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RESUMO

No estuario amazonico a pesca de arrasto artesanal de camardo é uma das atividades mais
exploradas. No entanto, dados sobre a relacdo da captura do camardo rosa Farfantepenaeus
subtilis com a sazonalidade amazonica e 0 impacto que esta atividade exerce sobre a fauna do
camarao-da-amazonia e 0s recursos ictiofaunisticos esta abaixo do necessario, o que afeta
diretamente 0 manejo e a gestdo de planos de conservagdo para mitigar os impactos gerados
pelo arrasto artesanal na regido amazonica do Brasil. A amostragem foi realizada a cada dois
meses entre janeiro de 2012 e novembro de 2017, no estuério de Guajara-Mirim, Colares-Par3,
Brasil, usando uma rede denominada “puga”. A rede foi arrastada a noite durante a maré baixa,
a uma profundidade de 1,5 m por 45 minutos, em um percurso de 1.418 m entre trés pontos de
coleta. As amostras foram armazenadas, conservadas em gelo e conduzidas para anélises
biométricas e taxondmicas até o Laboratorio de Ecologia Aquética e Aquicultura Tropical na
Universidade Federal Rural da Amazdnia, campus Belém. O monitoramento da temperatura,
pH e salinidade foi aferido in situ utilizando-se uma sonda multiparametros. Com base no
regime de chuvas dos ultimos 34 anos, foi possivel identificar que a regido estudada possui duas
estacOes distintas: chuvosa (de janeiro a junho, forte precipitacédo) e seca (de julho a dezembro,
pouca precipitacdo). Durante 0 monitoramento das amostragens no periodo de 2012 a 2016 a
salinidade foi significativamente diferente entre as estagdes seca e chuvosa, e a salinidade média
foi inversamente proporcional a precipitacdo em cada estacdo. Um total de 8.377 espécimes de
camardo rosa foram capturados durante o periodo de estudo (52% fémeas e 48% machos) o
comprimento médio do corpo foi de 5,56 + 1,14 cm e o peso corporal médio foi de 1,25 + 0,83
g. A maior abundancia de F. subtilis foi observada no periodo chuvoso. Com relagdo a fauna
acompanhante, no periodo de 2012 a 2015 foram coletados 2.210 animais, 22% fémeas e 78%
machos da espécie de camardo de dgua doce Macrobrachium amazonicum contribuindo com
34,16% da biomassa total do camardo capturado, a maior captura foi no periodo chuvoso. A
fecundidade média foi de 461 ovos, com comprimento e peso médio de 8,63 + 1,21 cm e 5,36
+ 1,91 g. Durante o0 monitoramento (2012 a 2017) a relacdo total de camarao / ictiofauna foi de
1: 0,42 kg e a proporgéo sazonal foi de 1: 0,78 kg (estacdo chuvosa) e 1: 0,22 kg (estagéo seca).
Um total de 6.229 especimes peixes, pertencentes a 12 ordens, 26 familias, 44 géneros e 63
espécies, foram capturados as espécies possuem comprimento e peso baixos, sendo totalmente
descartadas. A maior abundancia de F. subtilis foi observada quando a salinidade da &gua foi
baixa provavelmente coincidindo com o periodo de desova na regido litoranea, no entanto os
camardes com baixo comprimento e peso sdo capturados, o que pode influenciar o padréo de
distribuicdo ecoldgico da espécie no ambiente estuarino e consequentemente, da fauna
capturada no arrasto devido a falta de seletividade da rede de pesca. Sugere-se que haja uma
diminuicdo nas capturas de camardo rosa por meio de arrasto artesanal no periodo de marco a
maio, a fim de reduzir os impactos do arrasto sobre a fauna de M. amazonicum, devido a maior
incidéncia que ocorre na época das chuvas, além das fémeas capturadas no periodo reprodutivo
e para reduzir o descarte da ictiofauna, como medida de manejo a fim de contribuir para a
conservacao das espécies no ambiente estuarino de Guajara-Mirim.

Palavras-chave: Sazonalidade. Camardo-da-amaz6nia. Ictiofauna. Conservacéo.



ABSTRACT

In the Amazon estuary, artisanal shrimp trawling is one of the most explored activities.
However, data on the relationship between the capture of the pink shrimp Farfantepenaeus
subtilis and Amazonian seasonality and the impact that this activity has on the fauna of the
Amazonian shrimp and the ichthyofaunistic resources is below what is necessary, which
directly affects the management and the management of conservation plans to mitigate the
impacts generated by artisanal trawling in the Amazon region of Brazil. Sampling was carried
out every two months between January 2012 and November 2017, in the Guajara-Mirim
estuary, Colares-Para, Brazil, using a network called “puga”. The net was dragged at night
during low tide, at a depth of 1.5 m for 45 minutes, in a course of 1,418 m between three
collection points. The samples were stored, preserved on ice and conducted for biometric and
taxonomic analysis to the Laboratory of Aquatic Ecology and Tropical Aquaculture at the
Federal Rural University of the Amazon, Belém campus. Monitoring of temperature, pH and
salinity was measured in situ using a multiparameter probe. Based on the rainfall regime of the
last 34 years, it was possible to identify that the studied region has two distinct seasons: rainy
(from January to June, heavy precipitation) and dry (from July to December, little precipitation).
During the monitoring of samples from 2012 to 2016, salinity was significantly different
between the dry and rainy seasons, and the average salinity was inversely proportional to the
rainfall in each season. A total of 8,377 pink shrimp specimens were captured during the study
period (52% females and 48% males), the average body length was 5.56 + 1.14 cm and the
average body weight was 1.25 + 0.83 g. The highest abundance of F. subtilis was observed in
the rainy season. Regarding the accompanying fauna, in the period from 2012 to 2015, 2,210
animals were collected, 22% females and 78% males of the freshwater shrimp species
Macrobrachium amazonicum contributing 34.16% of the total biomass of the captured shrimp,
the largest capture was in the rainy season. The average fertility was 461 eggs, with an average
length and weight of 8.63 £ 1.21 cm and 5.36 + 1.91 g. During monitoring (2012 to 2017) the
total shrimp / ichthyofauna ratio was 1: 0.42 kg and the seasonal proportion was 1: 0.78 kg
(rainy season) and 1: 0.22 kg (dry season). A total of 6,229 fish, belonging to 12 orders, 26
families, 44 genera and 63 species, were caught. The species have a low length and weight,
being totally discarded. The greater abundance of F. subtilis was observed when the salinity of
the water was low, probably coinciding with the spawning period in the coastal region, however
shrimp with low length and weight are caught which may influence the ecological distribution
pattern of the species in the estuarine environment and, consequently, of the fauna captured in
the trawl due to the lack of selectivity of the fishing net. It is suggested that there is a decrease
in the catches of pink shrimp through artisanal trawling from March to May, in order to reduce
the impacts of trawling on the fauna of M. amazonicum, due to the higher incidence that occurs
in the rainy season, in addition to the females captured in the reproductive period and to reduce
the disposal of ichthyofauna, as a management measure in order to contribute to the
conservation of species in the Guajara-Mirim estuarine environment.

Keywords: Seasonality. Amazonian shrimp. Ichthyofauna. Conservation.
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CAPITULO I - CONTEXTUALIZACAO

Padronizado de acordo com as normas da Universidade Federal Rural da Amazonia (UFRA).
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1. INTRODUCAO GERAL

Os estuarios sao ambientes de transicao entre o continente e 0 oceano, possuem alta
produtividade bioldgica, servindo como areas de crescimento, alimentacédo e bercario de muitas
espécies de peixes e crustaceos, a dindmica fisico-quimica deste ambiente exerce inimeras
interagBes principalmente entre as varidveis biologicas que determinam a estrutura e
composicdo das comunidades dos organismos (WOLFF, 1973; VIANA et al., 2010;
BERNARDINO et al., 2015; GERLING et al., 2016).

Na costa norte do Brasil, o ambiente estuarino apresenta uma elevada produtividade
bioldgica, é formado pela desembocadura dos rios Tocantins e Amazonas entre os estados do
Pard e Amapa, este ambiente destaca-se pela diversidade de espécies que sao exploradas pela
atividade de pesca artesanal e industrial na regido amazonica (MENDES; BARTHEM, 2010;
OLIVEIRA; FREDOU, 2011; MONTEIRO et al., 2015; FREITAS et al., 2019).

Considerando que a pesca artesanal € uma das mais tradicionais do pais, apresentando
importancia significativa para muitas comunidades ribeirinhas, devido a incorporacao de renda
e de alimentos, no estado do Pard, a pesca artesanal no ambiente estuarino exerce importantes
funcGes na economia podendo atender o mercado local e de exportacdo, variando entre
comercial e de subsisténcia, sendo o segmento do setor pesqueiro que contribui para as
principais fontes de ocupacdo de mao-de-obra, alimentos e renda (SANTOS, 2005; BATISTA
etal., 2014).

No entanto, Carvalho et al. (2015) ressaltam que nenhum monitoramento efetivo da
pesca artesanal é realizado no Para em &reas estuarinas, devido a sua extensdao bem como as
diferencas socioeconémicas das comunidades pesqueiras, havendo dificuldades em monitorar
e controlar os recursos pesqueiros principalmente da pesca de camardes peneideos que ocorre
continuamente.

Entre as espécies de camarfes exploradas na regido amazlnica, 0 camardo rosa
Farfantepenaeus subtilis (PEREZ-FARFANTE, 1967), destaca-se por ser um dos recursos mais
explorados no estuario amazénico com alto valor comercial (ISAAC et al., 1992; ASSANO-
FILHO et al., 2003; MCLUSKY; ELLIOTT, 2004; BENTES et al., 2012; CARVALHO et al.,
2019). Hart (2012) ressalta que a familia penaeidae, possui dependéncia dos ecossistemas
estuarinos durante o seu desenvolvimento, utilizando-o como é&reas importantes de
recrutamento, onde permanecem durante parte de seu ciclo de vida.

Deve-se também considerar que pesquisas estdo sendo realizada para o
desenvolvimento da pesca artesanal de camardo rosa em bases sustentaveis. Todavia, apesar do
conhecimento sobre a espécie F.subtilis estar relativamente bem avancado, ainda permanece

algumas lacunas, principalmente com relacdo a caracteristicas ambientais e climaticas,
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especialmente os ciclos de chuva que determinam ou influenciam o padréo de distribuigéo e a
ecologia geral do camar&o rosa e, consequentemente, da fauna capturada no arrasto camaroeiro.

Estudos sobre a pesca artesanal proporcionam informacdes sobre a importancia dos
recursos pesqueiros no estuario amazoénico principalmente do ponto de vista ecolégico,
pesqueiro e econdmico (SANTOS; SANTOS, 2005; ISAAC-NAHUM, 2006). No entanto, faz-
se necessario compreender as relacbes de captura artesanal do camardo rosa com o ambiente
estuarino, buscando informacdes para futuros planos de conservacao para mitigar os impactos
gerados pelo arrasto artesanal no desenvolvimento do ciclo de vida da espécie alvo e da fauna
acompanhante.

Os dados referentes a fauna acompanhante da pesca de camardo sdo mais voltados para
a pesca industrial, ressalta-se que ha poucas informag6es sobre a fauna da captura artesanal,
principalmente relacionado ao arrasto de camardo com 0 “puca”.

Fonseca e Souza (2002) destacam que a pesca com puca de arrasto para camardo,
embora importante no que se refere a scio-economia local, mostra-se preocupante, porque atua
intensivamente sobre formas jovens de organismos aquaticos em area de bercario, devido a ndo
seletividade de captura podendo causar impactos futuros sobre os estogues.

Segundo Carvalho et al. (2019) a pesca artesanal com o pucé de arrasto no estuério
Guajara Mirim atua principalmente na captura de camardo rosa Farfantepenaeus subtilis, as
demais espécies de macrocrustaceos podem ser consideradas como capturas acessorias devido
a baixa ocorréncia na pesca, no entanto, dentre elas a espécie Macrobrachium amazonicum
apresenta grande interesse comercial na regido amazonica.

Com base neste conjunto de informacdes, a proposta desta dissertacdo delimita-se nas
seguintes perguntas: Qual a relacdo de captura do camardo rosa com 0s periodos sazonais
amazonicos? E qual impacto que a pesca artesanal de camardo rosa exerce sobre a fauna do
camardo-da-Amazonia (M. amazonicum) e 0s recursos ictiofaunisticos?

Neste sentido os capitulos apresentados visam o levantamento de dados para contribuir
para a ampliacdo de informacdes disponiveis sobre captura artesanal do camardo rosa,
contribuindo com o manejo sustentavel dos recursos e a conservacao do ecossistema estuarino

amazonico.
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2. OBJETIVO GERAL

Verificar as interacbes ecologicas e bioldgico-pesqueiro, da atividade de pesca

artesanal do F. subtilis, no estuario de Guajara-Mirim, Colares-PA.

2.1

Objetivos especificos

Analisar a interacdo do camardo rosa com a sazonalidade do estuario amazonico;

Verificar os parametros fisico-quimicos (temperatura, pH e salinidade) e suas
interacdes no estuario nos periodos chuvoso e seco;

Identificar o tamanho maximo, médio e minimo dos individuos capturados de F.
subtilis;

Analisar a sazonalidade de captura do F. subtilis;

Correlacionar os parametros fisico-quimicos com a espécie em estudo;

Analisar a composicdo do camardo-da-Amazonia (Macrobrachium amazonicum) como

fauna acompanhante na pesca de arrasto artesanal de camardo rosa;

Analisar a proporcao de captura entre a espécie alvo e 0 M. amazonicum;
Identificar o tamanho méaximo, médio e minimo dos individuos capturados;
Verificar a frequéncia das classes de comprimento para sexo agrupado, machos e
fémeas;

Determinar as relagdes comprimento e peso por sexo separado e sexo agrupado de
M. amazonicum;

Definir a proporc¢éo sexual do camardo-da-Amazonia;

Determinar a fecundidade média;

Analisar a composicdo da ictiofauna acompanhante na pesca de arrasto artesanal de

camarao rosa;

e Analisar a proporcao de captura entre a espécie alvo e a ictiofauna;

e Avaliar a abundéncia e o peso da ictiofauna capturada durante os periodos
chuvoso e seco;

e Identificar taxonomicamente a ictiofauna;

e Determinar a frequéncia de ocorréncia das espécies de peixes;

e Determinar as relagdes comprimento e peso e o fator de condicdo alométrico
(Ka);
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3. REVISAO DE LITERATURA
3.1  Caracteristicas biologicas da espécie

3.1.1 Sistematica

O camarao peneideo F. subtilis descrito por Pérez-Farfante em 1967, inicialmente
identificado como a espécie Penaeus subtilis, foi considerada uma subespécie do camarédo
Penaeus aztecus (IVES, 1891). Entretanto estudos morfologicos em F. subtilis observaram que
o sulco adrostral é curto e nunca atinge a margem posterior da carapaca, diferente do encontrado
em P. aztecus e P. notialis (TAKEDA; OKUTAMI, 1983). Posteriormente, ap0s revisao
sistematica realizada por Pérez-Farfante e Kinsley (1997), a espécie P. subtilis passou a
pertencer ao género Farfantepenaeus.

Atualmente ha uma divergéncia taxonémica relacionada ao género da espécie, o
registro na base Integrated Taxonomic Information System (ITIS, 2018) utiliza o género
Farfantepenaeus e a base World Register of Marine Species (WORMS, 2018) reconhece 0
género Penaeus. No entanto pouco mudou desde o tratamento abrangente em Pérez Farfante e
Kensley (1997), que por sua vez constituiu a base da classificacdo de Martin e Davis (2001),
recentemente estudos moleculares Ma et al. (2011) propuseram por meio de analises
moleculares, que as espécies do género Farfantepenaeus (PEREZ-FARFANT;KENSLY,
1997), teriam nova classificacdo taxonémica restaurando o género Penaeus (FABRICIUS,
1798).

Entretanto, uma vez que os trabalhos de Teodoro et al. (2016) e Tavares e Gusméo,
(2016) ndo consideraram essa alteracdo taxonémica, e levando-se também em consideracdo a
analise realizada por Franca et al. (2019) onde os resultados moleculares comprovaram a
eficacia dos caracteres diagnosticos utilizados (forma do télico, do petasma, do sulco adrostral
e do sulco do dltimo somito abdominal) para identificacdo morfoldgica, para ambos 0s grupos
ontogenéticos das espécies do género Farfantepenaeus, a classificacdo taxondmica utilizada
para a espécie no presente trabalho foi a proposta por Pérez-Farfante e Kinsley (1997) registrado
na base Integrated Taxonomic Information System (ITIS, 2018), devido a identificacdo atraves
de caracteristicas morfologicas.

Reino Animalia
Filo Arthropoda
Subfilo Crustacea Brunnich de 1772
Classe Malacostraca Latreille, 1802
Subclasse Eumalacostraca Grobben de 1892

Superordem Eucarida Calman, 1904
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Ordem Decapoda Latreille, 1802
Subordem Dendrobranchiata Bate, 1888
Superfamilia Penaeoidea Rafinesque, 1815
Familia Penaeidae Rafinesque, 1815
Género Farfantepenaeus Burukovsky de 1997

Espécies Farfantepenaeus subtilis (Pérez Farfante, 1967)

3.1.2 Nomes vulgares

O Farfantepenaeus subtilis (PEREZ FARFANTE, 1967) é mais vulgarmente
conhecido como camardo rosa da costa norte (DIAS-NETO, 2011), camardo marrom e camardo
lixo (SANTANA, 2005). Na comunidade do Guajard no municipio de Colares no nordeste
paraense, 0s camardes penaeideos dentre eles o F. subtilis também é conhecido como “camarao
mole” devido ao seu exoesqueleto ser menos rigido, diferenciando-se da espécie
Macrobrachium amazonicum (HELLER, 1862), que por sua vez é chamado de “camario duro”
(GONGALVES, 2016).

3.1.3 Morfologia externa

Os camardes tem o corpo dividido em duas regibes: o cefalotérax e o abdomen. A
maioria apresenta um rostro proeminente com dentes dorsais e alguns géneros com dentes na
regido ventral. Os olhos sdo pedunculados e no cefalotérax apresentam um par de antenas, um
par de anténulas, um par - mandibulas, maxilas e maxilula. O cefalotérax possui trés e cinco

pares de maxilipodes e pereidpodes, respectivamente (D’INCAO, 1999) (Figura 1).

Figura 1- Caracterizaco morfoldgica externa de camardes da Familia Penaeidae.
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Fonte: Adaptado de Cervigon et al. (1992).
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Os apéndices dos camarfes sdo altamente desenvolvidos e modificados para
exercerem as mais variadas fungdes, como locomocao, alimentacdo, escavacao, limpeza das
branquias e funcbes sensoriais. