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RESUMO

O camarao-rosa Farfantepenaeus paulensis e o siri-azul Callinectes
sapidus sdo espécies que utilizam os estuarios durante seus ciclos de vida, e
nestes ambientes sao encontrados nas fases de pos-larva e juvenil, no caso do
camardo-rosa, e zoé, megalopa, juvenil e adulto no caso do siri-azul. O
sucesso de entrada destes organismos nos estuarios onde ocorrem, depende
das entradas de 4gua salgada. Nos estuarios estas espécies tornam-se alvo da
pesca artesanal. Com o objetivo de contribuir para o conhecimento ecoldgico
destas espécies, esta tese estd composta por trés capitulos independentes que
avaliaram a variacdo espaco-sazonal na abundancia, a selecédo de habitat e a
captura incidental. Os estudos foram realizados no estuario da Lagoa dos
Patos, sul do Brasil. O primeiro capitulo aborda a variacdo espaco-sazonal na
abundancia relativa de poés-larvas e juvenis do camardo-rosa. Comparou-se a
abundéancia dos organismos entre as areas protegida (enseadas rasas) e a
desprotegida (margens rasas do corpo de agua central), e foi analisada a
influéncia da salinidade e da temperatura. As maiores abundancias de pos-
larvas foram encontradas na area desprotegida, enquanto que os juvenis foram
mais abundantes na area protegida. A abundancia dos organismos aumentou
com a temperatura e a salinidade, sendo que esta ultima variavel influenciou na
chegada das pos-larvas na area protegida. A abundancia do camarao-rosa
apresentou uma variacao sazonal bem definida. O segundo capitulo comparou
as variacdes da abundancia relativa e do tamanho, das pos-larvas e juvenis do
camardo-rosa, e de juvenis do siri-azul, considerando a influéncia da salinidade

e da presenca de pradarias de faner6gamas submersas. As espécies



apresentam uma variacdo ontogenética na preferéncia por habitat no estuario.
A salinidade e a presenca de pradarias de faner6gamas submersas exerceram
influéncia sobre a abundéncia e o tamanho dos individuos encontrados. O
terceiro capitulo avaliou a captura incidental do siri-azul na pesca artesanal do
camardo-rosa. A maior CPUE ocorreu na area mais proxima da abertura do
estuario ao oceano. As capturas indicaram um maior impacto sobre os machos
e uma baixa seletividade da rede, o que pode causar prejuizos na reproducéo

da espécie.

PALAVRAS-CHAVE: Lagoa dos Patos, salinidade, poés-larvas, vegetacdo

submersa, selecéo de habitat, pesca incidental.



ABSTRACT

The pink shrimp Farfantepenaeus paulensis and the blue crab
Callinectes sapidus are species that use estuaries during their life cycle, and
these environments are found in stages of post-larval and juvenile growth in the
case of the pink shrimp, and zoea, megalopa, juvenile and adult in the case of
the blue crab. The inputs of these organisms in estuaries depends on the salt
water inlets where, entries of seawater carry individuals in planktonic stages.
The pink shrimp and the blue crab are important fishery resources in the
estuaries where they occur. This thesis is composed of three independent
chapters. The studies were conducted in the estuary of Patos Lagoon, southern
Brazil. The first chapter addresses the space-seasonal variation in the relative
abundance of post-larvae and juveniles of the pink shrimp. We compared the
abundance of organisms between the protected (shallow inlets) and
unprotected areas (shallow margins of the central body of water), and analyzed
the influence of salinity and temperature. The highest abundances of post-
larvae were found in the unprotected area, while juveniles were more abundant
in the protected area. The abundance of organisms increased with temperature
and salinity, the latter influencing the entry of post-larvae in the protected area.
The pink shrimp showed a well-defined seasonal variation in abundance, as the
spring and summer represented recruitment seasons in the estuary. In the
second chapter, we compared the variations of relative abundance and size of
post-larvae and juvenile pink shrimp and juvenile blue crabs, considering the
influence of salinity and the presence of prairies of submerged phanerogams.

The species show ontogenic habitat preferences in the estuary. The salinity and



the presence of submerged phanerogams prairies had an influence on the
abundance and size of the analysed specimens. The third chapter evaluated
the incidental catch of blue crab in pink shrimp fisheries. The highest CPUE
occurred in the area closest to the opening of the estuary to the ocean. Catches
indicated a greater impact on males and a low selectivity of the nets, which can

affect the reproduction of the species.

KEY WORDS: Patos Lagoon, salinity, post-larvae, submerged vegetation,

habitat selection, incidental catch.



1. INTRODUCAO GERAL
1.1. Importancia econdmica

Os crustaceos representam um importante recurso pesqueiro no cenario
mundial, suas capturas aumentaram de quatro por cento da producéao total de
pescado na década de 50 para sete por cento até o ano de 2002 (Csirke 2005).
Os camardes, por exemplo, estdo entre os produtos pesqueiros mais valiosos,
e chegam a representar 15% do valor financeiro de pescado comercializado no
mundo (FAO 2012). No entanto, as recentes quedas nas capturas globais,
particularmente em areas tropicais e subtropicais, alertam para uma possivel
situacdo de crise (EJF 2003). No Brasil ndo é diferente, e no caso da pesca
industrial do camaréo-rosa Farfantepenaeus paulensis (Pérez Farfante, 1967),
a sobre-exploracdo do estoque adulto resultou em uma crise nesta atividade
(D’Incao et al. 2002). Este cenario também pode ser observado na pesca
artesanal no estuario da Lagoa dos Patos, onde tem sido demonstrada uma
reducdo na producdo do camardo-rosa ao longo dos anos (D’Incao & Dumont
2010). Neste estuario, considerado o maior bercario da espécie no Brasil, o
camardo-rosa assume grande importancia econémica para as comunidades
envolvidas na pesca (D’Incao at al. 2002). Portanto, uma melhor compreenséao
da dindmica populacional da espécie, € indispensavel para a recuperagdo do
estoque.

O siri-azul Callinectes sapidus (Rathbun, 1896), por sua vez, é explorado
principalmente por pescadores artesanais nos estuarios da costa do oceano
Atlantico nos Estados Unidos, no Golfo do México e no Brasil (Stagg & Whilden

1997, Severino-Rodrigues et al. 2001, Ferreira 2007, Mendonga et al. 2010,



Lima & Velasco 2012, Kalikoski & Vasconcellos 2013). Embora haja poucas
informacdes sobre as capturas da espécie no Brasil, registros de declinios na
producdo chamam a atencao para a necessidade de uma melhor avaliacdo da
biologia e pesca da espécie (Severino-Rodrigues et al. 2001, Mendonca et al.
2010, Kalikoski & Vasconcellos 2013). Na Lagoa dos Patos, a importancia
econbmica, da pesca do siri-azul, ocorre no sentido de complementar a renda
dos pescadores, tornando-se algumas vezes um recurso alternativo nas falhas
das principais safras (Ferreira 2007, Lima & Velasco 2012, Kalikoski &

Vasconcellos 2013).

1.2. Ciclo de vida e influéncia do meio sobre a abundéancia do siri-azul e

do camaréo-rosa

O siri-azul C. sapidus é encontrado nos estuarios nas fazes de zoé,
megalopa, juvenil e adulto (Bulger et al. 1995, Hines et al. 1987 Vieira &
Calazans 2010, Rodrigues & D’lIncao 2014). A cOpula ocorre nas aguas
salobras estuarinas, e as fémeas migram para as salinidades mais altas da
regido oceanica costeira para a desova (Kennedy & Cronin 2007, Rodrigues &
D’lncao 2014). Os individuos entram nos estuarios nas fazes de zoé e
megalopa, acompanhando a entrada de agua salgada (Bulger et al. 1995,
Epifanio 2007).

Jé& foi relatado em estuérios da costa do oceano Atlantico nos Estados
Unidos, que o siri-azul apresenta uma preferéncia por determinados habitats
em fung&o da competicdo intraespecifica, da busca por melhores condi¢fes de

alimentacdo e da protecdo contra predadores (Orth & van Montfrans 1987,



Williams et al. 1990, Hovel & Lipicius et al. 2002, Lipicius 2005, Posey et al.
2005). Nestes estuarios foi mostrado que durante o desenvolvimento juvenil do
siri-azul as maiores abundancias sdo encontradas nas menores salinidades, e
a utilizacdo de diferentes habitats esta relacionada ao tamanho dos individuos
(Orth & Montfrans 1987, Williams et al. 1990, Posey et al. 2005). No Brasil ha
uma caréncia de trabalhos que demonstrem a preferéncia por habitat da
espécie. No estuario da Lagoa dos Patos, o trabalho de Rodrigues & D’Incao
(2014) mostrou uma segregacdo sexual relacionada ao comportamento
reprodutivo. Rodrigues (2012) mostrou a relacdo entre o aumento da
temperatura e o incremento da abundancia do siri-azul; uma variacao espacial
na abundancia dos juvenis também foi identificada. No entanto, uma possivel
influéncia da salinidade sobre a variacdo da abundancia, e a selecdo de habitat
durante a fase juvenil da espécie, seguem sem maiores investigacbes no
estuario.

O camardo-rosa F. paulensis depende dos estuarios para completar seu
ciclo de vida. Os adultos habitam o oceano, onde acontece a reproducao e o
desenvolvimento das primeiras fases larvais, as quais migram para a regido
costeira pela acdo das correntes marinhas, e nos estuarios onde ocorrem, 0s
individuos entram durante a fase de pdés-larva, carregados pela agua salgada.
Nos estuarios ocorre o crescimento juvenil, e o ciclo € completado pelo retorno
dos individuos ao oceano, onde irdo recrutar ao estoque adulto (Garcia & Le
Reste 1981, Dall et al. 1990, D’Incao 1991). As pos-larvas sdo consideradas

como um estagio de transicdo entre o periodo larval e o juvenil (Iwai 1978). Na



Lagoa dos Patos, as pos-larvas encontradas tem em média 2,65 mm de
comprimento de carapaca (Soares 1999).

O sucesso da entrada das poés-larvas no estuario da Lagoa dos Patos,
vem sendo analisado através da relacdo das variagdes anuais na produtividade
pesqueira com as oscilacbes ambientais. As safras menos produtivas estao
positivamente relacionadas a elevada pluviosidade na bacia hidrografica da
Lagoa dos Patos. Nestas circunstancias, a forte vazdo de agua doce pela
estreita abertura que liga o estuario ao oceano, impede a estrada de agua
salgada e compromete o recrutamento do camarao-rosa no estuario (Moller et
al. 2009, Pereira & D’Incao 2012). Destaca-se, contudo, que estes estudos, ndo
guantificaram as variacdes da abundéancia das pos-larvas.

Em alguns estuéarios a queda da salinidade ja foi evidenciada como um
fator limitante para a distribuicdo e abundancia das pdés-larvas de Melicertus
plebejus (Hess, 1865) e Fenneropenaeus merguiensis (De Man, 1888) (Young
& Carpenter 1977, Vance et al. 1998). S0 escassos os trabalhos publicados
sobre a distribuicdo e variacdo da abundancia das pdés-larvas de F. paulensis
nos estuarios Brasileiros, sendo que os trabalhos sobre o assunto restringem-
se aos estudos de Soares (1999), Ruas 2010 e Ruas et al. (2014). Inexistem
estudos sobre as condicoes ambientais que permitam ou limitam o sucesso do
recrutamento e a distribuicdo; que analisem as variacdes da abundancia; e que
identifiquem o possivel alcance das pds-larvas ao alto estuario.

Em alguns estuarios da costa do Golfo do México, por exemplo, a
temperatura, a salinidade e a ocorréncia de vegetacdo submersa, foram

identificadas como fatores importantes na distribuicdo e abundéancia das pos-



larvas, juvenis e pré-adultos de diferentes espécies de camardes. As maiores
abundéancias de pos-larvas e juvenis estdo relacionadas ao aumento da
salinidade, temperatura e as maiores biomassas de fanerégamas submersas
(Pérez-Castafieda & Defeo 2001, 2004, Pérez-Castafieda et al. 2010). Nos
estuarios Brasileiros, a influéncia destes fatores sobre a abundancia dos
juvenis e pré-adultos de F. paulensis foi estudada por D’Incao (1991), Garcia et
al. (1996), Branco & Verani (1998), Costa et al. (2008) e Lichmann et al.
(2008). D’lncao (1991), mesmo sem quantificar possiveis variagdes na
abundancia do camarao-rosa na Lagoa dos Patos, observou a preferéncia dos
individuos da espécie pelas enseadas rasas protegidas. Variagdes espaciais
nas capturas por pesca dos juvenis foram observados por Ruas et al. (2011).
No entanto, as causas das variagdes espaciais da abundancia ainda nao estao
esclarecidas, mas pode-se supor que exista alguma influéncia da preferéncia
alimentar, da protegao contra predadores e da estabilidade da salinidade na
selecao do habitat no estuario (D’Incao 1991, D’Incao & Dumont 2010).

Tem sido demonstrado nos estuarios da costa da Virginia, Carolina do
Norte e Golfo do México, que as maiores abundancias de pdés-larvas e juvenis
de peneideos, e do siri-azul, estdo associadas a presenca de pradarias de
faner6gamas submersas, caracterizando-as como importantes bercarios (Orth
& van Montfrans 1987, Williams et al. 1990, Haywood et al. 1995, Sanchez
1997, Pérez-Castafieda & Defeo 2001, 2004, Hovel & Lipicius 2002, Heck Jr et
al. 2003, Lipicius 2005, Pérez-Castafieda et al. 2010). No Brasil, a influéncia da
vegetacdo submersa sobre a abundancia de F. paulensis e de C. sapidus, foi

estudada por Garcia et al. (1996) em uma enseada rasa do estuario da Lagoa
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dos Patos. Os autores compararam a abundancia e a diversidade de
crustaceos, entre uma pradaria de Ruppia maritima (Linnaeus, 1753) e um
fundo ndo vegetado adjacente, onde foi evidenciado que as maiores
abundancias de juvenis do camarao-rosa e do siri-azul ocorreram na pradaria.
Os autores concluiram que estes habitat apresentam melhores condicfes para
a alimentacdo destes crustaceos. Cabe salientar que Garcia et al. (1996) ndo
capturaram poés-larvas, tampouco compararam o tamanho dos individuos, o
gue poderia indicar uma segregacao por tamanho, mostrando a preferencia dos
menores pela vegetacdo (Williams et al. 1990, Pérez-Castafieda & Defeo

2001).

1.3. A capturaincidental do siri-azul associada a pesca do camar&o-
rosa

Guardada a importancia econdbmica das pescarias de camardes, 0
impacto causado por esta atividade no ecossistema também tem chamado a
atencdo da comunidade cientifica, que busca gerar subsidios para mitigar os
efeitos da pesca através de um enfoque holistico, onde se consideram também
a captura incidental e os impactos na comunidade bentonica (Hall et al. 2000,
Hall & Mainprize 2005). A captura incidental gerada pela pesca de camardes
remove grande numero de espécimes de pequeno porte e juvenis, que sao
importantes elos na teia trofica, e afeta a sustentabilidade de outras pescarias
marinhas (Hall et al. 2000, EJF 2003).

