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RESUMO

O presente trabalho foi realizado em um perfil da zona costeira e marinha da
Plataforma Continental Maranhense (PCM). O objetivo foi descrever a existéncia de
padrbes da estrutura do conjunto de espécies das larvas de peixes na zona costeira
e marinha da PCM, testando a hipdtese de que a estrutura da comunidade esta
relacionada as condi¢cdes ambientais da regido. A amostragem foi distribuida entre 7
pontos de coletas (MA1, MA2, MA3, MA4, MA5, MA6 e MA7) durante nove
campanhas. Os meses amostrados foram: abril, agosto, outubro e novembro de 2013
e janeiro, margo, maio, julho e setembro de 2014. O ictioplancton foi obtido através de
arrastos horizontais na superficie usando rede de plancton — cénico cilindrico, com
abertura de malha de 300 ym e 30 cm de boca. Os parametros temperatura,
salinidade, profundidade de transparéncia, oxigénio dissolvido, material particulado
em suspensao (MPS), solidos totais dissolvidos, condutividade, TDS, pH, fosfato e
nitrito foram obtidos na superficie da agua em todos os pontos de coleta. Foram
utilizadas as analises de correspondéncia canénica (CCA) para verificar a influéncia
das variaveis ambientais sobre a abundancia das larvas. Durante o periodo amostral
foram coletadas 4.011 larvas de peixes, sendo identificadas 43 familias e 31 espécies.
As espécies mais abundantes foram Anchoviella lepidentostolle, Cynoscion acoupa e
Mugil sp. A diversidade e riqueza de espécies ocorreram de maneira que, no ponto
MA1 foi fortemente influenciado por muitos individuos e com poucas espécies com
alto grau de dominancia, enquanto que no MA7 foi registrada a maior diversidade e
riqueza de espécies. O modelo de CCA mais parcimonioso construido pela selecao
forward considerou as variaveis transparéncia da agua (m), MPS, salinidade, TDS e
condutividade suficientes para explicar as distribuicdes de abundéancia das espécies.
Consideradas juntas, estas variaveis explicaram 89,6% da variacdo total das
abundancias no conjunto de espécies de larvas. Estas analises demonstraram a
existéncia de dois conjuntos de espécies distintos, a saber: i) um conjunto de espécies
costeiras com influéncia estuarina; ii) um conjunto de espécies marinhas com
influéncia oceanica. Em geral, a formagao da estrutura da comunidade das espécies
de larvas de peixes nas zonas costeira e marinha da PCM foi influenciada por variaveis
ambientais atuantes nesta area. A formacédo dos conjuntos das larvas de peixes
mostrou que a PCM possui uma diversificada ictiofauna de importancia comercial e
ecolégica. Isto indica esta area como zona de conservacdo, na qual suas
caracteristicas devem ser preservadas.

Palavras chave: ictioplancton; plataforma maranhense; zona marinha.



ABSTRACT

This present work was realized out in a profile of the coastal and marine zone
of the continental shelf of Maranhao (MCS). This order to describe the existence of
structure patterns of fish larvae species in the coastal and marine zone of the MCS,
testing the hypothesis that the community structure is related to the environmental
conditions of the region. The sampling was performed and distributed at seven
collection points (MA1, MA2, MA3, MA4, MA5, MA6 and MA7), throughout nine
campaigns in the months of April, August, October and November 2013; January,
March, May, July and September 2014. The ichthyoplankton was obtained by
horizontal trawls on the surface, using a conical — cylinder plankton net with mesh of
300 ym and 60 cm of mouth diameter. The variables “temperature”, “salinity”,
“conductivity”, total dissolved solids — TDS, Water transparency, dissolved oxygen,
suspended particulate matter, dissolved nutrients (phosphate and nitrite) were
obtained on the water surface at all collection points. The canonical correspondence
analysis (CCA) was used to verify the influence of environmental variables on larval
abundance and distribution. During the sample period, 4.011 fish larvae were
collected, belonging to 23 families, 40 genera and 31 species. The most abundant
were Anchovilla lepidentostole, Cynoscion acoupa, Sardinella brasiliensis e Mugil sp.
The diversity and richness of species occurred in a way that, at the point MA1 was
strongly influenced by many individuals and few species with a high degree of
dominance, while in the MA7 was recorded the greatest diversity and richness of
species. The more parsimonious CCA model constructed by the forward selection
considered the variables water transparency (M), SPM, salinity, TSD and conductivity
sufficient to explain the abundance distributions of the species. All together, these
variables accounted for 89.6% of the total abundance variation in the larval species.
These analyzes demonstrated the existence of two distinct sets of species, namely: i)
a set of coastal species with estuarine influence; li) a set of marine species with
oceanic influence. In general, the formation of fish larvae in the coastal and marine
environments of MCS was influenced by the environmental variables of this region.
The formation of these sets showed that in the MCS there is a diverse ichthyofauna of
commercial and ecological importance. This indicates this area as a zone in need of
conservation, in which its characteristics must be preserved.

Key-words: ichthyoplankton; Maranhense Shelf; marina zone
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1. INTRODUCAO GERAL

A zona costeira € a regido que se estende desde o inicio da Plataforma Continental até a
foz dos rios e das bacias hidrograficas que desiguam no mar (MMA, 1996). Representa um
ambiente de grande interesse ambiental, pois possui elevada diversidade de espécies
relacionada a heterogeneidade espacial e a dindmica temporal desse ecossistema (WARD et al.
1999; BIORKLAND e PRINGLE, 2001). De forma que, os ecossistemas costeiros e oceanicos
contém a maior biodiversidade aqudtica disponivel do planeta (CIRM, 1997).

Na regido tropical, as zonas costeiras apresentam elevada diversidade de espécies
decorrente, sobretudo, da disponibilidade de hdbitats e nichos ecolégicos (ROBERTS et al.
2002). Entre os sistemas marinhos mais comuns dos tropicos (brasileiros), destacam-se os
manguezais, estudrios, prados de faner6gamas marinhas, lagunas e recifes, todos com uma
diversidade de fauna e flora com condi¢des climdticas e geoldgicas da costa brasileira
(RAMOS, 2007).

