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Resumo

O objetivo geral desta tese foi avaliar a conectividade entre ecossistemas costeiros e
plataforma continental para a espécie L. alexandrei e estudar a utilizagdo destas areas em
diferentes estagios do ciclo de vida para L. alexandrei e L. jocu na regido costeira de PE. Para
entender melhor a movimentacdo entre estas areas, foram utilizados diferentes métodos
combinados: (1) a estrutura etéria e de tamanho de L. alexandrei foi determinada para areas
estuarinas (profundidades < 5m) e costeiras (profundidades entre 30 a 60 m) metros da
plataforma continental; (2) a assinatura quimica de ot6litos de individuos de L. alexandrei
capturados em areas estuarinas e costeiras foi analisada para evidenciar a variacdo
ontogenética na permanéncia entre os diferentes habitats; (3) a presenca em areas estuarinas e
recifes rasos adjacentes a costa em diferentes estagios do ciclo de vida foi detectada e
quantificada para L. alexandrei e L. jocu através de censos visuais subaquaticos. Amostras
biolégicas (otolitos) de L. alexandrei foram coletadas através do acompanhamento de
desembarques da pesca de Camboa em regides estuarinas e pesca de rede e armadilhas em
regides costeiras entre o litoral dos estados de Pernambuco e Alagoas. As coletas foram
realizadas durante trés anos consecutivos (2010-2012). Otdlitos de individuos juvenis e
adultos foram extraidos, emblocados em resina, seccionados utilizando uma serra
metalogréafica e analisados inicialmente quanto a sua estrutura etaria. Em uma segunda etapa,
seccOes de otdlitos foram analisadas com relacdo a sua assinatura quimica através de um
espectrOmetro de massa com ablacdo a laser. Observagdes subaquéaticas foram realizadas em
mangues (duas localidades) e recifes de coral adjacentes (trés localidades) (a partir de 90
transectos de 10 x 2 m para cada localidade) durante os meses de novembro a mar¢o (2012-
13). Resultados da analise de distribuicdo etaria mostram que para areas estuarinas individuos
apresentaram idades de 0 a 4 anos, enquanto individuos coletados em éreas costeiras mais
profundas foram mais velhos,entre 3 a 22 anos, indicando que uma mudanca entre habitats
ocorre aproximadamente entre idades 3 e 4. A frequéncia do tipo de borda ao longo de um
ano utilizado para validar a deposi¢do anual de anéis etarios indica que, a formacao da banda
opaca ocorre no periodo chuvoso, entre abril e setembro. Dados de crescimento revelam que
L. alexandrei possui um crescimento rapido durante os estagios iniciais de vida, atingindo em
média 50% de seu tamanho assint6tico com idade 2. Parametros da curva do modelo de
crescimento de von Berlalanffy encontrados para L. alexandrei foram L, =31 cm, k = 0.24,
to = -1.26, r* = 0.97. A taxa de mortalidade estimada para individuos coletados em éreas



costeiras foi Z = 0.22 com sobrevivéncia de S = 0.78 year™. Para a analise microquimica dos
otdlitos foram medidos seis elementos: 'Li, Mg, **Mn, **Co, %Sr and **'Ba para individuos
de L. Alexandrei. A analise de material recentemente depositado na borda de otolitos revelou
que concentracdes na razdo elemento:Ca ndo variaram significativamente ao longo dos trés
anos testados. Similarmente, com excegédo de dois elementos (Ba, Co), a razéo elemento:Ca
para individuos maiores habitando &guas costeiras tambem foi estivel, ndo apresentando
diferencas para as diferentes regifes costeiras investigadas. Contrariamente, assinaturas
quimicas em otolitos de L. alexandrei de tamanhos similares provenientes da regido estuarina
e areas costeiras foram distintas. Concentracdes de Mn:Ca e Ba:Ca em otdlitos foram ambos
significativamente maiores para L. alexandrei coletados na regido estuarina comparados a
peixes coletados na regido costeira adjacente, enquanto que para Sr:Ca uma tendéncia oposta
foi observada. Dadas as diferencas pronunciadas na assinatura quimica entre areas estuarina e
costeiras, transectos de elemento:Ca foram construidos desde a regido do ndcleo até a margem
em otdlitos de individuos coletados em &reas costeiras para determinar o tempo de movimento
(migracdo ontogenética) entre estuario e areas costeiras. Concentragdes de Mn:Ca e Ba:Ca
mostraram um padrdo semelhante ao esperado, com maiores concentracfes para idades 1 e 2,
com diminuicdo gradual para idades subsequentes. Este padrdo sugere que espécimes de L.
alexandrei comecam a transi¢cdo para habitats mais costeiros (e.g. menores concentracdes de
Mn e Ba) apds a idade 2. Dados de observacdes subaquaticas corroboraram estes resultados,
revelando que para ambas as espécies, individuos menores que 10 cm ocorrem
exclusivamente em manguezais. Uma nitida mudanc¢a foi observada com um aumento de
densidades para individuos acima de 10 cm em areas recifais adjacentes. Para L. alexandrei a
ocorréncia de pos-assentantes, juvenis e subadultos foi registrada em manguezais enquanto
que em recifes adjacentes apenas subadultos e adultos foram registrados. Padrdo semelhante
foi observado para L. jocu com individuos pos-assentantes, juvenis e subadultos em

manguezais e juvenis e subadultos habitando recifes rasos adjacentes.

Informacgdes obtidas nesta Tese permitiram uma melhor compreensdo dos padrdes de
crescimento e estrutura etaria de L. alexandrei. Resultados sugerem ainda a movimentagéo
ontogenética de L. alexandrei entre habitas costeiros e regides costeiras mais profundas e
permitem uma melhor compreensdo da utilizacdo de habitats costeiros em estagios iniciais de

vida para as especies de L. alexandrei e L. jocu.



Palavras chave: Lutjanus alexandrei. Lutjanus jocu. Conectividade. Idade e crescimento.
Microquimica otdlitos. Densidades. Estrutura de tamnaho. Mangue. Areas costeiras



Abstract

Current objective of this thesis was to evaluate the connectivity among a shallow nursery area
and deeper coastal ecossystems for L. alexandrei, and study utilization of such habitats in
different life stages for L. alexandrei and L. jocu in the coastal areas of Pernambuco. In order
to better understand movement between these areas, combined methods were applied: (1)
initially age structure and size of L. alexandrei individuals were determined between estuarine
(depths < 5 m) and deeper coastal areas (depths between 30 and 60 m); (2) otoliths
microquimistry of L. alexandrei caught in estuarine and coastal areas were tested to evidence
possible movement between these areas; (3) the utilization of mangroves and adjacent shallow
reef areas in different life stages were studied through underwater visual census for L.

alexandrei and L. jocu.

Biological samples (otoliths) of L. alexandrei were collected through fishing landings of
corral fisheries in estuarine areas and guillnets and traps for coastal areas between
Pernambuco and Alagoas States. Data were collected during three consecutive years (2010-
2012). Otoliths of both juvenile and adult individuals were extracted, embedded in resin,
sectioned with a low speed saw, then age structure were determined. In a second step,
chemical concentrations of trace elements were analyzed in otolith sections using a laser
ablation inductively coupled plasma mass spectrometer. Underwater observations (Total 90
transects of 10 x 2 m for each of the five locations) were performed along November to
March (2012-13).

Results show that inshore mangroves were comprised of individuals O to 4 years (mean: 2)
while individuals in deeper reef environments were older (range: 3 to 22; mean: 8), indicating
that an ontogenetic shift occurs at approximately age 3 or 4. Edge analysis was used to
validate the annual deposition in the otoliths suggesting opaque growth rings were formed in
the wet season between April and September. Growth data revealed that L. alexandrei display
a faster growth in early life stages, reaching approximately 50% of its asymptotic size at age
2. Age at length data were used to predict growth rates of L. alexandrei using the von
Bertalanffy growth model from where the following parameters were calculated: L., = 31 cm,
k =0.24, t, = -1.26, r* = 0.97. Mortality rates were estimated for coastal habitats, with Z =
0.22 and S = 0.78 year™. Concentrations of six trace elements were measure ('Li, *Mg, >°>Mn,
>Co, ®sr and *"Ba) in otoliths of L. alexadrei. Element:Ca ratios in the otoliths of juvenile



and sub-adult L. alexadrei from estuaries were not significantly different among three
consecutive years (2010, 2011 and 2012), suggesting that physicochemical conditions within
the nursery investigated was temporally stable. Similarly, apart from two element (Ba, Co),
element:Ca ratios for larger L. alexandrei inhabiting coastal waters were also similar. In
contrast, otolith chemistry of similar sized L. alexandrei from estuarine and coastal areas was
distinctly different (based on recently accreted material). Otolith Mn:Ca and Ba:Ca were both
significantly higher for L. alexandrei collected in estuaries compared to fish from adjacent
coastal reefs region, while the opposite trend was observed for Sr:Ca. Given the pronounced
differences in otolith chemistry between estuarine and coastal areas, element:Ca transects
were constructed from the core to margin of the otoliths for adults (age 7+) collected on reefs
to determine the timing of movement (ontogenetic migration) from estuarine to coastal areas.
Based on observed patterns of decline for both Mn:Ca and Ba:Ca, it appears that L.
alexandrei begin to transition to more coastal habitats (i.e., lower element:Ca ratios) after age
2. Underwater observations indicate that for both species, individuals smaller than 10 cm
occurred exclusively in mangroves. A distinct shift was observed with higher densities for
individuals larger than 10 cm in adjacent shallow reef areas. For L. alexandrei mangroves
registered occurrence of (postsettlers, juveniles and subadults) while for shallow reefs only
(subadults and adults) were observed. A similar pattern was observed for L. jocu with
individuals (postsettlers, juveniles and subadults) in mangroves and (juveniles and subadults)

inhabiting shallow reefs.

General information provided in this thesis allow a better understanding of size structure and
growth pattern for L. alexandrei. Yet results suggest ontogenetic migration for L. alexandrei
between shallow coastal and deeper marine habitats as well as a better understanding of
habitat utilization in early life stages for L. alexandrei and L. jocu.

Key words: Lutjanus alexandrei. Lutjanus jocu. Connectivity. Age and Growth. Otoliths
Microchemistry. Densities. Size structure. Mangrove. Coastal areas.
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Capitulo 1.

Introducdo geral, objetivos, perguntas e disposi¢do da Tese.

1 Introducao

1.2. A familia Lutjanidae e a importancia de estudos de idade e crescimento

Espécies da Familia Lutjanidae compreendem um dos mais importantes recursos
pesqueiros em todo o Atlantico ocidental, além de exercerem papel ecolédgico
importante como predadores em sistemas recifais (Allen, 1985; Polovina & Ralston,
1987; Claro et al. 2001). Devido a atividade pesqueira, sinais de sobreexplotacdo para
esta familia sdo observados ao norte do Atlantico ocidental (e.g. EUA, Bermudas, Costa
Rica Cuba entre outros) (Munro 1983; Bannerot et al. 1987; Polunin & Roberts 1996;
Claro et al. 2001). Na costa brasileira estas espécies também sdo de grande importancia
pesqueira, em especial no nordeste do Brasil (Frédou et al. 2009 a, b), onde a pesca do
pargo se destaca desde a decada de 60 (Rezende et al. 2003). Sinais de declinio
populacional para esta familia, no entanto, também ja foram observados e, seguindo o
declinio da pesca do pargo, cuja pesca comercial foi extinta na regido nordeste (Rezende
et al. 2003), estoques de outras espécies da familia Lutjanidae exploradas na costa
nordeste e central do Brasil também ja apresentaram sinais de exploracdo além do seu
limite méximo sustentavel (Klippel et al. 2005; Frédou et al. 2009 a, b).

Estudos de idade e crescimento sdo fundamentais neste contexto, pois permitem a
construcdo de tabelas de vida, taxas de crescimento, taxas de mortalidade e dados de
producdo formando a base dos estudos de dindmica populacional e biologia pesqueira.
Estes estudos permitem ainda, avaliar o impacto das pescarias sobre populacdes de
peixes, bem como aplica¢Bes ecoldgicas importantes como a longevidade de espécies,
idade de primeira maturacdo, tempo geracional de espécies e distribuicdo por habitat
dos diferentes estagios de vida dos individuos de uma populagdo (Weatherley 1972;
Newmam 1993; King 1995; Hall 1999).
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1.2. Otdlitos — do equilibrio a historia de vida

Otdlitos sdo estruturas localizadas na cavidade do ouvido interno de todos os peixes
teledsteos (e vertebrados). No ouvido interno, estas estruturas estdo isoladas, localizadas
na cavidade interna do ouvido, envolvidas por uma membrana semipermeavel e imersas
em fluido endolinfatico. Otolitos sdo 6rgaos relacionados a percepcdo de movimento e
posicionamento da cabeca em relacdo a gravidade, bem como & audi¢do (Campana
1999; Campana & Thorrold 2001; Popper et al. 2005; Manley 2004). Otolitos séo
basicamente compostos de carbonato de calcio (CaCo3), em sua maioria na forma de
cristais de aragonita em uma matriz organica ndo colagena. O restante < 5 % séo
constituidos por proteina (otolina) e elementos traco (Degens et al. 1969). O
crescimento desta estrutura ocorre através do acréscimo diario de compostos de
carbonato de célcio e proteinas na camada exterior dos otolitos. A estrutura dos otélitos
é tridimensional, no entanto, seu crescimento ndo € necessariamente igual nas trés
dimensGes, ocorrendo através da deposicdo de materiais em sua superficie (a partir do
ndcleo), um processo ciclico que depende de taxas internas do metabolismo do calcio
(Simkiss 1974) e da sintese de aminoacidos. Ainda, seu tamanho e forma variam
consideravelmente entre espécies (Campana & Thorrold 2001). Apesar da importancia
desta estrutura para peixes teledsteos, otolitos também se tornaram de grande
importancia para cientistas, apos a descoberta de Reibisch, em 1899. Este cientista
descobriu que otolitos apresentavam em sua estrutura bandas/incrementos a semelhanca
de outras estruturas rigidas (escamas, vertebras e opérculos), que ja eram utilizadas na
determinacdo da idade de peixes (Hederstrom, 1759) e assim também poderiam ser
utilizadas na determinacdo da idade. Séculos mais tarde, com a descoberta de anéis de
crescimento diarios Pannela em (1971), otdlitos se tornaram a estrutura rigida mais
utilizada na biologia pesqueira para determinacdo da idade e crescimento em peixes. A
utilizacdo de otolitos, como uma das principais estruturas, em estudos de idade e
crescimento deve-se ao fato: (1) serem formados desde o periodo larval e desta forma
recordarem a histdria de vida continua do peixe desde a fase inicial até o final da vida;
(2) otolitos, diferentemente de outras estruturas rigidas, ndo apresentam reabsorcéo.
Este ultimo, em outras palavras, significa que uma vez que o material é depositado o
organismo ndo utilizara novamente estes minerais, até mesmo em periodos de inanigéo

ou stress, 0 que confere a otolitos uma maior confiabilidade se comparados a outras
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estruturas rigidas (Campana 1999, Campana & Thorrold 2001). As caracteristicas
Unicas mencionadas acima, somadas a clareza e simplicidade no manuseio e
identificacdo de anéis etarios fizeram dos otdlitos uma importante ferramenta na

determinacéo da idade e crescimento de peixes.

Além de estudos relacionados a determinacdo da idade e crescimento, otolitos tém
sido objeto de estudo em diferentes areas tais como audigdo e equilibrio de peixes,
ecologia larval, identificacdo de espécies, identificacdo de estoques pesqueiros e
reconstrucdo ambiental de habitats onde peixes ocorrem (Campana 1999, Brazber et al.
2004; Campana 2005a; Humphreys et al. 2005; Popper et al. 2005). Curiosamente ainda
em 1969, Dengens et al. estudando a estrutura molecular dos mesmos, j& faziam
mencdo de que otolitos poderiam ser utilizados para propdésitos filogenéticos e
ambientais para distinguir por exemplo, espécies marinhas ou de agua doce, ou para
determinar tendéncia migratorias ou mesmo medir temperaturas/salinidades medias as
quais peixes vivem. Desta forma, estudos sobre a microgquimica de ot6litos, baseados na
composicdo de elementos traco destas estruturas, tiveram a partir da década de oitenta
um crescimento exponencial até os dias atuais (Campana 1999).

O estudo da microquimica de otolitos € hoje um campo a parte, e permite que
cientistas consigam entender melhor a historia de vida e os padrdes migratorios de
diversas espécies de peixes, sejam elas marinhas ou de agua doce. Estes estudos tem
permitido um melhor conhecimento sobre aspectos bioldgicos e ecoldgicos de peixes,
fornecendo informagcbes que podem ser utilizadas para fins de gerenciamento e

conservacao de espécies de peixe com importancia comercial e ecolégica.

1.3. Microquimica de Otdlitos - uma ferramenta na deteccdo de movimento e historia de

vida para peixes teledsteos.

A medida que os peixes crescem, os otélitos vao incorporando em sua composicao
material proveniente dos ambientes onde os mesmos estiveram. Este material consiste
em pelo menos 50 tipos de elementos entre eles, presentes em maiores quantidades o
Ca, C, O and N e em menores quantidades (>100 ppm) o CI, S, Mg, Na, P, Sre K e 0s

chamados elementos-traco, presentes em quantidades <100 mg kg—": Li, Mn, Cu, Co,
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Cd, Ba, Pb, Si, Zn, entre muitos outros (Sturrock et al. 2012). Normalmente, elementos
encontrados em quantidades muito pequenas (e.g. elementos-trago) apresentam
concentracdes variadas para diferentes ambientes (e.g. &gua doce e agua salgada). Uma
vez que estes elementos sdo encontrados no ambiente e, 0S mesmos sdo incorporados
aos otolitos, torna-se possivel através das concentracfes destes elementos em otolitos,
detectar diferentes assinaturas quimicas que sdo provenientes de diferentes ambientes.
Assim, grupos (refere-se aqui a peixes com assinatura quimica similar dentro de uma
populacdo) de peixes com assinaturas similares podem ser ligadas através do espaco
(diferentes locais ou habitats) e tempo (diferentes estacbes ou anos) (Elsdom et al.
2008)

Isso tem permitido a utilizagdo de otdlitos como ferramentas extremamente valiosas
no estudo de movimento e histdria de vida para peixes teledsteos (Elsdon et al. 2008).
Assim otolitos fornecem uma cronologia quimica da vida inteira de um peixe. Desta
maneira a interpretacdo e a quantificacdo da composicdo quimica de otolitos apresenta

franca ascenséo dentro do campo da ecologia de peixes (Campana 2005a,b).

Analises quimicas de otdlitos podem ser divididas em dois tipos: baseadas em
otolitos inteiros ou baseados em seccdes de otdlitos. A analise de otélitos inteiros é
obtida através da dissolucdo do otolito inteiro, com a informacéo sendo obtida através
do otolito em estado liquido, proveniente da digestao acida dos otdlitos. Esta abordagem
fornece informacdes que integram as assinaturas quimicas da vida toda de um peixe, do
estagio embrionario ao periodo de captura. Em outras palavras, esta abordagem
disponibiliza ao pesquisador um valor médio de concentracdo para cada elemento
analisado correspondente a todo o ciclo de vida do peixe. Analises de otolitos inteiros
sdo particularmente indicadas na caracterizacdo e identificacdo de estoques e/ou
populagdes, uma vez que animais vivendo em locais distintos apresentem diferentes
assinaturas quimicas em seus otolitos. Esta técnica deve ser utilizada na comparacgéo
entre curtos periodos de tempo (meses, estagdes e dependendo do caso anos) uma vez
que o acrescimo de material em curtos periodos ndao deverd mudar a assinatura do
otdlito inteiro. No entanto, em grandes periodos de tempo (anos) o novo material
acumulado pode ser suficiente para mudar significativamente a assinatura original dos
otolitos inteiros em relagdo ao periodo onde as assinaturas foram obtidas, uma vez que

variacdo nas assinaturas quimicas sejam esperadas ao longo do tempo (Elsdon &
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Gillanders 2003a; Campana 2005a). As vantagens de se utilizar otolitos inteiros
dissolvidos sdo melhor acurécia, precisdo e sensibilidade se comparados a otdélitos
seccionados. No entanto, a desvantagem deste método é que a avaliacdo das variagdes
ocorrendo em diferentes estagios de vida ndo é possivel. As ferramentas utilizadas para
obtencdo de assinaturas quimicas em otdlitos inteiros sdo espectrometria de absorgédo
atbmica (AAS), espectroscopia de emissdo atdbmica através de plasma indutivamente
acoplado (ICP-AES) e espectrometria de massas através de plasma indutivamente
acoplado (ICPMS).

Analises de otdlitos seccionados permitem que diferentes assinaturas quimicas
possam ser obtidas para estagios de vida diferentes, tais como larval, juvenis e adultos.
Informacdes sobre histdria de vida e padrdes de migracdo podem ser obtidas através da
analise das assinaturas quimicas ao longo da seccdo seguindo o eixo de crescimento, no
sentido nucleo-borda. Analises quimicas em otolitos seccionados podem, ainda, ser
divididos em duas categorias: analise de um Unico local na seccdo, (correspondente a
um periodo especifico do ciclo de vida) ou analise da assinatura quimica em dois ou
mais locais ao longo da seccdo do otolito (referente a partes ou todo o ciclo de vida).
Entre os equipamentos mais utilizados estdo o indutor de particulas por emissdo de
raios-X (PIXE), que permite a analise de por¢des de otolitos com didmetros entre 3 e 20
mm (Secor e Rooker, 2000), e espectrometria de massas através de plasma
indutivamente acoplado com amostras extraidas a laser (LA-ICPMS) (Albuquergue et
al. 2014).

Embora otdlitos apresentem a capacidade de reter elementos-traco ao longo de todo
ciclo de vida, devido a sua inércia quimica (ndo reabsor¢do), o grande desafio ao utilizar
assinaturas quimicas esta em traduzir de forma correta a variabilidade observada nas
concentracdes de elementos-traco em um padrdo interpretavel de movimento. Isto
porque 0S Mecanismos e processos nos quais esses elementos sdo incorporados e sua
relacdo com variaveis ambientas ainda ndo sdo totalmente conhecidos (Campana 1999).
Embora varios elementos possam ser detectados em ot6litos, se 0 objetivo é entender
movimento e historia de vida de peixes, elementos que sdo regulados por processos
fisioldgicos (e.x. N, K, CI, Zn, Cu e Mg) sdo menos provaveis de refletirem parametros
ambientais (tais como quimica da agua, temperatura e salinidade) (Kalish 1989;
Campana 1999; Rooker et al. 2001; Woodcock et al. 2012). Por outro lado, elementos
que séo incorporados nos otolitos via substituicdo do célcio (Sr e Ba) e incluidos nos
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espacos intersticiais sdo mais provaveis de refletirem parametros ambientais (de Vries et
al. 2005). Desta forma, elementos como Sr e Ba vém sendo largamente utilizados na
literatura, e por ndo estarem associados a processos fisiologicos, parecem refletir de
forma mais confidvel os parametros ambientais (Elsdon & Gillanders 2003b; de Vries
et al. 2005; Farrel & Campana 1996; Walther & Thorrold 2006). Experimentos mostram
ainda que concentracGes de estroncio podem ser significativamente afetadas pela
temperatura e salinidade de dado ambiente (Webb et al. 2012).

O Bario, tem origem em materiais terrigenos, por isso este elemento tende a
apresentar maiores concentracbes em ambientes préximos a costa como rios e estuarios
se comparados a areas marinhas mais distantes da costa (Nozaki et al. 2001). Desta
forma este elemento vem sendo utilizado para indicar migracdo de peixes entre areas
estuarinas e ambientes marinhos (Gillander 2002; Gillander et al. 2003; Gillander
2005).

Para 0 Mn, embora os fatores que influenciam sua absor¢édo ainda ndo sejam bem
conhecidos (Elsdom & Gillanders 2006), o mesmo tem sido utilizado especialmente em
habitats estuarinos (Elsdon & Gillanders 2006; Gillanders 2002).

A incorporacdo de elementos a partir do ambiente circundante do peixe para os
otélitos € um processo de multiplos-estagios com diferentes barreiras, uma vez que
peixes sdo organismos altamente osmo-regulados. Basicamente, a maioria dos
elementos-traco entra no plasma sanguineo através das branquias e intestino para peixes
de agua doce e marinhos, respectivamente. Do sangue 0s elementos entram na
endolinfa, e na endolinfa elementos séo absorvidos pelos ot6litos durante o processo de
cristalizacdo (Olsson et al. 1998; Campana 1999). Uma fracdo desconhecida, mas
minoritaria, € incorporada nos otolitos a partir de fontes de alimento.

Branquias e intestino sdo para peixes de dgua doce e marinha as barreiras mais
importantes para ions dissolvidos na agua (Olsson et al. 1998). Propriedades na agua
como salinidade, pH, oxigénio dissolvido e concentracbes de célcio também
influenciam na receptividade do peixe em relagdo aos diferentes elementos (taxas de
absorcdo) (Campana 1999). O célcio tem um papel fundamental na incorporagéo de ions
em otdlitos. Quando concentragdes de calcio no ambiente sdo baixas, uma maior
quantidade de calcio dissolvido na &gua, bem como outros metais dissolvidos, séo
absorvidos pelo peixe. As concentracdes de calcio (Ca) sdo as propriedades que mais
influenciam na absorcdo de elementos em ambientes de agua doce, ambientes mais
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pobres em calcio. Por esta razdo, concentragdes absolutas de elementos dissolvidos sdo
frequentemente indicadores ndo confidveis da disponibilidade de elementos para peixes
de &gua doce, por isso se utiliza a razdo isotdpica elemento:Ca. No caso de ambientes
marinhos as concentracdes de Ca sdo altamente correlacionadas com a salinidade,
implicando que tanto a razdo isotdpica elemento:Ca ou salinidade:Ca podem ser
utilizadas nestes ambientes. A normalizacdo de elementos em funcdo do Ca é a forma
mais utilizada em estudos de microquimica de otdlito, pois esta razdo molar indica a
quantidade de ions que estd disponivel no ambiente. E importante destacar que a
concentracdo e um elemento no ambiente, ndo é necessariamente um bom indicador de
sua disponibilidade, tanto para o peixe como para o otolito. Em geral, ions dissolvidos
que estdo livres para realizar ligagcbes quimicas sdo o0s Unicos tipos disponiveis na
absorcéo pelas branquias (Knezovich 1994). Outra razdo do uso da razdo isotdpica esta
ligada ao fato de como Ca é o elemento mais abundante no ambiente aquéatico e em
otolitos, desta forma, suas concentragdes sdo estimadas com alto nivel de exatiddo e
consequentemente a normalizacdo elemento:Ca permite maior confiabilidade nos

resultados.

1.4. A utilizacdo do Espectrdmetro de massa com ablacédo a laser LA — ICP-MS

Embora a extracdo de elementos traco possa ser feita de diversas formas, o método
escolhido para o presente trabalho foi a utilizacdo do espectrébmetro de massa com
ablacéo a laser -LA-ICPMS. O LA-ICP-MS originou-se em meados da década de 70,
iniciando sua historia com a unido de dois instrumentos ja utilizados na época: o plasma
de argdnio indutivamente acoplado (ICP — Inductively Coupled Plasma), do ICP-AES
(AES — Atomic Emission Spectroscopy); e um espectrometro de massa quadrupolo,
aplicado no campo de cromatografia de gas (GC-MS — Gas Chromatography-Mass
Spectrometry). Caracteristicas como: (i) determinacdo da distribuicdo espacial dos
elementos ( > 5 um); (ii) andlise de pequena quantidade de amostra; (iii) determinacao
de grande nimero de elementos com baixo limite de detec¢do (LDD; menor que 1ug/g),
(iv) tempo reduzido na analise das amostras e obtencéo de resultados, entre outras,

tornaram o uso do LA-ICPMS muito frequente nos dias atuais. Talvez por esses
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motivos, recentemente, analises de elementos-trago e isétopos utilizando LA-ICPMS
vém sendo largamente utilizadas em diversos campos cientificos, incluindo geologia,

metalurgia, ciéncias ambientais, biologia, quimica, arqueologia dentre outras.

O funcionamento do LA-ICPMS pode ser fragmentado em dois processos
acoplados e independentes. O primeiro consiste na extracdo da amostra, que acontece
através da ablacdo a laser (LA). Na cdmara de ablacdo um raio de laser ultravioleta é
focado na superficie da amostra que se encontra na célula de ablacdo, esta amostra é
exposta ao pulso de laser que evaporiza 0 material, parte deste material € liquefeita e
parte € arrancada da amostra em fase solida, formando uma cratera de tamanho
previamente estipulado (tamanho do “spot”). Todo o processo que ocorre na camara de
ablacdo é acompanhado através de um visor conectado a uma camera digital de alta
resolucdo acoplado a cAmara de ablacdo. A visualizacdo da cratera esta disponivel no
capitulo 3 (Fig. 3). Apdls a ablacdo, a amostra é entdo transportada atraves do fluxo
continuo de gas nobre na forma de particulas (aerosol), por um gas carreador (He e/ou

Ar) para o ICPMS através de tubos teflon.

Ao entrar no ICPMS o material é bombeado pelo centro de uma tocha de argbnio
indutivamente acoplado, onde atinge uma temperatura que varia de 5.000 a 10.000 oC.
Nesta temperatura, a amostra passa para estado de plasma (gas em altissimas
temperaturas) ou matéria atomizada, ou seja, as moléculas sdo dissociadas em ions.
Estes ions sdo direcionados para dentro do ICPMS, passando por duas aberturas
consecutivas, sendo dirigidos a uma camara com 4 cilindros paralelos (quadrupolo) aos
quais é aplicado um potencial elétrico, que funciona como ima, atraindo os ions que ndo
interessam a analise. Apds esse processo 0s ions de interesse sdo detectados pelo
detector. Como resultado as concentracdes de elementos-traco podem ser quantificadas,
atingindo uma sensibilidade da ordem de partes por milhdo, bilhdo, ou até trilhdo,
dependendo do elemento analisado e do equipamento utilizado. (para detalhes ver
Eggins 1997; Bellotto & Miekeley 2000; Russo et al. 2001, Liu et al. 2013) e para
detalhes nas configuragdes do LA-ICPMS para este trabalho ver sessdo de M & M no

Capitulo 3.
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1.5. Conectividade entre habitats e funcéo de areas de bercério

As larvas da maioria das espécies de peixes recifais assentam em recifes coralineos, no
entanto, algumas espécies de importancia econémica e ecoldgica adotam outra
estratégia onde populacdes de juvenis e adultos ocupam diferentes habitats ao longo do
seu ciclo de vida. Em regi@es tropicais, ambientes costeiros e de aguas pouco profundas
sdo conhecidos por abrigaram diversas espécies de peixes nos estagios iniciais de vida
(Nagelkerken 2009). Estes ambientes, que incluem mangues e bancos de fanerégamas,
apresentam diferentes habitats e as espécies tendem a apresentar preferéncias por um ou
mais habitats de acordo com sua estratégia de vida. A ocorréncia de espécies de peixes e
crustaceos em estagios iniciais de vida nestas areas tem levado a sua classificagdo como
areas de bercério. Segundo Beck et al. (2001), no entanto, um habitat s6 pode ser
considerado como area de bercario para juvenis de dada espécie se a contribuicdo por
unidade de area da producéo de individuos que recrutam em populac@es de adultos for
na média maior, que a producdo de outros habitats nos quais individuos juvenis
ocorrem. Beck et al. (2001) ainda argumentam que o0 processo ecoldgico que opera em
habitats de bercério, quando comparados a outros habitats, devem suportar maiores
contribuicdes no recrutamento de populacdes de adultos baseado na combinacdo de
qualquer dos quatro fatores: (1) densidades; (2) crescimento; (3) sobrevivéncia de
juvenis; (4) movimento para popula¢des de individuos adultos. Dahlgren at al. (2006),
sugerem posteriormente que as contribuicdes de habitas de bercario podem também ser
calculadas baseadas no nimero total de individuos por habitat ao invés de individuos
por unidade de area/habitat. Segundo Dahlgreen et al. (2006), um habitat pode ser
considerado como area de bercéario se o nimero de individuos em dado habitat, for
maior que a média de individuos dos habitas, esse conceito é denominado habitat
juvenil efetivo em inglés “Effective Juvenile Habitat” (EJF). Embora diferentes em
alguns aspectos, ambos os conceitos de Beck et al. (2001) e Dahlgreen et al. (2006)
propiciam além de uma definicdo clara, uma forma onde habitats possam efetivamente
ser avaliados e/ou calculados através de um valor quanto a sua fungdo em termos de

areas de bercario.

Hipoteses propostas para explicar a atratividade de areas de bercéario em especial
mangues e bancos de fanerégamas para peixes juvenis estdo relacionadas: (1) a

disponibilidade de recursos (alimento) sugerindo que tais habitats detém altas
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abundancias de alimento; (2) a hipotese do risco de predacdo, sugere que baixas
densidades de predadores e o alto grau de turbidez comparado a habitats distantes da
costa resultam em um menor risco de predacdo; (3) a hipotese da heterogeneidade
estrutural dos habitas, sugere que espécies sdo atraidas por estruturas mais complexas,
como, por exemplo, raizes de mangue (Parrish 1989; Blaber 2000; Laegdsgaard &
Johnson 2001; Verweij et al. 2006; Nagelkerken & Faunce 2008).