No estuario da Lagoa dos Patos a pesca dirigida ao camarao-rosa F.
paulensis é realizada com artes licenciadas como as redes de espera (“saco”,

“saquinho” e “avidozinho”), e com artes proibidas, que sdo as redes de arrasto
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(Benedet et al. 2010). Dentro destas artes de pesca, a rede de “saquinho” é a
mais utilizada (Almeida & D’Incao 1999). Esta rede é usada no estuario de
forma agrupada, e o numero de redes empregadas por cada pescador é
bastante variavel. De acordo com o eixo de abertura para a entrada dos
camardes, as redes podem pescar posicionadas paralela ou
perpendicularmente as correntes da agua, respectivamente, “ao correr’” ou
‘embocada”, segundo a denominacao tradicional.

Os trabalhos publicados sobre a pesca do siri-azul Callinectes sapidus,
no Brasil, sdo muito incipientes e sua avaliagdo como captura incidental parece
estar restrita aos trabalhos realizados na costa do Rio Grande do Sul (Vieira et
al. 1996, Severino-Rodrigues et al. 2001, Loebmann & Vieira 2006, Vianna &
D’Incao 2006, Mendonga et al. 2010, Dumont & D’Incao 2011, Lima & Velasco
2012, Kalikoski & Vasconcellos, 2013). A espécie, segundo os estudos de
Vieira et al. (1996) e Marques (1997) desenvolvidos em duas enseadas rasas
no estuario da Lagoa dos Patos, € a mais abundante nas capturas incidentais
da pesca do camaréao-rosa pelas redes de “saquinho”. Estes trabalhos limitam-
se na descricdo e quantificagdo das capturas do siri-azul, sem a aplicacao de
meétodos comparativos para avaliar possiveis variagdes da abundéancia, da
dindmica de populagdes e da influéncia das variaveis ambientais. De acordo
com os pescadores locais, o posicionamento das redes também pode
influenciar nas capturas incidentais da espécie, e tal fato, também carece de

comprovagao.



12

1.4. Hipoteses
Hipotese 1 — capitulo 1: As pos-larvas de F. paulensis podem se distribuir
por todo o estuario, nas enseadas rasas protegidas a abudancias sofre um

efeito positivo do aumento da salinidade.

Hipotese 2 — capitulo 1: A abundancia das pos-larvas e juvenis de F
paulensis apresenta uma variagdo sazonal, e sofre um efeito positivo do

aumento da temperatura.

Hipotese 3 — capitulo 1: Os juvenis de F. paulensis sdo mais abundantes
nas enseadas rasas protegidas e apresentam uma relagdo positiva com a

salinidade.

Hipotese 4 — capitulo 2: Pés-larvas e juvenis de F. paulensis, e juvenis de C.
sapidus, sdo mais abundantes nos fundos vegetados por faner6gamas
submersas, a preferéncia pela pradaria ocorre principalmente pelos

menores individuos.

Hipotese 5 — capitulos 2 e 3: Juvenis do siri-azul sdo mais abundantes nas

menores salinidades.

Hipodtese 6 — capitulo 3: A captura incidentai do siri-azul na pesca com rede
de “saquinho” apresenta variagdo espacgo-temporal, e sofre influéncia do

posicionamento das redes e da variagao da salinidade.
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1.5. Estrutura datese e objetivos

Os resultados obtidos neste estudo estdo apresentados na forma de
capitulos. O primeiro capitulo é apresentado em sua integra em portugués. O
segundo e o terceiro capitulos sdo apresentados de modo resumido, suas
versdes completas, em inglés, encontram-se em forma de dois artigos
independentes, nos anexos | e Il. O item material e métodos apresenta uma
breve descricdo da metodologia, enquanto que uma abordagem mais
detalhada é feita no capitulo 1, e em cada um dos artigos.

Os objetivos desta tese buscam responder as hipoteses formuladas
sobre o camarado-rosa F. paulensis e o siri-azul C. sapidus. Ao final de cada
objetivo esta indicado o capitulo correspondente, como segue abaixo:

1.5.1. Analisar a variabilidade espacial e sazonal na abundancia relativa das
pos-larvas e dos juvenis do camardo-rosa no estuario, e investigar a
influéncia das varidveis ambientais (salinidade, temperatura) (Capitulo
1).

1.5.2. Comparar a abundancia relativa, das pés-larvas e juvenis do camaréo-
rosa, e dos juvenis do siri-azul, entre os fundos vegetados por
fanerégamas submersas, com fundos ndo vegetados adjacentes
(Capitulo 2).

1.5.3. Comparar o tamanho dos juvenis do camaréo-rosa e do siri-azul entre
os locais de estudo (Capitulo 2).

1.5.4. Quantificar e comparar a captura incidental do siri-azul pelas redes de
“saquinho”, entre diferentes anos e areas de pesca no estuario, e

investigar uma possivel influéncia da variacédo da salinidade (Capitulo 3).
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1.5.5. Verificar a razdo sexual, em cada area de pesca, dos exemplares do siri-
azul capturados incidentalmente pela acdo das redes de “saquinho”
(Capitulo 3).

1.5.6. Estimar o tamanho em que a probabilidade de captura incidental, pelas
redes de “saquinho”, & de 50% (Capitulo 3).

1.5.7. Comparar a captura incidental do siri-azul entre as redes de “saquinho”
posicionadas paralelamente a corrente da agua, com as

perpendicularmente posicionadas (Capitulo 3).

2. MATERIAL E METODOS GERAL
2.1. O ambiente de estudo

A Lagoa dos Patos, classificada coma a maior laguna do tipo
estrangulado no mundo, tem uma superficie de 10.360 Km? (Kjerfve 1986).
Estende-se no sentido NE-SW na planicie costeira do Rio Grande do Sul. Sua
regido estuarina (Fig. 2.1) encontra-se ao sul da laguna, e representa cerca de
10% da éarea total da Lagoa dos Patos (971 Km?), onde por um estreito canal,
com 20 km de comprimento e largura que varia de 0,5 a 3 km, ocorrem as
trocas de agua com o oceano (Asmus 1998).

A entrada de 4gua oceéanica e a circulacdo estuarina sdo controladas
pela descarga de 4gua doce do sistema lagunar, e pela forca e direcdo dos
ventos (Fernandes et al. 2005, Moller et al. 2009). Os principais ambientes
estuarinos sdo constituidos por enseadas rasas protegidas que apresentam
menor variagdo da salinidade e velocidade da corrente, e pelo corpo de agua

central desprotegido, com maior profundidade, e maior variabilidade da
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salinidade e velocidade da corrente (Asmus 1998, Fernandes et al. 2007,

Martins et al. 2007, D’Incao & Dumont 2010). As condi¢cbes ambientais das

enseadas rasas como circulacdo reduzida e sedimento arenoso, favorecem o

estabelecimento e o desenvolvimento de fanerdgamas submersas enraizadas,

havendo o dominio da espécie Ruppia maritima (Costa et al. 1997, Copertino

& Seeliger 2010).
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2.2. Coletade dados
2.2.1. Analise ecoldgica

Para analisar a variacdo espaco temporal da abundancia relativa das
pos-larvas e juvenis do camardo-rosa, foram determinados oito pontos de
coletas nas enseadas rasas protegidas (P1 a P8), e quatro pontos nas margens
da porcédo central desprotegida (D1 a D4) do estuéario (Fig. 2.1). As coletas
foram realizadas mensalmente de setembro de 2010 até janeiro de 2013,
durante o dia e em profundidade inferior a 1,5 metros.

As coletas foram executadas através de embarques em uma lancha de
aluminio da Universidade Federal do Rio Grande — FURG, de modo que todos
os pontos fossem percorridos em um mesmo dia. Foi utilizada a rede de
arrasto, descrita por Renfro (1963) (Fig. 2.2). Em cada arrasto a rede era
puxada manualmente por uma distancia de 40 metros. A salinidade e a
temperatura da agua foram verificadas a cada arrasto, através de uma mini
sonda portatil YSI modelo 556 MPS. O material coletado foi armazenado em
sacos plasticos devidamente identificados, contendo formaldeido a 4%.

A comparacédo do efeito da vegetacdo sobre o tamanho e a abundéancia
relativa do camaréo-rosa e do siri-azul, foi realizada com os dados coletados
nos pontos P1 e P4, localizados, respectivamente, nas enseadas denominadas
como Saco da Mangueira e Saco do Arraial. Para estabelecer estas
comparacoes, as coletas ocorreram enquanto havia a presenca das pradarias,

gue correspondeu ao intervalo de outubro de 2010 até fevereiro de 2011.
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Figura 2.2: Rede de arrasto utilizada nas coletas no estuario da Lagoa dos

Patos.

2.2.2. Captura incidental

As coletas foram realizadas em éareas rasas tradicionalmente
importantes para a pesca artesanal do camardo-rosa (D’Incao 1991). As areas
denominadas como “A”, “B”, “C” e “D” (na figura 1 podem ser identificadas
respectivamente, pelos pontos P1, P2, P3 e P6) foram escolhidas devido as
diferencas de salinidade, a facilidade de acesso e a formacao de parceria com
0s pescadores para obtencdo dos dados. As coletas dos exemplares do siri-
azul, capturados incidentalmente pelas redes de “saquinho” (Fig. 2.3), foram
realizadas durante trés safras consecutivas (2011, 2012 e 2013), entre 0s
meses de fevereiro e maio. A rede de “saquinho”, descrita por Benedet et al.
(2010), opera de modo passivo durante a noite e as capturas ocorrem pelo uso
de um atrativo luminoso.

Foi estabelecida uma parceria com pescadores locais, o que viabilizou a
coleta dos dados. Em todas as areas foram obtidas as capturas totais de duas
redes posicionadas paralelamente a corrente da agua. Na area “B” (identificada

pelo ponto P2 na Fig. 2.1), a parceria firmada com o pescador possibilitou a
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coleta das capturas totais de duas redes posicionadas perpendicularmente a
corrente da agua durante todo o periodo de estudo. A comparacdo do
posicionamento das redes sobre as capturas ocorreu apenas nesta area, e foi
possivel devido ao pescador utilizar habitualmente, em suas atividades, redes
com esses dois posicionamentos.

O intervalo de coleta em cada area dependeu da atividade dos
pescadores e variou de 15 a 25 dias. As coletas foram realizadas em dias
sequencias entre as areas de estudo. A salinidade foi medida in situ, no
momento da despesca, através de um refratbmetro, e foi anotado o tempo de
atuacao das redes para célculo da abundéancia relativa, estimada pela captura
por unidade de esforco (CPUE). Devido ao baixo rendimento pesqueiro a
atuacao dos pescadores foi reduzida na area “A” em 2012 e 2013 e na area “C”
e “D” em 2013, o que inviabilizou as coletas durante estes periodos nas

referidas areas.

Figura 2.3: Rede de “saquinho” utilizada na captura do camardo-rosa no
estuario da Lagoa dos Patos (A). Redes colocadas enfileiradas formando um

agrupamento, denominado andaina (B).
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2.2.3. Procedimentos laboratoriais

No laboratoério, o material coletado foi separado e identificado em nivel
de espécie de acordo com D’Incao (1999) e Melo (1996), e separados por
sexo. As pos-larvas (PL) do camardo-rosa foram identificadas conforme
Calazans (1993). As medidas obtidas foram do comprimento da carapaca no
caso do camardo, tomada do angulo orbital até a extremidade dorsal da
carapaca, e da largura da carapaca no caso do siri, tomada entre 0s primeiros

espinhos anterolaterais.
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CAPITULO 1

VARIACAO ESPACO-SAZONAL NA ABUNDANCIA DE POS-LARVAS E
JUVENIS DO CAMARAO-ROSA Farfantepenaeus paulensis (PEREZ

FARFANTE, 1967) EM UM ESTUARIO DO SUL DO BRASIL.

20
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3.1. Introducéo

Estuarios e lagoas costeiras oferecem condicbes ideais para
desenvolvimento de uma grande variedade de organismos marinhos, e sao
considerados como bercarios (Boesch & Turner 1984). O camardo-rosa
Farfantepenaeus paulensis beneficia-se desta condicdo e utiliza os estuarios
durante a fase juvenil, os individuos entram nestes habitats seguindo o padréo
observado para outras espécies do género Farfantepenaeus, em que as pos-
larvas planctbnicas sdo carregadas pela entrada de agua oceanica. O ciclo &
completado pelo retorno dos camardes ao oceano, onde irdo recrutar ao
estoque adulto e reproduzir (Garcia & Le Reste 1981, Dall et al.1990, D’Incao
1991, Lhomme 1992, Chazaro-Olvera et al. 2009). A espécie é considerada um
importante elo na teia tréfica, exercendo intensa pressao de predacdo sobre
invertebrados bentbnicos e representando, por exemplo, o principal item na
dieta da garca azul Egretta caerulea (Jorgensen et al. 2009, Gianuca et al.
2012). Além disso, nos estuarios em que ocorre, 0 camarao-rosa caracteriza-se
como um importante alvo de pesca artesanal, e na Lagoa dos Patos, maior
bercario da espécie no Brasil, tornou-se o principal recurso pesqueiro das
comunidades a medida que outras pescarias entraram em colapso (D’Incao et
al. 2002).

Variagbes temporais e espaciais, na distribuicdo e abundancia de
camarbes peneideos nos estuarios do Indo-Pacifico e Golfo do México vém
sendo analisadas sobre a otica da influéncia das variaveis ambientais. Foi
evidenciado que as maiores abundancias de pds-larvas e juvenis geralmente

estdo associadas as maiores salinidades, ao aumento da temperatura e a
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presenca de vegetacdo submersa (Mohan et al. 1995, Sanchez 1997, Vance et
al. 1998, Pérez-Castafieda & Defeo 2001, 2004, Adnan et al. 2002, Pérez-
Castafieda et al. 2010). Ja foi demonstrado, por exemplo, que 0 aumento da
salinidade permite que as poOs-larvas de Melicertus plebejus (Hess, 1865) e
Fenneropenaeus merguiensis (De Man, 1888) consigam chegar as areas mais
internas dos estuarios onde ocorrem (Young & Carpenter 1977, Vance et al.
1998). Estudos experimentais evidenciaram maior sobrevivéncia de F.
paulensis e Farfantepenaeus aztecus (lves, 1891) quando expostos a
salinidade acima de 10, onde também foi mostrado o aumento da mortalidade
em cenarios com grande variacao salina (Tsuzuki et al. 2000, Saoud & Davis
2003). Por sua vez, o incremento da abundancia com o aumento da
temperatura, tem sido sugerido como um periodo de crescimento sazonal nos
estuarios, além disso, os camardes podem encontrar condicdes mais
favoraveis para sobrevivéncia em temperaturas acima de 25° C (D’Incao 1991,
Branco & Verani 1998, Tsuzuki et al. 2000, Pérez-Castafieda & Defeo 2001).
Trabalhos sobre distribuicdo e abundancia, do camardo-rosa, nos
estuério das regides sudeste e sul do Brasil, foram realizados apenas sobre os
juvenis, para os quais tem sido demonstrada uma variacdo sazonal na
abundancia e a preferéncia por salinidade entre 15 e 30 (D’Incao 1991, Branco
& Verani 1998, Costa et al. 2008, Luchmann et al. 2008, Ferreira & Freire
2009). No estuario da Lagoa dos Patos a distribuicdo do camardo-rosa foi
estudada inicialmente por D’Incao (1991), que mesmo sem a aplicagdo de uma
analise quantitativa, menciona que as maiores abundancias de juvenis podem

ser encontradas nas enseadas rasas protegidas, onde ha maior oferta de
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alimento e protecdo contra predadores. Neste estuario, os estudos sobre a
abundéancia de juvenis do camardo-rosa, vém sendo dirigidos através das
analises das variacbes anuais na produtividade das safras, as quais sao
relacionadas as variadas combinacdes das condi¢cdes pluviométricas e do
vento, que regulam o sucesso de recrutamento das pés-larvas (Mdller et al.
2009, Pereira & D’Incao 2012).