A Plataforma Continental do Maranhdo estd inserida da Costa Norte a Nordeste
brasileira. No entanto, esta plataforma apresenta caracteristicas inerentes que a distingue das
demais plataformas da regido norte, seja por sua geomorfologia e por sua dindmica com uma
das maiores amplitudes de maré da costa brasileira, por sua exuberante e diversificada fauna ou
seus recursos pesqueiros existentes (AMARAL, 1998; GUALBERTO; EL-ROBRINI, 2005).
Esta regido possui elevada diversidade ictica e é reconhecida pela riqueza de recursos
pesqueiros, mas com potenciais ainda desconhecidos (ISAAC, 2013).

Os peixes marinhos possuem dois tipos de padrdes referentes ao uso de hébitats. O
primeiro padrao refere-se aqueles que passam todo o ciclo de vida na mesma area, ao passo que
o segundo se refere aqueles que utilizam um hébitat especifico e sucessivamente migram para
o habitat parental, sendo responsdveis pela conectividade bioldgica entre os ecossistemas
costeiros (BECKER, 2001; FALCAO, 2012). Especificamente, os estudos sobre a composigao,
abundancia, tamanho e tempo de residéncia dos individuos, apontam o padrdo dos habitats pelas
diferentes espécies (GILLANDERS et al. 2003; FAUNCE; SERAFY, 2006), tendo em vista,
os padroes de distribuicio de desovas para espécies nado-residentes e locais (CHUTE,;
TURNER, 2001).

A distribui¢do das larvas de peixes estd relacionada a atividade reprodutiva da
populacdo adulta e das caracteristicas topograficas e hidrogrificas do ambiente. Estas
caracteristicas, além de afetarem a distribuicao das larvas, podem influenciar nas inter-relacdes

entre as espécies durante as suas fases iniciais de vida, bem como, os padrdes de desova dos
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adultos (SILVEIRA, 2008; NONAKA et al. 2000). Desta forma, estudos sobre o ictioplancton
sdo importantes para se conhecer a ecologia e dinamica das comunidades, que sdo diretamente

dependentes das caracteristicas hidrograficas das massas de dgua e de suas variacdes regionais

e sazonais (MOSER; SMITH, 1993; YONEDA, 2000).

2. REVISAO BIBLIOGRAFICA

2.1 Ictioplancton

O ictioplancton € constituido por ovos, larvas e juvenis de peixes. Estes organismos
possuem grande relevancia na renovacgao de estoques pesqueiros, na avaliacdo dos recursos
existentes em dreas pouco conhecidas e na determinagcdo da susceptibilidade de espécies
componentes, o que possibilita estabelecer medidas para o aproveitamento sustentdvel deste
recurso (NAVARRO-RODRIGUES et al. 2006).

Nos anos 1880 a 1900, verificou-se que a maioria das espécies de interesse econdomico
possuia ovos e larvas plancténicos (RE, 1999). Desde entdo, os estudos dos ovos e larvas
planctonicos dos peixes t€m contribuido sobremaneira para o avanco da informacdo nos
dominios da Ictiologia e da Biologia Pesqueira (p. ex. estudos de desenvolvimento,
alimentacdo, crescimento, mortalidade, transporte e comportamento dos estdgios larval dos
peixes). Os diferentes estdgios de desenvolvimento larval ttm como base a proposta de Kendall
et al. (1984) e Moser (1996). Estes estagios dividem-se de acordo com o estado de flexdo da
notocorda durante a formacgdo da nadadeira caudal: pré-flexao (i.e. absor¢do do saco vitelinico);
flexdo (i.e. flexdo da notocorda e inicio dos ossos hipurais) e pds-flexao (i.e. completa flexao

da notocorda).

Ap6s o periodo da vida planctdnica, as larvas se tornam semelhantes aos adultos e
sofrem transformacdo gradual ou brusca, correspondente a passagem a fase juvenil (RE, 1999).
Esta transformacao que ocorre durante o estdgio larval, com o crescimento completo dos raios
da nadadeira e o surgimento das escamas, ¢ conhecida por regime alométrico (i.e. partes do
corpo crescem de modo diferenciado) e isométrico (i.e. partes do corpo crescem de forma
homogéneas) (FUIMAN, 2002). Esta fase € uma das etapas mais frageis do ciclo de vida dos
peixes, com mortalidade associada a escassez de alimento, acdo de predadores, competicdo e

condi¢Oes abidticas (SWERARER et al. 2002).

No estdgio larval, os peixes possuem caracteristicas proprias que podem ser utilizadas

na sua identificacdo. Ja o estdgio larval mais avancado pode desenvolver caracteristicas
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transitdrias, também utilizadas na sua identificacio. Neste periodo em que hd mudangas tanto
na forma geral, como estrutural, comecam a perder as caracteristicas larvais e adquirir
caracteres de adultos (BONECKER et al. 2014). Essa transicdo a fase juvenil é também
associada normalmente a um grau de independéncia das condi¢des ambientais (RE, 2000).

Importante atentar que nos estigios larvais ocorre a migracao passiva, que constitui um
elemento essencial no ciclo de vida dos peixes, resultando na dispersdo das espécies, o que
aumenta as chances de sobrevivéncia durante este periodo (ZACARDI, 2015). Essas larvas
utilizam diversos mecanismos comportamentais € ambientais que promovem seu transporte ao
habitat de assentamento (BOEHLERT; MUNDY, 1988). Muitas espécies podem seguir rastros
quimicos e sonoros que sao caracteristicos do ambiente, como os compostos caracteristicos dos
estudrios ou os sons emitidos por ondas em recifes (HOLMES; MCCORMICK, 2010). A partir
desse mecanismo as larvas movem-se ativamente em velocidade crescente, enquanto
completam seu desenvolvimento ontogénico.

Apesar das larvas de peixes terem habilidades sensoriais e natatdrias reduzidas apds a
eclosdo, os sentidos olfativos e visuais sdo potencializados nesta fase. O conhecimento sobre
comportamento sensorial e natacdo € insuficiente devido as mudangas no desenvolvimento e
diferengas muito especificas entre as espécies (KINGSFORD et al. 2002). No entanto, o
comportamento planctonico é de grande importancia no ciclo de vida dos peixes e cujo o
sucesso influenciara diretamente no estoque dos adultos. (BORGES, 2003). Considerando que,
o desenvolvimento das larvas, assim como a abundancia, é um indicativo da existéncia de
desova, locais e estratégia para a reproducdo (BORGES, 2003).

Estudos sobre a distribuicdo e abundancia de larvas de peixes em diferentes hébitats e
nas diferentes fases ontogé€nicas sdo escassos. Apesar que, algumas pesquisas realizadas em
diferentes habitats obtiveram sucesso (FALCAO, 2012). Todavia, a maioria dos estudos com
ictioplancton marinho realizados no Brasil € em ambientes estuarinos. Nas regides norte e
nordeste, os estudos apresentam pouca informag¢ao quanto a composi¢ao e ecologia do conjunto
de espécies ictioplanctonicas (CASTRO, 2005).

Os estudos nas regides sul e sudeste tém enfocado na distribui¢do e abundancia de ovos
e larvas de peixes, disponibilizando maior niimero de trabalhos. Macedo-Soares et al. (2014),
por exemplo, descreveram a relacdo das massas de dgua com a distribui¢@o do ictioplancton na
Plataforma Sul e Sudeste. Costa (2011) descreveu a variagdo espago-temporal do ictioplancton
na Baia de Babitonga no estado de Santa Catarina, como instrumento para defini¢do de areas
prioritarias para conservacdo. Freitas e Muelbert (2004) descreveram a distribuicdo e

abundancia do ictioplancton no Sul e Sudeste do Brasil. Franco e Muelbert (2003) realizaram
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um trabalho enfocando a distribui¢do e composi¢do do ictioplancton na quebra da Plataforma
Sul do Brasil. Lopes (2006) estudou a variacao Espaco-temporal do ictioplancton e condi¢des
oceanograficas na regido do Cabo Frio, Rio de Janeiro. Coser et al. (2007) descreveram a
comunidade ictioplanctonica e sua distribuicdo no estudrio dos rios Piraqué-Acu e Piraqué-
Mirim, Aracruz, no estado do Espirito Santo.

Na regido Norte, Zacardi et al. (2008) estudaram o ictioplancton marinho e de dguas
adjacentes a foz do Rio Amazonas — operacao Norte II REVIZEE. Bittencourt (2007) descreve
a composicao, distribui¢ao e abundancia do ictioplancton na Zona Exclusiva Economica (ZEE)
do Norte, na regido do Amapa e Plataforma Amazonica. Na regido Nordeste, Mafalda JR et al.
(2004) estudaram a distribui¢do e abundancia do ictioplancton da costa Norte da Bahia. Bezerra
Junior (2011) estudou os ovos e larvas de peixes como indicadores da qualidade da dgua do
porto de Suape, estado de Pernambuco, sob influéncia da pluma de gas natural.

Trabalhos realizados na plataforma Continental Maranhense sdo restritos aos trabalhos
de Silveira (2003; 2008). Estes trabalhos sdo referentes a distribui¢cdo do ictionéuston e os
impactos oceanograficos sobre a abundancia do ictioplancton. Outros trabalhos se destacam nas
zonas costeiras do Maranhao: Bonecker et al. (2007) estudaram a comunidade ictioplanctonica
na regido estuarina da Baia de Sdo de Marcos; e Soares et al. (2014) estudaram a comunidade

ictioplanctonica da Bacia do Rio Bacanga.

2.2 Plataforma Continental Maranhense

A Plataforma Continental compreende o leito e o subsolo das dreas submarinhas, que se
estendem além dos limites do mar territorial. A zona econdmica exclusiva é medida a partir do
limite exterior de 12 milhas do mar territorial até 200 milhas nduticas da costa (370 quilémetros)
(CRESPO et al. 2002).

As édguas da Plataforma Brasileira sustentam grande produ¢do oceanica, devido a
produtividade de nutrientes dos rios e bordas das plataformas (CRESPO et al. 2002). Nas
plataformas de climas tropicais e equatoriais, o clima quente favorece a proliferacdo de
organismos construtores € consequentemente as formacgdes carbonatadas (CRESPO et al.
2002).

A é4rea marinha adjacente a costa € constituida por 4guas quentes nas costas nordeste e
norte, dando suporte a uma grande variedade de ecossistemas que incluem dunas, praias,
banhados e dreas alagadas, estudrios, restingas, manguezais, costdes rochosos, lagunas e
marismas, os quais abrigam inumeras espécies de flora e fauna (MMA, 2002a e 2002b). A zona

costeira “amazonica” norte brasileira possui caracteristicas meteoroldgicas e oceanograficas
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bastante peculiares quando comparadas a outras regides costeiras do pais, apresentando, entre
outros, elevada precipitagdo anual (até 3.300 mm) e altas temperaturas (>20 °C) com baixa
variacdo térmica anual (PEREIRA et al. 2009).

A zona costeira constitui-se em uma regido de transicdo ecoldgica, desempenhando
importante papel no desenvolvimento e reprodugdo de vdrias espécies e nas trocas genéticas
que ocorrem entre 0s ecossistemas terrestres € marinhos. Aliadas as caracteristicas tropicais e
subtropicais dominantes ao longo de toda a costa do pais, as condi¢des oceanograficas e
climatoldgicas préprias da regido conferem tracos distintivos a sua biodiversidade (MMA,
2010).

