEOIANA
ESTUARY

Tropical Atlantic mangrove habitats are reportech&we low species richness
(Robertson & Alongi, 1992). This was true for thevil fish assemblages of the
mangrove creeks of the Goiana Estuary, where 8espdominated the habitat, although
31 species were reported. Similar findings were enfit other estuarine larval fish
populations, such as in the Caeté Estuary (Nor#ziBr(Barletta-Bergamt al, 2002)
and in the Colorado lagoon, Alamitos Bay (Southeatifornia) (Allen & Horn, 1975),

where 54 and 23 species were registered, resplctive
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In this study, 74.2 % of the most abundant larighl &re estuarine resident species
that spawn and hatch within the estuary where #i&y complete their life cycle. Only
25.8 % are larvae from marine spawners that prgtazd# the mangrove and the estuary
for short periods. The relative low contributionnoeérine larvae might be associated with
adult marine spawners avoidance of mangrove amgasodwide salinity variations. The
creeks chosen are located in the lower portiorhefdstuary, it would be expected a
certain contribution of marine fish larvae among thost abundant species. The sampling
period (April to May) was the early rainy seasomhew the density of marine fish larvae
is low in the lower estuary because they move &upper estuary (next to the river
mouth) (Lima et al.in press Lima et al., 2014). The peaks in fish larvae aodplankton
density in the main channel of the Goiana estuagus during the late dry season
(December to February) in its lower portion (Lirmtaak, in press Lima et al., 2014). A
similar conclusion was reported for the mangroeeks of the Caeté Estuary, where only
2 % of larvae were of marine spawners (BarlettagBeet al, 2002), and in a salt-
marsh nursery in North Carolina, where stenohalapecies were rarely found
(Weinstein, 1979). Moreover, most fish larvae inidda mangrove creeks were in the
post-flexion stages (Table Il). It suggests thadyestages used the main channel during
the sample period, and later stages use the cfeeteeding and protection.

Adult and juvenile fishes species from the mangmeeks of the Goiana Estuary
(Ramoset al, 2011) were also recorded as larvae in this st8dyne were among the
most abundant(. edentulusA. clupeoidesand R. bahiensis and others were less
abundant [the SciaenidaBairdiella ronchus (Cuvier 1830), the Hemiramphidae
Hyporhamphus unifasciatu¢Ranzani 1841) and the Tetraodontid&phoeroides
testudineud.. 1758](Ramoset al, 2011). Some species were found only in the larva
phase in the estuary, such as the Gerrdiddefroyi and the Sciaenid&tellifer rastrifer
(Jordan 1889) an8. stellifer(Bloch 1790). Other fish species were reportedgigine
creeks only during the juvenile and adult phasesh @s the Lutjanidakeutjanus jocu
(Bloch & Schneider 1801), the Engraulidagcengraulis grossidenéSpix & Agassiz
1829), and the Haemulidd&omadasys croc(Cuvier 1830) (Ramost al, 2011). Both
studies linked the higher abundance of these spédcieng full and new moon to higher
tidal amplitudes (Ramost al, 2011). Thus, fish species may utilize mangroneeks
during different phases of their life cycle or eussing there for just a short time.

A study regarding the seasonal and temporal véit\abf ichthyoplankton in the

mangrove creeks of the Caeté Estuary also ideshiieclupeoidesC. acoupaandR.
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bahiensisas common species (Barletta-Bergdaral, 2002). In addition, it noted the
presence of later phases of fish species that fwaral as larvae in creeks of the Goiana
Estuary €.9. U. lefroyi, G. oceanicuaind Stestudineus(Barletta-Bergaret al, 2002a).
This study, among others, reinforce the importaotenangrove creeks as nursery
habitats, and also for protection from predatord fom feeding strategies of later life
history stages (Blabeat al, 1989; Larochest al, 1997; Barletta-Bergaet al, 2002,
Hampelet al, 2003; Barlett&t al, 2003; Krummeet al, 2008).

TasLe V. Summary of canonical correspondence analy<i<CA) using three
environmental variables (water temperature, digbloxygen and salinity), the moon
phases and the densities of fish larvae, zooplan&itm plastic debris in the mangrove

creeks of the Goiana estuary. Ns, non-significant.

Summary of CCA Fish larvae/plastic Zooplankton/plasic
Axis 1 Axis 2 p value Axis 1 Axis 2 pvalue
Eigenvalue 0.176 0.032 0.13 0.011
Species-environment correlation 1 1 1 1

Cumulative % variance
of species data 78.6 92.7 90.6 98
of species-environmental variables 78.6 92.7 90.6 98

Correlation with environmental variables

Water temperature 0.7556 -0.6400  0.3168' -0.4247 0.6937 NS
Dissolved oxygen 0.9368  0.0750 INe -0.8380 0.0338  0.18
Salinity 0.9450 -0.3268  0.1683“ -0.3504  0.3926 0.52\

MOON PHASE INFLUENCE ON THE COMPOSITION OF LARVAL IESH
ASSEMBLAGES

From the 31 fish species found in the mangroveksred the Goiana Estuary,
larval C. edentulusA. clupeoidesandR. bahiensisvere the most abundant, independent
of moon phase, representing 57% of the total catidwever, full moon had a strong
positive influence on catches & oceanicusC. acoupaandA. brasiliensis and new
moon onU. lefroyi. Full and new moon also influenced the composibbzoeae and
megalopae oU. cordatus and protozoeae and larvae of Caridea shrimp,edisaw the
proportions of hard and soft plastics, both miard enacro sizes, possibly because of the
increased tidal amplitudes and water flow. In asjaneés study in mangrove creeks of the
Goiana Estuary, moon phase was shown to stronfilyeimce the pattern of use of the
mangrove creek by juvenile and adult fishes ardhtmge their numbers and biomass for
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feeding, protection or nursery proposes duringedgt tidal amplitudes (Rames al.,
2011). For example, the full and new moon influehtte pattern of use of the creeks of
A. clupeoidesand the new moon influenced the Centropom{@iaetropomus pectinatus
Poey 1860 and the Belonid&trongylura timucu(Walbaum 1792)by increasing
abundances during higher tides (Rarabal, 2011). Along sandy beaches at the mouth
of the Goiana Estuary (southern shores), highenddmce of fishese(g.L. grossidens
and the Mugilidaéviugil sp.) and crustaceans [e.g. the PortunidaeCadlmectes danae
Smith 1869 and the Penaeidae shrititppenaeus schmittBurkenroad, 1936)pccurred
during first and last quarter moon (Laceedal., 2014). For this study, when tidal forces
are weaker and the environmental variables mofgestaonditions are better for the
occupation of sandy beaches habitat (Lacetdd, 2014). In addition, larvae of marine
species €.9.C. edentulusC. acoupaA. brasiliensisandMugil sp.) that inhabit sandy
beaches were found now in the mangrove creeks, asigihg the use of both habitats
for different purposes, and more specially therlasea nursery ground (Laceretal,
2014).

Other studies have also detected the influenceocaimphases on the distribution
and composition of larval fish assemblages. Inrttan channel of the Caeté Estuary,
larvae ofC. acoupashowed higher densities during new moon, the 8aae Stellifer
microps (Steindachner 1864RA. clupeoidesand the Achiridaé\pionichthys durmerili
Kaup 1858during first quarter moon, whereas the AuchenigePseudauchenipterus
nodosus(Bloch 1794) and the Gobiidadicrogobius meekEvermann & Marsh 1899
showed higher densities during full moon (Barlé&tBarletta-Bergan, 2009). The faunal
density of the most common species from an intartishlt marsh creek of the
Weterschelde Estuary (Northwest Netherlands) claigeing the semi-lunar regime,
with higher total densities during spring tides (el et al, 2003). For this creek, a
mysid shrimp was most abundant during spring wdeereas several invertebrate taxa
and a fish species were highly abundant during tidap (Hampegét al, 2003). All these
studies support our initial hypothesis that mooasas influence the pattern of use of the
creeks by changing the number and composition eflaéinval fish assemblages and
zooplankton in the mangrove creeks of the Goiarnageg.

OCCURRENCE OF PLASTIC DEBRIS IN MANGROVE CREEKS

The present study is the first to describe how nyamases influence not only fish

larvae and zooplankton, but also the amounts aretsity of plastic debris in mangrove

creeks. Differently from the main channel, wheraspt debris were numerically
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comparable to ichthyoplankton (Lineaal, 2014), in the mangrove creeks plastic debris
items were 6.3 times less abundant than fish lavwaen total densities are compared.
However, micro- and macroplastics occurred inkaltivelve creeks, and their density is
the same as the third most abundant fish taRobahiensisComparisons of the amounts
of macroplastics (> 5 mm) from the main channahef Goiana Estuary and those of the
creeks, shows that larger plastics are more abuimul#ime mangrove creeks (Lined al,
2014). It is possible that larger plastics accureuila the mangrove forest, fragment into
microplastics through the dynamics of ebb and fltidds, and during high tides are
transported to the main channel of the estuary((jar& Costa, 2007; Brownet al,
2010; Cordeiro & Costa, 2010; Limet al, 2014). In the Goiana Estuary, fisheries is
pointed as the main potential source of plasticridetbue to the high availability of
identifiable specific items as threads (Gueberttgdo et al, 2011; Possattet al, 2011;
Dantaset al, 2012; Ramost al, 2012; Limaet al,, 2014).

The ubiquitous and continuous availability of thelebris, mixed with the biota
of mangrove creeks and plankton of the main charmaly negatively affect prey-
predator relations (Boerget al, 2010; Ivar do Suét al, 2013; Wrightet al, 2013).
During higher tides on full and new moons, sea na¢ering the estuary allows juvenile
and adult coastal fishes to inhabit the lower phtthe main channel and mangrove creeks
for protection and feeding (Barletta-Bergainal, 200,b; Barlettaet al, 2003; Ramos
et al, 2011). When, in a dark and turbid intertidal iteth fishes might easily feed on
plastic debris of the same size and shape asrhgiral prey. Such was confirmed by
examining the gut contents of Ariidae catfishess@attoet al, 2011), Gerreidae mojarras
(Ramoset al, 2012) and Sciaenidae drums (Dargtal, 2012). The ingestion of non-
digestible items, such as plastics, may block timeeamtary canal and induce starvation
(Coleet al, 2013). In addition, plastics have the capacitaasorb persistent organic
pollutants (POPSs), biocides and trace metal poaitiyyeat to the environment such as
sublethal effects of eating contaminated plastiogh, 2008; Friast al, 2010; Turner,
2010). This, potentially, reduce survivorship acahsequently, reduce the nursery value
of the mangrove creek habitat.

SHIFTS IN THE COMPOSITION OF FISH LARVAE, ZOOPLANKON AND
PLASTIC DEBRIS RELATIVE TO MOON PHASES

Lunar cycles associated with other environmentaliabées influence species
composition due to the displacement of differentevanasses and their associated

plankton, even over short periods of time (Alldredg§ King, 1980; Kingsford &
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MacDiarmid, 1988; Hernandez-Leodn, 2008). Durind &mnd new moon, tidal amplitude
can be of up 2.8 m at the study site, while dufirgj and last quarter moons it can be up
to 2.1 m. It seems that during first and last qeramhoons, flooding does not reach a
sufficient height to reach the whole mangrove foresid ebbing does not drain as
efficiently the main channel and lower estuary. #Agh, it might also influence the
amount of nutrients in the creeks and decreaseuptivdty (Nagelkerkeret al, 2008).
Thence, the density of zooplankton and most Idishlspecies decreased. Moreover, this
hydrodynamism seems to decrease plastic sourcedigldcement during these lunar
phases, and less plastic debris enter the mangree&s from the lower estuary.

Scatter plots show that, during the first quart@om the lowest mean densities of
zooplankton in the creeks coincided with the lowksisities of fish larvae. In addition,
plastics debris also presented lower densitiesnduthis lunar phase, except the
macroplastic threads. This suggests that when ikd@v availability of food, larvae
utilize other areas as feeding grounds. Howeverjgmot always so in Goiana mangrove
creeks. Even with no detectable significant diffee the mean densities of the most
abundant specie§,. edentulusA. clupeoidesandR. bahiensiswere highest during last
quarter moon, coinciding with a positive correlatiwith this lunar phase. During this
moon phase, mean densities of zooplankton andi@ldstoris were low, except
microplastic threads that had a positive correfatsth last quarter moon. It suggests
that, mainly later stages (> 8 mm) of these fisacggs take advantage of slower tidal
flows, utilizing the creeks during neap tide foofaction, and explore other habitats of
the estuary as feeding grounds during spring tide.

Species that utilize mangrove creeks take advarghgonger flushing and higher
water levels during full and new moon, when theeemaore prey and non-living particles
into the creeks (Barletta-Berganhal, 2002; Hampelet al, 2003; Barletta & Barletta-
Bergan, 2009). During full and new moons, floodiilg completely the mangrove forest
and the ebbing efficiently drains the main chanm@ld lower estuary. This
hydrodynamism might increase the quantity of natsein the creeks, rising the
productivity (Nagelkerkemt al., 2008). It ensures higher food availability fooshlarval
fish species, which in turn present higher derssitiethe creeks. In addition, the sources
of plastics increase during these lunar phasegpkstic debris from land, river and sea
enter the mangrove creeks of the lower Goiana BstlRost-flexion larvae oD.
rhombeuswvere abundant during full, last quarter and nevomdiowever, post-flexion

larvae ofU. lefroyiand hard microplastics had their highest dengitigsg full and new
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moon. All of these had their abundance positivelsogiated with new moon, occurring
when calanoid copepods, caridean larvae and zdddeocordatuswere abundant in the
creeks. On the other hand, different larval stageS. acoupaandA. brasiliensis and
later stages db. oceanicupresented highest densities during full moon, @ding with

a positive correlation with this lunar phase, wipeotozoeae of Caridea and megalopae
of U. cordatus were highly available. During this moon phase, dhand soft
macroplastics, paint chip (micro) and soft micrgfilzs were also the most detected in
the creeks.

Size and shape similarity between zooplankton dastips can be cause of concern
since the presence of food resources attract pmediat these environments and put them
under risk of plastic ingestion (Boergetral, 2010; Ivar do Suét al, 2013; Wrightet
al., 2013). Most larval species in this study (80.22%e in later developmental stages
(post-flexion), and during feed can prey on micasfic, especially those smaller than 2
mm (42.2%), which are similar in shape and colauzdoplankton prey. However, the
problem of ingestion is not exclusively associattth fish larvae. Mangrove creeks are
also used by larger fish that can feed on plagtirid, in the water column, on the bottom,
or already consumed by fish larvae (trophic transfehis paper shows that the chances
of interaction between these species and this olfledebris are real, and quite high.

Mangrove creeks of the Goiana lower estuary alvilapsl during high tides and
ebb during low tides, remaining partially inundatedependent of moon phase. For this
reason, they function as a nursery during the eedimar cycle by providing food and
protection for different assemblages of larval f(&haberet al, 1989; Larochest al,
1997, Barletta-Bergaat al, 200; Hampelet al, 2003; Barlettaet al, 2003; Krumme
et al, 2008). In addition, this short time study suggélat environmental variables do
not significantly influence the number of fish laezand zooplankton in this time scale.
This emphasizes that plankton composition instesa@asitively correlated to moon
phases and their associated tidal amplitudes. fhages in the abundance of different
fish species and zooplankton are associated tosh®f Goiana mangrove creeks during
specific moon phases, as feeding and/or protegtionnds. Plastic debris also presented
changes in abundance and composition of its totald relative to moon phases. Their
higher densities during full moon seems to be aasmtto higher flooding and ebbing,
due to more efficient flooding and flushing of tfoeest soil, as well as adjacent areas
within the estuary. Further studies regarding tha@senal patterns of use of mangrove

creeks by larval fish assemblages, and their intiena with other environmental abiotic

115



compartments, are required to a detailed understgrud the nursery function of South

American mangroves for fish species.
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Conclusbes

No estuério do Rio Goiana, seguindo uma tendémuigestuarios tropicais do
mundo, a flutuagéo sazonal da salinidade e a magéo do rio durante os meses de alta
precipitacdo sao responsaveis pela distribuicatadess de peixes. Neste estuario ha um
alto numero de espécies marinhas que habitamjpaineente, o estuario inferior, e total
auséncia de espécies de agua doce, contribuindoopbaixo niumero de espécies no
estuario superior. 66,6% das larvas foram repradast por clupeideos sendo
Rhinosardinia bahiensia espécie mais abundante, seguidaHarengula clupeolaOs
engraulideos contribuiram com apenas 8,1% da actiaf, onde as larvas dachovia
clupeoidese Cetengraulis edentuluBbram as mais representativas. Muitas das larvas
também ocorrem no sistema como juvenis, confirmangso do estuario com um habitat
de bercario.

Larvas de espécies estuarinas ExbahiensisAnchovia clupeoidessobionellus
oceanicu} bem como os microplasticos foram bem represgotatem todo canal
principal do estuario durante todo ano. Durantesieses mais secos (inicio da chuva e
inicio e final da seca), a cunha salina é alcargstwario superior, permitindo que larvas
de imigrantes marinhosH( clupeola Trinectes maculatysCynoscion acoupacC.
edentuluse Lupinoblennius nichol¥i que foram abundantes no estuario inferior,
alcancem o estuario superior até a zona de inflaélecaguas costeiras (Fig. 1). As larvas
de espécies estuarinas, coRidahiensi® A. clupeoidesforam as mais representativas
no mesmo periodo. A baixa densidade de larvas itepadurante o inicio da estacao
chuvosa, no estuario superior também pode estaciada as baixas densidades de
zooplancton. No estuario médio, zooplancton aptasgm altas densidades, estando
mais disponivel para a alimentacdo de larvas deepeEntretanto, o encontro de aguas
de diferentes densidades no estuario meédios forma barreira que retém os
microplasticos nos estuarios superior e infericy meses secos.

No final da estacao seca, um bloom de zooplancdiseguido por uma bloom de
larvas (12.74 ind. 1001) e ovos de peixes (14.65 ind. 108ymo estuério inferior. (Fig.
1). As larvas d&r. bahiensisH. clupeola T. maculatusG. oceanicusC. acoupae L.
nicholsi foram as mais representativas. Esse padrdo déudigfio de organismos do
plancton indica que peixes marinhos utilizam a @oigferior do estuario do Rio Goiana
como area de desova durante o final da estacao seca

No final da estacdo chuvosa, quando o estuarideecanaior fluxo de agua do

rio, a cunha salina migra para o estuario infeffog. 1). Este fluxo de agua doce rio
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abaixo parece ser responsavel pelo transporteateptasticos, juntamente com as larvas
e ovos de peixes para as regidbes mais costeirasaNestacdo, os microplasticos
apresentaram sua maxima densidade suas densitlddes(s 100r), comparavel com

a maxima densidade de larvas de peixes (14.23.0@%) no estuario inferior.
Estuary
Upper Middle Lower

Early rainy

Late rainy

Season
?
i
3
|
<
Depth (m)

all
L :

Fish larvae Zooplankton Microplastic ——
pryra—— Fish larvae
" LA pathway

Fishegg Phytoplankton Salt wedge
Figure 1. Modelo conceitual para a distribuicdoosar e espacial de larvas, ovos de

peixes e microplasticos no estuario do Rio Goiana.

124



Diferentemente das larvas de peixes, 0s microptistiapresentaram uma
correlagcédo positiva com altas taxas de precipiteg@ado mais associados a fluxos para
dentro ou para fora do estuério do que a variagéesnais nas varidveis ambientais.
Quando os padrdes de distribuicdo do plancton emdosplasticos sdo comparados,
verifica-se que 0s organismos seguem um padraosquassemelha a uma cadeia
alimentar, procurando regifes com condi¢fes fawis&dy alimentagdo. Enquanto que o
padrdo de aguas de diferentes densidades nédo @erpdgissagem dos microplasticos do
estuario superior para o inferior, e na direcacstap(rio acima). Esta observacao enfatiza
a ideia de que, mesmo o plancton nédo sendo capamdar’ contra as correntes, eles
realizam migracdes, procurando fluxos favoraves agilevem para areas que suportem
suas guildas ecoldgicas, seja para evitar a predacipara alcancar areas de melhor
suprimento alimentar.

Nos canais de maré do estuario inferior foram rteplas 31 espécies, onde 8 séo
dominantes. 74,2% das espécies de larvas mais afm@esddesovam em éareas de
manguezal, ou completam seus ciclos de vida deotestuario. Somente 25,8% foram
espécies marinhas. A baixa contribuicdo de larvasnimas pode estar associada ao ato
de evitar areas de manguezal devido a alta turtedempla variacdo de salinidade.
Adultos e juvenis que sdo reportados como usudoescanais de maré do estuario do
Rio Goiana também aparecem como larvas neste eslgiins estdo entre os mais
representativosC. edentulusA. clupeoides R. bahiensise outros menos abundantes
como Bairdiela ronchus Hyporhamphus unifasciatug Sphoeroides testudineus
Algumas espécies s6 sdo encontradas como larvas thaema lefroyj Stellifer
rastrifer e S. stellifer Outras larvas abitam os canais somente duraritses juvenis e
adultas, comolLutjanus jocuy Lycengraulis grossideng Pomadasys crocoA alta
abundéancia dessas espécies durante as luas chmimaeesta relacionada as altas
amplitudes da maré.

A lua cheia teve influéncia positiva solfée oceanicusC. acoupae Atherinella
brasiliensis e a lua nova sobrd. lefroyi. A lua cheia e nova, também influenciou o
namero de zoé e megalopaldeides cordatuse protozoé e larvas de camarao Caridae,
bem como o niumero de plasticos duros e moles, tato5 mm, quanto os > 5mf.
edentuluse R. bahiensisnostraram forte correlacdo com a lua quarto creecquando
havia menos zooplancton nos canais e maior abuieddeanicro filamentos plasticos.
A. clupeoides Diapterus rhombeysU. lefroyi e microplasticos duros mostraram

associacado com diferentes fases da lua, ocorrarattldq copepoda Calanoida, larvas de
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Caridae e zoé dd. cordatusforam abundantes nos candisacoupaG. oceanicugA.
brasiliensis foram fortemente associadas a lua cheia, quanatozoé de Caridae e
megalopa de&J. cordatustambém foram altamente disponiveis, assim comstiptés
duros e moles > 5mm, e tintas de barco e plastrmiies < 5mm. O estudo enfatiza a
importancia dos canais de maré como areas de leepgarpromover fontes alimentares
e protecdo para muitas espécies de larvas de tmdsdEste estudo sugere que as
varidveis ambientais ndo influenciam significatiearte 0 nimero de larvas de peixes e
zooplancton numa curta escala de tempo. Isto eafgtie a composicdo do plancton é
positivamente correlacionada com as fases da sua®amplitudes de maré associadas.
As mudancgas na abundancia de diferentes larvas@éarcton estdo associadas ao uso
dos canais de mare do rio Goiana durante uma fadeadespecifica, como areas de
alimentacao e/ou protecdo. Os detritos plasticobéan apresentaram mudancas em suas
abundancies e composicOes totais em relacdo asdasea. Suas maiores densidades
durante a lua cheia parecem estar relacionadasoa imandag&o e escoamento do solo
da floresta de manguezal, bem como das areas atfja@® estuario (Fig. 2).

Mar¢ de quadratura Maré de sizigea

Canal de maré

Fitoplancton \\\: Canal principal

Zooplancton

Plastico

Figure 2. Modelo conceitual para a composi¢ao @ogtbn e do microplastico nos canais
de maré da porc¢éo inferior do estuario do Rio Goim relagdo as fases da lua.
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No canal principal do estuario do Rio Goiana, asdkde de microplasticos
representou metade da densidade total de larvapetes, o que é uma grande
guantidade. Eles sdo encontrados em todos os tsablita canal principal e estao
biodisponivel para organismos plancténicos e mwidoebrados em aguas de superficie
e de fundo durante todo o ano. Entretanto, nossdeanaré, um estudo ménsal detectou
gue os detritos plasticos foram cerca de 6,3 vemg®s abundantes do que as larvas de
peixes quando suas densidades totais sdao compar@desmdo a quantidade de
macroplasticos no canal principal a nos canaisae & comparada, é possivel notar que
itens maiores sdo mais abundantes nos canais @e Rwreste motivo, é possivel que
itens maiores estejam se acumulando no manguezZaggnentando em microplasticos
através da dindmica das marés vazante e enchentlyrante as marés altas, sédo
transportados para o canal principal do estuasan{@ro e macroplasticos contaminaram
todos os doze canais, e a sua densidade € seneadldmterceiro tAxon mais abundantes,
R. bahiensisDensidades comparaveis na coluna d’agua aumetzeaces de interacao
entre 0s microplasticos e as larvas de peixesjimi a ingestao de fragmentos menores,
cujas cires e formas sao similareas as das presatanctonicas. Organismos de niveis
troficos inferiores que se alimentam dos pequeraagrientos representam, portanto, um
vetor para a transferéncia de microplastico atraleéscadeia alimentar para outros
ambientes. Além disso, os contaminantes do micstiptd como biocidas e metais traco
de lascas de tinta, representam uma ameaca atlabésacumulacao e biomagnificacao,
assim, estando disponiveis para a populacdo humamaitiliza recursos alimentares
estuarinos.

Fragmentos de plastico em suas diferentes comm@ssifd@mas e cores sdo uma
preocupacado decorrente sobre contaminacdo em iest@asuas areas adjacentes. A
maioria desses itens sao introduzidos no estuadm gscoamento direto de
microplasticos anteriormente dispersos (incluindororesferas de produtos cosméticos).
Outra fonte é a quebra, pelo intemperismo, de ipddsticos grandes, gerados durante
uso domeéstico (por exemplo, sacolas, frascos @afgajr artesanal ou pesca comercial
(equipamentos e manutencdo de barcos), ou atigdesteativas (embalagens de
lanches) na bacia do rio ou praias adjacentestaaras

No sentido de ampliar o conhecimento sobre estedagrinos em larvas de
peixes, este trabalho surge como uma ferramenta pascrever a assembleia
ictioplancténica do estuario do Rio Goiana, nadas@nomicamente, mas também em

termos de estrutura ecologica e uso dos recurspsrveis (zooplancton, fitoplancton,

127



microplasticos e matéria organica particulada) diderentes habitats dos estuarios
baseados nas variacdes sazonais dos parametrtisahi€om este estudo é possivel
identificar os locais utilizados como bercério pasa principais espécies de peixes
encontradas e comercializadas no local. Essa régiga area de constante ocupacao e
acao antropica, enfatizando a importancia da iflesm¢go do papel desses habitats para
a ontogenia das espécies presentes no local, @eyzsracdo com outros estuarios do
mundo, considerados preservados, visando geras dpsocontribuam com a aplicagéo
de medidas de manejo voltada a preservacao degsts$e para proteger essas espécies

durante sua reproducéo e renovacao dos estoqupsepes.
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