Mais recentemente, Ruas et al. (2014) compararam a abundéancia de
pos-larvas e juvenis, entre duas enseadas rasas protegidas na Lagoa dos
Patos, onde foi investigado a influéncia da salinidade e da presenca de
vegetacdo submersa. O artigo de Ruas et al. (2014), consiste no Unico trabalho
realizado sobre a preferéncia de habitat das pds-larvas do camardo-rosa no
Brasil, no entanto, néo foi identificado o periodo de recrutamento, tampouco foi
mostrado a distribuicdo das pos-larvas no estuario. O presente trabalho
investigou a variacdo espacial e sazonal, na abundancia relativa das pos-larvas
e juvenis de F. paulensis no estuario da Lagoa dos Patos. Foi analisado o

efeito da area de coleta, da salinidade e da temperatura.

3.2. Material e Métodos

Area de estudo

O trabalho foi realizado no estuéario da Lagoa dos Patos, localizado na
costa sul do Brasil (Fig. 3.2.1). Neste estuario, as trocas de agua com 0 oceano
ocorrem através de um canal com 20 km de comprimento, e largura variando
de 0,5 até 3 km. A hidrodinamica é controlada pela forca e direcédo dos ventos e

pela descarga de agua doce (Mdller et al. 2009, Fernandes et al. 2005). Os
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principais ambientes neste estuario sdo as enseadas rasas protegidas, que
apresentam menor variacdo da salinidade e velocidade da corrente, e 0 corpo
de agua central desprotegido com maior profundidade, e maior variabilidade da
salinidade e velocidade da corrente (Asmus 1998, Fernandes et al. 2007,

Martins et al. 2007, D"Incao & Dumont 2010).

Coleta dos dados e procedimentos laboratoriais

As coletas ocorreram em oitos pontos amostrais nas enseadas rasas
protegidas (P1 a P8), e em quatro pontos nas margens da porcdo central
desprotegida (D1 a D4) do estuario (Fig. 3.2.1). Foram realizadas
mensalmente, de setembro de 2010 até janeiro de 2013, durante o dia e em
profundidade inferior a 1,5 metros. As coletas foram executadas através de
embarques em uma lancha de aluminio da Universidade Federal do Rio
Grande, de modo que todos os pontos fossem percorridos em um mesmo dia.

As coletas foram realizadas com rede de arrasto, tipo descrito por Renfro
(1963). Esta rede é formada por uma panagem com malhas de 5 mm entre nés
opostos e de um ensacador de 500y, e possui uma abertura invariavel de 1,8
m. Cada arrasto teve uma extensdo de 40 m. Em cada coleta foram realizados
dois arrastos por ponto. Para minimizar o efeito do barco, préximo aos locais de
arrasto o motor era deligado e o deslocamento da lancha era feito com remo, a
rede era colocada na dgua e o cabo esticado até atingir a marca de 40 metros,
fundeava-se a lancha para evitar variagdo na distancia do arrasto, entdo, a
rede era puxada manualmente. A salinidade e a temperatura da agua foram

verificadas a cada arrasto com uma mini sonda portatil YSI modelo 556 MPS. O
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material coletado foi armazenado em sacos plasticos devidamente
identificados, contendo formaldeido a 4%.

No laboratorio, o material coletado foi lavado com agua corrente em uma
peneira de 500, e os camardes foram separados e identificados de acordo
com D’Incao (1999). As pods-larvas (PL) do camaréo-rosa foram identificadas
conforme Calazans (1993). Assumiu-se, como PL, para este trabalho, os
camarbes com até 3 mm de comprimento de carapaca - CC (Haywood et al.
1995), acima deste tamanho foram classificados como juvenis (JU). A
abundéancia relativa foi determinada para PL e JU pela contagem dos
individuos em cada arrasto.

As medidas em milimetros do CC das pdés-larvas e juvenis do camaréo-
rosa, foram tomadas do angulo orbital até a extremidade dorsal da carapaca.
As medidas foram obtidas com auxilio de um estereomicroscépio munido de

ocular milimetrada, e paquimetro (0,1 mm).

Anélise dos dados

Os pontos P6, P7 e P8 foram mantidos apenas na estatistica descritiva,
pois problemas envolvendo os embarques comprometeram as coletas dos
dados ao longo do periodo de estudo. A abundéancia relativa média foi estimada
pelo numero de individuos capturados por arrasto. Foi calculada a salinidade
média para cada ponto. A estrutura de tamanho dos camardes capturados, foi
analisada através da distribuicdo de frequéncia por classe de tamanho (CC),
agrupada em intervalos de 1 mm. As médias calculadas apresentam um

intervalo de confianca de 95%.
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Os pontos utilizados na analise exploratéria foram P1 a P5 e D1 a DA4.
Para verificar a similaridade entre os pontos, foi aplicada uma analise de
agrupamento utilizando o indice Bray-Curtis (com algoritmo de ligacéo
completa), do programa estatistico PAST 3.04 (Hammer et al. 2001, Hair et al.
2009). Para esta analise, foi utilizada uma matriz de abundéancia média mensal
do numero de individuos capturados por arrasto (pontos amostrais X juvenis e

pos-larvas), transformada pelo Ln (x+1).
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Figura 3.2.1: Estuario da Lagoa dos Patos, Brasil, com destaque para 0s
pontos de coleta nas enseadas rasas protegidas (P1 a P8) e nas margens da

porcao central desprotegida (D1 a D4).
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A variagdo na abundancia relativa (hmero de invividuos capturados por
arrasto) foi analisada pela aplicacdo de Modelos Lineares Generalizados
(GLM), utilizando-se a familia de distribuicdo Binomial Negativa que permite
incorporar a sobre-dispersdo, 0 que € caracteristico em dados de contagem
(McCullagh & Nelder 1989). Nos modelos, os pontos foram agrupados de modo
que P1 a P5 compuseram a area protegida, e D1 a D4 a area desprotegida. As
analises foram realizadas utilizando o software R verséo 3.0.1 (R. Development
Core Team 2013). A area estuarina (protegida ou desprotegida), a estacdo do
ano (verdo, outono, inverno ou primavera), a temperatura e a salinidade da
agua, compdem as variaveis explicativas sobre a abundancia dos camardes. O
critério de selegao do melhor modelo foi realizado através do método “forward
stepwise”, baseado na escolha do modelo com menor valor do Critério de
Informacdo de Akaike — AIC (Burnham & Anderson 2002). Comparacfes
multiplas das médias entre os niveis da varidvel estacdo do ano foram
realizadas através do teste Tukey, utilizando-se a fungado “glht” do pacote

“multcomp” (Hothorn et al. 2008).

3.3. Resultados

Varidveis ambientais

Na area protegida a salinidade foi muito semelhante entre os pontos P1
a P5, com as médias variando de 10,43 + 2,03 até 14,51 + 2,33 (Fig. 3.3.2). As
menores médias ocorreram mais ao norte do estuario (P6 a P8), nos locais
mais distantes da abertura ao oceano. Na area desprotegida a salinidade

seguiu um gradiente de queda em direcdo ao interior do estuario, com a maior
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meédia no ponto D1 (17,99 + 2,75) e a menor no D4 (11,01 + 2,56) (Fig. 3.3.2).
Quando comparadas as areas, a salinidade média da area protegida foi menor
(12,86 = 0,95) do que da area desprotegida (14, 49 = 1,32), nessa ultima, a
maior variabilidade da salinidade pode ser identificada pelo maior intervalo de
confianca (Fig. 3.3.5). As menores médias da salinidade ocorreram no inverno
(10,37 £ 1,77) e na primavera (8,41 £ 1,26), e as maiores no verdo (17,60 %
1,29) e no outono (17,21 + 1,61) (Fig. 3.3.6). A temperatura foi muito similar
entra as areas, protegida (22,35 * 0,57) e a desprotegida (22 + 0,58). A
variacdo sazonal da temperatura mostrou o inverno com a menor média (15,77
+ 0,52) e o verdo (26,72 + 0,44) com a maior, a primavera (20,13 £ 0,57) e o

outono (22,92 + 0,59) apresentaram temperaturas intermediéarias (Fig. 3.3.6).

Capturas gerais

Foram realizados 667 arrastos ao longo do periodo de estudo, e obtidos
9153 individuos (2530 pés-larvas e 6623 juvenis). Pds-larvas e juvenis foram
capturados em todos os pontos de coleta. As menores médias da abundancia,
de PL e JU na éarea desprotegida, ocorreram no ponto D1 (PL = 2,6 + 1,66; JU
= 0,84 + 0,40) mais préximo da boca do estuario, e as maiores no ponto D2 (PL
=11,45+6,43; JU = 5,86 + 2,48). Nos pontos que compde a area protegida, as
menores abundancias de PL e JU ocorreram no ponto P4 (PL = 0,98 + 0,97; JU
= 7,25 + 2,81), ja as maiores ocorreram nos pontos P5 (PL = 4,56 + 5,28) e P1
(JU = 26,83 + 17,76). Quando considerado todos os pontos, P7 apresentou os
menores valores médios (PL = 0,6 + 0,82; JU = 1,85 £ 1,35), e P8 0 maior

abundéancia de juvenis (32,35 + 35,47). O padrdo observado foi uma maior
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abundéancia de juvenis nos pontos da area protegida, e de maior abundancia

pos-larvas na area desprotegida (Fig. 3.3.2).
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Figura 3.3.2: Valores médios da salinidade (linha), e da abundancia relativa
(barras) de pos-larvas e juvenis de Farfantepenaeus paulensis, nos pontos de
coleta da éarea protegida (P1 a P8) e desprotegida (D1 a D4), ao longo do
periodo de estudo, com seus respectivos intervalos de confianca de 95%.
Abundancia expressa pela média do numero de individuos capturados por

arrasto.

Estrutura de tamanho e anélise explorat6ria

Todas as pés-larvas capturadas foram medidas. Dos juvenis capturados,
foram medidos 6009 individuos. A andlise da estrutura de tamanho permitiu a
identificacdo de diferenca no numero de individuos entre pos-larvas e juvenis
em cada area. O maior juvenil medido tinha 25 mm de CC, no entanto as
principais classes de tamanho estavam entre 2 e 15 mm de CC. Na area

protegida, a distribuicdo dos tamanhos apresentou um pico de ocorréncia no
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intervalo de classe 3,01 — 4 mm, seguindo uma queda gradual na ocorréncia de
individuos para as maiores classes. Na area desprotegida, foi possivel
identificar uma maior ocorréncia de pés-larvas, seguindo uma queda acentuada
no namero de individuos nas classes de tamanho acima de trés mm (Fig.

3.3.3).
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Figura 3.3.3: Distribuicdo de frequéncia por comprimento da carapaca (CC),
agrupado em intervalos de 1 mm, para Farfantepenaeus paulensis nas areas

desprotegida e protegida no estuario da Lagoa dos Patos.

A analise de agrupamento mostrou a formagdo de quatro grupos. O
grupo A foi formado pelos pontos D2, D3 e D4 da area desprotegida; o grupo B

pelos pontos P1, P2, P3 e P5 da area protegida; e os grupos C e D compostos
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respectivamente, polos pontos P4 e D1 (Fig. 3.3.4). O valor de 0,89 do

coeficiente de correlacdo indicou um bom ajuste dos dados.
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Figura 3.3.4: Dendrograma de similaridade utilizando o indice de Bray-Curtis,
gerado a partir da média mensal da abundancia relativa de pos-larvas e juvenis
de Farfantepenaeus paulensis no estuario da Lagoa dos Patos. Os grupos

formados séo identificados pelas letras A, B, C e D.

Selecdo dos modelos e estimativa das variaveis explicativas

Os modelos lineares generalizados utilizados estdo apresentados na
tabela 3.3.1 com os respectivos valores de AIC e seu poder de explicacdo (D?
ajustado). Os modelos selecionados com o melhor ajuste apresentaram quatro
variaveis explicativas: “area”, “estacao”, “salinidade” e “temperatura®. No caso

das PL o modelo mostrou interagao entre as variaveis “area*salinidade” (Tab.

3.3.2).
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Tabela 3.3.1: Modelos gerados para explicar a variagdo na abundancia relativa
das pos-larvas e juvenis do camardo-rosa através do método “forward
stepwise”, contendo os valores de Critério de Informagao de Akaike (AIC) e seu
poder de explicacdo (D? ajustado). “*” indica a interacdo estre as variaveis
explicativas. Modelo selecionado em negrito.

VARIAVEL MODELO AIC D*
RESPOSTA Ajustado
area 2115 0,02
areatestacao 2011 0,24
areatestacao+salinidade 1997 0,27

Poés-larva
areatestacao+salinidade+temperatura 1990 0,28
areatestacao+salinidade+temperaturatarea*salinidade 1983 0,30
areatsalinidade+estacao+area*salinidade+estacdo*salinidade 1991 0,29
area 3101 0,08
areatestacdo 2911 0,36
areatestacdo+salinidade 2888 0,39
Juvenil

areatestacdo+salinidade+temperatura 2870 0,41
area+estacao+salinidae+temperatura+area*salinidade 2871 0,40

areatsalinidade+estacao+area*salinidade+estacdo*salinidade 2885 0,39
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Tabela 3.3.2: Estimativas das varidveis explicativas dos modelos selecionados
para poés-larvas e juvenis do camarao-rosa. Valores significativos (p < 0,05) em

negrito.

ORGANISMO VARIAVEIS EXPLICATIVAS ESTIMATIVA p-VALOR

intercepto -2.67089 0,0000

area_prot -1.99054 0.0000

estacdo_out -0.56613 0,2306

fe estacdo_pri 2.39879 0,0000
Pos-larva estacao_ver 2.14456 0,0000
salinidade 0.02646 0,0544

temperatura 0.09274 0,0018

area_prot*salinidade 0.07059 0,0007

intercepto -4.518499 0.0000

area_prot 1.111475 0,0000

estacdo_out 1.499976 0.0000

Juvenil estacdo_pri 2.472677 0.0000
estacdo_ver 3.113184 0.0000

salinidade 0.054869 0.0000

temperatura 0.101377 0.0000

O modelo selecionado para poés-larvas apresentou coeficiente,
significativamente, negativo para “area_prot”’, indicando que a abundéancia
relativa das PL do camarédo-rosa é menor na area protegida quando comparada
com a desprotegida (Fig. 3.3.5). O coeficiente positivo da variavel
“area_prot*salinidade” mostrou uma interagdo significativa entre a area e a
salinidade. Esta interacdo indica que na area protegida a abundancia das PL
aumenta com a salinidade, diferentemente da area desprotegida onde esta
variavel ambiental ndo influenciou no incremento da abundéancia. A temperatura
influenciou, significativamente, a abundancia das PL, o coeficiente positivo
desta variavel mostrou que a abundéncia aumenta com o aumento da
temperatura. A variacdo sazonal da abundéancia ficou claramente demonstrada
no modelo, pois, a varidvel estacdo mostrou influéncia significativa sobre as PL,

de forma que o coeficiente positivo para “estacado pri’ e “estacdo ver’
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demonstrou que as maiores abundancias ocorreram na primavera e no verao
(Fig. 3.3.6). E importante salientar que as pos-larvas ocorreram em todas as
estacbes do ano, e o coeficiente negativo da variavel “estagao_out”’, embora,
nao significativo, indica que ocorreu menor abundancia no outono quando
comparado ao inverno (Fig. 3.3.6). Pelo teste de Tukey, foi possivel identificar
que a maior abundéancia relativa média, ocorreu na primavera e no verao,
quando comparado com o0 outono e o inverno. Nao houve diferenca na
abundéancia quando comparado a primavera e o verdo (Fig. 3.3.6).

O modelo selecionado para juvenis apresentou coeficiente
significativamente positivo para “area_prot”, indicando que a maior abundancia
relativa ocorreu na area protegida (Fig. 3.3.5). As variaveis, “salinidade” e
“temperatura”, mostraram influéncia significativa na abundancia dos juvenis, os
coeficientes positivos destas varidveis indicaram que a abundancia aumentou
com o aumento da salinidade e da temperatura. A variavel estacdo apresentou
influéncia significativa sobre os JU. O teste de Tukey demonstrou que houve
diferencas significativas na abundancia relativa entre o inverno e as demais
estacdes. O verdo apresentou diferenca em todas as comparacdes. A
primavera, quando comparada com o outono, também apresentou diferenca
significativa na abundancia. A maior abundancia média ocorreu no verao. A
primavera apresentou maior abundancia quando comparada com o0 outono € o
inverno. O outono apresentou maior abundancia apenas quando comparado
com o inverno. A variagdo sazonal na abundancia relativa pode ser observada

na figura 3.3.6.
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Figura 3.3.5: Valores médios da salinidade (linha cheia), temperatura (linha
tracejada) e da abundancia relativa (barras) de poés-larvas e juvenis de
Farfantepenaeus paulensis nas areas desprotegida e protegida ao longo do
periodo de estudo, com seus respectivos intervalos de confianca de 95%.
Abundancia expressa pelo numero de individuos capturados por arrasto.
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Figura 3.3.6: Valores médios da salinidade (linha cheia), temperatura (linha
tracejada) e da abundancia relativa (barras) de poés-larvas e juvenis de
Farfantepenaeus paulensis, entre as estacdes do ano ao longo do periodo de
estudo, com seus respectivos intervalos de confianca de 95%. Abundancia

expressa pelo numero de individuos capturados por arrasto.
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3.4. Discussao

Capturas totais

De acordo com o observado no presente trabalho, o camardo-rosa
Farfantepenaeus paulensis pode apresentar uma ampla distribuicdo, tanto na
fase de poés-larva quanto juvenil, ocupando locais préximos a abertura ao
oceano e com maiores valores de salinidade, até as por¢ées mais ao norte com
salinidades mais baixas. Esta ampla distribuicdo € marcada pela preferéncia de
habitat, que pode ser reconhecida pela variagcdo espacial da abundancia da
espécie. D’'Incao (1991) destacou a ampla distribuicdo e a importancia das
enseadas rasas para o crescimento dos juvenis. Ruas et al. (2014) analisando
a variacdo da abundancia do camardo-rosa em duas enseadas rasas, mostrou
a preferéncia de pos-larvas e juvenis por vegetacdo submersa e por maior
salinidade. De fato, a preferéncia de habitat € um comportamento reconhecido
para algumas espécies de peneideos, Pérez-Castafieda et al. (2010)
demonstraram a preferéncia de Farfantepenaeus aztecus e Farfantepenaeus
dourarum (Burkenroad, 1939) por vegetacdo submersa. Pérez-Castafieda &
Defeo (2001; 2004) trabalhando com espécies do género Farfantepenaeus em
uma lagoa costeira do Golfo do México, demostraram haver uma segregacao
espacial intraespecifica na distribuicdo dos camarfes, as maiores abundancias
de recrutas (CC < 8 mm) e juvenis, foram associadas as maiores salinidades e
as areas vegetadas em busca de protecdo. Segundo Mohan et al. (1995) o
substrato lamoso e rico em matéria organica também pode ser considerado um
importante fator na selecdo de habitat por pos-larvas e juvenis de

Feneropenaeus indicus (H. Milne-Edwards, 1837) e F. merguiensis.
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Quando foi analisada a composicdo da estrutura de tamanho do
camardo-rosa, observou-se um padrdo que mostra uma clara diferenca entre
as areas protegida e desprotegida. Na area protegida houve a predominancia
de individuos que representam o0s primeiros estagios da fase juvenil,
distribuidos seguindo uma gradual queda no namero de camarbes com o
aumento do tamanho da carapaca. Na area desprotegida destacou-se o grande
namero de pods-larvas, as classes de tamanho que representam 0s juvenis
apresentaram um reduzido numero de individuos e mostraram maior
homogeneidade na distribuicdo entre as classes. Estas variacbes podem ter
ocorrido devido ao comportamento da espécie durante sua ontogenia no
estuario. Estudos realizados com outras espécies do género Farfantepenaeus
também demonstraram uma segregacao espacial por tamanho dos individuos
(Pérez-Castafieda & Defeo 2001). Cabe mencionar que a rede de coleta pode
nao ter sido adequada para capturar organismos acima de 17 mm de CC, uma
vez que camardes acima deste tamanho sdo menos vulneraveis a captura por

redes com dimensdes reduzidas (Adnan et al. 2002).

Variacoes espaciais na abundéancia e influéncia da salinidade

Os locais de coleta formaram grupos que representaram as areas
protegida e desprotegida como distintas uma da outra, dando subsidio para as
comparagcdes nos modelos. As pos-larvas, mais abundantes na area
desprotegida, indicaram a importancia deste ambiente para o assentamento do
camarédo-rosa F. paulensis no estuario da Lagoa dos Patos, pois suas margens

rasas podem representar uma area de assentamento para os individuos com
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origem do oceano. A busca pelo substrato das areas rasas, tdo logo entrem
nos estuarios, pode representar a tentativa das pos-larvas de permanecer
neste ambiente, evitando que a maré vazante carregue-as novamente para o
oceano, como foi demonstrado para F. merguiensis, F. aztecus e Melicertus
plebejus (Young & Carpenter 1977, Adnan et al. 2002, Chazaro-Olvera et al.
2009). Esta tendéncia foi observada por Ruas et al. (2014) analisando a
selecdo de habitat do camardo-rosa em duas enseadas rasas na Lagoa dos
Patos, onde foi demonstrado maior abundancia de poés-larvas na enseada
préoxima a area considerada desprotegida no presente trabalho.

Sabe-se, que as poés-larvas do camardo-rosa, desde que disponiveis na
zona costeira, acompanham a entrada de agua marinha no sistema estuarino,
consequentemente, o sucesso do recrutamento depende de uma combinacéo
favoravel entre a descarga de agua doce e condicfes do vento para a entrada
da cunha salina (D’'Incao 1991, Mdller et al. 2009, D’Incao & Dumont 2010,
Pereira & D’Incao 2012). A area desprotegida é a primeira a sofrer o efeito
gerado pelo gradiente de pressdo da costa oceanica, que empurra agua
costeira para o estuario (Fernandes et al. 2005). Por isso, nesta area, seria
plausivel associar o aumento da abundancia com o aumento da salinidade. No
entanto, ndo foi identificada essa influéncia, provavelmente pelas
caracteristicas altamente variaveis das condi¢des ambientais, como da prépria
salinidade e da velocidade da corrente da agua (Martins et al. 2007, Dumont &
D’Incao 2010). Sugere-se considerar que a area desprotegida representa a
porcdo que € primeiramente habitada pelas poOs-larvas, e onde ocorrem 0s

primeiros contatos com salinidade mais baixa. Pode-se dizer que esta area
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representa um espaco de aclimatacao as condicdes de salinidade no estuario,
pois os individuos entram nesse ambiente numa idade que representa o
periodo mais importante do desenvolvimento osmorregulatorio da espécie
(Tsuzuki et al. 2000).

A interacdo entre a area protegida e a salinidade parece indicar uma
possivel explicacdo para a chegada das poés-larvas nas enseadas rasas. A
abundancia na area protegida aumentou com a salinidade, indicando que este
fator ambiental pode ser uma caracteristica importante para a distribuicdo
desses organismos. Vance et al. (1998), relata para F. merguiensis, em dois
estuarios do nordeste australiano, que o aumento das chuvas em épocas
Uumidas ocasiona a diminuicdo da salinidade, inibindo o alcance das pés-larvas
as regides mais internas do estuario. O mesmo autor destacou que a variacao
da abundancia é o resultado de uma combinacao de processos hidrodinamicos,
e mudancas comportamentais associadas ao desenvolvimento da espécie.
Staples (1980) observou que as pés-larvas de F. merguiensis, deslocam-se do
substrato para a coluna d’agua, e migram estuério acima pela influéncia das
marés de enchente (agua salgada). O mesmo comportamento foi observado
para F. aztecus em sua migracdo para os estuarios no Golfo do México
(Chazaro-Olvera et al. 2009). Pode-se considerar que se as condi¢cbes forem
favoraveis, com entradas de &agua salgada suficientemente intensas para
alcancarem as areas protegidas, havera a possibilidade de migracdo das pés-
larvas.

A elevacdo da salinidade na area protegida possibilitard, também, uma

maior sobrevivéncia conforme o crescimento dos camarfes, pois pds-larvas
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mais velhas do camarao-rosa (Ultimos estadios), mostram-se mais suscetiveis
a mortalidade quando expostas a salinidades baixas (< 10) (Tsuzuki et al.
2000), o que pode limitar a distribuicdo espacial. O aumento da mortalidade em
baixas salinidades também foi relatado para poOs-larvas de Farfantepenaeus
subtilis (Pérez-Farfante, 1967) e F. aztecus (Saoud e Davis 2003, Silva et al.
2010).

Assim como evidenciado nos trabalhos de D’Incao (1991) e Ruas et al.
(2014), o atual trabalho mostrou que a distribuicdo espacial dos juvenis no
estuario da Lagoa dos Patos, ndo ocorre de maneira uniforme. A menor
variabilidade da salinidade, a presenca de pradarias de fanerégamas
submersas, a menor velocidade da corrente (Martins et al. 2007, Fernandes et
al. 2007, Copertino & Seeliger, 2010, D’Incao & Dumont 2010), sédo fatores
ambientais caracteristicos da éarea protegida e podem oferecer condi¢cdes
ecoldgicas necessérias para um melhor desenvolvimento dos individuos, como
maior oferta de alimento e protecéo contra predadores (D’Incao 1991, Mohan et
al. 1995, Costa et al. 1997, Martins et al. 2007, D'Incao & Dumont 2010, Pérez-
Castafieda et al. 2010, Ruas et al. 2014). Com isso, pode-se justificar a maior
abundéancia encontrada na area protegida, e caracteriza-la como um importante
habitat para o crescimento de pequenos juvenis (< 15 mm de CC).

O camarédo-rosa F. paulensis, pode ocorrer em ambientes com
salinidades de 0 a 30, no entanto existem evidéncias da preferéncia por
salinidades intermediarias a estes valores (D’Incao 1991, Costa et al. 2008).
Segundo D’Incao & Dumont (2010) e Ruas et al. (2011), a estabilidade da

salinidade aparece como uma importante caracteristica ambiental associada as
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maiores abundancias de juvenis. Na area desprotegida, a menor abundancia
de juvenis pode ter ocorrido por causa da influéncia de uma maior variabilidade
das condicbes ambientais (Martins et al. 2007, D’Incao & Dumont 2010). A
partir dos estadios finais de pos-larva, a ampla variacdo da salinidade, por
exemplo, pode causar impacto na sobrevivéncia dos organismos (Tsuzuki et al.
2000), essa caracteristica pode ser observada também para F. aztecus (Saoud
& Davis 2003).

O aumento da abundancia dos juvenis com a salinidade corrobora os
resultados prévios encontrados na Lagoa dos Patos, e parece estar ligado aos
padrées anuais de variacdo, que apresentam maior abundancia durante o
periodo de maior salinidade (D’Incao 1991, Mdller et al. 2009, Ruas et al.
2014). De acordo com Tsuzuki et al. (2000) a maior sobrevivéncia dos

organismos da espécie esta relacionada a salinidade maior que 10.

Variacoes sazonais e influéncia da temperatura

As pés-larvas do camardo-rosa F. paulensis capturadas em todas as
estacdes do ano, podem sustentar a ideia proposta por D’Incao (1984, 1991)
que, baseado em estudos de crescimento, sugere uma possivel entrada de
pos-larvas o ano inteiro no estuario da Lagoa dos Patos, como ocorre nas
regibes mais ao norte do Brasil. As maiores abundancias de pos-larvas de F.
paulensis registradas na primavera e no verdo, evidenciaram estas estacfes
como o principal periodo de recrutamento, mostrando um incremento da
abundéancia seguindo o aumento da temperatura. No entanto, cabe salientar,

que nem sempre a elevacdo da temperatura tera influéncia no aumento da
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abundéancia de pos-larvas no estuario. Em determinadas épocas, o forte fluxo
de saida de agua doce pode impedir a entrada das pdés-larvas no estuario,
retardando ou até mesmo inibindo o periodo de recrutamento, como observado
por Mdller et al. (2009) e Pereira & D’Incao (2012), analisando as safras
pesqueiras. A variagcdo sazonal da abundancia de pds-larvas pode ser
observada para F. merguiensis, e est4 associada a variacdo da salinidade que
diminui em épocas de chuvas, inibindo a migracdo das poés-larvas para o
estuério (Vance et al. 1998, Adnan et al. 2002).

A variacado da abundancia dos juvenis mostrou um padrédo sazonal bem
definido, que compreende o periodo da primavera ao outono, com a maior
abundéancia encontrada no verdo. A temperatura mostrou influéncia temporal
sobre o aumento da abundancia, e a inexisténcia de influéncia espacial resulta
do fato desta variavel ambiental ter sido muito semelhante entre as areas. Esta
variacdo sazonal da espécie na Lagoa dos Patos foi observada por D’Incao
(1991), segundo o autor o aumento da abundéancia acompanha a curva de
aumento da temperatura. O mesmo padrdo, para a espécie, foi observado por
Branco & Verani (1998) e Luchmann et al. (2008) na Lagoa da Conceicdo no
estado de Santa Catarina, e por Costa et al. (2008) em um estuéario no litoral
sudeste do Brasil. A variacdo da abundancia de F. dourarum, F. brasiliensis, F.
notialis F. aztecus também mostrou uma influéncia positiva do aumento da
temperatura (Pérez-Castafieda & Defeo 2001, Pérez-Castafieda et al. 2010).
Percebe-se a clara influéncia da temperatura sobre a abundancia dos
camardes, e isto, em parte, se deve ao fato desta variavel ambiental favorecer

uma maior sobrevivéncia e crescimento em peneideos, a frequéncia de mudas,
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por exemplo, aumenta com a elevacdo da temperatura como uma resposta da

aceleracdo do metabolismo (Dall et al. 1990).

3.5. Conclusbes

Pdés-larvas e juvenis do camardo-rosa F. paulensis, apresentaram uma
ampla distribuicdo no estuario da Lagoa dos Patos, ocupando locais préoximos a
abertura ao oceano e com maiores valores de salinidade, até as por¢cdes mais
ao norte com salinidades mais baixas. No entanto, as variacées na abundancia
evidenciaram a importancia da area desprotegida para o assentamento da
espécie no estudrio. A area desprotegida pode significar a por¢cdo do estuario
que é primeiramente habitada pelas pés-larvas e onde ocorrem 0s primeiros
contatos com salinidade mais baixa, representando um espago em que ocorre
aclimatacdo. O aumento da salinidade na area protegida pode favorecer a
chegada, o crescimento e a sobrevivéncia dos organismos. A primavera € 0
verao sdo as principais estacdes para o recrutamento no estuario.

A area protegida pode ser caracterizada como um importante habitat
para o crescimento dos juvenis. O aumento da salinidade e da temperatura
influenciou positivamente a abundancia. Houve uma marcada sazonalidade na

abundancia dos juvenis, que compreendeu o intervalo da primavera ao outono.
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4. CAPITULO 2

SELECAO DE HABITAT DO CAMARAO-ROSA Farfantepenaeus paulensis E
DO SIRI-AZUL Callinectes sapidus EM DUAS ENSEADAS RASAS NUM
ESTUARIO DO SUL DO BRASIL: INFLUENCIA DA SALINIDADE E DAS

PRADARIAS DE FANEROGAMAS SUBMERSAS

A descrigdo detalhada deste capitulo encontra-se no Anexo I.
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4.1. Resumo

O trabalho foi desenvolvido em duas enseadas rasas (Saco da
Mangueira e Saco do Arraial) no estuario da Lagoa dos Patos. Foram
comparadas as variacdes na abundancia relativa e no tamanho, das pos-larvas
e juvenis do camaréo-rosa Farfantepenaeus paulensis, e de juvenis do siri-azul
Callinectes sapidus, considerando a influéncia da salinidade e da presenca de
pradarias de faner6gamas submersas. As andlises constaram de Modelos
Lineares Generalizados - GLM para avaliar as variagcbes na abundancia, e
Anova para comparar as variagbes no tamanho dos individuos. Foi
evidenciado que a enseada, a salinidade e a presenca de vegetacdo submersa
exerceram influéncia sobre a abundéancia das pdés-larvas e juvenis do camaréao-
rosa. As maiores abundancias foram encontradas no Saco da Mangueira, nas
pradarias e nas maiores salinidades. Para o siri-azul, as maiores abundancias
foram encontradas no Saco do Arraial, e nas menores salinidades. A
importancia da vegetacdo submersa para o siri-azul esta na preferéncia dos
menores individuos pela pradaria. Foi demonstrado que as espécies
apresentam uma preferéncia por habitat no estuéario, e que a salinidade, e a
presenca de pradarias de fanerégamas submersas, influenciam na selecdo de

habitat destes organismos.
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5. CAPITULO 3

AVALIA(;AO DA CAPTURA INCIDENTAL DO SIRI-AZUL Callinectes sapidus
NA PESCA DIRIGIDA AO CAMARAO-ROSA Farfantepenaeus paulensis EM

UM ESTUARIO SUBTROPICAL

A descricdo detalhada deste capitulo encontra-se no Anexo II.
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5.1. Resumo

O trabalho avaliou a captura incidental do siri-azul Callinectes sapidus,
na pesca artesanal, através da investigacdo da razdo sexual; da captura por
unidade de esfor¢co (CPUE); da comparacdo do posicionamento das redes; da
influéncia da salinidade e do tamanho em que a probabilidade de captura é de
50% (Psp). Foram coletados os individuos capturados nas safras dos anos de
2011, 2012 e 2013 no estuério da Lagoa dos Patos, sul do Brasil. As analises
mostraram a ocorréncia de maior numero de machos. As variagcdes da CPUE
demonstraram que as maiores abundancias foram encontradas na area mais
préxima a abertura do estuario ao oceano. Nao houve variagdo da CPUE
guando comparadas as safras ou o posicionamento das redes. Foi identificada
uma relacdo positiva entre a CPUE e a salinidade no estuario. O Pso variou
entre as areas de estudo, porém manteve-se sempre abaixo do tamanho de
primeira maturacdo, estimado, respectivamente para machos e fémeas, em
108 e 115 milimetros de largura de carapaca. Isto indicou a baixa seletividade
da rede, o que pode causar prejuizo na reproducédo da espécie. As capturas
indicaram um maior impacto sobre os machos, uma vez que as fémeas migram
para desovar na area oceanica adjacente ao estuario. A variacdo espacial da
CPUE evidenciou a ndo homogeneidade nas capturas por pesca, isto pode
estar associado ao comportamento da espécie frente as variagcbes das

condi¢bes ambientais.
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6. CONCLUSOES GERAIS
Esta tese forneceu contribuicbes importantes para o conhecimento da

ecologia do camarao-rosa F. paulensis, e da ecologia e pesca do siri-azul C.

sapidus no estuario da Lagoa dos Patos. Foi possivel concluir que:

- Pos-larvas e juvenis do camardo-rosa podem ocupar o0s locais com
maiores valores de salinidade, préoximos a abertura do estuario ao
oceano, até as por¢des mais ao norte com salinidades mais baixas.

- A area desprotegida (margens rasas do corpo de agua central),
caracterizou-se como a porcdo do estuario que € primeiramente
habitada pelas poés-larvas e onde ocorrem 0s primeiros contatos com
salinidade mais baixa, podendo representar um espaco de aclimatacéo
as condicdes de salinidade do estuario.

- Na area protegida, o aumento da salinidade cria condi¢des ideais para a
chegada e estabelecimento das pos-larvas.

- A area protegida mostrou-se como um importante habitat para os
juvenis. Caracteristicas ambientais favoraveis a sobrevivéncia e ao
crescimento dos individuos, como maior estabilidade da salinidade, sédo
inerentes a esta area.

- O aumento da abundancia do camardo-rosa com 0 aumento da
salinidade e da temperatura, foi um resultado esperado para a espécie
no estuario.

- As pés-larvas podem ocorrer em todas as esta¢cdes do ano no estuario,
no entanto, as variagbes na abundancia permitiram identificar a

primavera e 0 verao como as principais estagdes para o recrutamento.



49

- Os juvenis, do camardo-rosa, apresentaram um padrdo sazonal bem
definido na variacdo da abundancia, as maiores ocorreram da primavera
ao outono, e 0 verdo apareceu como a estacdo mais importante.

- A enseada rasa, denominada como Saco do Arraial, pode ser
considerada como um bercario para o siri-azul no estuario.

- Houve a preferéncia das pos-larvas, e dos menores individuos do siri-
azul, pelas pradarias de faner6gamas submersas.

- A variacdo espacial, na CPUE da pesca incidental do siri-azul no
estuario, evidenciou a ndo homogeneidade nas capturas do recurso.

- A CPUE da pesca incidental do siri-azul aumentou com a elevacdo da
salinidade.

- As capturas incidentais do siri-azul, pelas redes de “saquinho”,
ocorreram principalmente sobre os machos, pois durante o periodo de
pesca, no estuario, as fémeas estao na area oceanica para a desova.

- A posicao da rede de “saquinho” na agua, nao caracterizou uma medida
de reducdo no impacto sobre a pesca do siri-azul como fauna
acompanhante.

- Existe a necessidade da implantacdo de um manejo mais seletivo na

pesca, que favoreca os individuos imaturos do siri-azul.

Obviamente, ainda existem questdes sobre as varia¢gdes na abundancia
e ha pesca, destas espécies no estuario, que carecem de respostas. Para

estudos futuros recomenda-se:
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Analisar possiveis influéncias da granulometria, da disponibilidade de
matéria organica no substrato, da vegetacdo emergente das marismas e
da presenca macroalgas, na distribuicdo e abundéancia dos organismos.
Testar 0 método de coleta através de succédo, descrito por Orth & van
Montfrans (1987), nas areas ocupadas por vegetacdo submersa e
emergente.

Investigar o recrutamento e a migracdo do camardo-rosa no estuario
estabelecendo comparag¢des com a producao pesqueira.

Tracar desenhos amostrais que permitam analisar possiveis variacdes
anuais de curta, média e longa escalas na abundancia, distribuicdo e
pesca dos organismos no estuario.

Analisar a variacdo da abundancia em funcédo da largura da carapaca
dos individuos do siri-azul.

Investigar a captura do siri-azul como espécie alvo, assim como estudar
o possivel manejo aplicado pelos pescadores, na selecdo dos individuos
capturados incidentalmente.

Analisar as capturas incidentais de peixes pelas redes de “saquinho”, na

pesca do camar&o-rosa.
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Habitat selection of the pink shrimp and the blue crab.

ABSTRACT

This study was conducted in two estuarine inlets (Saco da Mangueira and Saco
do Arraial) at the Patos Lagoon estuary, southern Brazil. The changes in
relative abundance and size of post-larvae and juvenile shrimp
Farfantepenaeus paulensis and juvenile blue crab Callinectes sapidus were
compared, considering the influence of salinity and the presence of submerged
seagrass meadows. The analyses were performed using generalized linear
models (GLM) for abundance variations and ANOVA for variations on the size
of individuals. The pink shrimp was more abundant at Saco da Mangueira, in
seagrass meadows and areas of higher salinity. The blue crab was more
abundant at Saco do Arraial and in lower levels of salinity. The importance of

submerged vegetation for the blue crab lies in a preference of smaller crabs of
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the species for the seagrass meadows. It has been shown that these species
choose different habitats in the estuary, and both the salinity and the presence

of submerged seagrass meadows influence the selection of habitat.

KEY WORDS: Patos Lagoon; GLM; submerged vegetation; crustaceans.

INTRODUCTION
The pink shrimp Farfantepenaeus paulensis (Pérez Farfante, 1967) and the
blue crab Callinectes sapidus Rathbun, 1896 are estuarine during part of their
life cycle, i.e., post-larvae and juvenile pink shrimp and the stages of zoea,
megalopa, juvenile and adult of the blue crab (Hines et al., 1987; Bulger et al.,
1995; D’Incao, 1991; Costa et al., 2008; Rodrigues & D’Incao, 2008; Vieira &
Calazans, 2010; Rodrigues & D’Incao, 2014). The entry of these organisms into
estuaries follows the patterns observed in other species of penaeids and also
blue crabs from other coastal regions (D’Incao, 1991; Lhomme, 1992; Bulger et
al., 1995; Epifanio, 2007; Chéazaro-Olvera et al., 2009). These species are
considered important links in the food web that exert strong predation pressure
on benthic invertebrates (Kapusta & Bemvenuti, 1998; Oliveira et al., 2006;
Jorgensen et al., 2009). Besides providing great ecological value, they also
represent a significant source of income for fishermen due to their high
commercial value (D’Incao et al., 2002; Kalikoski & Vasconcellos, 2013).

The salinity decrease in estuaries is a limiting factor for distribution and
abundance of Melicertus plebejus (Hess, 1865) and Fenneropenaeus

merguiensis (De Man, 1888) post-larvae (Young & Carpenter, 1977; Vance et
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al., 1998). However, the distribution of F. paulensis post-larvae to the innermost
regions of estuaries has not been studied, and the influence of salinity is often
associated with the abundance of juveniles and to fisheries production (D’Incao,
1991; Costa et al., 2008; Moller et al., 2009; Pereira & D’Incao, 2012). The
distribution of pink shrimp in the Patos Lagoon estuary (Rio Grande do Sul
state, Brazil) was investigated by D’Incao (1991), though a real quantification of
possible spatial variations on the abundance of the species was not carried out.
The author indicates the greatest abundance of the pink shrimp are found in the
estuarine inlets, where supply of food is higher, and which provides refuge from
predators. The spatial variations in relative abundance associated with fishery
activities may indicate variations in the abundance of juveniles among the
estuarine inlets (Ruas et al., 2011).

As for the blue crab, important factors for habitat selection in estuaries of
the coasts of Virginia and North Carolina and the Gulf of Mexico in the United
States are intraspecific competition, search for food, protection from predators
and salinity (Orth & van Montfrans, 1987; Williams et al., 1990; Hovel & Lipcius,
2002; Lipcius, 2005; Posey et al., 2005). Studies show that during the juvenile
development the greatest abundance of the blue crab were found in lower
salinities and that the use of different habitats is related to the size of the
individuals (Orth & van Montfrans, 1987; Williams et al., 1990; Posey et al.,
2005). Segregation by sex is a characteristic of this species and it is related to
the reproductive behavior of female migration towards the entrance of the
estuary after copulation to reach the ocean and spawn (Epifanio, 2007;

Rodrigues & D’Incao, 2014). Male individuals reach low salinity areas of the
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upper estuary (Epifanio, 2007; Rodrigues & D’Incao, 2014), though a possible
habitat selection during the juvenile growth in the estuary still needs
investigation.

In this context, it has been shown that the greatest abundance of post-
larvae and juveniles of penaeid and blue crab are associated with the presence
of submerged seagrass (Orth & van Montfrans, 1987; Williams et al., 1990;
Haywood et al., 1995; Garcia et al., 1996; Sanchez, 1997; Pérez-Castafieda &
Defeo, 2001; 2004; Hovel & Lipcius, 2002; Heck Jr et al., 2003; Lipcius, 2005;
Pérez-Castafieda et al., 2010). The structural complexity of phanerogams
promotes the stabilization of the environment by attenuating currents and waves
and of the sediment through increased deposition of organic and inorganic
particles, as well as offering protection and a larger volume of high quality food
(Perkins-Visser et al., 1996; Lee et al., 2007).

Seagrass can also be characterized as an important nursery environment
(Heck Jr et al., 2003). In a shallow inlet of the Patos Lagoon estuary, Garcia et
al. (1996) observed the greatest abundance of juvenile pink shrimp and
juvenile blue crab in the prairies of Ruppia maritima (Linnaeus, 1753), the
dominant species in substracts with phanerogam vegetations (Copertino &
Seeliger, 2010). The authors concluded that these habitats offer better feeding
conditions for these crustaceans. It is noteworthy that Garcia et al. (1996) did
not capture post-larvae, nor compared the size of the individuals, which could
indicate a segregation by size showing the preference of the smallest
crustaceans for a vegetated bottom that could offer protection (Williams et al.,

1990; Pérez-Castafieda & Defeo, 2001).
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Therefore, this study investigated the habitat selection of post-larvae and
juveniles of F. paulensis and juveniles of C. sapidus between two estuarine
inlets in the Patos Lagoon by comparing possible variations in relative
abundance and size. The effect of salinity and the presence of submerged

seagrass meadows were analyzed.

MATERIAL AND METHODS
Area of study

The study was conducted in two shallow inlets from the low and middle
Patos Lagoon estuary, called Saco da Mangueira (SM) and Saco do Arraial
(SA) (Fig. 1). These areas have reduced circulation, sandy sediment and are
among the main areas with submerged seagrass meadows (Copertino &

Seeliger, 2010).

Data sampling and biometrics

The samples were collected during daytime every two weeks when
prairies were available (from October 2010 to February 2011), in the prairie
(vegetated - VE) and in another area adjacent to the prairie area, but
unvegetated (UVE). The samples were collected on the same day in the two
inlets at locations with depth less than 1.5 meters.

First, the samples were collected with an adapted trawl net, using a
bagger with a mesh size of 500u adapted to the rear end and a net with a 5
mm-distance between knots (Renfro, 1963). The net opening was rigid and

measured 1.8 m. Each trawling had an extension of 40 m. At each collection
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point two trawlings were conducted in the VE area, and two in the UVE area. To
minimize the effect of the boat close to the trawling locations, the engine was
turned off and the displacement of the boat was done with an oar. At the
sampling site, the fishing net was placed in the water and the cable stretched to
reach the mark of 40 meters. After that, the boat was anchored to prevent
variation in the trawling distance, and the trawl net was drawn manually. In
addition, the salinity level was checked during each trawling through a mini
portable probe YSI 556 MPS model. The collected material was stored in
properly labeled plastic bags, containing 4% formaldehyde.

The samples were washed under running water with a sieve of 500y,
separated and identified in the level of species according to Melo (1996) and
D’lncao (1999). The pink shrimp post-larvae were identified according to
Calazans (1993). In this study, post-larvae were considered as the shrimp with
up to 3 mm of carapace length, and shrimps above this size were classified as
juveniles (Haywood et al., 1995). The relative abundance of each species was
determined by counting the organisms from each trawling.

Millimetrical measurements of the post-larvae carapace length (CL), from
the orbital angle to the dorsal edge of the carapace, were obtained with a
stereomicroscope equipped with an ocular micrometer and CL of juvenile pink
shrimp were obtained using a caliper (0.1 mm). Millimetrical measurements of
carapace width (CW) of juvenile blue crab were obtained between the first

anterolateral spines of the carapace with a caliper.
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Data Analysis

The analyses were performed with the software R (version 3.0.1; R.
Development Core Team, 2013). Abundance was modeled using Generalized
Linear Models (GLM) with the family of negative binomial distribution that allows
the incorporation of the overdispersion, which is typical of count data
(McCullagh & Nelder, 1989). The presence of submerged vegetation (VE or
UVE), the sampling site (SM or SA) and the salinity are the explaining variables
on the abundance of organisms. These models were applied to analyze
possible variations on the abundance (response variable) for the pink shrimp
(post-larvae and juveniles) and for the blue crab.

The selection criteria for the best model was based on the choice of the
lowest value for AIC — Akaike’s Information Criteria (Burnham & Anderson,
2002). To detect models with equivalent predictive capacity, the value of A;was
used, which is the difference between the AIC of a model “i” and the lower AIC
value found (A = AIC; — AlICow) (Burnham & Anderson, 2002). Models with A;
between 0 and 2 are classified as indistinguishable from the best model; A;
between 4 and 7 are models with lower predictive quality, and models with A;
greater than 10 can be discarded as being unimportant (Burnham & Anderson,
2002). The models with A; between 0 and 2 were selected and named as “PL”
for post-larvae, “J” for juveniles of pink shrimp, and C for crabs.

The size of individuals was compared using CL and CW values. The
statistical predictions were tested with the Durbin-Watson routines for addiction,
Kolmogorov-Smirnov test for normality and Cochran test for homoscedasticity.

The original values of CL were logarithm-transformed (Log (CL + 1)) for pink
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shrimp, and square root-transformed for the CW of crabs (Sqgrt (CW + 3/8)) (Zar,
1984). The calculated means are presented with the confidence interval of 95%
(in parenthesis).

A factorial ANOVA type lll for unbalanced data (Shaw & Mitchell-Olds,
1993; Quinn & Keough, 2002) was used to analyze variations on
measurements, with the inlets (SM and SA values) and vegetation (VE and
UVE values) as factors. After that, the significance of the data was tested with
the Tukey test with a level of significance of 5% (Zar, 1984).

The ANOVA was used even when the homoscedasticity was not
confirmed, because the analysis is robust to violations of this prediction (Zar,
1984). However, to minimize the chances of a type | error, a level of

significance of 1% was used (Underwood, 1981).

RESULTS
Model selection and estimates of explicative variables

The number of post-larvae collected in SM was 39 (VE = 29; UVE = 10)
and only five in SA (VE = 3; UVE = 2). Juvenile pink shrimp were also more
abundant in SM, with a total of 479 individuals captured (VE = 317; UVE = 162),
whereas 97 were captured in SA (VE = 62; UVE = 35). The greater abundance
of post-larvae and juveniles occurred in the VE area of SM. Blue crabs were
more abundant in SA where 301 individuals were captured (VE = 201; UVE =
100), whereas only 94 were captured in SM (VE = 42; UVE = 52). Two models
to explain the variation on the relative abundance of the pink shrimp post-larvae

were selected (PL1; PL2), together with one model for pink shrimp juveniles (J)
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and one model for the blue crab (C) (Tab. 1). The estimates of the explanatory
variables with their respective p-values are presented in Table 2.

The PL1 and PL2 models presented a positive coefficient for the variable
"vegetVE" and also showed that the abundance of post-larvae was significantly
higher (Tab. 2) in the vegetated area (Fig. 2). On the PL2 model, the positive
coefficient of “inletSM” shows significant influence (Tab. 2), indicative of greater
abundance of post-larvae on the SM inlet (Fig. 2). The higher salinity records
occurred on SM (Fig. 3) with a mean of 14.58 (11.90 to 17.25), whereas the
average salinity was 5.93 (3.16 to 8.69) in SA.

The J model showed a significantly positive coefficient for "salt",
indicating that the abundance of juvenile pink shrimp increases as salinity
increases, though this effect occurs mainly in the SM inlet as can be observed
in Figure 3. This model showed an interaction between inlet and salinity to
explain the variation of the abundance of the shrimps, showing a significantly
negative coefficient for the variable "inletSA*salt". This interaction shows that
the abundance of the juvenile shrimp does not increase with the salinity in the
SA inlet. The highest abundances of the shrimp in the SA inlet occurred in
salinities below 10 (Fig. 3). The low p value (Tab. 2) for the effect of vegetation
on the abundance of juveniles in the J model shows a propensity of a higher
abundance of the pink shrimp in vegetated areas, which is more evident in SM
(Fig. 2).

The C model had a positive coefficient for "inletSA" and a negative
coefficient for the interaction between "inletSA*salt". The relative abundance of

crabs in the SA inlet was higher than in SM and the interaction indicated that
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the abundance of these organisms decreased while salinity increased (Figs. 2
and 3). The model showed no significant influence on the presence of
vegetation, however, the low p value (Tab. 2) for interaction "inletSA*veget"
indicates that there is a tendency of crabs to be more abundant in the vegetated

SA area (Fig. 2).

Size of individuals

The mean CL of shrimp harvested in SM was 7.59 mm (7.20 to 7.98) in
VE and 7.58 mm (7.03 to 8.14) in UVE, whereas in SA it was 7.29 mm (6.40 to
8.19) in VE and 7.37 mm (6.18 to 8.55) in UVE (Fig. 4). The mean CW of blue
crab in SM was 51.02 mm (45.01 to 57.04) in VE and 58.24 mm (52.92 to
63.57) in UVE, and in SA it was 25.95 mm (23.24 to 28.66) in VE and 36.11 mm
(32.25 to 39.97) in UVE (Fig. 5).

The residual analysis of the transformed CL values for the pink shrimp
showed that the data were independent (p= 0.48), normal (p> 0.20) and
homoscedastic (p= 0.41). For the blue crab, data reached independency (p=
0.77) and normality (p> 0.20), but not homoscedasticity (p= 0.00).

The ANOVA applied to the CL of the shrimps showed no significant
differences between the size of the individuals for the main effects (inlet and
vegetation) or for the interaction of factors (vegetation*inlet) (Tab. 3). On the
other hand, ANOVA results for the blue crabs showed that there were
significant differences in the inlet and vegetation effects, but no interaction (Tab.

3).
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The Tukey test showed that the average carapace width of the crabs was
significantly different in the UVE of the SM when compared to VE and UVE of
SA. In the vegetated area of SM, the average CW was only significantly
different when compared with the average CW vegetated area of SA. There
were significant differences between the VE and UVE areas of SA.

The highest mean values of blue crabs CW occurred in SM, and the
highest mean length values recorded in this inlet were in UVE. Nevertheless,
when comparing the VE and UVE areas of this inlet, there were no relevant
differences in the size of individuals. The blue crabs showed significantly higher
mean CW values in the VE area of SM than in the VE area of SA. In the SA
inlet, where the lowest values were found, the mean carapace width of crabs

was significantly lower in VE (Fig. 5).

DISCUSSION
Post-larvae and pink shrimp juveniles: inlets and salinity influence

Although in this work the models have not demonstrated salinity as an
important variable to explain the variation on the abundance of post-larvae, the
records of higher salinity in SM with significantly greater abundance of post-
larvae indicate there was a more favorable scenario for the arrival and
settlement of these organisms in this inlet. The entries of the pink shrimp F.
paulensis post-larvae in the Patos Lagoon estuary are regulated by the intensity
and direction of the wind and the freshwater discharge from the lagoon system
(D’'Incao, 1991; Mdller et al., 2009; Pereira and D’Incao, 2012). The strong flow

of freshwater in high rainfall years generates a physical barrier preventing the
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entrance of oceanic water and therefore the pink shrimp into the estuary (Moller
et al., 2009; Pereira & D’Incao, 2012). The same pattern of greater post-larvae
abundance related to the flow of ocean water into the adjacent coastal systems
and the entry of post-larvae shrimp into the estuary can be observed for other
species of penaeid, such as F. subtilis (Pérez Farfante, 1967) and F. aztecus
(Ives, 1891) (Lhomme, 1992; Chazaro-Olvera et al. 2009).

The greater abundance of post-larvae in SM, evidenced by PL2 model,
may be due to the proximity of this inlet to the estuary connection with the
ocean and also indicate the importance of shallow inlets in the lower estuary to
the arrival and settlement of pink shrimp. In a similar way, post-larvae of F.
merguiensis and M. plebejus tend to seek shallow areas as soon as they enter
in the estuary (Young and Carpenter, 1977; Adnan et al., 2002). The shallow
inlets are recognised as important for the growth of pink shrimp because they
can provide food and protection against predators (D’Incao, 1991). Moreover, it
may suggest that the post-larvae in shallow inlets are protected against low
tides that could carry them back to the ocean.

The models showed no significant difference in the abundance of
juveniles between the inlets. That the lowest abundance of post-larvae was
observed in the SA inlet may be evidence of migration of the pink shrimp during
their growth phase in the estuary. This migration was mentioned by D’Incao
(1991) as a consequence of the search for more favorable areas for feeding
and protection. Almeida and D’Incao (1999) analyzed fishermen migrations to
areas of greater production which shows indirectly the space and time variation

on the shrimp abundance as presented by Ruas et al. (2011) for the artisanal
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fishery. The theory that the shrimp displays migration patterns on the estuary
during the juvenile phase was difficult to prove and there are no studies that
show this effect or in which stage of development (post-larvae or juvenile) this
behavior occurs.

The movement of post-larvae to other estuarine areas was related by
Vance et al. (1998) to F. merguiensis where they demonstrate that the increase
of rain causes the decrease of salinity, therefore inhibiting the distribution of
post-larvae to the inner regions of the estuary. The author also emphasizes that
the variation on abundance is a result of a combination of hydrodynamic
processes and behavioral changes associated with the development of the
species. Staples (1980) observed that post-larvae of F. merguiensis move from
the substrate to the water column and migrate up the estuary by the influence of
tidal flooding with higher salinity. As no significant differences were found in the
abundance of juvenile pink shrimp between inlets, it is therefore possible to
suggest that this ontogenic behavior is also displayed by the juvenile, as the
lowest abundance of post-larvae collected in SA may indicate that the pink
shrimp reach this inlet already in the juvenile stage.

Abundance of juveniles increased with salinity, and this was an expected
result for the species in the Patos Lagoon estuary (D’Incao, 1991; Moller et al.,
2009). The result observed in SM may be influenced by a greater abundance
and survival of post-larvae in this inlet, whose growth rate was maintained and
juvenile abundance increased after a period of time. According to the salinity
values recorded in this study, the SM salinity appears a more favorable

condition for the survival of these organisms. According to Tsuzuki (1995), the
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post-larvae that populate the Patos Lagoon are very tolerant to salinity variance,
however the author demonstrated that the lowest mortality rates occurred in
salinities above 10. D'Incao (1991) presented the preference of pink shrimp for
a salinity of 10 in the Patos Lagoon estuary, and he also emphasizes that
individuals can be found at salinities between 0 and 30. Costa et al. (2008), in
an estuary of southeastern Brazil, showed the preference of juveniles for
salinities above 15. This large tolerance can also be observed in our results
since the effect of salinity on the abundance of juveniles in SA (interaction
inletSA*salt) showed that the highest abundances occurred in this inlet in lower
salinities (10).

The results obtained in this study showed that there is no significant
difference in the size of shrimps, showing that there was no segregation by size
classes of juveniles between the inlets during the study. Possible differences
could be found with a larger time period for data sampling: a longer growth
period of the species in the estuary (D’Incao, 1984); the migrations of larger
individuals to the ocean (D’Incao, 1990) and the pressure of the fishery when it

is allowed from February onwards (Ruas et al. 2011).

Blue crab: inlets and salinity influence

The models showed differences in the abundance of the blue crab C.
sapidus between inlets, and showed that there was preference for the SA inlet.
As demonstrated in other estuaries and in laboratory experiments, habitat
selection by this species appears as a life strategy during its development, and

the blue crabs select the most favorable areas for feeding, growth, survival,
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protection from predators and avoidance of intraspecific competition and
cannibalism (Orth and van Montfrans, 1987; Williams et al., 1990; Posey et al.,
2005).

The effect of the interaction between the SA inlet and salinity on the
abundance of the blue crab seems to indicate a possible explanation for the
preference of these species for SA. The greatest abundance of crab in SA was
found in lower salinities, showing that the water salinity may have an important
role in these results. According to Posey et al. (2005), estuarine regions with
low salinity can be considered a nursery ground for the blue crab due to the
high abundance of small juveniles encountered in low salinities. When
significant differences in carapace width (CW) were observed, it is possible to
notice that the greatest abundance found in SA consisted of smaller individuals,
and presumably younger than those found in SM. This is indicative of the use of
SA as a nursery. The pursuit for areas with lower salinities can be associated
with the growth of the species, and because these areas can provide protection
against predators (Posey et al. 2005).

SA therefore proved to be an important area for juvenile C. sapidus. This
result shows evidence of spatial segregation by size among individuals of the
species in the estuary and that younger individuals may choose inlets that have
favorable environmental conditions. The size segregation can occur in response
to pressure and predation by competitive exclusion; smaller individuals were
more vulnerable and occupy more protected areas (Willians et al., 1990; Posey

et al., 2005). Segregation behavior to avoid competition for space and food was
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mentioned by Rodrigues and D’Incao (2014), when the authors demonstrated a

migration of adult males to the upper estuary and of females towards the ocean.

Submersed vegetation influence

In this study, two models (PL1 and PL2) showed that significantly higher
abundances of post-larvae of the pink shrimp occurred in the presence of
vegetation. The model J did not show the presence of vegetation as a
significant factor, but the p value close to 0.05 indicates a tendency to find
higher abundances in the prairie. These results show that there is a preference
of the pink shrimp to settle on vegetated areas, as Garcia et al. (1996) had
already demonstrated. However, the preference of post-larvae across the
prairies is a new result for the species in question.

Haywood et al. (1995), even without identifying the mechanisms of
settlement, highlights the importance of macrophyte as nurseries for post-larvae
of Penaeus semisulcatus (De Haan, 1844) and P. esculentus (Haswell, 1879),
and identifies for the latter species the preference for seagrass due to the type
of food available. Nevertheless, there is no study that addresses the preference
of post-larvae of F. paulensis in submerged vegetation. Despite this, a
preference for seagrass habitats for settlement of megalopae of C. sapidus has
been shown, where the attenuation of waves and currents across the prairies
appears to be an important factor in habitat selection of megalopae. This is
because it enables the active choice for seagrass meadows, allowing passive

settlement (Orth andvan Montfrans, 1987; Lipcius et al., 2005). Thus, the post-
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larvae of the pink shrimp could also find the same benefits found by these
species to the settlement on the prairies.

The seagrass prairies can be characterized as an important nursery for
shrimp and crabs considering the high density of post-larvae and juveniles, as
well as increased survival and the growth rate of the individuals in these
habitats (Heck Jr et al., 2003). Inside the prairies, it is possible to find a greater
quantity and quality of food, together with the fact that there is a lower energy
expenditure and less time escaping from predators due to a lower predation
pressure (Perkins-Visser et al., 1996). However, the function of the protection
offered by prairies to these animals in the Patos Lagoon estuary is questioned
by Garcia et al. (1996). Low water transparency, a remarkable feature of the
estuary, have a negative effect of predation on these crustaceans, and search
for food may be the main factor explaining the greater abundance of decapods
within the prairie (Garcia et al. 1996).

The pink shrimp is omnivorous and their diet includes plant fragments
and detritus, and as they grow, the consumption shifts toward a predating
behavior over benthic invertebrates (Albertoni et al. 2003, Soares et al. 2005,
Jorgensen et al., 2009). Intake of plants, mostly by smaller individuals, may not
directly represent a food resource but rather be associated with ingestion of
small organisms attached to leaves of seagrass (Soares et al., 2008; Jorgensen
et al., 2009). Therefore, the feeding habits and the search for food associated
with prairies may justify the preference of juveniles for these habitats as
suggested by Garcia et al. (1996). This feeding behavior may also explain the

greatest abundance of post-larvae in vegetated funds.
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The protection offered by vegetated areas in the estuary should also be
considered as potentially influential in habitat selection by juveniles and smaller
individuals, mainly by post-larvae, presumably because they are more
vulnerable to predation. Studies with species of the genus Farfantepenaeus
showed that there is a spatial segregation in the distribution of shrimp, and the
greatest abundance of recruits (CL < 8.0 mm) and juveniles were associated
with vegetated areas in the search for protection, while the sub adults did not
show habitat selection behavior (Pérez-Castafieda and Defeo, 2001). In this
study, no significant differences were found in the size of shrimps between
vegetated and non-vegetated areas. However, the greater abundance of post-
larvae in the prairie indicate a possible preference of smaller organisms by
vegetated area, which suggests the protective function performed by
vegetation.

In this work, the models did not show the vegetated bottoms as a
significant factor for the abundance of the blue crab. This is the opposite of what
has been presented for the species in other estuaries (Orth andvan Montfrans,
1987; Williams et al., 1990) and in the Patos Lagoon (Garcia et al. 1996) that
highlighted crabs’ preference for this habitat. Nevertheless, when the
differences found in CW of crabs between vegetated and unvegetated funds
were analyzed, the submerged vegetation influenced the species, as the
average size of individuals was lower in the prairie, indicating the preference of
younger individuals by vegetation. The use of prairies and unvegetated areas
for different size classes of blue crab can occur in response to predation

pressure, where small individuals are found more frequently in dense prairies,
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while larger individuals are more often found in less dense prairies and
unvegetated areas (Williams et al., 1990). In SM, where the highest averages of
CW are found, no differences were found in the size of individuals between the
vegetated and unvegetated bottom. It is possible to suggest that larger crabs
are able to explore areas that offer less protection.

According to the feeding behavior, the blue crab is considered generalist-
opportunistic (Kapusta and Bemvenuti, 1998) and their diet in the estuary is
mainly composed of detritus (plant and animal remains not yet digested) and
the bivalve Erodona mactroides (Oliveira et al., 2006). Ontogenetic variation in
feeding preference has already been observed, when the consumption of
vegetation decreases as the individuals grow (Kapusta and Bemvenuti, 1998).
Grasslands are safer habitats for younger animals against predation, providing
protection for juveniles smaller than 25 mm of CW (Lipcius et al., 2005).
Juveniles greater than this size are less susceptible to predation and are able to
explore unvegetated areas in search of food (Lipcius et al., 2005). In contrast to
the work of Garcia et al. (1996) it is suggested in this work that in addition to
searching for food, the blue crab can find an environment that favors protection
from predators in the prairies of submerged vegetation in the Patos Lagoon
estuary. However, for best results it is suggested that future works take into
account the variation of abundance as a function of carapace width of
individuals.

The results of this study indicate that the pink shrimp F. paulensis and
blue crab C. sapidus have an ontogenic habitat preference in the Patos Lagoon

estuary and the salinity and the presence of submerged seagrass prairies
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influence the abundance and size of individuals. Although the results of this
study confirm previous observations on the importance of prairies submerged
vegetation to shrimps and blue crab, the preference of post-larvae and juveniles
of the blue crab individuals across the prairie is a new result for the Patos
Lagoon estuary. Thus, in addition to higher food supply in the prairies, they also

search for protection as they are presumably more vulnerable to predation.
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LEGENDS OF TABLES AND FIGURES

Table 1. Models selected to explain the variation on the relative abundance of
blue crab (C) and post-larvae (PL) and juveniles (J) of the pink shrimp. The
values of Akaike’s Information Criterion (AIC) and the difference between the

[t
|

value of a model “i” and the model with the lowest AIC value (Aaic) are shown.

Inlet = shallow inlet where samples were collected; salt = salinity; veget =

1234

presence or absence of vegetation; indicates the interaction between the

explaining variables.
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Table 2. Estimates of the explanatory variables for each model selected.
Significant values (p< 0.05) are presented in bold. Low p value is indicated by
Table 3. Comparison of carapace length (CL) of Farfantepenaeus paulensis,
and carapace width (CW) of Callinectes sapidus, among the inlets and
vegetation, showing the interaction between these factors. ANOVA results
containing SSQ (Sum of Squares), DF (degrees of freedom), AS (average

square), F and p. Significant differences (p< 0.01) are presented in bold.

Figure 1. Patos Lagoon estuary, RS, Brazil. Numbers represent the “Saco da
Mangueira” (SM) inlet (1), and Saco do Arraial (SA) inlet (2). Source:
http://www.aquarius.ifm-geomar.de/

Figure 2. Variations of relative mean abundance of Farfantepenaeus paulensis
and Callinectes sapidus in the shallow inlets Saco da Mangueira (SM) and Saco
do Arraial (SA), expressed by the number of individuals caught by trawling, by
comparing a vegetated submerged seagrass area (VE) with an adjacent
unvegetated bottom (UVE). Vertical bars show the 95% confidence interval.
Figure 3. Changes in the relative abundance of Callinectes sapidus and
Farfantepenaeus paulensis in Saco da Mangueira (SM) and Saco do Arraial
(SA), expressed by the total number of individuals caught per trawling (bars)
compared with the variation of salinity (lines) during the months of study
(October-February).

Figure 4. Changes in mean carapace length of Farfantepenaeus paulensis in

Saco da Mangueira (SM) and Saco do Arraial (SA), comparing a vegetated
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submerged seagrass (VE) area with an unvegetated bottom adjacent (UVE).
Vertical bars show the 95% confidence interval.

Figure 5. Changes in mean carapace length of Callinectes sapidus in Saco da
Mangueira (SM) and Saco do Arraial (SA), comparing a vegetated submerged
seagrass area (VE) with an adjacent unvegetated area (UVE). Vertical bars

show the 95% confidence interval.

TABLES AND FIGURES

Table 1.
ORGANISMS NUMBER MODEL AlIC Anc
OF MODEL
PL1 inlet*salt+veget 126.5363 0
Post-larvae
PL2 veget+inlet 127.2283 0.692
Pink shrimp J inlet*salt+veget 338.3921 0

Blue crab C inlet*salt+inlet*veget 337.5187 0




Table 2.

MODEL EXPLICATIVE VARIABLES ESTIMATE p-VALUE
inletSM 0.9440 0.2529
salt -0.3469 0.0997

PL1
vegetVE 1.0484 0.0337
inletSM*sal 0.3352 0.1157
vegetVE 0.9820 0.0459

PL 2
inletSM 1.9460 0.0006
inletSA 0.9553 0.1963
salt 0.1032 0.0015
’ vegetVE 0.7921 *0.0635
inletSA*salt -0.2314 0.0014
inletSA 1.0542 0.0170
salt -0.0039 0.8303
C vegetVE -0.2217 0.5047
inletSA*salt -0.0826 0.0170
inletSA*veget 0.8106 *0.0659
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Tabela 3.

ANOVA
EFFECT SSQ DF AS F p
Pink shrimp CL
Intercept 1315.113 1 1315.113 7766.875 0.0000
Inlet 0.065 1 0.065 0.383 0.5360
Vegetation 0.013 1 0.013 0.077 0.7818
Inlet*vegetation 0.001 1 0.001 0.009 0.9265
Error 102.779 607 0.169
Blue crab - CW
Intercept 10353.10 1 10353.10 4215.780 0.0000
Inlet 164.15 1 164.15 66.840 0.0000
Vegetation 43.44 1 43.44 17.689 0.0000
Inlet*vegetation 0.50 1 0.50 0.203 0.6525
Error 935.66 381 2.46
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Evaluation of the blue crab bycatch in pink shrimp fisheries

Abstract

This study evaluated the incidental catch of the blue crab Callinectes sapidus in
artisanal fisheries, through sex ratio, catch per unit effort (CPUE), influence of
salinity and net positioning and size in which the capture probability is 50%
(Pso). The specimens were obtained in the fishing seasons of 2011, 2012 and
2013 in the estuary of Patos Lagoon, southern Brazil. The analyses showed a
higher occurrence of males. Variations in CPUE showed that the greatest
abundance values were found in the area closest to the opening of the estuary
to the ocean. There were no variations in CPUE when fishing seasons or net
positions were compared. A positive relationship between CPUE and salinity in
the estuary was recorded. Psg varied between studied areas, but stayed below
the size at first maturity, indicating the low selectivity of the nets that may affect
the reproduction of the species. Catches indicated a greater impact on males,
since females migrated to spawn in the ocean area adjacent to the estuary
during the fishing period studied. The spatial variation of CPUE showed the
inhomogeneity in fishing catches, which can be associated with the behavior of

the species in face of changes in environmental conditions.

Key words: artisanal, crustacean, fishery resource, Patos Lagoon, stationary

net

Introduction

The blue crab Callinectes sapidus Rathbun, 1896 is an important fishing
resource for artisanal fishermen communities in estuaries of the Atlantic coast,
especially in the United States, the Gulf of Mexico and Brazil, where it can be
exploited as a target species with specialized fishing gear or as bycatch in
shrimp fishery (Stagg & Whilden 1997; Severino-Rodrigues et al. 2001;
Mendonga et al. 2010; Lima & Velasco 2012; Kalikoski & Vasconcellos 2013).
This species began to be exploited in the US around 1945 (Stagg & Whilden
1997). According to archaeological records, blue crab fishing has occurred for

more than two thousand years in Patos Lagoon, southern Brazil (Santos &
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D'Incao 2004). However, the historical and contemporary significance of C.
sapidus fishing contrasts with the limited information about its catches
(Severino-Rodrigues et al. 2001; Mendonca et al. 2010; Kalikoski &
Vasconcellos 2013).

Among the catches, target species are the main objective of fishing, and
non-target species are those caught incidentally that can be retained by the
fishermen due to their economic value (Hall et al. 2000). In this context, blue
crabs are captured in the estuary of Patos Lagoon primarily as bycatch in the
pink shrimp (Farfantepenaeus paulensis Pérez Farfante, 1967) fishery and are
the commonest bycatch in this fishery. Fyke nets are the most used type of net
by artisanal fishermen in shrimp fishing (Vieira et al. 1996; Lima & Velasco
2012; Kalikoski & Vasconcellos 2013). The blue crab is economically important
as it represents an alternative resource between major fishing seasons, and its
processing becomes a profitable trade and complements the fishermen’s
income (Lima & Velasco 2012; Kalikoski & Vasconcellos 2013). In this sense,
the catches may not be selected by size and the whole capture might be used
by the fishermen.

Incidental catches have drawn the attention of the scientific community to
include the evaluation and reduction of bycatch volumes as the focus of
research and management goals (Hall et al. 2000; Kelleher 2004). In Brazil,
blue crab bycatches have been reported, though studies are limited to
describing and quantifying catches without using comparative methods of
abundance variation and population dynamics. Furthermore, the influence of
environmental variations on the catches has not been verified (Vieira et al.
1996; Severino-Rodrigues et al. 2001; Loebmann & Vieira 2006; Vianna &
D'Incao 2006; Mendonca et al. 2010). A more comprehensive estimate of the
population dynamics of bycatch blue crab was carried out by Dumont & D'Incao
(2011) in fisheries targeting the shrimp Artemesia longinaris (Bate 1888). The
impact of fisheries on the blue crab can vary in time and space according to the
environment and species behavior. Studies show that intraspecific competition,
salinity and search for food and protection from predators are important factors

that determine the abundance and segregation of the species by size and
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gender (Orth & Van Montfrans 1987; Williams et al. 1990; Hovel & Lipcius 2002;
Lipcius 2005 ; Posey et al. 2005; Rodrigues & D'Incao 2014).

Blue crab fishing has been on the agenda of the meetings of the Forum
of Patos Lagoon, a co-management organization (D'Incao & Reis 2002) that
discusses the impact of incidental catches, searching for alternative ways to
exploit this species. In this study, we analyzed the incidental catch of the blue
crab C. sapidus in pink shrimp F. paulensis fisheries in the Patos Lagoon
estuary, southern Brazil. The influence of sex ratio, variations in relative
abundance, net positioning and water salinity on the catches was investigated.
The size in which the capture probability is 50% (Pso) was also investigated.

Materials and Methods

Area of study

This study was carried out in shallow waters in the estuary of Patos Lagoon,
southern Brazil, traditionally important area for artisanal fisheries (D'Incao
1991). The areas referred to as A, B, C and D (Figure 1) were chosen according
to salinity differences, accessibility and partnership with the fishermen. Although
close, the areas B and C are separated by a bridge that reduced the channel
and changed the local hydrodynamics (Moura & Diegues 2009).

Field sampling and laboratory procedures
Specimens of the blue crab Callinectes sapidus bycatch were collected using
fyke nets between February and May for three consecutive fishing seasons
(2011, 2012 and 2013). The fyke net is funnel-shaped, mounted with rings and
valves to prevent the organisms from escaping. These fyke nets are joined in
trains of multiple nets and light baiting is used to attract the organisms (Benedet
et al. 2010). The mouth (entrance of the nets) may be positioned parallel or
perpendicular to the direction of water flow (Figure 2). This positioning is
normally used by the fishermen.

The total catches of two nets positioned in parallel to the water flow were
obtained in all areas. Additionally, total catches were obtained from two nets in

area B, which were positioned perpendicularly to the water flow. These data
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allowed the analysis of the influence of different net positions on the catches.
Sampling intervals in each area depended on the fishermen’s activity and
ranged from 15 to 25 days. Samples were collected in sequential days between
study areas. The activity of the fishermen was reduced due to the low fishing
yield, and samplings were not made in area A in 2012 and 2013 and in areas C
and D in 2013.

The crabs collected from each net were kept separate, without any kind
of selection. The salinity was measured during the harvests using a
refractometer, and the permanence time of the nets was registered to calculate
the relative abundance estimated by catch per unit effort (CPUE).