Especificamente, a regido Norte da Plataforma Brasileira destaca-se em possuir elevada
produtividade, pela presencga de estudrios e o clima tropical que favorece o desenvolvimento de
manguezais e abrigo, criando um elo no ciclo de vida das espécies da fauna marinha (MUEHE;
GARCEZ, 2005). Esta produtividade esté relacionada também aos regimes hidrograficos assim
como a corrente Norte do Brasil (CNB), que possui padrao de maior fluxo, sem perturbacdes
durante todo o ano (CRESPO et al. 2002).

Baseado na morfologia da costa, clima e dos principais pardmetros oceanograficos da
plataforma, a costa brasileira foi dividida em: Costa Norte; Nordeste; Leste; Sudeste e Sul.
Dentro desta divisdo, a Plataforma Continental Maranhense foi inserida na Costa Norte (Cabo
Orange — Baia de Sdo Marcos) (VILLWOCK, 1994). Esta Plataforma situa-se na regido tropical
umida com temperatura anual média de 27 °C e pluviosidade média de 2.600 mm, com chuvas
intensas de dezembro a maio. E considerada bem diversificada e configura a maior amplitude
de maré em toda a zona costeira (MOCHEL, 2011; CRESPO et al. 2002). O litoral maranhense
¢ todo rendilhado e a linha de costa indecisa, onde rios carregam o material em abundancia
formando corddes litoraneos, onde as vagas (ondas) arrebentam com violéncia (EL-ROBRINI
et al. 2006).

A zona costeira da Plataforma Maranhense se estende até a Plataforma continental
interna, tendo pequena conexdo com as praias arenosas, zonas de surf e estudrios. Representa
fonte imediata de sedimentos costeiros e zonas de ocorréncias de processos oceanograficos,
responsdvel pela dinimica das 4guas costeiras (GUALBERTO; EL-ROBRINI, 2005). E
caracterizada por dezenas de baias, estudrios, reentrancias e desembocaduras de inimeros rios
e tendo o Golfao Maranhense como importante componente desta zona (MOCHEL, 2011).

O Golfao Maranhense estende-se entre as latitudes de 15°N e 15°S. Apresenta grande
importancia nesta regido, tendo em vista a conexao com o continente e 0 oceano. Recebe grande

descarga de dguas doce, particulas e solutos oriundos do continente, com uma hidrodinamica
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diferenciada de outros ambientes. Além disto, faz parte de um conjunto de estudrios e
reentrancias possuindo cerca de 5.414 km? de manguezais (SOUZA- FILHO, 2005;
TEIXEIRA, 2009; MIRANDA et al. 2002).

A Baia de Sao Marcos esta inserida no Golfao Maranhense que € amplamente aberta
sobre a plataforma. A baia é considerada um complexo estudrio ativo, com canal central bem
desenvolvido e dominado por correntes, onde sucessivamente ocorre bancos arenosos € uma
depressao, chamadas de “Depressao Maranhense” (MMA, 2002, GUALBERTO, 2002).

A zona costeira do Maranhdo apresenta importancia no aspecto fisiografico, pois
apresenta forte dinAmica da paisagem, resultante das atividades humanas. Essa dinamica ¢é
concedida pelos principais agentes hidrolégicos, edlicos e oceanograficos que modelam a
paisagem. Contudo, essas zonas sustentam uma diversidade faunistica elevada (FEITOSA,
2006), onde os recursos pesqueiros marinhos t€m sido considerados de grande importancia para
o desenvolvimento da regido, principalmente como meio de subsisténcia e fonte alimentar para
as populacdes humanas (ARAUJO-JUNIOR et al. 2006).

A regido costeira do Maranhdo € considerada, ainda, um ambiente de médio estuario
que serve de abrigo e local de reprodu¢do para muitas comunidades de peixes, com expressivo
nimero de fémeas sexualmente maduras, além dos individuos jovens de vdrias espécies
encontrados no local em todos os periodos do ano (CARVALHO-NETA; CASTRO, 2005). De
maneira que a pesca é muito diversificada nesta regido e ocorre em toda a drea da plataforma,
variando da artesanal a comercial, com utilizacdo de uma grande diversidade de equipamentos

(ISAAC, 2006; MOCHEL, 2011).
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Summary

Background. The present work was realized in the coastal and marine zone of the Maranhense
Continental Shelf (MCS) on the north coast of Brazil, in order to investigate the existence of
structure patterns of the species group ichthyoplankton (I.e. variation of richness, composition
and abundance of species) and the possible mechanisms underlying the observed patterns (L.e.

the influence of environmental variables).

Material and Methods. Data collection (I.e. ichthyoplankton specimens and measures of
environmental variables) occurred at 7 points (MA1 to MA7) following a transect of 10 nautical
miles between points during the years of 2012 and 2014. A canonical correspondence analysis
(CCA) was used to verify the influence of environmental variables on larval abundance and

distribution.

Results. The richness and diversity of species varied between the points, wherein the point
MAT1 was characterized by presenting an assemblage of species of low richness and diversity,

with the presence of abundant species. From the point MA2 onwards there was an increase of
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richness and diversity of the species, but the abundance of the species decreased. The Mantel
partial test showed that the composition of ichthyoplankton consisted of sets of characteristic
species related to the environmental conditions of the sampling points. Canonical
correspondence analysis showed that the abundances of species were influenced mainly by
salinity, water transparency, conductivity, total dissolved solids and suspended particulate

material.

Conclusion. The ichthyoplankton composition structure was formed by two sets of
characteristic species of coastal and marine zones, due to the influence of environmental

variables in the MCS on the distribution of fish larvae.

Palavras chave: ichthyoplankton; Maranhense Shelf; marina zone.

INTRODUCTION

The distribution of fish larvae is influenced according to their ecological characteristics.
Many species of oceanic and neritic fish have a similar behavior in using coastal environments
(Zacardi 2015). In the reproductive period, adult fish use an escape strategy from predators,
seeking protection and shelter in coastal environments. Their larvae use this environment until
they reach maturity (Camargo and Isaac 2003). Other species of fish settle in an unique

environment from the Farval stage on (Warner and Cowen 2002, Ferreira et al. 2005).

In marine areas variations of environmental conditions (e.g. salinity and temperature)
are lower when compared to estuarine environments, and are generally related to precipitation
rates (Barletta et al. 2005). Due to this relative constancy environmental factors can contribute
as well to the adaptations of the physiological characteristics as to the dynamics of dispersion
of the species dependent on the mechanisms of active and passive transport (Zacardi et al. 2014,
2016). The dispersal dynamics of larvae and adult fish are the result of the different spatial and
temporal distribution patterns of the species (Kipper et al. 2011), which depend on the structure
of the species assemblages that is influenced by the period of the year, location, reproductive
duration and environmental conditions (Bialetzki et al. 2005). Changes in these factors may
lead to changes in the parameters that describe the fish communities (e.g. species richness,

composition and abundance) (Whitfield and Paterson 2003).
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In general, studies on the distribution and composition of ichthyoplanktonic
communities in Brazil are mainly realized in the estuarine regions (e.g. Camargo and Isaac
2003, Nascimento and Nakatani 2006, Bezerra Junior 2011, Macedo-Soares et al. 2014, Zacardi
et al. 2014, 2016). These studies indicate that these areas are preferred habitats of many species
in the reproductive period, influencing the recruitment and dispersal processes of the species.
They also indicate that the distribution of fish larvae is related to physical-chemical factors of

the environment, currents, tidal cycles and water bodies.

Studies on ichthyoplankton in the Maranhense Continental Shelf (MCS) are few and
only describe the composition and distribution of the species (e.g. Silveira 2003!, 20082,
Bonecker et al. 2007, Soares et al. 2014), without considering any mechanism underlying the
structures and distribution of sets of species. In this environment, Silveira (2008)? observed that
the larvae of ichthyoplankton formed sets of characteristic species related to the physical-

chemical characteristics of the water masses in the region.

Faced with this little information, the need to increase the knowledge about the
community of these organisms arises. The present study aimed to investigate the existence of
distribution and structure patterns of fish larvae species in the coastal and marine zone of the
MCS, testing the hypothesis that the community structure is related to the environmental

conditions of the region.
MATERIALS AND METHODS

Study area. The MCS is located between the mouths of the rivers Gurupi and Parnaiba. It is a
shallow shelf (+ 30 m) with irregular geomorphology, well evidenced by the fields of
submerged sandy banks and the Parcel Manuel Luis (EL-Robrini et al. 2006). It presents intense
hydrodynamics, resulting from the combined actions of the continental water supply, the trade
winds and the influence of the Northern Brazil Current. A consequence of this dynamics is the

transport of great water volumes to the northwest, parallel to the coast (Silva 2006)°.

! Silveira P. C. A. 2003. Ictionéuston da Zona Econdmica Exclusiva referente ao Estado do Maranhdo (Regido Norte do
Brasil). Dissertagdo de Mestrado. Programa de Pés-Graduagdo em Oceanografia d UFPE.

2 Silveira P. C. A. 2008. Impact of oceanographic conditions on distribution and abundance of larval fish in northern Brazil.
Tese (Doutorado em Ciéncias Naturais), Universidade de Bremen, Alemanha.

3 Silva A. C. 2006. An analysis of water properties in the western tropical Atlantic using observed data and numerical model
results. Tese (doutorado em gestdo ambiental), Departamento de Oceanografia, UFPE, Recife/PE.
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The study area is found in the center of a bay system, located between the coordinates
2°29.08''S; 44° 18.551'W up to 1° 41.665 'S; 43° 46.923'W, far from the Maranhense coast, in
front of the Sdo Marcos Bay, following a transect to the Middle Continental Shelf, located
between the 40 — 60m isobaths (EL-Robrini et al. 1992), (Figure 1). It presents semidiurnal high
tide with an average of 4 meters and maximums of over 7 meters, with tidal currents velocity
of above 6 m-s. The climate is tropical humid with dry seasons (July to December) and rainy
(January to June) well defined, with average temperature around 26° C. (El-Robrini et al. 2006,

Teixeira et al. 2009).

Field procedure. The sampling was performed and distributed at seven collection points
(MA1, MA2, MA3, MA4, MAS5, MA6 and MA7) (Figure 1) throughout nine campaigns (April,
August, October and November 2013; January, March, May, July and September 2014). The
collections followed a transect of 10 nautical miles (1,852 km) between the sampling points.
The ichthyoplankton was obtained by horizontal trawls on the surface, using a conical —
cylinder plankton net with mesh of 300 um and 60 cm of mouth diameter. The environmental
characteristics of the area were described by measurements of the following variables:
temperature (°C); salinity, conductivity (uS- cm™) and total dissolved solids — TDS (g -L™),
determined using the HANNA HI — 9828® multiparameter probe; Water transparency —
disappearance depth of the Secchi disk (m); dissolved oxygen — DO (mg - L'!) determined by
the use of the oximeter HANNA HI — 9146®; suspended particulate matter — SPM (mg - L)
with the samples collected by the van Dorn hydro bottle and determined by the gravimetric
method according to the methodology described in APHA (2001); dissolved nutrients
(phosphate and nitrite) determined according to the methodology of Grasshoff et al. (1999).

Identification of larvae and data analysis. The larvae were identified through morphological
and morphometric characteristics, at the lowest possible taxonomic level, according to a
specific bibliography (Snyder 1983, Okyama 1988, Olivar and Fortufio 1991, Farooqi et al.
1995, Moser 1996 and Richards 2005). Damaged larvae with no defined characteristics or
newly hatched that could not be included in any taxa, were considered as not identified (NI).
For the larvae that were identified up to family level, the family name was considered and
followed by the letter 'A'. The screening and identification procedure was carried out at the
Integrated Laboratory of Zooplankton and Ichthyoplankton of the Department of Oceanography
and Limnology of the Federal University of Maranhao (DEOLI — UFMA).

The biological variables considered were estimates of relative abundance, richness and

diversity (relative to the level of identification) of fish larvae. The relative abundance (%) was
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estimated according to the formula: Ar = Na x 100 - NA (with Ar = relative abundance, Na =
total number of fish larvae of the taxon obtained in the sample, NA = total number of fish larvae

in the sample).

The species richness of ichthyoplankton was estimated using the Margalef richness index, while
diversity was estimated by the Shannon Wiener Index (H'). Indices were calculated for each
campaign. These analyzes were performed in the computer program PRIMER 5 (Clarke and

Gorley 2001)*.

An analysis of variance (ANOVA one factor) was used to verify the differences of each
environmental variable between the collection points. In the significant cases, multiple paired
comparisons between the points were performed using the Holm-Sidak method. The Mantel
partial test was used to verify the existence of differences in the structure of the fish larvae
between collection points in relation to their environmental conditions. For this aim the species
abundances were transformed according to the expression log (x) +1 (Anderson et al. 2006) and
a dissimilarity matrix using the Bray-Curtis metric was constructed. The values of the
environmental variables were standardized for averages 0 and variance 1, constructing a matrix
of environmental dissimilarity by means of the Euclidean distance. Environmental variables
generally exhibit spatial autocorrelation, so a distance matrix between points was constructed
using the Haversine function and incorporated into the Mantel partial test to control the spatial

autocorrelation. The value of the test was estimated from 9.999 permutations (a0 < 0.5).

To investigate the influence of environmental variables on species abundance, a canonical
correspondence analysis (CCA) was used. The abundance values were previously transformed
by the expression log (x) +1. The mean values of the environmental variables were standardized
(averages 0 and variance 1). The most parsimonious model of the CCA was estimated, with
application of the forward selection and its significance estimated by a permutation test
(number of permutations 999; o < 0.5). The analyzes were performed in the environment R

v.3.3.0 (R Core Team, 2016)° through the vegan extension (Oksanen et al. 2016)°.

RESULTS

4 Clarke K. R and Gorley R. N. 2001. Software PRIMER v5. Plymouth, PRIMER E. UK
3 R Core Team. 2016. R: URL. https://www.R-p pproject.org.

6 Oksanen et al. 2016. https://CRAN.R-project.org/package=vegan
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Environmental conditions. In the study area, comparing the points according to their distance
to the coastline, the temperature variation was not significant and relatively constant along the
transect. On the other hand, salinity varied significantly between the points (F6.54 = 4.83, p
<0.05, figure 2), with the MA1 point presenting the smallest values compared to points MA3,
MA4, MAS, MA6 and MA7 (paired tests p<0.05). The variations in TDS and pH were not
significant, although TDS showed a tendency to increase from point MA1 to point MA3 (figure
2). The conductivity varied significantly (F6.54 = 3.35, p <0.05), with meaning differences
between points MA1 and MAS (paired test p <0.05) and MA1 and MAG6 (paired test p <0.05).
The DO was relatively constant along the transect, while the water transparency varied
significantly (F6.54 =29.31, p <0.05), showing an increasing gradient pattern from point MA 1
to MA7 (matched test p <0.05, exception MA1 and MA2, MA3 and MA4, MA4 and MAS,
MAS and MAG, figure 2). On the other hand, the SPM decreased significantly (F6.54 = 8.14, p
<0.05), with the MA1 point presenting the highest concentrations compared to points MA3,
MA4, MAS, MA6 and MAT (paired test p <0.05; 2). Among the dissolved nutrients, only nitrite
concentrations decreased significantly (F6.54 = 3.37, p <0.05), with the greatest difference
between the points MA1 and MAS (paired test p <0.05).

Characterization of the ichthyoplankton community. During the sample period, 4.011 fish
larvae were collected, belonging to 23 families, 40 genera and 31 species (table 1). The NI (not
identified) specimens totaled 70 larvae. The most abundant families in the study area throughout
the period were Sciaenidae, Engraulidae, Clupeidae and Mugilidae, which together
corresponded to 89,58% of the total collected larvae. Regarding each collection point, the
Engraulidae family showed the highest abundance at the point MA1, represented mainly by
Anchoviella lepidentostole (Ar = 62%). At the points MA2 and MA3 the family Sciaenidae was
more abundant, represented mainly by Cynoscion acoupa with Ar = 60% in MA2 and Ar =

43.3% in MA3.

At the points MA4, MAS and MA6 the Mugilidae family was the most abundant,
represented by Mugil sp (Ar = 34%, Ar = 65.5% and Ar = 36.5% respectively). At point MA7,
most specimens were not identified (Ar = 23%), damaged larvae with no defined characteristics
or newly hatched that could not be included in any taxa, were considered as not identified (NI).
Among the specimens identified, the Carangidae family was the most abundant, represented by
Decapterus punctatus (Ar = 18%). The other species obtained a relative low percentage of

collected larvae and were considered rare in this study (table 1).
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The species richness estimated by the Margalef index (d) presented values that ranged
from 2.11 (MA1) to 5.09 (MA7). The diversity of species estimated by the Shannon index (H')
presented values ranging from 1.14 (MA1) to 2.58 (MA7) (Figure 3). The Mantel partial test
detected a difference in the species set structure related to the environmental conditions of the
collection points (R = 0.746; p <0.05). A clustering analysis (Bray-Curtis distance, UPGMA
method) showed that the points MA1, MA2 and MA3 presented a more similar composition of
species, while the points MA4, MAS, MA6 and MA7 presented another similar composition of
species (Figure 4).

The more parsimonious CCA model constructed by the forward selection considered
the variables water transparency (M), SPM, salinity, TSD and conductivity sufficient to explain
the abundance distributions of the species. All together these variables accounted for 89.6% of
the total abundance variation in the larval species (F =1.73, d.f. 5, p <0.054). The first two axes
(CCAT and CCA2) contributed to 59.3% of the explained variation. Both axes CCA1 and CCA2
represented a contrast of the SPM with the other selected variables (figure SA). The CCA1l
showed a clear stratification between the collection points, where MA1, MA2 and MA3 can be
characterized as points of higher SPM values and lower values of salinity, TDS, conductivity
and water transparency, whereas points MA4, MAS5, MA6 and MA7 showed an inverse pattern
(Figure 5A). The CCA1 and CCA2 axes also demonstrated the existence of two distinct sets of
species, namely: 1) a set of coastal species with estuarine influence; Ii) a set of marine species
with oceanic influence. The first set is grouped in the upper left corner of the ordering diagram
(Figure 5A), where the distributions of the species are related to low salinity and lower "levels"
of water transparency and high SPM values. Larvae of the species Anchoviella lepidentostole,
Cynoscion acoupa, and Sardinella brasiliensis were characteristic in these environments. On
the other hand, the second set of species was grouped on the right side of the diagram, where
the distribution of the species was related to environments with high salinity and higher "levels"
of water transparency and low SPM values. Decapterus punctatus, Syacium papillosum and

Bathygobius sp occurred in these environments, but with low abundance.
DISCUSSION

The results showed the distribution of ichthyoplankton and its relation to environmental
variables within the transect, studied in the Maranhense Continental Shelf (MCS). The
formation of two sets of fish larvae was observed, as well as the grouping of the collection

points with similarities between them. The distribution of ichthyoplankton evidentially has a
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certain pattern, related to the adaptations of species (coastal and marine) to environmental

conditions.

The first set of species belongs to: Engraulidae, Scianidae and Clupeidae. which are part
of the estuarine fish composition structure (Joyeux et al. 2004). These individuals were more
abundant in this study, thus being a common pattern in coastal areas mainly of the North coast
of Brazil (Zacardi et al. 2016). Despite the high abundance of fish larvae found in the coastal
zone, low species richness and diversity were observed. The low richness and diversity have
been motivated by the few species recorded in this zone. However, many species prefer
estuarine areas during the reproductive cycle, using these areas as nursery areas (Zacardi 2015),
which contributes to the increase of ichthyoplankton abundance. In these environments the
availability of food resulting from continental drainage, guarantees the highest primary
productivity and consequently benefits the ichthyoplankton in the critical (larval) period (Pinto

et al. 2002, Prates et al. 2012).

The distribution of ichthyoplankton in the coastal zone (MA1 — MA3) has a positive
relation with the environmental variables. In this study the salinity was relevant and significant
for the set of species. Salinity was pointed out as determinant in the breeding period and the
recruitment of fish, as well as in the distribution, survival and growth of aquatic organisms
(Kumlu et al. 2000, Nakatani et al. 2001, Bruno and Muelbert 2009). Studies on the North
Coast, with environmental conditions similar to our results, point to salinity as the variable that
influences the distribution, density and composition of the ichthyoplanktonic community
(Barletta et al. 2005, Zacardi 2015). Still according to Bollman et al. (2005) and Lima et al.
(2014), water transparency and SPM in the coastal zone are important because of the light input
to the primary productivity and the feeding capacity of organisms. Considering this scenario,
some species respond positively to the conditions imposed in these areas (Silva et al. 2003,

Soares et al. 2014).

Anchoviella lepidentostole (Engraulidae) and Sardinella brasiliensis (Clupeidae) with
distribution in the coastal zone (first set of species) presented favorable to the conditions of this
environment. In the coastal zone of MCS Anchoviella lepidentostole can be considered as
characteristic species of this area, due to its greater abundance and due to a constant occurrence
throughout the period. Given this result, it suggests that this species has a high degree of
dominance in this area. Corroborating with this result, the aforementioned species was
evidenced as abundant it is worth noting that this species was abundant also in the estuarine

complex of the Sao Marcos Bay, with Ar = 84% of the larvae collected (Bonecker et al. 2007),
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and in the Bacanga — MA watershed, with Ar =36, 1% (Soares et al. 2014), both environments
connected with the MCS. It's worth pointing out it is common for the greatest abundance of

engraulids among the other families in coastal and estuarine areas (Barletta-Bergan et al. 2002,

Mangas et al. 2013).

Cynoscion acoupa (Sciaenidae), with distribution in the coastal zone and observed in
the first set, was influenced by the low salinity. This economically important species in fish
production for this region has a coastal and estuarine habit. Studies have shown that this species
is abundant in the coastal regions of the North and Northeast of Brazil (Barletta-Bergan et al.
2002, Matos and Lucena 2006, Zacardi 2015 and Almeida et al. 2016). The importance and use
of the coastal zone of the MCS by larvae and adults of C. acoupa have motivated other
researches (Almeida et al. 2011, Almeida et al. 2016). The dominance of this species in the
present work reinforces the abundance of fish resources of importance for the fishery
production in this area. In view of this the ecological knowledge of the species from the larval
stage on becomes necessary for the implementation of management and conservation actions

in favor of this species (Nakatani et al. 2001).

The distribution of fish larvae observed in the marine area of the MCS was formed by
the second set of typically marine end oceanic regions ichthyoplankton species. The stronger
oceanic influence with marine characteristics was evidenced in the clustering of points MA4 to
MAT7. This evidence was due to the greater richness of species, decrease of abundance and
differences in environmental variables. The transparency of water and the salinity were the
variables that contributed the most to the composition of this group. Consequently, these species
are adaptable to the environmental conditions of this area. This group was represented mainly
by the Decapterus punctatus (Carangidae), with greater abundance in point MA7 during this
study. The carangids are evident in the Shelf of the Brazilian North Coast, being abundant in
the Amazonas and Amapa shelf (Bittencourt et al. 2007, Zacardi et al. 2008). In the MCS
carangids reached Ar = 50% of the total collected larvae (Silveira 2003)!. The dominance of
these individuals was essential for the structure of the ichthyoplanktonic composition in this

study too and also contributed to the diversity of the area.

The Syacium papillosum (Paralychitidae) was evident in the second set of fish larvae
species, the distribution of these individuals was restricted to the marine zone. According to the
CCA analysis there was a positive relationship of this species with the high salinity and higher
"levels" of water transparency. The Bathygobius sp (Gobiidae) too was observed in the

formation of this set, with distribution only in the marine zone of this study. Although there is
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little information about the genus, these individuals are marine and demersal, but their larvae
are part of the plankton (Bonecker et al. 2014). Thus, the distribution of these individuals occurs
at different depths of the oceans. In view of this, it is believed that this behavior is a strategy of
these species in search of favorable environmental conditions to guarantee greater survival.
Corroborating with this study, Silveira (2008)? registers the gobiids as important in the
formation of the species sets in MCS. In general, the formation of fish larvae in the coastal and
marine environments of MCS was influenced by the environmental variables of this region.
The formation of these sets showed that in the MCS there is a diverse ichthyofauna of
commercial and ecological importance. This indicates this area as a zone in need of
conservation, in which its characteristics must be preserved. However, further studies are

needed to obtain a broader MCS biodiversity scenario to suggest conservative measures.
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Appendice

Table 1
Taxonomic list (order, family and species) and relative abundance data (%) of fish larvae
captured in the transect (MA1 to MA7) of the Maranhense Continental Shelf, in the
period of 2013 and 2014. Abbreviations: NT = total number of larvae, MA1 to MA7

= collection points, A = larvae identified up to family level.

Collection Points

Téxons MA1 MA2 MA3 MA4 MAS MA6 MA7 NT

AULOPIFORMES

Synodontidae

Synodontidae A 0 0,4 1,2 0 0 0 3,3 16
BELONIIFORMES

Exocoetidae

Parexocoetus brachypterus

Richardson, 1846 0 0 0 0 0 4.4 3,0 7
Exocoetus volitus Linnaeus, 1758 0 0 0 0 0,8 0 0 1
Hirundichthys speculiger

Valenciennes, 1847 0 0 0 0 0 2,8 0 2
Hemiramphidae

Hyporhamphus unifasciatus

Ranzani, 1841 0 0,11 0,2 0,5 6,3 1,3 1,5 15
CLUPEIFORMES

Clupeidae

Sardinella brasiliensis

Steindachner, 1879 254 6,66 04 0 1,6 28 0 432
Lile plqumnga Schreiner & 04 0 0 0 0 0 0 5
Miranda Ribeiro, 1903 |

Clupeidae A 0 0,22 19,9 5,9 1,6 0 1,5 125
Engraulidae

Anchoviella lepidentostole

Fowler, 1911 62,0 11,5 09 0 0 0 0 961
Cetengraulis edentulus Cuvier,

1829 L5 49 0 0 0 0 0 106
Lycengraulis grossidens Spix &

Agassiz, 1829 10 O 0 0 0 0 0 7

Engarulidae A 2 6,0 5,2 1,1 0,8 1,3 0 167
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Pristigasteridae

Odontognathus mucronatus
Lacepede, 1800

MYCTOPHIFORMES
Myctophidae

Myctophidae A
PERCIFORMES
Carangidae

Caranx crysos Mitchill, 1815

Caranx sexafasciatus Quoy &
Gaimard, 1825

Carangidae A

Decapterus punctatus Cuvier,
1829

Elegatis pibinnulatus Quoy &
Gaimard, 1824

Oligoplites saurus Bloch &
Schneider, 1801

Selene vomer Linnaeus,1758
Trachurus sp Rafinesque, 1810
Gerreidae

Eucinostomus gula Quoy &
Gaimard, 1825

Gerreidae A

Gobiidae

Bathygobius sp

Gobiidae A

Labridae

Labridae A

Lutjanidae

Lutjanus sp

Lutijanidae A

Ocyurus chrysurus Bloch, 1791
Mugilidae

Mugil sp

Mugil curema Valenciennes, 1836
Sciaenidae

Bardiella sp

0,2

0,2
0,2

1.8

0,11

0,39

0,06

0,22
0,28

0,06

0,19

0,56
0,75

2,63
0,75

0,38

0,39

2,25

1,5

13,5

1,2

3,8

65,0
1,6

2,5

7,0

18,1

7,2

1,2

36,5
1,2

2,5

0,8

2,5

0,8

1,6
1,6
1,6

1,6
0

39

36
11

244
10



Cynoscion acoupa Lacépede,
1882

Cynoscion leiachus Cuvier, 1830

Micropogonia furnieri Desmarest,

1823

Macrodon ancylodon Bloch &
Schneider, 1801

Sciaenidade A
Scombridae
Scomberomosus sp
Auxis sp
Kyphosidae
Girella sp
Trichiuridae

Trichiurus lepturus Linnaeus,
1758

PLEURONECTIFORMES
Paralychithydae

Syacium papillosum
Linnaeus, 1758
Paralychithydae A
Achiridae

Achirus achirus Linnaeus, 1758

Cynoglossidae

Cynoglossidae A

SCORPOAENIFORMES
Sebastidae

Helicolenus dactylopterus
Delaroche, 1809

Sebastes sp
TETRAODONTIFORMES
Monacanthidae
Monacanthidae A

Tetraodontidae

Sproeroides greeleyi Gilbert,1900

Colomesus psittacus Bloch &
Schneider, 1801

60,5
0,06

0,22

0,11

0,06
0,11

0,22

0,11

0,05

43,3

1,88

1,13

(=R ]

0,19

0,38

19,5

(=)

33

2,8

1,2

1,6

0,8

0,8

10,2

1410

30

90

15
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Sphoeroides testudines Linnaeus,

1758 0 0 0 0 0,8 0 0 1
Tetraodontidae A 0 0 0 0 0 1,2 0,8 2
NI (unidentified) 0 0,84 11 5,4 42 2,5 23,1 70

TOTAL LARVAE 1209 1786 533 185 119 68 111 4011
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Fig. 1. Location map, with collection points MA1-MA7 at the Maranhense Continental Shelf.
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collection points (A) and species scores (B), during the sample period of 2013 and

2014, in the Maranhense Continental Shelf.
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