Por outro lado, fatores pelos quais espécies migram das areas de bercario podem
estar relacionados a: (1) com o aumento do tamanho ocorre um aumento na mobilidade
permitindo que espécies tenham alcance de distncias maiores e consequentemente a
habitats adjacentes; (2) com o aumento do tamanho, também ocorre uma mudanca na
dieta desta forma espécies procurariam por presas maiores (relacdo custo beneficio)
(Verweij et al. 2006); (3) condicdes fisiologicas podem funcionar como um mecanismo
ativador, por exemplo, peixes podem mudar suas necessidades quando atingem a
maturidade sexual, e desta forma migrarem para habitats onde a desova ocorre
geralmente em areas costeiras mais profundas (Sheaves 1995).

Além de fatores fisiologicos e estruturais mencionados acima, outro fator
importante é a distancia na qual diferentes habitats estdo dispostos. Nesse sentido a
distancia na qual diferentes micro-habitats estdo dispostos em um mesmo ecossistema
pode representar o uso ou nao uso do mesmo (Vance et al. 1996). Deste modo, a
conexdo e interacdo que ocorre entre 0s mesmos parecem ser relevantes e determinantes
na forma como espécies utilizam diferentes areas.

Mumby et al. (2004), fornecem um bom exemplo sobre a conectividade e
integracdo entre mangues e recifes de coral adjacentes. O estudo destes autores
demostrou que em areas onde existe ocorréncia de mangues recifes adjacentes possuem
maior biomassa de peixes daqueles que ndo possuem mangues proximos. Outros autores
também chegaram & mesma conclusdo (Parrish 1989; Nagelkerken et al. 2000).

Neste contexto, areas de bercario bem como a conectividade entre habitats,
representam um papel fundamental na identificacdo de areas prioritarias para uma
conservacao integrada ao longo das fases iniciais do ciclo de vida das espécies. Isso
somado ao fato de que estas regides proximas a costa, especialmente manguezais (FAO
2007; Giri et al. 2011) sofrem maior pressdo devido a ocupacdo desordenada,

desmatamento e poluigéo, justificando a necessidade de uma melhor compreensédo do
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papel que estas areas realizam a nivel de espécie para a manutencdo e conservacao dos

estoques de peixes marinhos.

1.6. Manguezais do Atlantico ocidental e sua utilizacdo por Lutjanideos

Manguezais ocorrem nas quatro regibes zoogeograficas do mundo (Indo-Pacifico-
ocidental, Pacifico—oriental, Atlantico-ocidental e Atlantico-oriental) (Giri et al. 2011).
Embora esses biomas sejam distantes, comunidades de peixes dessas quatro zonas
compartilham caracteristicas em comum. Na maioria dos casos, as comunidades de
peixes sdo dominadas por peixes de origem marinha, com mais da metade do nimero de
espécies sendo atribuido a individuos de espécies estuarinas ou marinhas migrantes
(Nagelkerken et al. 2008). Outra caracteristica em comum entre estas zonas é 0 maior
nimero de espécies que ocorrem nas regides com baixas latitudes e um decréscimo
deste nUmero em latitudes maiores.

A regido norte do Atlantico-Ocidental entre o Golfo de México até regido sul do
Caribe, apresenta nimero de espécies similares, com a maioria das regiGes do sistema
equatorial contendo pelo menos 100 espécies. Especificamente no mar do Caribe, 0s
manguezais sdo considerados nao estuarinos e relativamente pequenos em tamanho
distribuidos em manchas muito proximas a formacgdes recifais. Neste sistema, as
espécies dominantes sdo tipicamente marinhas, pertencentes as familias Gerreidae,
Haemulidae, Lutjanidae e Scaridae (Rooker & Dennis 1991; Acosta 1997; Nagelkerken
et al. 2000, 2001).

Na regido norte do Atlantico sul ocidental, embora em nimero de espécies > 100
seja esperado, diferencas nas espécies habitando mangues podem ser esperadas em
relacdo ao Atlantico norte ocidental (Nagelkerken et al. 2008). Nesta regido, diferencas
na proporcao relativa de espécies de agua doce e/ou salobra sdo observadas. Esse padrao
deve-se em parte devido a bacia do rio Amazonas e alta quantidade de chuvas e
descarga dos rios, bem como da diversa fauna de bagres da familia Siluriidae, comuns
em estuarios do Atlantico sul ocidental (Barletta et al. 2005). Em direcdo ao sul, outra
mudanga ocorre na costa da regido nordeste, entre o Cabo Calcanhar e o Reconcavo
baiano (05° 08" N até 13° 00" S), a formacdo de mangues ocorre muito proxima a

recifes costeiros, normalmente dispostos paralelamente a linha de costa, com presenca
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de Mata atlantica, bancos de areia e fanerégamas formando um verdadeiro mosaico de
habitats interconectados. (Maida & Ferreira 1997; Schaeffer-Novelli et al. 1990). Nesta
regido, a costa, bem como 0s manguezais sdo protegidos por recifes de coral que sdo
expostos a alta energia das ondas. O clima € mais seco, com rios em sua maioria
litor&neos, normalmente com vazdo menor se comparados a regido norte (Schaeffer-
Novelli et al. 1990)

A ocorréncia de espécies da familia Lutjanidae vem sendo associada a utilizacao de
mangues e fanerégamas em areas costeiras rasas como areas de bercario. No Atlantico
norte principalmente no Caribe e Florida, a grande quantidade de estudos relacionados a
movimentagdo entre habitats permitiu evidenciar a importancia dos mangues nos
estagios inicias de vida para diversos lutjanideos (Faunce & Serafy 2007). Dentre estes:
Lutjanus cyanopterus, Ochyurus crysurus, Lutjanus griseus e Lutjanus apodus (
Lindemam & de Maria 2005, Pollux et al. 2007, Nagelkerken et al. 2000). Para L.
cyanopterus muito pouco ainda se sabe sobre esta espécie, no entanto a mesma parece
assentar somente em locais com fundo lodo/arenoso em mangues (Lindemam & de
Maria 2005). O. chrysurus e L. griséus, ambas espécies assentam tanto no mangue
como em bancos de gramineas marinhas (Pollux et al. 2007, Nagelkerken et al. 2001,
2000). No entanto para L. apodus sua estratégia de somente assentar no mangue,
posteriormente derivou seu nome popular de lutjanideo do mangue “mangrove
snapper”, devido a dependéncia desta espécie em estagios inicias de vida neste habitat
(Pollux et al. 2007). Neste sentido a disposicdo de mangues e fanerégamas e a
proximidade com outros habitats adjacentes como recifes de coral, denotam uma inter-
relacdo e conectividade entre estes habitats na regido do Caribe (Nagelkerken et al.
2000).

Para a regido sul do Atlantico ocidental, na costa central do Brasil a grande maioria
dos estudos realizados em sistemas estuarinos e manguezais estdo relacionados a
assembleias de peixes e densidades de peixes que ocorrem nestes sistemas e a interagéo
de fatores como salinidade e temperatura que afetam sua distribuicdo (Paiva et al. 2009;
Barletta et al. 2002, 2003, 2005, Xavier et al. 2012). Apesar de estudos pioneiros sobre
padrdes ontogeneticos terem sido descritos para Lutjanideos na plataforma continental
da costa nordeste do Brasil por Frédou & Ferreira (2005), a relacdo entre espécies de
Lutjanideos com areas de bercario ainda é muito pouco conhecida para esta regido.
Recentes publicagdes nesta regido (Xavier et al. 2012), mais especificamente Moura et
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al. (2011), para L. jocu e Osorio et al. (2011) para L. alexandrei mostram a importancia
dos manguezais para estas espécies de Lutjanideos e a migracdo entre habitats
adjacentes ao longo do ciclo de vida.

A utilizacdo de métodos baseados em censos visuais subaquaticos (CVS) para
inferir movimentos de espécies de peixes entre manguezais e areas adjacentes na costa
central do Brasil oferece algumas vantagens: (I) permite que dados de abundéncia e
densidades possam ser comparados entre diferentes habitats e regides onde 0s mesmos
ocorrem; (1) é um método que oferece minimo impacto aos habitats estudados; (I11)
permite a sua aplicacdo a habitats diferentes e desta forma é muito utilizado para
estudos de movimentagdo de peixes e conectividade entre habitats. Métodos de censo
visual subaquatico oferecem uma vantagem em relacdo a outros métodos de captura,
uma vez que habitats apresentam diferentes complexidades estruturas, exigem desta
forma diferentes métodos de coleta, 0 que pode impossibilitar compara¢fes entre 0s
mesmos. Um ponto negativo deste método esta na sua dependéncia em relacdo a
turbidez da &gua. No entanto, para a regido central da costa brasileira (Osorio et al.
2011, Moura et al. 2011 e Xavier et al. 2012), demonstram ser possivel a aplicacdo
deste método, com base anual, inclusive em periodos de chuva.

Considerando a importancia de habitats de manguezal em fases iniciais de diversas
especies de peixes recifais (Faunce & Serafy 2007; Nagelkerken et al. 2008) e ainda, a
falta de estudos que abordem aspectos da estrutura populacional e do movimento de
espécies e sua conectividade entre habitats, para esta regido, os mesmos tornam-se
essenciais para que medidas de manejo e conservagdo sejam mais efetivas e possam ser

aplicadas para espécies de importancia ecoldgica e comercial.
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1.7. Objetivos e perguntas da Tese

O principal objetivo desta tese foi avaliar a conectividade em diferentes escalas
existente entre areas rasas de bercario e areas da plataforma continental na regido

costeira de PE.
1.8. Objetivos especificos:

A) Avaliar as informacdes basicas de estrutura etaria e de tamanho para individuos de L.
alexandrei que ocorrem na regido estuarina e areas mais profundas da plataforma

continental da regido costeira de PE (Capitulo 2).
1) Quais sdo 0s parametros de crescimento (K e Loo) para L. alexandrei?
2) Qual a longevidade e a taxa de mortalidade para L. alexandrei?

3) Existem diferencas na na estrutura etaria e de tamanho para individuos de L.

alexandrei coletados na regido estuarina e &reas da plataforma continental?

B) Avaliar a variabilidade espacial e temporal da assinatura quimica de otdlitos de L.

alexandrei coletados em regido estuarina e areas da plataforma continental (Capitulo 3)

4) Assinaturas quimicas em otolitos de L. alexandrei coletados na regido estuarina

apresentam variabilidade e estabilidade temporal (ao longo de trés anos)?

5) Assinaturas quimicas em otoélitos de L. alexandrei coletados em diferentes areas da

plataforma continental (quatro) sdo semelhantes?

6) A regido estuarina e a area costeira adjacente onde individuos de L. alexandrei foram

coletados possuem assinaturas quimicas diferentes?

7) Existem assinaturas quimicas distintas entre a regido estuarina e areas da plataforma
continental, sendo assim, a utilizacdo de diferentes habitats pode ser evidenciada ao
longo do tempo (e.g. para individuos com 7 anos)?

C) Avaliar a conectividade em menor escala entre mangues e recifes rasos adjacentes

através da estrutura de tamanho e densidades para L. alexandrei e L. jocu? (Capitulo 4)
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7) Existe selegdo de habitat, neste caso mangues e recifes rasos para diferentes estagios
de vida de L. alexandrei e L. jocu?

8) Qual a importancia do mangue para estagios iniciais de vida de L. alexandrei e L.

jocu?

1.9. Estruturacéo e disposicao da Tese

Capitulo 1. Introducdo Geral — neste capitulo sdo apresentados informacfes e padrdes
gerais dos principais temas presentes nos subsequentes capitulos desta tese. Fazem parte

ainda deste capitulo - objetivos e perguntas da Tese e disposicao da Tese.

Capitulo 2. “Age, growth and mortality of Lutjanus alexandrei in estuarine and coastal

waters of tropical south-western Atlantic”.

Capitulo 3. “Spatial and temporal variability in the otolith chemistry of the Brazilian

snapper (Lutjanus alexandrei) from estuarine and coastal environments”.

Capitulo 4. Spatial variation in fish density and size structure of Lutjanus alexandrei

and Lutjanus jocu along a nursery mangrove-reef gradient in Southwestern Atlantic.

Capitulo 5. Compreende a discussdo geral da tese. Conectando as informac6es presentes
nos outros capitulos, completando a Tese e avaliando questdes como a movimentacao
entre diferentes habitats e a utilizacdo da microguimica de otélitos na avalicdo de
padrGes de migracdo entre diferentes habitats. A conectividade entre estas areas e a
importancia das areas de bercario na reposicdo das populacbes de adultos. Fornece
ainda recomendacdes para: (i) futuros trabalhos utilizando as técnicas apresentadas
nesta tese, (ii) para 0 manejo e conservacdo destas espécies nos habitats investigados

para a regido de estudo.
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Prefacio

Esta Tese foi estruturada conforme o modelo livre proposto pelo Programa de Pds-
Graduagdo em Oceanografia. Portanto, a primeira parte do trabalho, redigida em
portugués, consiste de uma introdugédo geral, objetivos, perguntas e disposi¢édo da tese
(Capitulo 1). A segunda parte, redigida em inglés, consiste de trés capitulos que
correspondem a artigos cientificos publicados ou submetidos na época da defesa
(Capitulos 2, 3 e 4). A terceira parte, novamente em portugues, é o fechamento do

trabalho e consiste de uma discussao geral com referencias (Capitulo 5).
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Abstract

Otolith-based methods were used to determine life history traits of the endemic
Brazilian snapper Lutjanus alexandrei (Moura and Lindemam 2007) in estuarine and
coastal environments in south -western Atlantic. Fish were caught as juveniles inside
mangrove bordered estuaries by traditional corral fisheries and adults, were captured at
sea by traps and gill nets operated by motor boats. During landings fish were sampled
and 331 otolith pairs were extracted from L. alexandrei. Inshore mangroves were
comprised of individuals 0 to 4 years (mean: 2) while individuals in deeper reef
environments were older (range: 3 to 22; mean: 8), indicating that an ontogenetic shift
occurs at approximately age 3 or 4. Edge analysis was used to validate the annual
deposition in the otoliths suggesting opaque growth rings were formed between April
and September. Age at length data were used to predict growth rates of L. alexandrei
using the von Bertalanffy growth model from where the following parameters were
calculated: L, =31 cm , k = 0.24, to = -1.26, r> = 0.97. Mortality rates were estimated
for coastal habitats, with Z = 0.22 and S = 0.78 year; based on ages (7 to 17).
Additionally, evidence of ontogenetic migration is provided by age and size structure.
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Introduction

Commonly called Bauna by fisherman, the Brazilian snapper (Lutjanus alexandrei) is
an endemic species in the Southern Hemisphere. Formerly misidentified as the grey
snapper Lutjaus griseus, this species was recently described by Moura & Lindeman
(2007). Lutjanus alexandrei is only recorded for the tropical portion of the southwestern
Atlantic continental shelf, and has a narrower latitudinal range than their western
Atlantic congeners. Habitats of the Brazilian snapper include coral reefs, rocky shores,
coastal lagoons with brackish water, mangroves, and other shallow water habitats
(Moura & Lindemam 2007). Recorded depths range from intertidal (early stages only)

to at least 60 m (authors pers. obs.).

Despite reproductive biology was recently described for L. alexandrei (Fernandes et
al. 2012), other life history information (e.g. age, growth and feeding) are still lacking
for this species. This hinders our ability to assess their population status and develop
appropriate management plans, enhancing the importance of biological and ecological
studies on this endemic species. In this context, age, growth, and mortality data
represent basic life history information essential to understand the population dynamics
of this species (Campana 2001; Lai et al. 1996; Manooch 1987). Furthermore, spatial
distribution of size-classes of a fish species may reveal movement from one habitat to
another with ontogeny (Cocheret de la Moriniere et al. 2003) what has important

implications for spatially based management (Moura et al. 2011) .

In response to this needs, otolith-based techniques were used to examine the age
structure of L. alexandrei in both early life (estuarine) and adult (coastal) habitats, and
the timing of the ontogenetic shift between the two habitats was investigated. Age
information was combined with length data to provide the first estimate of growth for L.
alexandrei in both early life and adult habitats. Finally, age and abundance information
were used to predict mortality rates of this species, which together with growth and

longevity parameters represent important inputs for stock assessment models.
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Materials and methods

Sampling was conducted at one estuarine area and adjacent coastal areas along the
tropical portion of south-western Atlantic coast from (7° 44°S, 34° 49°W to 9° 05°S, 35°
15"W).The region is characterized by the presence of Atlantic rain forest, mangroves,
sandbanks, estuaries sea grass beds and coral reefs (Ferreira et al 2004), forming a
interconnected highly productive system that supports important artisanal fisheries
(Ferreira & Maida 2006). Specimens of L. alexandrei were obtained through fish
landings in two localities on the coast of Pernambuco State (Itamaraca and Barra de
Sirinhaém) and one locality on the coast of Alagoas State (Japaratinga; Fig 1A).
Individuals inhabiting mangroves were sampled at the Formoso river estuarine complex
(Fig. 1B). Both estuarine and coastal areas were sampled between May 2010 and July
2012,
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Figure 1. Map of study region showing general fish landings along the coast where
individuals of L. alexandrei were collected (A), detailed of Formoso river complex

where individuals inhabiting mangroves were collected (B).

A total of 371 specimens of L. alexandrei were collected, and all individual were
measured and weighed. In coastal areas most samples were obtained during landings

from gillnet fisheries, operating over the continental shelf in depths between 30 to 60 m.

43



In order to increase sampling for growth estimates specimens were also obtained from
trap fishery landings operating at same depths as the gillnet fisheries. No individuals
were recorded from hook and line fisheries. At estuary all individuals were obtained
from corral fisheries, operating at depths 0 to 2 m, over estuary margins and parallel to

mangrove tree roots.

Length and weight data from each fish were recorded to the nearest mm for (total,
fork and standard length, TL, FL and SL, respectively) and weighted to the nearest 0.1 g
(total weight, TW). The relationship between total length (TL) and total weight (TW)
LWRs for L. alexandrei were determined by the equation log W = log a + b log TL,
where W is the fish weight in grams, TL is the total length in centimeters; a and b are
the intercept and the slope of the regression line, respectively. LWRs were also
performed separately for juveniles and sub-adults collected in estuarine, and adults
collected in coastal areas to asses possible differences in development phases between
habitats. The 95% confidence limits (CL) of b were calculated to estimate differences

between individuals collected in estuarine and coastal areas (Zar, 1999).

The logarithmic presentation not only linearizes the relationship but also corrects
for the increase in variation with length (Froese 2006). Only extreme outliers attributed
to data error were omitted from analyses. In addition, regressions among size variables
total (TL), fork (FL) and standard (SL) length were provide.

Sagittal otoliths were obtained from 341 individuals. Otoliths were then cleaned,
dried, labeled and stored in plastic vials. All undamaged, whole otoliths were weighed
to the nearest 0.0001 g. The left otolith of each individual was embedded in transparent
polyester resin and allowed to hardener for 24 h. Transverse sections (0.5 mm) that
included the core were cut using a Isomet low-speed saw (Buehler). Thin sections were
hand polished using 400 -1200 grit wet-dry sandpaper until annuli were clearly defined
and sections were then mounted on histological slides using Entelan and cover slips.
Age was assigned according to annuli formation, defined as the area consisting of one
opaque zone and one translucent zone (Ferreira & Russ 1994). The counting of otolith
rings in sectioned otoliths was performed using a stereomicroscope with reflected light
at 40x magnification on a black background. Under reflected light, the opaque marks
had an intense milky white appearance, while the translucent marks had a darkened
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tone. Otolith images were captured using the IMAGE Pro Plus V. 4.5 computer
program (SPSS Science. 1999). Otolith readings were performed on ventral side along
the same transect from the nucleus to the outer edge parallel to sulcus acusticus, as
indicated by dots in Fig. 2. Each otolith section was read three times without prior
knowledge of fish length or any other data and the age estimates recorded as the average
of the three readings. A subsample of 100 otolith sections were randomly selected and
evaluated by a second reader to confirm readings. The precision between readings was

estimated using Average Percent Error (APE) by Beamish & Fourier (1981).

Figure 2 - Sectioned otolith (A) from nucleus to the outer edge of otolith margin; Scale

bar = 1 mm. Detailed sectioned otolith (B) showing alternating pattern of opaque and
translucent zones of a 8 years old L. alexandrei. Scale bar = 0.3 mm

Marginal zone or edge analysis was used to validate the annual deposition of the
opaque zone in the L. alexandrei otoliths. Growth zones on the proximal margin of the
otolith were recorded as either translucent or opaque (Beckman & Wilson 1995; Panfili
& Morales-Nin 2002) for age classes 2—12 years. The frequency of the opagque margin

per month was then plotted to determine the period of opaque zone deposition. Edge
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analysis is based on the assumption that the relative frequency of edge zones follows a
yearly sinusoidal cycle when plotted against time (Campana 2001).

Growth parameters were estimated by fitting lengths at age to the von Bertalanffy
growth equation: L; = L, [ 1-e ¢ where L is the TL at age t, L., the theoretical
asymptotic length, k the body growth coefficient and t, the theoretical age when fish

length is equal to 0.

Estimates of the instantaneous rate of total mortality (Z) were obtained using the
age based catch-curve method of Beverton & Holt (1957) and Ricker (1975). The
natural logarithm of the number of fish in each age class (Nt) was plotted against their
corresponding age (t) and Z estimated from the descending slope b. Estimates of the

survival rate (S) were then calculated by S = e (Robson & Chapman 1961).

Differences between otolith weights were tested using paired t-test. Because age
data between estuarine and coastal habitats did not show a normal distribution or
homoscedasticity, differences in the mean values were evaluated using the non-
parametric Mann-Whitney test (Sokal & Rohlf 1995). The differences in average TL
between estuarine and coastal habitats was examined using a t-test and corroborated by

the Kolmogorov—-Smirnov nonparametric test (Sokal & Rohlf 1995).
Results
Size structure

Total length (TL) of fish sampled on estuary ranged 6 to 22 cm, average size was 15.4
cm (n = 166), while for coastal areas size range TL was 20.7 to 33.1 cm, average size
was 27.3 cm (n = 205) Fig. 3. Detailed information on length per location provided on
Table 1. Mean sizes (TL) were significantly different for estuarine and coastal areas (t
test p < 0.05).
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Table 1 — Summary size collection in total length (TL) sampled between May 2010 to

June 2012 for L. alexandrei.

Size

Mean (cm) Range (cm) n
Estuarine 15.4 6.0-22.0 166
Coastal 27.3 20.7-33.1 205

Number of individuals
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Figure 3 - Size distribution of total length of L. alexandrei for estuarine and coastal
areas collected from May 2010 to July 2012 (n = 371).

The estimated parameters of the length-weight relationships (LWRs) (Fig 4A) and size-
size regressions for L. alexandrei are given in Table 2. All LWRs were significant for
this species (p < 0.01).Values of b found for L. alexandrei, show that the Brazilian
snapper tends to growth slightly faster in length than in weight, an allometric negative
growth (Table 2).

Table 2 — Overall LWR (log W =log a + b log TL ) parameters for whole population n

= 288, estuarine individuals n = 171, coastal individuals n = 117 and size regressions (Y
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= a + bX) among total (TL), fork (FL) and standard (SL) length for L. alexandrei n =

288.
Habitat  Variables Size range TL (cm) a b 95% CL ofb r
Pooled W-TL 6-33 0.022082 2.8994 2.870-2.929 0.99
Estuarine W-TL 6-20 0.021595 2.9144 2.885-2.944 0.99
Coastal W-TL 20-33 0.039113 2.7224 2.597-2.848 0.94
Pooled TL-FL 6-33 -0.0617 1.0732 1.062-1.084 0.99
Pooled TL-SL 6-33 -0.2629 1.2831 1.274-1.292 0.99
Pooled FL-TL 6-33 0.2047 0.9245 0.915-0.934 0.99
Pooled FL-SL 6-33 -0.0121 1.1846 1.168-1.201 0.98
Pooled SL-TL 6-33 0.2674 0.7762 0.771-0.782 0.99
Pooled SL-FL 6-33 0.2414 0.8319 0.820-0.844 0.98
A
6,25 1
525
425 4
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Figure 4 — Logarithmic length-weight relationship log W = log a + b log TL r*=0.99
for overall L. alexandrei population of n = 288 (A). LWRs showing two growth stanzas

for estuarine individuals n = 171 r* = 0.99 and coastal individuals n = 117 r*> = 0.94 (B).

Comparison of b values for juveniles and sub-adults were significantly different than
adult population (p < 0.05). Adult individuals collected in coastal areas displayed values
slightly smaller when compared to individuals collected in estuarine areas (Table 2),
inflection point is observed at about 20 cm (Fig 4B).

Otolith microstructure

Average percent error (APE) among three readings was 5.4% performed by
primary reader and 9.7 % between the two readers representing good reproducibility
between readings. All cross-sectioned otoliths were considered legible, opaque rings

were distinct and easily counted (Fig 2).

Edge type analysis was performed on n = 257 otoliths, as 43 were considered
unreadable, therefore, excluded from analysis. The monthly proportions of otoliths with
opaque margins was highest (> 50%) from April to September (autumn-winter) (Fig. 5),
while translucent margins reached higher proportions (> 50%) from October to March

(spring-summer).
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Figure 5 - Monthly frequency of opaque and translucent margins of sectioned otoliths of

L. alexandrei sampled from pooled years May 2011 to July 2012 (n = 257).
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Age structure

Predicted ages of L. alexandrei ranged from 0 to 4 (mean = 2) for individuals from
estuarine habitats (n = 143), with age 2 being the dominant age class in the estuary
collections (46.5%) (Fig 6). Age increased significantly for L. alexandrei collected on
coastal areas, ranging from 3 to 22 years (n = 188). The ascending arm of the catch
curve on coastal habitats occurred at 7, suggesting that L. alexandrei are fully recruited
to deeper coastal areas at this age. Mean age of L. alexandrei for coastal habitat was 8
years. Age distributions obtained for individuals sampled in estuarine and coastal areas

were significantly different Mann-Whitney test p < 0.05.
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Figure 6 - Age distributions among estuarine (n=143) and coastal areas (n=188) for L.

alexandrei, sampled from May 2010 to July 2012.
Growth and age-at-length data

Age-at- length data fitted to von Bertalanffy (VB) model showed an initial fast growing
pattern for L. alexandrei during the first few years of life. Similar to other lutjanids,
slowing down markedly at approximately 4 years of life, when the species reach an
average of 72% of its asymptotic length (Table 3). Using the VB model, length-specific
growth coefficient (k) for L. alexandrei was estimated to be 0.24 + 0.01 SE, with L,
estimated to be 31 cm + 0.2 SE, (Fig. 7).
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Figure 7 - The von Bertalanffy growth curve for L. alexandrei n= 331.

Table 3 — Age-at-length (TL) and cumulative percentage by year up to ten years for L.

alexandrei

Age Length  Accumulate length by year
(years) (cm) (cm) %

0 8.3 8.3 27
1 13.1 4.8 42.4
2 17 3.9 54.9
3 20 3 64.7
4 22.4 2.4 72.4
5 24.2 1.9 78.4
6 25.7 1.5 83.1
7 26.8 1.1 86.8
8 21.7 0.9 89.7
9 28.5 0.7 92
10 29 0.6 93.8
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Mortality

Estimates of total mortality (Z) for costal individuals derived from catch curves sampled
in hard bottom areas from gillnets were Z = 0.22 year™ and S = 0.78 year™, with r? =

0.83 n = 168 (Fig. 8).
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Figure 8 - Estimates of total mortality Z for L. alexandrei in coastal areas collected by

gillnets n = 168.

Discussion

To our knowledge, this is the first study reporting information on growth, mortality
and lenght-weigh relationship of L. alexandrei in northeast Brazil. Values of b differ
between life stages, revealing two growth stanzas (Fulton 1904) a juvenile/sub-adult

estuarine/mangrove phase and an adult marine/reef phase. Growth stanzas are expected
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for different life stages, usually higher values of b are expected for smaller individuals
and lower values for larger ones (Stergiou & Fourtouni 1991). Estimates of separate
length—weight relationships for different development phases or growth stanzas is
particularly important as it not only can indicate shifts in diet as expected in ontogenetic
shifts in habitat, but also because resulting parameters will be more useful if within size
range to which the relationship will later be applied (Froese 2006). The here reported b
values for L. alexandrei life phases as well as pooled samples fall within the normal
expected range for b values for fish of 2.5 to 3.5 (Froese 2006) and yet agreed with
values found in the literature for Lutjanus congeners in south and north Atlantic, that
presented a b range of 2.6 to 3.3 (Frota et al. 2004; Froese & Pauly 2013).

Maximum size recorded for L. alexandrei was TL = 33.1 cm what suggests that L.
alexandrei might be the smallest Atlantic lutjanid, below the maximum of 45.3 cm SL
recorded for L. synagris (Cervigon 1993; Freitas et al. 2011), as well as for northern
Atlantic lutjanus congeners (Allen 1985; Froese & Pauly 2013).

Results from edge type analysis suggest annual otolith ring formation for L.
alexandrei, and formation of opaque ring in the wet season (April to September) while
translucent margins formation is associated with the dry season (October to March) this
period is corroborated by several authors that also have found annual ring formation for
others lutjanid congeners (Claro et al. 1999; Cappo et al. 2000; Newman et al. 1996;
Newman et al. 2000; Burton 2002, 2001; Luckhurst 2000).

Size and age distributions for L. alexandrei were significantly different between
estuarine and coastal areas. Size and depth trends have been registered for other lutjanid
species in Southern Atlantic (Moura et al. 2011) for L. jocu, and a positive relationships
between depth and size was also observed for five species of snappers L. jocu, L. analis,
L. synagris, O. chrysurus and L. vivanus (Frédou & Ferreira 2005). However, this is the

first record of a marked and distinct size and age habitat shift.

Most frequent age class in the sampled estuary was two years, probably as younger
fish are not yet fully recruited to corral fisheries. Little overlap was observed for age
classes three and four suggesting that species might leave nursery areas at this age,
performing then a fast transition. In addition, low frequency of individuals of age 4 in

the estuary and their simultaneous occurrence in the marine area suggest that individuals
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around this age are moving out of the estuary and in the process spending a year or two
in shallower costal areas before moving out to the deeper fishing areas.

The use of nursery inshore habitats especially for small juvenile fish is an
ecological strategy as such habitats provides maximum food availability and minimizes
the incidence of predation providing shelter. As fish grow, a shift in estuarine to coastal
or mudflat habitats may be a response to changes in diet, foraging efficiency,
vulnerability to predators and biological factors such as reproduction (Laegdsgaard &
Johnson 2001).

Ontogenetic migration for snappers are well known (Cocheret De La Moriniere et
al. 2003, 2004; Faunce & Serafy 2003; Jones et al. 2010; Moura et al. 2011; Mumby et
al. 2004; Nagelkerken & Velde 2002; Nagelkerken et al. 2000)

Lindeman et al. (1998) noted two basic types of habitat selection for snappers: the
juveniles of some species are usually found on shallow estuaries, while adults inhabit
bays, estuaries, and reef environments of shelf waters. Migrations towards deeper areas
might be related to: 1) diet shift such as recorded for L. apodus (Rooker 1995) and
Lutjanus griseus (Starck 1970); and 2) sexual maturation and/or reproduction (Gerking
1994; Kimirei et al. 2013; Sierra et al. 2001). Fernandes et al. (2012), estimated the size
of first sexual maturity for L. alexandrei to be 17 cm SL. This value represent
approximately 21.5 cm TL (conversion TL-SL based on table 2 length-length
relationship) which is very close to the largest specimen recorded in mangrove area ( 22
cm TL).

Length at age growth von Bertalanffy model for L. alexandrei showed an initial
fast growing pattern and slowing down as individual length increases. The growth
coefficient and L., observed for L. alexandrei, matches most of reef fishes, displaying a
fast initial growth and decreasing as length increases (Choat & Robertson 2002). Values
of k found for L. alexandrei from growth equation agreed with values found in the
literature for lutjanids (k range from 0.1 to 0.35) (Manooch 1987), although L., = 30 cm
found for this species is the smallest when compared to lutjanidae family (Manooch
1987).
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Observed longevity for L. alexandrei was 22 years, most congeners of lutjanidae
that reaches larger sizes and also do ontogenetic migration show bigger longevity L.
griseus 24 years (Burton, 2001), L. analis 29 years (Burton 2002), L. jocu 25 years
(Rezende & Ferreira 2004), Although this pattern was not observed for L. synagris 19
years (Luckhurst 2000), L. griseus in south Florida 15 years (Burton 2001), O.
chrysurus south Florida 14 years (Johnson 1983) and O. chrysurus northeastern Brazil
19 years (Araujo et al. 2002) may be related to fishing pressure. Fisheries play an
important impact on longevity, usually when fishing pressure is high, longevities and

sizes tend to diminish among fish population, especially on target species (Ricker 1975)

Total mortality Z in reef areas was 0.22 year™, a rate that can be considered lower if
compared to other congeners species L. griseus south Florida Z = 0.95 and north Florida
Z = 0.34 (Burton 2001), L. analis Florida Z = 0.49 and (Burton 2002) and L. synagris
Gulf of Mexico Z range 0.375 to 0.5767 (Johnson et al. 1995). Lower mortality rates
might be related to the fact that L. alexandrei is not the main target of any fisheries, and
opposed to most lutjanids is not caught by hook-and-line, the main snapper directed
fisheries (Rezende et al. 2003; Frédou et al. 2006). Considering that L. alexandrei is not
recorded in official statistical landings (IBAMA 2007; 2006) and according to sample
landings information is not the target species for traps neither for gillnets, we believe
this Z value might be important for future comparisons, as a reference value, specially,
if somehow fishing pressure increase upon this species. Recent development of trap
fisheries, targeting reef species for export markets (Marques & Ferreira 2010), may
mean increased pressure over those populations, since both the Lane and Brazilian
snappers are commonly caught by this fishery (Marques & Ferreira 2010). In the
absence of fisheries landing control, population parameters are important reference

points for impact evaluation.

The results here presented fill an important gap on biological aspects on this yet
poorly studied endemic Brazilian snapper. Ontogenetic migration evidence enhances the
importance of including essential habitat assessment in fishery management strategies

and habitat and ecosystem connectivity in marine reserve planning and design
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Abstract

Otolith chemistry of juvenile and adult Brazilian snapper (Lutjanus alexandrei) was
measured to assess the utility of natural markers for investigating individual movements
between estuarine and coastal environments. Individuals were collected over a three-
year period (2010-2012) along the northeastern coast of Brazil from both estuarine
(Juvenile to sub-adult stages) and coastal (sub-adult to adult stages) areas. Six elements
('Li, **Mg, >>Mn, *°Co, %Sr and *'Ba) were measured in sectioned otoliths of L.
alexandrei using laser ablation inductively coupled plasma mass spectrometry (LA-
ICPMS). Edge composition analysis indicated that element:Ca ratios in the otoliths of
juvenile and sub-adult L. alexadrei from estuaries were not significantly different among
the three consecutive years (2010, 2011 and 2012), suggesting that physicochemical
conditions within the nursery area investigated was temporally stable. Similarly, apart
from two element (Ba, Co), element:Ca ratios for larger L. alexandrei inhabiting coastal
waters were also similar. In contrast, otolith chemistry of similar sized L. alexandrei
from estuarine and coastal areas was significantly different (based on recently accreted
material). Otolith Mn:Ca and Ba:Ca were both significantly higher for L. alexandrei
collected in estuaries compared to fish from adjacent coastal reefs region, while the
opposite trend was observed for Sr:Ca. Given the pronounced differences in otolith
chemistry between estuarine and coastal areas, element:Ca transects were constructed
from the core to margin of the otoliths for adults (age 7+) collected on reefs to
determine the timing of movement (ontogenetic migration) from estuarine to coastal
areas. Based on observed patterns of decline for both Mn:Ca and Ba:Ca, it appears that
L. alexandrei begin the transition to more coastal habitats (i.e., lower element:Ca ratios)
after age 2.
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Introduction

Otoliths (ear stones) can serve as natural tags in fishes because the acellular and
metabolically inert nature of these structures conserve and retain elements that are
permanently accreted onto an otolith’s growing surface (Campana 1999). Several
elements are widely used and accepted as useful markers of environmental conditions
(e.g., Ba, Sr, Mn, Mg) in both estuarine and marine systems (Walther & Thorrold 2006;
Elsdon et al. 2008). Analyses of either whole otoliths or small areas within the otolith
have been used to distinguish stocks or sub-populations and retrospectively determine
migratory histories (e.g. Rooker et al. 2008, 2010), including movement between
estuarine and marine waters (Secor et al. 2001; Gillanders 2005; Thorrold et al. 1997).
Despite their promise for describing movement and population connectivity, the use of
otolith chemistry is challenging due to the fact that these chemical tags are species

specific and vary spatially and temporally within an environment (Gillanders 2005).

The use of multiple habitats during early life stages is a key ecological feature of
many reef fishes (e.g. snappers, Sheaves 1995 and groupers, Nakamura et al. 2008).
Adults inhabit the marine environment and, after spawning, larvae/juveniles move into
shallow coastal areas and estuaries, where they spend the first months or years of life
(Gillanders 2002a; Reis-Santos et al. 2012; Jones et al. 2010). Increased food
availability and refuge from predators are benefits often associated with inshore or
estuarine habitats (Gibson 1994; Mumby et al. 2004; Miller et al. 1985). A key
information for managing fish stocks and designing marine protected areas relies on
understanding ontogenetic movements of different life history stages as well as the
timing of such movements, particularly the transition from juvenile to adult populations
(Sheaves 1995; Gillanders 2002a, 2005).

Movement between estuarine and coastal habitats has been described for several
species of dominant taxa on reefs, including snappers (family Lutjanidae) in the western
Atlantic Ocean (Nagelkerken et al.; 2000; Chitarro 2006; Moura et al. 2011). One of
the most common lutjanids on reefs in the southwestern Atlantic Ocean is the endemic,
and recently described Brazilian snapper (Lutjanus alexandrei) (Moura & Lindemam
2007). Similar to congeners in the Caribbean Sea, this species resides in estuarine or

nearshore nurseries before transitioning to coastal reef environments later in life
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(Aschenbrenner & Ferreira 2015). Despite its ecologic and economic importance, basic
life history information for L. alexandrei is scarce (Fernandes et al. 2012,
Aschenbrenner & Ferreira 2015).

The aim of the current study was to evaluate the effectiveness of using natural
chemical tags in otoliths of L. alexandrei for improving our understanding of habitat use
and associated ontogenetic shifts for this endemic yet poorly understood snapper.
Specific objectives of this study are first to assess spatial and temporal variability in the
otolith chemistry (element:Ca ratios) of L. alexandrei from estuarine and coastal
habitats to determine the potential value of the approach. Next, we constructed
element:Ca life history transects (from the core to margin of the otolith) to determine

the timing of movement (ontogenetic migration) from estuarine to coastal areas.

Material and Methods
Sample collections

Juveniles L. alexandrei were sampled at the Formoso river from traditional corral
fisheries landings operating over estuarine margins and parallel to mangrove prop roots.
Specimens were collected during three consecutive years (2010, 2011 and 2012) in the
dry season (from November to April), in collection sites that were < 1km apart from
each other (Fig 1A). Adult individuals were either collected by commercial fisheries
landings using gillnets or fish traps operating over the continental shelf in depths
between 30 to 60 m. Fish were collected in two sites in the coastal portion of
Pernambuco State Itamaraca (IT) and Olinda (OL) considered north location, another
two sites Santo Antonio (SA) and Sdo Miguel (SM) in the coastal part of Alagoas State,
considered southern locations (Fig. 1B). Distances between southern sites were < 30 km
and distances between northern sites were < 50 km. Northern and southern locations

were < 230 km apart. All coastal individuals were collected in 2012.
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Figure 1. Location of estuarine area (1LA) Formoso river (FR) and coastal areas (1B)
Itamaraca (IT), Olinda (OL), Barra de Sirinhaém (SI), Barra de Santo Antonio (SA) and
Barra de Sdo Miguel (SM), where juvenile and adults of Lutjanus alexandrei were

collected.

In order to evaluate temporal variability in otolith chemistry within the estuarine
area, ten juvenile individuals of L. alexandrei were randomly selected from each of the
three consecutive years (2010, 2011 and 2012). Fish ranged in length from 16 to 17 cm.
Spatial variability patterns of otolith chemistry in coastal areas was estimated using ten
adult individuals randomly selected for each site from north and south areas (n = 40 in

total) ranging from 28 to 29 cm in length.

Differences in Element:Ca ratios between habitats, estuary and the adjacent coastal
site were also tested using ten individuals each from Formoso river and the nearest
costal site from estuary Barra de Sirinhaém (n = 20 in total). All samples were collected
in the same year (2011) during the dry season. Samples ranged in size from 20 to 24 cm,
comprising the larger individuals from estuarine and smallest from coastal areas, though

there was some size overlap between the two habitat types.

Trace element life history transects were then performed from age 1 to 7 in order to

identify possible migration patterns from estuarine to coastal habitats. Ten individuals
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of age 7 between 26 to 28 cm TL were randomly selected from all coastal areas.
Summary of data collections is provided in Table 1.

Once captured, fish were placed into labeled plastic bags, stored on ice, and
processed within 24 h. Both sagittae were removed using plastic forceps, rinsed with
distilled water, and cleaned of adhering tissue. Otoliths were then air dried and stored in
plastic vials. A single sagittal otolith was analyzed from each fish. Transects were based
on otolith sections measurements (n = 170) performed in parallel to the sulcus acusticus
from the nucleus to the proximal face using a stereomicroscope with reflected light on a
black background (Fig 2). Otolith images were captured, treated and measurements for
the first seven annuli performed using the IMAGE Pro Plus V. 4.5 computer program
(SPSS Science, 1999).

Table 1. L. alexandrei. Overview of type of analyses, sampling habitats, sites, sampling
code, sampling year, number of samples analyzed (n) and total length ranges (TL, cm).

Type of analysis Habitat  Sampling site Sampling code  Year n TL(cm)
TemForaI variability  Estuarine Formoso river FR 2010-2012 30 16-17
Spatial variability Coastal  Itamaraca IT 2012 10 28 -29
Spatial variability Coastal  Olinda oL 2012 10 28-29
Spatial variability Coastal Barra de Santo Antonio SA 2012 10 28-29
Spatial variability Coastal Barra de Sdo Miguel SM 2012 10 28 -29
Habitat signatures Estuarine Formoso river FR 2011 10 20-22
Habitat signatures Coastal  Barra de Sirinhaém Sl 2011 10 22-24
Life transect Coastal  Itamaracé IT 2012 4 26-28
Life transect Coastal  Barra de Santo Antonio SA 2012 3 26-28
Life transect Coastal Barra de Sdo Miguel SM 2012 3 26-28
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Fig. 2. Sectioned otolith (a) of L. alexandrei Scale bar = 0.5 mm. Detailed sectioned

otolith (b) showing measurements performed in parallel to the sulcus acusticus from the
nucleus to the proximal face of a 8 years old individual, Scale bar = 0.4 mm

Otolith preparation and analysis

One otolith from each fish was randomly selected and prepared for chemical analysis.
Each otolith was first embedded in epoxy resin and a transverse thin section (1.5 mm)
was removed from the core region using a IsoMet® low-speed saw (Buehler). Each
otolith section was glued to a glass slide with crystal bond thermoplastic cement and
thin sections were hand polished to the core on one side using 1200 grit wet-dry
sandpaper and 3um aluminum oxide lapping film rinsed with Milli-Q water. Polished
sections were triple rinsed in Milli-Q water and air dried for 12 h under a laminar flow

hood before being stored in a slide box.

Trace element chemistry of thin sections was determined using a laser ablation

inductively coupled plasma mass spectrometer (LA-ICPMS) at Texas A&M University
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at Galveston. The system consists of an ultraviolet laser ablation with a high-resolution
digital camera (NWR 213, New Wave Research, USA) and quadrupole inductively
coupled plasma mass spectrometer with a Xs cone (ICPMS, XSeries Il, Thermo
Scientific, USA). Ablation diameter for spots sampled on each otolith were 50 pum, and
the location of annuli was determined using otolith microstructure analysis. For
assessments of spatial and temporal variability, replicate spots were ablated on the edge
of each otolith to ensure that the analyzed material was recently accreted or from the
capture location. Life history transects were performed by ablating multiple spots at
each annulus from age 1 to 7. All elemental concentrations were based on an average of
four ablations on the otolith edges and average of three ablations for each annulus on
the life history transects. Before acquiring data, otoliths were pre-ablated using 2 laser
pulses to remove any surface contamination. Six elements were measured using LA-
ICPMS: “Li, *Mg, >*Mn, *°Co, ®sr, *'Ba. NIST 614 was used as the external standard
for calibration. **Ca was used as the internal standard to correct variations in ablation
yield. Calcium concentration was assumed to be evenly distributed across the otolith
sections at 38% or 388000ugg™, a published value for certified reference material of
otoliths (Yoshinaga et al. 2000). For an ablated spot size of 50 um, estimated detection
limits (in pgg™) for examined elements were estimated as the quantity of analyte
required to produce a signal equivalent to three times standard deviation of the NIST
614 (n=30), and were: Li: 0.48, **Mg: 2.08, **Mn: 0.33, *Co: 0.25, 0.52, ®sr: 3.71,
3Ba: 1.24. A calibration curve was generated for each otolith sample and one standard
run (NIST 614) was added every 10 ablations in each queue to monitor and correct the
potential instrumental drift. After elemental analysis on the LA-ICMPS, otolith sections
were examined under a microscope and a digital image of the ablated section was taken
using IMAGE Pro Plus V. 4.5 computer program (SPSS Science, 1999) to confirm the
laser ablation locations (Fig. 3).
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Figure 3. Images of Lutjanus alexandrei otolith sections showing the laser ablation
spots for edge analysis (a) and life history transects of 7 year old individuals (b) for
chemical analysis using LA-ICPMS.

Data analysis

Element:Ca ratios (Li:Ca; Mg:Ca; Mn:Ca; Co:Ca; Sr:Ca and Ba:Ca) were first
examined for within-group normality (Kolmogorov- Smirnov’s test) and for
homogeneity of variances among groups (Levene’s test). When both assumptions were
met, multivariate analysis of variance (MANOVA) was used to test for spatial and
temporal differences in element:Ca ratios. Pillai’s trace (V) was chosen as the test

statistic because it is the most conservative test in MANOVA (Wilkinson et al. 1996).
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Analysis of variance (ANOVA) and post-hoc comparisons using Tukey’s Honestly
Significant Difference (HSD) test were subsequently applied to detect any significant

differences in element:Ca ratios among factor levels (e.g. years).

Results

All six elements (Li, Mg, Mn, Co, Sr, and Ba) were regularly detected at all sites and
were therefore included in all statistical analyses. In general, element:Ca ratios met both
within-group normality (Kolmogorov-Smirnov’s test, P>0.05 in all cases) and
homogeneity of variances among groups (Levene’s test, P>0.05 in all cases); however,
when assumptions were violated (e.g. Mn:Ca and Li:Ca among Yyears), element:Ca

ratios were log-transformed In(x+1) prior to statistical analyses.

Temporal variability of element:Ca: ratios were not significantly different among
years (MANOVA: p > 0.05). Although, higher variation in elements:Ca concentrations
were observed for Mn:Ca and Co:Ca (Fig 4). Mn:Ca presented a slightly higher trend
for means ( 0.25, 0.32 and 0.39 mmol/mol) in consecutive years (2010, 2011 and 2012).
Co:Ca ratios also displayed a large variability among the consecutive years (0.12, 0.13,

0.10 mmol/mol) though no trend was observed.
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Fig. 4. Lutjanus alexandrei Mean + SE otolith element/calcium ratios (molar) at
different years (2010, 2011 and 2012) in the same estuarine area.

Multi-elemental fingerprints differed significantly among coastal sampling
locations (MANOVA: p < 0.05). Univariate contrasts indicated that Co:Ca and Ba:Ca
ratios varied significantly (ANOVA, p < 0.05) among the four coastal sampling sites.
Co:Ca and Ba:Ca ratios were significantly higher for OL site when compared to the
other three coastal locations (Tukey's HSD test p < 0.05, Fig 5).
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Fig. 5. L. alexandrei. Mean + SE elemental concentrations ratio (mmol/mol) for Ba:Ca
(A) and Co:Ca (B) in otolith edges that differed significantly among coastal sampling
locations (see Table 1 for location codes). Bars labelled with different lowercase letters

are statistically different from each other (Tukey’s HSD test).

Multi-elemental fingerprints of similar sized L. alexandrei collected in estuarine and
coastal waters were significantly different (MANOVA: p < 0.05). Univariate contrasts
revealed that element:Ca ratios of Mn, Sr, and Ba were significantly different (ANOVA,
p < 0.05) between the two regions. Mean Mn:Ca and Ba:Ca ratios of L. alexandrei from
estuarine areas (0.32 and 2.31 mmol/mol, respectively) were markedly higher than
observed for coastal reefs (0.11 and 1.54 mmol/mol, respectively). In contrast mean
Sr:Ca for L. alexandrei from the estuary (3552 mmol/mol) was significantly lower than
observed for individuals from the adjacent coastal area (4156 mmol/mol) (Fig 6).
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Fig. 6. L. alexandrei. Mean + SE elemental concentration ratios (in order from top to
bottom) of Mn:Ca, Sr:Ca and Ba:Ca (mmol/mol) in otolith edges that differed
significantly between estuarine and adjacent coastal areas

Measurements of L. alexandrei otolith sections from age 1 to 7 are available on
Table 2. Ontogenetic variability in multi-elemental fingerprints was observed across age

classes (i.e., material accreted during each age interval) of L. alexandrei examined
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(MANOVA: p < 0.05). Univariate contrasts revealed that element:Ca ratios of Mn, and
Ba were significantly different across portions of the otolith that corresponded to
different years (ANOVA, p < 0.05). Mn:Ca ratios in the age-1 region of the otolith were
significantly higher than all other ages (2 to 7), while age 2 differed significantly than
ages 5 to 7 (Tukey's HSD test p < 0.05, Fig 7) Similarly, age 1 for Ba:Ca ratios were
also significantly higher than ages (4 to 7) while age 2 differed significantly than ages 6
and 7 (Tukey's HSD test p < 0.05, Fig. 8). Additionally means of Mn and Ba ratios
observed in earlier trials from coastal sites were plotted as a reference values for coastal

Mn and Ba concentrations, representing a habitat break point (Figs 7 and 8).

Table 1l. Summary data for L. alexandrei otolith sections measurrments from nucleus to
edge of 7 individuals (n = 170).

Mean distance from nucleus to annuli

Annulus  (pm) SE n

1 419 2.8 107
2 519 34 88
3 596 41 64
4 670 75 45
5 730 8.0 45
6 790 85 43
7 840 9.7 42
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Fig. 7. L. alexandrei. Mean + SE Mn:Ca elemental ratios for age groups (1 to 7+) in
otoliths of individuals collected in coastal areas (IT, SA, SM). Bars labelled with
different lowercase letters are statistically different from each other (Tukey’s HSD test p
< 0.05). Dashed line represent mean Mn:Ca concentrations (0.21 mmol/mol) observed

for individuals sampled in coastal areas.
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Fig. 8. L. alexandrei. Mean + SE Ba:Ca elemental ratios for age groups (1 to 7+) in
otoliths of individuals collected in coastal areas (IT, SA, SM). Bars labelled with
different lowercase letters are statistically different from each other (Tukey’s HSD test p
< 0.05). Dashed line represent mean Ba:Ca concentrations (2.29 mmol/mol) sampled in

coastal areas.
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Discussion

Otolith element:Ca ratios in juvenile L. alexandrei collected in the estuary showed a
consistent pattern among the three years of this study, as no significant temporal
variations were found. Although interannual variations in otolith chemistry are
frequently observed for fish occupying estuaries and coastal environments (e.g.,
Gillanders & Kingsford 2000; Reis-Santos et al. 2012; Walther & Thorrold 2009),
several studies have reported elemental stability across years (Gillanders 2002b; Hamer
et al. 2003), suggesting that physicochemical conditions within the study area are
relatively stable over sampled time. Variations in elemental signatures of estuarine
fishes are likely to be system dependent, based on tides, water movements, hydrology,
precipitation, upwelling and geochemistry composition of estuarine drainage basin
(Elsdon et al. 2008). Also, anthropic influence (man-made inputs) and type of species
(as element concentrations are species-dependent) may influence chemical composition
of fish otoliths (Gillanders & Kingsford 2003; Chitarro et al. 2006, 2005).

Spatial variations in element:Ca ratios in otoliths of L. alexandrei from the four
coastal collection sites were negligible. Apart from Co:Ca and Ba:Ca being significantly
different at only one site (OL), our results suggest that element:Ca ratios in the coastal
areas are relatively similar even though certain sites are separated by over 200 km.
Chemical similarity was also observed among otoliths of fish sampled along small
spacial scales by Gillanders et al. (2001), and (Chitaro et al. 2005, 2006) in oligotrophic
coastal areas. Alternatively, differences over broader spatial locations was found up to
1200 km (Secor & Zdanowicz 1998; Thorrold et al. 1998) while other studies have
found no differences in otolith chemical composition among locations separated by
3000 km (Proctor et al. 1995; Kalish et al. 1996). Thus, otolith chemistry is not
necessarily a good predictor of distances among locations in coastal areas (Elsdon et al.
2008), but to environmental water properties (e. g. temperature, salinity) and
physiographic process (e. g. rainfall and associated runoff). Little variation in otolith
chemistry found among coastal areas may be related to relatively homogeneous
environmental conditions or alternatively movement of fish among areas (Gillanders et
al. 2001).

Mn:Ca and Ba:Ca ratios present in recently accreted otolith material of L.

alexandrei collected in the estuary were significantly greater than those in fish sampled
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in adjacent coastal area, whereas Sr:Ca ratios presented the opposite trend with higher
ratios for coastal area.These three elements follow the same pattern observed in the
literature regarding comparisons among estuarine and coastal habitats (Gillanders &
Kingsford 1996; Chitarro et al. 2005; 2006; Rooker et al. 2004). Despite the fact that
the relationship between environmental and physiological processes in otolith chemical
composition is poorly understood (Campana 1999; Thresher 1999), elements that are
under physiological regulation are less likely to reflect environmental parameters, while
elements that are incorporated into the otolith via substitution of calcium and included
in interstitial spaces are likely to reflect environment parameters (e.g. Sr and Ba). These
last two elements have been widely used to investigate the movement and connectivity
of fishes between estuarine and coastal environments (Elsdon & Gillanders 2004; de
Vries et al. 2005; Walther & Thorrold 2006). Mn is also known to be consistent with
environmental concentrations (Campana 1999) and has been used as a good indicator,
particularly in estuarine habitats (Reis-Santos et al. 2012; Gillanders & Kingsford 2003
2000).

Life history transects of several elements decreased with increasing age for adults
(age 7) L. alexandrei inhabiting coastal areas, and observed changes in element:Ca
ratios appear to track the movement of individuals from waters of higher (estuary) to
lower (coastal) trace metal availability. Ba:Ca and Mn:Ca showed similar patterns, with
higher element:Ca ratios in the first year, subsequent decrease until age 4, and similar
values from age 5 to age 7. Age 1 differed from other ages but age 2 also differed from
ages 4 to 7 and 6 to 7 for Mn:Ca and Ba:Ca, respectively. These results support the
premise that L. alexandrei occupy estuaries during the first year of life, transitioning to
areas influenced by coastal processes as early as age 2. Ontogenetic shifts from
estuarine to coastal areas is well established for other snappers in the western Atlantic
(Faunce & Serafy 2007, 2008; Jones et al. 2010; Moura et al. 2011). Similarly to L.
alexandrei, certain congeners (schoolmaster, L. apodus) use estuarine mangrove prop-
root habitats during early life, moving out to coastal reef environments as sub-adults or
adults (Cocheret de la Moriniere et al. 2003; Nagelkerken et al. 2000, Rooker 1995).
Our results suggest that L. alexandrei may show a similar pattern, but the extent of
movement is still unknown for this species, it likely contributes to observed variability

in otolith element;Ca ratios.
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Examining habitat-specific and age-specific variation in element:Ca ratios allow us
to infer potential movement patterns of L. alexandrei between estuarine and coastal
areas in Brazil. The gradual decreases in element:Ca concentrations observed for ages 1
to 4 might be related to a gradual transition from estuarine areas to shallow and deeper
coastal areas. Moreover, relative stability of elements:Ca ratios at ages 5 to 7 suggests
that adults at those ages, have already migrated to coastal areas. This life history model
is supported by a positive relationship between size/age and depths for snapper in this
region (Aschenbrenner & Ferreira 2015; Frédou & Ferreira 2005; Moura et al. 2011).
Our findings indicate that ontogenetic shifts between estuarine to coastal habitats is well
developed for L. alexandrei and suggest that connectivity between early life and adult

habitats is an important consideration for fishery managers.
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Abstract

Despite of fishery importance, aspects of early life stages for snappers are still largely
unknown in Southwestern Atlantic. Habit use of different life stages (e.g. size
categories) across a mangrove-reef gradient was investigated for the endemic Brazilian
snapper (Lutjanus alexandrei) and for the dog snapper (Lutjanus jocu). Density and size
structure were obtained through underwater visual census (transects 10 x 2 m)
conducted at two estuaries and three adjacent shallow coral reefs in the northeastern
coast of Brazil. At each habitat, 90 replicate transects were conducted in five sites
(mangrove and reef) during five consecutive months (November to March) 2012-13.
For both species, higher fish densities were observed in mangroves when compared to
reefs. L. alexandrei showed a clear increase in size from mangrove to reef system.
Postsettler, juvenile and sub adult individuals of L alexandrei occurred in mangroves
while for shallow reefs only sub adults and adults were observed. For L. jocu,
mangroves were characterized by the presence of postsettlers, juveniles and sub adults,
while in shallow reefs only juveniles and sub adults were observed. Mature individuals
were only observed for L. alexandrei in the shallow reefs. For both species individuals
< 10 cm were exclusively found in mangroves, with increasing densities of individuals
larger than 12 cm in shallow reefs. Significant differences among months were not
found for postsettlers densities of either species, suggesting that recruitment period
extends along all dry season in mangroves. Overall results showed habitat selectivity for
different life stages and highlights importance of mangrove as primary areas in early life

stages for both snapper species.
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Introduction

Several ecologically and economically important marine fish species have life histories
in which juvenile stages use different habitats than adults (Adams et al. 2006). This
strategy where early life fish undergo ontogenetic transitions in which larvae tend to
settle in habitats and locations different from those used by adults are classified as
ontogenetic shifters (Adams & Ebersole 2009). In tropical back-reef systems movement
from juvenile habitats (i.e., mangroves/seagrass beds) to their adult habitat (i.e., coral
reefs) indirectly suggests ontogenetic shift (Nagelkerken et al. 2000a,b; Verweij et al.
2007). Based on the spatial separation between juvenile and adult populations,
mangroves and seagrass beds have been assumed to function as important nursery areas
that contribute to adult populations (Parrish 1989). Yet, to be considered a nursery, a
given habitat must support greater contributions per unit of area than other habitats used
by juveniles. Thus nursery function may be measured by any combination of four
factors: (1) density, (2) growth, (3) survival of juveniles, and (4) movement to adult
habitats (Beck et al. 2001).

The use of nursery areas by juveniles is related to the benefits of higher abundance
of food, shelter against predation, and consecutively, lower predation risk (Blaber &
Blaber 1980; Laegdsgaard & Johnson 2001; Verweij et al. 2006; Nagelkerken & Faunce
2008; Nagelkerken 2009). Such factors contribute either directly or indirectly to the
underlying mechanisms that regulate the nursery-role measures of density, growth, and
survival (sensu Beck et al. 2001).

Ontogenetic migrations have been registered for Lutjanid species in Caribbean sea
at shallow nursery areas. Mangroves seem to play a very important role for early life
postsettler and juvenile of L. apodus, L. griseus (Verweij et al. 2007; Nagelkerken et
al. 2000a; Serafy et al. 2003; Faunce & Serafy 2006; Nagelkerken 2007; Pollux et al.
2007) L. cyanopterus and L. jocu (Lindemam & De maria 2005; Lindemam et al 1998;
Claro & Lindemam 2008) while seagrass beds for O. chrysurus (Nagelkerken et al.
2000a; Pollux et al. 2007).

Despite commercial great importance of the dog snapper for lutjanids Brazilian reef
fisheries (Frédou et al. 2009a, b) information of early life stages for L. jocu still scarce
when compared to other snappers (Moura et al. 20011; Nagelkerken 2007; Pollux et al.

2007). Likewise, early life stages and importance of nursery habitats for the recently
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described Brazilian snapper Lutjanus alexandrei (Moura & Lindemam 2007) is still
unclear (Aschenbrenner & Ferreira 2015; Xavier et al. 2012).

Considering limited knowledge on the nursery function and connectivity of
mangroves to other habitats, particularly in areas outside of the Caribbean (Nagelkerken
et al. 2000a,b; Nagelkerken 2007) and additional current rates of mangrove
deforestation and their consequences (e.g. ecosystem function, fisheries productivity
and resilience of adjacent reefs), information on importance of nursery habitats became
critical for future species conservation and management. (FAO 2007; Giri et al. 2011;
Mumby et al. 2004).

In the present study the following questions were addressed: (i) Is there a

preference in shallow water habitats for postsettler, juvenile and sub adult populations
of L. alexandrei and L. jocu?; (ii) Is there evidence of ontogenetic movement between
habitats for the two species along estuarine-reef gradient?; (iii) Does mangrove habitats
have a nursery role for this two snapper species in south Atlantic?
Thus Temporal (e.g. among months) and spatial variability (between-habitats) of fish
size and density were assessed in order to provide better understanding of the role of
nursery habitats (mangrove and shallow reefs), for early life stages of L. alexandrei and
L. jocu in the southwestern tropical portion of Atlantic sea.

Material and methods

Study area

The Pernambuco shelf, located at the northeastern coast of Brazil (Fig. 1), is relatively
shallow and narrow (34 km average) (Aradjo et al. 2004) with the presence of several
ecosystems with high productivity as mangroves, seagrass beds, estuaries and coral
reefs (Ferreira &. 2006; Ferreira et al. 2004).

The region is influenced by tropical climate with two distinct periods during the year: a
rainy season (from March to August) and a dry season (from September to February).
Temperature vary from near 30 °C during the dry season to 24 °C during the rainy
season (Maida & Ferreira 1997). Tidal range is around 2.5 m, and a branch of the South

Equatorial Current (the Brazilian current) flows southward, bringing low nutrient
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tropical waters (Schaeffer-Novelli et al. 1990). The study area (35° 06° - 35° 04 W, 8°
40’ - 8° 47’ S,) comprises a mangrove-reef gradient in a shallow coastal area at
Tamandaré reef complex bounded to the north by Formoso river estuary and by

Mamucaba estuary to the south (Fig. 1).

The Tamandaré reef complex is situated within the limits of Costa dos Corais
Marine Protection Area, which covers 135 km protected by federal law since 1997. The
reef complex has approximately 9 km, coral reef formation are of Holocene age and
have grown on top of submerged sandstone banks (Domingues et al. 1990; Maida &
Ferreira 1997). The coral reefs at Tamandaré run parallel to the coast and form
constructions resembling fringing reefs working as breakwater like barrier, which
allows formation of shallow lagoons (up to 8 m depth) in between the coastal line and
back reefs. For detailed information see Maida & Ferreira (1997).

The estuary of Formoso -river (locality A) is classified as a coastal plain and well-
mixed type, bordered by a dense mangrove forest, its mouth is partially dammed by a
fringe reef, visible at low tide (Honorato-da-Silva et al. 2009). The estuary of
Mamucaba-river (locality B) is a very small and shallow estuary classified as bar-built
and well-mixed type, also bordered by a dense mangrove forest (Losada et al. 2003).
Both estuarine systems are not submitted to strong human impacts and tide pattern is the

main physical controlling factor (Honorato-da-Silva et al. 2009; Losada et al. 2003).

Survey methods

As all sites were shallow (< 3 m) sampling was conducted using snorkeling within two
different habitats (two estuaries — localities A and B, and three adjacent shallow reefs in
between estuaries - localities C,D and E) (Fig.1). Habitats sampled in the estuary
included unconsolidated mud, downed trees, and sparse rocks adjacent to mangrove
roots, in depths of up to 2.5 m. Shallow reefs include fore and back reefs, in depths of
up to 3m (Fig. 1). As preliminary surveys recorded no L. jocu and L. alexandrei
individuals for seagrass bottoms, and based on previous habitat use studies for this
region (Moura et al. 2011; Xavier et al. 2012; Ozorio et al. 2011) these latter habitat

was not included.
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Data were obtained during the dry season, from November 2012 to March 2013,
(Factor Month — [M]), based on weather conditions, and at quarter moon tides (when
water visibility is grater within estuary). At each month the two habitats were assessed,
mangroves and shallow reefs (Factor Habitat — [H]), and within each habitat two (for
mangroves) and three (for shallow reefs) localities, respectively, were sampled (Factor
Locality [L]). Furthermore, to improve spatial data variability, three sectors (Factor
Sector [Se]) were randomly sampled in each Locality (fig. 1). Six randomly located
transects (replicates) were conducted in each sector.

Visual surveys (10 x 2 m transects) were used to quantify fish size and abundance.
Due to a combination of factors such as small fish size (postsettlers and juvenile fish),
high turbidity and heterogeneity at estuarine localities, transects width were reduced in
order to provide better accurate size estimations (Minte-vera et al. 2008). Transects
were laid at least 5 m apart, positioned parallel to reef crests and caves in the reef-sand
interface, and adjacent to prop roots and downed trees in the mangroves. Fish length
was estimated in 2 cm TL size classes up to 30 cm TL, larger individuals were
accounted as > 30 TL cm category. The same observer conducted all fish surveys, thus
eliminating inter-observer bias. To insure accurate and precise length assessment of
fishes underwater the diver repeatedly estimated the sizes of wooden fish models of
various lengths before the survey (Rooker & Recksiek 1992). Horizontal visibility was
determined prior to surveys using a vertically mounted secchi disk and a measuring line
to ensure fishes could be effectively observed within each transect. No survey was

conducted if mean visibility was less than <2 m.

In order to determine the distribution of fish throughout their different life stages
between- habitats, size distributions of individuals were classified in four groups based
on ontogeny. Total length of each individual observed was used to classify it as
postsettlers, juvenile, subadults and adults. As studies have shown that standard length
at settlement of lutjanus congenders ranges between 1.5cm and 3.5 cm (Fisher et al.
2005; Pollux et al. 2007), all individuals smaller than 4 cm were considered as
postsettlers. Juvenile category was applied for individuals (smaller than half of the size
at maturity Lsp). Sub-adults (for individuals larger than half the size at maturity and
smaller than Lsp) and adults (for individuals equal or larger than size at first maturity
Lso). Grouped categories were based on size at first maturity for L. alexandrei and L.
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jocu published at reproductive studies provided by (Fernandes et al. 2011 and Freitas et
al. 2011 respectively).

0 0.75 1.5Km
— )

- Inshore

Shallow reef

13
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D 0 0.5 ﬂl(m E

Figure 1. Map of study area located in the Pernambuco State, northeastern Brazil
showing the position of five localities sampled, A: Formoso river, B Mamucaba river, in
estuarine habitat and adjacent shallow reefs localities (C, D and E). In each locality

sampling sectors are numbered (1-15).

Data analysis

The effects of temporal and spatial variability were assessed using distance-based
permutational multivariate analysis of variance (PERMANOVA). Analysis were based
on Bray-Curtis dissimilarities (Anderson 2001) on log-tranformed data run in univariate
mode using abundance of size classes and total densities of the two target snapper
species as response variables. The model tested with PERMANOVA consisted of four
factors: Months ( fixed factor [M] with 5 levels), Habitat (fixed factor [H], with 2 levels
), Localities (random factor [L], with 5 levels and nested at the interaction Mo and Ha —
L(MxH)), and Sector ( random factor [S], with 3 levels, nested in sites, S(L(MxH)), to
test small scale spatial variability. We applied 9999 permutations under a reduced

model. Species were analyzed independently. When significant differences were found
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(p < 0.05), a posteriori pairwise comparisons among all levels of a factor were also

examined.

Additionally, we evaluated the spatial-temporal distribution in postsettler densities
(< 4 cm TL) for both species using PERMANOVA analysis. For this variable, habitat
factor was not included in the analysis as postsettlers were found only in one habitat
type (mangroves). Therefore, the model tested with PERMANOVA consisted of three
factors: Months (fixed factor M, with 5 levels, to test temporal variability for densities
of postsettlers), Localities (random factor L, with 2 levels to test medium-scale spatial
variability for densities of postsettlers) and Sector (random factor S, with 3 levels, to

test small-scale spatial variability).

Size categories based on ontogeny of both species were compared between-habitats
using the Kolmogorove-Smirnov two-sample test.

PERMANOVA analyses were performed using PRIMER-E 6 (Anderson et al.
2008). Univariate analysis and the Kolmogorove-Smirnov two-sample test were
performed using Statview. All tests were performed at a 5% level of significance (Zar
1999).

Results

Size distributions

Temporal variability in abundance of size classes were not significantly different among
months for L. alexandrei (Pseudo F = 0.46679, p > 0.05) and L. jocu (Pseudo F=1.0163,
p > 0.05) however abundance of size classes differed significantly between habitats L.
alexandrei (Pseudo F =25.863, p < 0.01) (Table 1) and L. jocu (Pseudo F =13.505, p <
0.01) (Table 2). A small scale variability was also observed within habitats for localities
and sectors (Table 1land 2).

Table 1. PERMANOVA results comparing spatial and temporal differences on
abundance in size classes and total density between habitats for L. alexandrei. M =

months, H = habitat, L = Localities, S = sector.
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Size class Total density

Source df MS Pseudo-F P(perm) MS  Pseudo-F P(perm)
M 4  6.9E+08 0.47 0.995 5.1E+08 0.57 0.931
H 1 6.3E+10 25.86 0.001 6.8E+10 37.44 0.001
MxH 4 1.1E+09 0.64 0.921 1.4E+09 1.07 0.422
L(MxH) 15 1.7E+09 3.58 0.001 1.0E+09 1.81 0.012
S(L(Mxh)) 50 7.7E+08 1.58 0.015 8.7TE+08 1.57 0.037
Res 375 4.8E+08 5.5E+08

Table 2. PERMANOVA results comparing spatial and temporal differences on

abundance in size classes and total density between habitats for L. jocu. M = months, H

= habitat, L = Localities, S = sector.

Size class Total density

Source df MS  Pseudo-F P(perm) MS  Pseudo-F P(perm)
M 4 3.2E+09 1.0163  0.421 29E+09 0.91927 0.624
H 1 59E+10 13,505 0.001 1.2E+11 27.832 0.001
MxH 4 2.8E+09 0.92771 0.739 2.2E+09 0.77119 0.895
L(MxH) 15 1.9E+09 1.345 0.002 1.8E+09 1.4487 0.022
S(L(Mxh)) 50 2.7E+09 1.9201  0.001 2.8E+09 2.2367 0.001
Res 375 1.4E+09 1.2E+09

Significant differences in size categories were detected by the Komogorov-Smirnov

test (p < 0.01) between-habitats with a clear increase in fish size from mangroves to

adjacent coral reefs (Fig 2). For L. alexandrei the smallest individuals were only

observed in mangroves, size range classes for this habitat was < 2 to 22 cm TL while for

adjacent shallow reefs 12 to 26 cm TL. A shift was observed in proportions of

individuals among habitats since class 12 cm, in this class mangroves displayed higher

proportions than shallow reefs, after 12 cm, subsequent size classes have shown

increasingly proportions for shallow reefs and decreasing proportions in mangroves (Fig
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2A\). In size categories mangroves harbored postsettlers (< 4 cm), 6.6%, juvenile (4-10
cm) 49.6%, and sub-adults (10-22 cm) 43.8%, while in shallow reefs, proportion of
individuals were comprised mostly by sub-adults 96.5% and mature (> 22 c¢cm) with
3.5% (Table 3).

L. jocu also exhibit significant differences in size categories Komogorov-Smirnov test
(p < 0.01) between-habitats with an increase in fish size from the estuary to adjacent
coral reefs (Fig 2B). The smallest individuals were also only observed in mangroves, all
size ranges were observed for this habitat 2 to > 30 cm TL, while adjacent shallow reefs
displayed a narrower size range 12 to 22 cm TL. Overall proportion of individuals
decreased gradually after class 12 cm in mangroves when compared to shallow reefs.
(Fig 2B). For size categories dog snapper postsettler individuals occurred exclusively in
mangroves with 8.9%, juvenile 85%, and sub-adult 6.1%, whilst shallow reefs harbored
mainly juvenile 94.7% and sub-adult 5.3%, no mature individuals were recorded for
both habitats (Table 3).
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Fig. 2. Size frequency distributions of L. alexandrei (A) and L. jocu (B) between
habitats.

Table 3. Proportion of the total L. alexandrei and L. jocu life story stages between

habitats MG=mangroves and SR= shallow reefs. For L. alexandrei postsettlers (< 4),
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juvenile (4-10), sub-adult (10-22), mature (> 22) cm TL based on Lz, data (Fernandes et
al. 2011). For L. jocu postsettlers (< 4), juvenile (4-20), sub-adult (20-40), mature (> 40)
cm based on Lso data (Freitas et al. 2011). As size maturation was provided in Standart
lenght (SL) for both species, sizes were converted to total length (TL) based on length-
length relationship (Aschenbrenner and Ferreira 2015, Freitas et al. 2014)

Habitat MG SR

Species L. alexandrei % (n) L. jocu % (n) L. alexandrei % (n) L. jocu % (n)
Postsettler 6.6 (68) 8.9 (19) 0 (0) 0(0)
Juvenile  49.6 (511) 85 (182) 0 (0) 94.7 (18)
Sub-adult 43.8 (452) 6.1 (13) 96.3 (335) 5.3(1)
Mature 0 (0) 0 (0) 3.7 (13) 0 (0)

Total Density

Temporal variability in total density for L. alexandrei and L. jocu were not significantly
different among months (Pseudo F= 0.5667, P > 0.05; Pseudo F = 0.9193, p > 0.05,
respectively) (Table 1 and 2), however, spatial difference was significantly different
between habitats (Pseudo F = 37, p < 0.01, pairwise t-test p < 0.01; Pseudo F= 27.832, p
< 0.01, pairwise t-test p < 0.01, respectively). Spatial small scale variability was also

observed within habitats for Localities (Fig. 3) and sectors for both species.
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Fig. 3. Mean density + SE between habitats for individuals of L. alexandrei (1) and L.
jocu (I1) and within habitats localities A, B, C, D and E (I1l and IV respectively), note
that for L. jocu site E was not considered in analysis as only one individual was

recorded.

Recruitment

Temporal variability for density of postsettler individuals (< 4 cm) for L. alexandrei and
L. jocu were not significantly different among months (Pseudo F= 0.735, P > 0.05;
Pseudo F = 0.804, p > 0.05 respectively) (Table 4), although not significant, a trend
with higher proportions of postsettlers were observed for the last two months, March for
L. alexandrei and February and for L. jocu (Fig 4). Spatial difference was significantly
different within mangrove Localities for L. alexandrei (Pseudo F = 9.253 p < 0.01,
pairwise t-test p < 0.01) (Tables 4), but not for L. jocu (Pseudo F=0.504, p > 0.05) (Fig.
5) (Table 4). Spatial small scale variability in postsettler individuals was also observed

within sectors for both species.

Table 4. PERMANOVA results comparing spatial and temporal differences in density
of postsettler individuals (< 4 cm) for L. alexandrei and L. jocu. M = months, L =

Localities, S = sector.

L. alexandrei L. jocu
Source df MS  Pseudo-F P(perm) MS  Pseudo-F P(perm)
M 4 43E+07 0.73536 0.744  3.9E+07 0.80412 0.843
L 1 5.4E+08 9.2534 0.0008 2.4E+07 0.50431 0.999
MxL 4 3.0E+07 0.51601  0.9644 5.5E+07 1.1319 0.25
S (MxL) 20 5.8E+07 1.6762 0.0016 4.8E+07 1.4058 0.002
Res 150 3.5E+07 3.4E+07
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Fig. 5. Mean density + SE within mangroves for postsettlers (individuals < 4 cm TL) of

L. alexandrei (1) and L. jocu (1), A and B correspond to different mangrove localities.

Discussion

Mangroves worldwide are often assumed to be an important nursery habitat for many
juvenile coral reef fishes, including fishery important species (Faunce & Serafy 2006;
Austin 1971; Sedberry & Carter 1993, Serafy et al. 2003; Nakamura & Sano 2004;
Dorenbosch et al. 2005) .

The presence of early juvenile (< 10 cm TL), observed only in mangrove habitats
indicates a settlement preference for downed trees/prop-roots strata other than hard

bottom at this life stage for both studied species. Increased utilization of adjacent
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shallow reef was observed with ontogenetic development, as individuals larger than 10
cm of both species were present at those habitats. Utilization of different size categories
between the two habitats by both species, and additional increase of mean size
individuals in shallow reefs indicates habitat resource selection of larger sized fish for
shallow reefs, as well as smaller individuals for mangroves. Indeed previous studies of
inter-habitat size and age structure have shown that L. alexandrei during its first year of
life exclusively occupied mangrove areas (Aschenbrenner & Ferreira 2015), a pattern
also observed for L. jocu (based on age data from Previero et al. 2011).

Overall, those results corroborates the notion that the mangroves along the NE
coast are closely connected to adjacent reefs through these species life cycle, serving as
functional nurseries (Beck et al. 2001). Observed preference for mangrove habitat in
early life stage might be related to high food availability, lower predator risk, especially
for small sized fish, and higher structural complexity and shade found in prop-roots
provided by mangroves (Laegdsgaard & Johnson 2001; Nagelkerken 2009; Cocheret de
la Moriniere et al. 2004).

Other intrinsic characteristics within mangrove sites may have been associated with
differences found in fish densities between the two sites. Despite both sites were
covered with the same vegetation (Rhizophora mangle, Laguncularia racemosa and
Avicennia schaueriana), in locality B the mangrove riverbank is narrower along the
channel, that is also shallower, with channel depths < 1.5 m width (Losada et al. 2003),
while locality A comprised a wider riverbank area along the main channel with depths
of < 10 m (Honorato-da -Silva et al. 2004). Higher densities found for locality B in
relation to A might then be related to a more limited space for sheltering or,
alternatively, shallower localities are likely to be more attractive to small sized fish, due
to the lower accessibility caused by shallower water (Vance et al. 1996).

Occurrence of postsettler individuals was relatively constant among months as no
significant difference was found for both species in the studies period (five months).
This pattern reflected the spawning strategy, which has been reported to occur along an
extended season (dry season) for both species in southwestern Atlantic (L. alexandrei,
Fernandes et al. 2012; L. jocu, Freitas et al. 2011). Moreover, given the proximity of
studied habitats (< 10 km), presence of postsettlers and juvenile only in mangrove other
than shallow reef provide an interesting link and suggest that utilization of mangrove by

both species are mainly determined by habitat selection during settlement/recruitment
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phase which further explains higher juvenile densities found for the same habitat, this
pattern is similar to what Pollux et al. (2007) observed for L. apodus.

Data found for L. alexandrei suggests high association with mangrove habitats
(Aschenbrenner & Ferreira 2015; Xavier et al. 2012; Osorio et al. 2011) in early life
stages. Additionally the fact that this species has a very narrow distribution, only found
at areas where tropical coastal mangroves occur (Moura & Lindemam 2007), and no
occurrence on Islands (Moura & Lindemam 2007) suggest costal behavior and high
degree of affinity with mangrove environments. Observed data for Lutjanus jocu also
suggest high association with mangrove habitats in early fife stages (Moura et al. 2011).
Although this species has a wide range distribution (Allen 1985; Cervigon 1993) and it
is one of the few shallow water lutjanids to be found in oceanic islands off the Brazilian
coast (Menezes et al. 2003; Minte-Vera et al. 2008), considering that, there are no
records for juvenile specimens observed for oceanic islands (Minte-Vera et al. 2008),
and occurrence of postsettlers only in mangrove environment, suggest coastal
mangroves as primary habitats for early life dog snapper stages in south western
Atlantic (Moura et al. 2011).

Size change in small scale along shallow mangrove-reef system is likely to be
related to expansion of home range and mobility with increase of body/age (Faunce &
Serafy 2007; Dorenbosch et al. 2007; Kramer & Chapman 1999), abundance of preys
and decrease efficacy of protection provided by shallow shelters as fish grow larger
(Nagelkerken 2000a,b; Adams et al. 2006). Large scale migration (e.g. shallow to
deeper habitats) might be related to sexual maturity (Verweij et al. 2007). As in this
study mature fish were not found for L. jocu and only 3.5% for L. alexandrei , aspects
of reproductive cycle of both species may work as triggers for habitat shifts from
shallow to deeper areas in a cross-shelf migration processes (Aschenbrenner & Ferreira
2015; Moura et al. 2011).

Considering current treats of increasing human occupation and development as well
as habitat loss of mangrove habitats worldwide. The present study provided evidence of
small scale habitat use for a mangrove-reef continuum in Southwestern Atlantic for L.
alexandrei and L. jocu. Further evidence of ontogenetic movement and nursery role of

mangrove habitats during early life stages for the studied species is also granted. Such
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information highlights the importance of directing management and conservation efforts
to these habitats to secure the continuity of contribution to adult populations.
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5. Capitulo 5

Discussdo Geral

Devido a sua recente descri¢do (Moura & Lindemam 2007), dados sobre biologia e
ecologia de L. alexandrei, a excecdo de sua reproducdo (Fernandes et al. 2011), ainda
sdo inexistentes, tornando necessarios dados de idade e crescimento bem como estrutura
de tamanho e mortalidade para avaliacdo de estoque desta espécie, uma vez que a
mesma € endémica no Brasil e tem importancia na pesca local (Moura & Lindemam
2007).

A curva de crescimento baseada em dados de idade-tamanho mostra que L.
alexandrei apresenta um padrédo de crescimento similar a outros congéneres (Rezende &
Ferreira 2004; Lessa 2006; Froese & Pauly 2014) com um crescimento rapido nos
primeiros anos de vida. Na idade 2 anos, por exemplo, individuos ja apresentam em
média tamanhos muito proximos a 50% do tamanho maximo esperado e uma relativa
estabilizacdo no crescimento apos a idade 4 anos. Curiosamente, em relagdo ao tamanho
L. alexandrei parece ser a menor espécie do género Lutjanus para o Atlantico (Froese &
Pauly 2014). Embora esta espécie ndo seja alvo da pesca de linha, mas sim de artes de
rede e armadilha para a regido nordeste (Marques & Ferreira 2010, Aschenbrenner obs
pess.). A atual situacdo de sobrepesca de outros congéneres (L. synagris, L. jocu, L.
analis) (Frédou et al., 2009 a, b) é preocupante. Neste caso, dados de mortalidade para
L. alexandrei fornecidos neste trabalho sdo importantes como valores de referéncia para
esta espécie na regido de estudo. Uma vez que, a diminui¢do da abundéancia de espécies
alvo da pesca leva, muitas vezes, a selecdo de outras de menor porte como alvo
principal (Rezende et al. 2003), este padrdo ja foi observado em relacdo a pescaria do

pargo L. purpureus nas décadas de 70 e 80 (Rezende et al. 2003).

Ao longo do desenvolvimento desta tese, a migracdo ontogenética de individuos
por diferentes habitats ao longo de seu ciclo de vida foi observada através de dados de
idade e tamanho, anélises de microquimica de otdlitos, bem como por observacdes
subaquaticas. A diminuicéo de individuos apos a idade 3 anos em areas estuarinas e seu

subsequente aparecimento e aumento de nimero de individuos em areas recifais mais
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profundas indicou a mudanca de habitat ao longo do tempo. Este padrao € esperado e foi
descrito para outras espécies de lutjanideos (L. apodus, L. griseus) (Pollux et al. 2007,
Nagelkerken et al. 2000) na regides do Caribe. A observacdo de progressdo modal de
tamanhos sugere uma migracdo temporal, comprovada no presente estudo atraves da
observacdo da variacdo da estrutura etaria dos individuos ocupando os diferentes
habitats (Capitulo 2). A utilizacdo complementar de outras ferramentas como a
identificacdo das assinaturas quimicas em otolitos dos diferentes locais utilizados pela
espécie (Capitulo 3) somada a técnicas de censo visual subaquatico (Capitulo 4)
permitiu a deteccdo de movimento dos peixes em diferentes habitats e escalas (Capitulo
3ed).

Com relacdo aos elementos-traco encontrados para otdlitos de L. alexandrei,
embora mais de 50 elementos sejam detectaveis em otdlitos, os seis seguintes (’Li,
Mg, *Mn, *Co, %sr, ¥'Ba) foram escolhidos neste trabalho, por possuirem
concentracdes frequentemente detectaveis em otolitos e devido a sua heterogeneidade
ambiental (Sturrock et al. 2012).

Para a regido estuarina nota-se uma relativa estabilidade na concentragdo e
elementos, indicando que a regido, embora seja um estuario, é temporalmente estavel.
Esta estabilidade temporal, foi observada com base anual e durante trés anos durante
periodos de seca, desta forma variacbes nas assinaturas quimicas entre meses e
principalmente entre periodos (seco e chuvoso) podem ocorrer devido a variagdo
intrinseca encontrada em estuarios a exemplo da literatura encontrada (Gillanders 2005;
Elsdom et al. 2008). A pouca varia¢do encontrada para 0 mesmo periodo ao longo de
trés anos na razao elemento:Ca pode estar relacionada ao tipo de estuario. O complexo
estuarino do rio Formoso (incluindo rio Ariquinda e rio dos Passos) sdo estuarios
formados por rios de planicie e litordneos, onde a principal condicionante é a maré
(Greco et al. 2009; Honorato-da-Silva et al. 2009). Nestes sistemas ocorre pouca
variagdo e 0os mesmos podem ser considerados “bragos de mar” uma vez que O mar,
neste caso, as marés sejam a maior forga condicionante. Diferentemente de outros rios
trans-litordneos onde suas nascentes encontram-se no interior e normalmente sdo de

ordem maior, com maiores vazdes como é o caso do estuario do rio Una e rio Goiana.

110



Para as regides costeiras analisadas, as assinaturas foram semelhantes ao longo de
quatro localidades, sendo a Unica excecdo a regido em frente a Olinda. Nesta regido
concentracdes da razdo elemento:Ca para Ba:Ca e Co:Ca foram significativamente
maiores em relacdo as outras trés regides, incluindo Itamaraca mais ao Norte e ao sul
Barra de S&o Miguel e Barra de Santo Antonio. Como foram testados dois locais em
cada regido uma ao norte (Itamaraca e Olinda) e outra ao sul (Santo Antdnio e Séo
Miguel), a variabilidade encontrada em Olinda foi considerada pontual, pois, a regido ao
norte ndo apresentou diferencas em relacdo aos locais no sul. 1sso mostra que as regides
sdo semelhantes em termos de assinatura quimica, e Olinda representa uma variagéo
pontual e ndo & nivel de regido. Embora a regido de Olinda tenha apresentado maiores
concentracdes para Ba:Ca, a mesma apresentou uma tendéncia semelhante as outras
areas costeiras quando comparada a area estuarina, ou seja, menores concentracdes de
Ba:Ca e Mn:Ca sdo esperadas para &reas marinhas costeiras se comparadas a area

estuarina.

Este padrao de diferentes concentraces de elemento:Ca em relacdo a rea estuarina
e areas costeiras pode ser corroborado para Mn:Ca, Ba:Ca e Sr:Ca. Embora a area
estuarina analisada seja considerada “brago-de-mar” as assinaturas encontradas entre o
estuario de rio formoso e area marinha adjacente (Barra de Sirinhaém) foram
significativamente diferentes para concentracbes de Mn:Ca, Sr:Ca e Ba:Ca em
individuos coletados no mesmo ano e com tamanhos semelhantes. Estes resultados
mostram haver um padrdo distinto na assinatura quimica entre o estuario e area costeira,
com maiores concentracdes de Mn:Ca e Ba:Ca para a area estuarina em relacdo a areas
marinhas costeiras. Para Sr:Ca um padréo inverso pode ser observado com menores
concentracOes para area estuarina em relagdo a area marinha costeira. Os resultados
encontrados aqui seguem a mesma tendéncia de resultados encontrados na literatura
(Campana 1999; Elsdon et al. 2008). Maiores concentracdes de Mn:Ca e Ba:Ca sao
esperados para ambientes estuarinos uma vez que a fonte destes elementos é de origem
terrigena e o fato de estuarios estarem dentro de regifes continentais aumenta as
concentragfes dos mesmos nestas areas (Campana 1999; Gillanders et al. 2003;
Gillanders 2005; Elsdon et al. 2008). Para Sr:Ca, como este elemento esta relacionado
também com a salinidade, menores concentracdes de Sr:Ca sdo esperados para areas

estuarinas em comparacgao com areas marinhas costeiras.
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Dadas as diferencas pronunciadas na assinatura quimica entre areas estuarina e
costeiras, transectos de elemento:Ca foram realizados da regido do ndcleo até a margem
em otodlitos de individuos coletados em areas costeiras para determinar o tempo de
movimento (migracdo ontogenética) entre estuario e areas costeiras. As concentracfes
de elementos:Ca em otdlitos dos primeiros 7 anos mostrou um padrdo notavel. Com
maiores concentracGes de Mn:Ca e Ba:Ca nos primeiros anos de vida e uma gradual
diminuicdo nas concentracOes destes elementos para anos subsequentes. Concentracdes
de Mn:Ca e Ba:Ca foram significativamente maiores para 0 ano 1, mostrando que esta
espécie ocupa exclusivamente a area estuarina nesta fase. A diminuicdo gradual das
concentracfes de ambos Mn:Ca e Ba:Ca sugerem que a migracdo desta espécie para
areas marinhas mais distantes da costa possa ocorrer de forma gradual. A espécie pode
utilizar ambientes estuarinos e marinhos adjacentes entre idades 2- 4 como padrdo
observado no capitulo 2 e 4. Apoés esta idade, de 5-7 anos observa-se uma estabilizacao
nas concentracbes de ambos Mn:Ca e Ba:Ca sugerindo que a espécie possa ocupar
areas mais estaveis como pode ser o caso de areas marinhas mais afastadas da costa e

desta forma continuar seu ciclo de vida.

Embora resultados do capitulo 3 sugiram um padrdo de migracdo de areas
estuarinas para areas marinhas costeiras, a movimentacdo em pequena escala entre areas
de bercério, entre habitats distintos, nos primeiros anos de vida ainda permanecia pouco
conhecida. Neste sentido, o capitulo 4 foi desenvolvido para o0 melhor entendimento da

ocupacdo em pequena escala para ambas as espécies L. alexandrei e L. jocu.

Resultados de tamanho e densidades mostram um padrdo distinto, com individuos
poOs assentantes < 4 cm e menores que 10 cm ocupando exclusivamente os ambientes
estuarinos/manguezais para ambas as espécies (capitulo 4). Apenas individuos maiores
que 10 cm foram registrados para recifes adjacentes e a tendéncia observada a partir da
classe 12 cm em diante, com aumento nas proporc¢des de individuos a partir desta classe

e classes subsequentes ocupando os recifes adjacentes.

Este padrdo observado sugere ocupacdo gradual dos ambientes recifais com o
aumento do tamanho, indicando seletividade de habitat para diferentes estagios do ciclo
de vida. Adicionalmente, a presenca de individuos poés-assentantes terem sido

registrados apenas em areas estuarinas, sugere a preferencia de ambas as espécies em
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estagios inicias, do ciclo de vida, para este habitat. Este padrdo indica ainda, que a
preferencia por mangues durante a fase de pos-assentamento/recrutamento, pode estar
relacionada a selecdo do habitat, 0 que posteriormente explica densidades maiores de
individuos < 10 cm encontrados para 0 mesmo habitat. A utilizacdo do habitat adjacente
(neste caso recifes rasos) por individuos maiores que 10 cm, mostra ainda uma
interessante conexdo entre os dois habitats. Neste caso, com o aumento do tamanho
aumenta também a mobilidade dos individuos e a necessidade da obtencdo de presas
maiores e desta forma impulsionando a ocupacdo de habitats adjacentes (Faunce &
Serafy 2007). Padrdo semelhante foi também observado para L. apodus em regides do
Atlantico norte (Faunce & Serafy 2007; Nagelkerken et al. 2001; Pollux et al. 2007).

Dados de tamanho e densidades sugerem um padrdo de ocupacéo distinto entre o0s
dois habitats estudados (mangues e recifes de coral costeiros) e real¢a a importancia de
areas estuarinas/manguezais para ambas as espécies na fase inicial de vida. Esse padréo
ja é conhecido e reportado ha bastante tempo para outras regides tropicais e subtropicais
do mundo (Sheaves 1995; Parrish 1989; Robertson & Blaber 1992). Para o Caribe e
Atlantico norte, 0 mesmo padrdo também é observado (Drew & Eggleston 2008;
Nagelkerken et al. 2008). No entanto, poucos estudos no Brasil reportam este padrao,
isso pode estar relacionado: (i) pouca quantidade de estudos que utilizem a mesma
metodologia em habitats distintos; (ii) a maioria dos estudos para o Brasil séo feitos
com base em comunidades e ndo espécie — especificos. Neste sentido, a utilizacdo de
técnicas de censo visual subaquéatico mostrou ser uma excelente ferramenta, permitindo

gue a mesma metodologia pudesse ser aplicada em habitats diferentes.

Com relacdo aos capitulos deste estudo, para L. alexandrei dados do capitulo 4, séo
corroborados com os dados dos capitulos 3 e 2, e sugerem que esta espécie utiliza
exclusivamente habitats estuarinos pelo menos até o primeiro ano de vida. Esta espécie
pode permanecer em areas estuarinas até 4 anos de idade, ap6s esta idade sua ocorréncia
foi detectada exclusivamente em regiGes marinhas costeiras e mais profundas (capitulos
2 e 3). Estes dados estdo de acordo com do tempo gasto por outras espécies de peixes
em areas de bercario em outras partes do mundo (Gillanders et al. 2003). Resultados
sugerem ainda que entre idades 2-4 anos, esta espécie pode frequentar tanto mangues
como recifes rasos adjacentes (capitulos 2, 3 e 4), possivelmente através de

movimentacOes diarias entre estes habitats.
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A importancia de areas estuarinas e do mangue para ambas as espécies observadas
neste estudo, pode ocorrer para outras espéecies com valor ecoldgico e/ou econémico
como Hemulideos, Carangideos, Centropomideos e Ephinephelideos entre outras.
Embora para a costa nordeste do Brasil, existam dados de reproducdo, tamanho médio
de maturacdo (Lsp), idade e crescimento e taxa de mortalidade para regido costeira
possam ser encontrados para diversas familias de importancia econdmica e ecoldgica
(Lessa 2006; Frédou et al 2009a, b; Freitas et al. 2011). O que permite embasamento
para medidas de manejo e conservacdo para recursos pesqueiros na regido costeira.
Ainda que, alguns estudos de assembleia de peixes em &reas estuarinas bem como
abundancia de peixes e densidades também podem ser encontrados para esta regiao
(Xavier et al. 2012; Paiva et al. 2009; Barletta et al. 2005). A falta de conhecimento
sobre as interacOes entre os diferentes habitats e espécies bem como a movimentagdo
das mesmas entre os habitats, somado a crescente degradagdo das areas de manguezais e
recifes costeiros (FAO 2007; Giri et al. 2011) apresenta um cendrio preocupante para o
futuro. Evidéncias da importancia dos mangues como areas exclusivas para as espécies
estudadas em estagios iniciais de vida ressaltam a relevancia deste habitat para a regido
de estudo. A situacdo atual demanda um nimero maior de estudos que abordem a
seletividade de habitats e a movimentacdo de espécies entre 0s mesmos.

Neste sentido, estudos devem abordar em uma primeira etapa, a relagédo entre
seletividade e/ou utilizacdo de habitats em diferentes estagios de vida e a contribuicéo
de cada habitat para a populacdo de adultos. Em uma segunda etapa, estudos devem
comprovar a movimentacdo entre habitats, através de marcadores externos (e.g.
marcadores acusticos) ou com marcadores naturais (e.g. quimica de otélitos ou isdtopos
estaveis). Em uma terceira etapa, uma vez que a importancia de habitats e a
movimentacdo entre 0os mesmos sdo comprovadas, deve-se avaliar a importancia
relativa entre os habitats dentro de macro-regides através do percentual de contribuicdo
destes habitats para estoques de populacGes adultas. Etapas citadas acima permitiriam
uma maior eficiéncia na deteccdo de areas prioritarias para conservacdo de varias

espécies de peixes.

O estudo da microquimica de otélito para a espécie L. alexandrei demonstrou ser
uma técnica vidvel e uma importante ferramenta na detecgdo de movimento de peixes

marinhos em diferentes habitats e escalas (Rooker et al. 2001; Chitarro et al. 2004,
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2006), uma vez que questdes bésicas sobre a variabilidade nas concentracbes e
elementos-trago em otolitos (elemento:Ca) para diferentes regides pode ser observada e
interpretada de forma coerente (Gillanders 2005). Além disso, resultados baseados nas
concentracdes da razdo elemento:Ca para L. alexandrei mostraram um padrdo de
migracdo distinto entre areas estuarinas/manguezais e areas marinhas mais profundas.
Estudos futuros utilizando a mesma técnica sdo recomendados para outras espécies de

peixes que tem um padrao similar ao reportado neste estudo para L. alexandrei.

O desenvolvimento e aprimoramento de novas técnologias permitem que técnicas
como microquimica de otolitos entre outras possam ser utilizadas em estudos que
avaliem e comprovem a movimentacdo de peixes entre habitats distintos. Permitindo
desta forma, por exemplo, a determinagdo da importancia relativa de areas de bercario
em macro regides. Estas novas técnicas devem ser aliados importantes em estudos
futuros, fornecendo subsidios para que, esforcos na conservacdo de areas com grande
relevancia ecoldgica sejam feitas de forma mais eficiente. Esses estudos serdo
ferramentas valiosas para auxiliar no melhor delineamento de &reas de prote¢do assim

como a manutencdo dos estoques de peixes em populacfes adultas.
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