The collected material was stored in identified plastic bags and taken to
the laboratory where individuals were classified into the species level according
to Melo (1996) and separated by gender. Total weight was obtained using a
digital scale (0.001 g accuracy), and carapace width (CW, millimeters) was
measured between the first anterolateral spines with a caliper (0.01 mm

accuracy).

Data analysis

The sex ratio (males:females) was calculated per fishing season in each area, for
both positions of the nets. Chi-square test was used to analyze differences between
sex ratios with a significance level of 5% (Zar 1984).

The relative abundance per net was estimated by CPUE in weight and
number of specimens captured. Estimates of CPUE were performed by the ratio
between weight in grams and fishing time (grams/hour), and the ratio between
number of crabs caught and fishing time (number/hour) (King 2003). The
assumptions of normality and homoscedasticity were tested prior to the CPUE
analysis, using Kolmogorov-Smirnov and Cochran tests, respectively. A log
transformation was performed with the data when necessary (Log CPUE +1). If
normality and homoscedasticity were not attained, a Kruskal-Wallis test was
performed (Zar 1984). The analyses were performed at a significance level of 5%
(Zar 1984).
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One-way analysis of variance (ANOVA) was used with CPUE (in weight and
number) comparisons between areas (A, B, C and D) for the fishing season of 2011,
and between fishing seasons (2011, 2012 and 2013). A Tukey’s test was used when
significant differences were found (Zar 1984). The influence of salinity (independent
variable) on the CPUE in weight (dependent variable) was tested by simple
regression analysis (Zar 1984).

The influence of net positioning on the CPUE in weight was compared with
Kruskal-Wallis test (Zar 1984). A type Il Factorial ANOVA for unbalanced data was
used to compare the effect of net positioning on the CPUE in number, using
positioning and fishing season as factors (Shaw & Mitchell-Olds 1993; Quinn &
Keough 2002).

The size of the crabs captured in each area was analyzed using size
class (CW) distributions grouped into 5 mm intervals. To estimate CW values in
which the capture probability is 50% (Pso), the following logistic model was
used: P=1/(1+exp-"CWWs0l (King 2003; Dumont & D'Incao 2011), where: P =
capture probability; r = steepness constant of the curve; Cw = carapace width;
Cwh0 = carapace width at first capture. Pso was estimated using the cumulative
frequency of CW by gender in each studied area. To analyze possible effects of
catches on the population of blue crabs, Pso was compared to the size at first
maturity of the species estimated in the estuary of Patos Lagoon by Rodrigues
& D'Incao (2014).

Results

Sex ratio

A total of 90 samplings were carried out along the fishing seasons and 1473
specimens were collected (934 males and 539 females). In Table I, the number
of specimens, Chi-square test and sex ratio (males:females) can be observed.
The Chi-square test indicated significant differences in sex ratio during the
seasons of 2011 and 2012 in the areas A, B and C, where a higher number of
males was observed. There was no significant difference in the sex ratio of area

D. The nets positioned perpendicularly to the water flow captured more males in
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all fishing seasons. However, the capture in nets that were parallel to the water

flow showed no differences in the sex ratio in 2013.

Comparisons of relative abundance - CPUE
To compare CPUE (in weight and number) between the areas, the assumptions
of normality (P > 0.05) and homoscedasticity (P > 0.05) were attained. There
was a significant difference when CPUE in weight and number were compared
(Tables Il and IIl). The highest mean CPUE in weight occurred in area A when
compared to D (Figure 3 (A)), and CPUE in number was significantly higher in A
when compared with other areas (Figure 3 (B)). The results showed that the
catches in A were composed of a larger number of juveniles with a lower CW.
CPUE (in weight and number) between fishing seasons were normal (P >
0.05) and homoscedastic (P > 0.05) and no significant differences were
observed (Tables Il and IIl). The mean values of CPUE in weight were 125 (+
28.65), 119.71 (£ 32.7) and 92.25 (£ 49.59) grams per hour in 2011, 2012 and
2013, respectively (Figure 3 (C)). There was no significant difference in CPUE
in weight (H = 1.98; P > 0.05) and number (Table Ill) when the positions of the

nets were compared.

Influence of salinity on the CPUE (grams/hour).

Data were normal (P > 0.05) and homoscedastic (P > 0.05) for the regression
analysis, which showed a positive relationship between CPUE (grams/hour) and
salinity (R? = 0.14; P <0.05), indicating increased catches by weight with higher

salinity values (Figure 4).

Size composition and capture probability (Pso)

Differences were observed in the number of males and females in all classes of
size, with a predominance of males in the largest classes (Figure 5). In A, males
were homogeneously distributed in number in all size classes. A tendency of
increasing number of individuals in the largest classes was not observed
(Figure 5), which differentiated area A from other areas. Females occurred in all

areas with the highest number of individuals in the lowest CW classes. The
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smallest and the largest specimens captured measured 7.9 mm and 157.2 mm
of CW, respectively, and the catches were mainly composed of animals larger
than 30 mm of CW (Figure 5). In all areas, P5o was less than 108 mm for males

and 115 mm for females (Figure 6).

Discussion

In the present study, the largest number of blue crab Callinectes sapidus males
recorded in the fishing seasons of 2011 and 2012 may be the result of a
migration behavior associated with the reproductive biology of the species in
Patos Lagoon, where it has already been shown that a higher number of males
is observed during summer and early autumn (Rodrigues & D'Incao 2014).
According to Kennedy & Cronin (2007), the migration of female blue crabs to
spawn in the ocean area adjacent to estuaries are natural to this species.
Therefore, this may explain the greater number of males captured with fyke
nets. Dumont & D'Incao (2011) called attention to the risks of capturing berried
females in prawn-trawling targeting Artemesia longinaris in the ocean shore. In
this sense, fishing pink shrimp Farfantepenaeus paulensis with fyke nets might
attenuate the impact on the stock of C. sapidus, as spawning females that will
contribute to the recruitment for the next fishing season are out of reach in the
ocean.

A predominance of males or a sex ratio near 1:1 can be observed in
directed fisheries for blue crab in the coastal estuaries of Sdo Paulo state,
Brazil. These variations also occur according to the migration behavior of
females (Severino-Rodrigues et al. 2001; Mendonca et al. 2010.).

It should be noted that the effect of nets on males has an impact on the
population of blue crabs. Studies carried out in the estuary of Chesapeake Bay,
US, showed that the capture of males can also affect the reproduction of this
species as it may change their availability for mating, decrease the size of
mature males and reduce their reproductive potential by reducing the
production and quality of sperm and seminal fluid (Carver et al. 2005; Hines et
al. 2003).
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The lowest mean of CPUE in weight was found in D and shows that the
largest catches occurred in the areas closest to the opening of the estuary to
the ocean. According to Seeliger (1998), this region is under a great influence of
salt water. This was confirmed with the observation of increased catches in
higher salinity levels. This environmental variable is important for the distribution
and abundance of this species, as a segregation by sex and size has already
been recognized, according to the saline variation (Kennedy & Cronin 2007;
Ortiz-Ledn et al. 2006; Posey et al. 2005; Rodrigues et al. 2011; Ruas et al.
2014). Specimens larger than 24 mm of CW prefer areas with higher salinity,
whereas smaller crabs seek for protection against predators in lower salinity
levels (Posey et al. 2005; Ruas et al. 2014). The size of C. sapidus specimens
captured with fyke nets indicates that the catches were mainly composed of
organisms larger than 30 mm of CW, which supports the work of Posey et al.
(2005). The preference for higher salinities found in this study may be related to
a lower energy consumption by the crabs in higher salinities, as the
maintenance of the respiration rate at lower salinities may have a negative
effect on growth rate (Kennedy & Cronin 2007).

The area A is an important habitat for juvenile blue crabs, especially the
smallest individuals. The differences in CPUE among the studied areas shows
the inhomogeneity of the catches in the estuary. This may reflect the influence
of the environment and behavior of blue crabs. Studies have shown that
variations in the abundance of the crabs occur as a result of the search for the
most favorable areas for feeding, growth, survival, protection and prevention of
intraspecific competition (Orth & Montfrans 1987; Williams et al. 1990; Posey et
al. 2005). Thus, the optimal management of this resource should be made
taking into account the particularities of each area.

The productivity of the blue crab in the Patos Lagoon estuary is poorly
monitored and annual production tendencies are difficult to diagnose (Kalikoski
& Vasconcellos 2013). The mean annual CPUE in weight of the estuary
obtained in this study provides an important production estimate of this resource
associated with the pink shrimp fishery. The abundance was constant along 3

years of study, with a slight falling tendency in 2013, although not statistically
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significant. This record may indicate that the population of blue crabs in the
estuary is not in an overfishing situation. However, caution is still required, as
the assessment of abundance from CPUE data may be masked by the effective
effort applied in the estuary. The absence of differences in mean CPUE values
may reflect the variations in the number of fishermen and nets acting in each
fishing season. Changes in effective effort can maintain high and stable levels
of CPUE while the abundance of stock decreases (King 2003).

Trends in annual variations of catches could be best understood through
a historical monitoring of fishing seasons along with observations of changes in
the effective effort. Severino-Rodrigues et al. (2001) evaluated 8 years of blue
crab fisheries exploitation in the estuary region of Santos (Sao Paulo state,
Brazil) and recorded a decline in the catches over the years, but found it difficult
to estimate the effort and relate it to changes in CPUE. Mendonga et al. (2010)
analyzed blue crab fisheries from 1998 to 2006 in the Cananéia estuary, coastal
southwestern Brazil, registering a decrease in CPUE over the years due to the
increased number of fishermen.

The use of an exclusion device (grid) was tested by Vianna & D'Incao
(2006) in order to reduce fyke nets bycatch, which resulted in an effective
resource to exclude larger blue crabs since the grid spacing prevents them from
entering the nets. However, this device is not suitable to the fishing
characteristics and needs of the region, as the capture of blue crabs in fyke nets
represents an important source of income for fishermen and the capture of
larger individuals ensures better processing and marketing (Lima & Velasco
2012; Kalikoski & Vasconcellos 2013). The use of devices to reduce bycatch
must consider the socioeconomic dependence of fishermen with the
accompanying fauna (Medeiros et al. 2013). Thus, in an attempt of not
changing the structure of the nets, modifying their position could be an
alternative management to reduce the impact of blue crab catches without
reducing the capture of larger individuals.

However, the analyses in this study showed no significant difference in

CPUE and size of crabs caught in nets parallel or perpendicular to the water
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flow. This way, the position that the nets are placed in the water does not
characterize a measure of reduction in the impact on blue crab bycatch.

The size at first capture observed in this study highlight the need to
implement a more selective management favoring smaller and immature C.
sapidus. Both males and females captured are smaller than 120 mm, which is
allowed by the ordinance 23 of 1983 from the former SUDEPE. They are also
captured before reaching the size at first maturity estimated by Rodrigues &
D'Incao (2014) in 108 mm for males and 115 mm for females. Therefore,
management techniques in order to reduce catches of immature individuals
should be tested in the estuary without compromising the capture of the target
species. It should be considered that fishing with fyke nets facilitates the
selective management by fishermen, since crabs can be discarded still alive
into the estuary (Vieira et al. 1996). However, quantification and evaluation of
these discards are still unknown.

The multispecies assessment of fishing is a trend that gained strength
when single species management regime failed (Hall et al. 2000). The blue crab
bycatch in pink shrimp fisheries with fyke nets has been neglected by the
current fishing regulations. The Normative Instruction 03/04, which regulates
fishing activities in the estuary of Patos Lagoon, is single-species based and
does not include blue crab fishing. This activity is only regulated by SUDEPE’s
ordinance, which establishes a minimum capture size, only allows the use of
long lines for crabs and does not allow fishing in the vicinity of the breakwaters.
For comparison, blue crab fisheries in the United States are regulated by laws
and fishing quotas that vary from state to state, but fishing is traditionally
performed using crab pots, i.e. cages used as traps (Guillory & Prejean 1997).
The selection of sizes in this type of art is based on the mesh covering the
cage, and also ensures the selection of the smaller specimens using escape
rings. The use of crab pots is not regulated in Brazil. It would be an important
moment to rethink the way this resource is exploited, and how fishing might be
regulated in order to protect the stock and reduce the impact of bycatches.
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Tables

Table I: Number of males and
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females captured in all areas during the study.

Chi-square test result (X?) of the sex ratio male:female, showing the P-value

with the significant values in bold.

INDIVIDUALS PER AREA

SEX A B Parallel B Perpendicular C D TOTAL
2011 2011 2012 2013 2011 2012 2013 2011 2012 2011 2012

Male 158 119 87 61 196 103 51 62 76 6 15 934

Female 108 56 55 49 111 56 30 23 22 7 22 539

X? 9.39 22.68 7.21 130 2354 1389 544 1789 27.75 0.07 1.32 118.23

P - value 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.78 0.24 0.00

Sex ratio 1.46:1 2.12:1 1581 12411 1.76:1 1.83:1 1.7:1 2.69:1 3.45:1 0.851 0.68:1 1.78:1
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Table II: Comparison of the relative abundance (CPUE in weight) of Callinectes

sapidus among areas and fishing seasons. ANOVA results contain SS (sum of

squares), DF (degrees of freedom), MS (mean square), F and P-value.

ANOVA — CPUE (in weight)

EffectT SS DF MS F P

Areas
Areas 66,623 3 22,208 4.0038 0.01
Error 138,663 25 5,547

Year
Year 11,049 2 5,524.3 0.6185 0.541
Error 777,117 87 8,932.4
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Table Ill: Comparison of the relative abundance (CPUE in number) of
Callinectes sapidus between areas, fishing seasons and net positions using log
(CPUE +1). ANOVA results contain SS (sum of squares), DF (degrees of

freedom), MS (mean square), F and P-value with significant differences in bold.

ANOVA — CPUE (in number)

Effect SS DF MS F P

Areas
Areas 3.43700 3 1.14567 7.4096 0.00
Error 3.86549 25 0.15462

Year

Year 0.52830 2 0.26415 0.9945 0.37
Error 23.1091 87 0.26562

Net

Position 0.0554 1 0.0554 0.0269 0.87
Error 110.9818 54 2.0552
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Figure captions

Figure 1: Estuary of Patos Lagoon, southern Brazil, showing the areas where
data were collected (A, B, C and D).

Figure 2: Positioning of the fyke nets with their opening directed parallel or

perpendicular to the water flow in the estuary of Patos Lagoon.

Figure 3: Means of relative abundance (CPUE) of Callinectes sapidus captured
by fyke nets during this study in the estuary of Patos Lagoon, showing the
variation of CPUE in weight (grams per hour) per area (A) and per fishing
season (B) and CPUE in number per area (C). Vertical bars show the 95%

confidence interval.

Figure 4: Relationship between the relative abundance - CPUE (grams/hour) -
and salinity of Callinectes sapidus captured with fyke nets during the study in

the estuary of Patos Lagoon.

Figure 5: Frequency distribution by carapace width (CW) grouped at intervals of
5 mm for males and females Callinectes sapidus captured with fyke nets in the

estuary of Patos Lagoon.

Figure 6: Capture probability estimated for males and females Callinectes
sapidus caught with fyke nets during this study in the estuary of Patos Lagoon.
The line originating on the ordinate indicates the size at which 50% of
individuals are captured. Pso = size at which 50% of individuals are caught; R* =

coefficient of determination; n = number of specimens analyzed.
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Figure 4
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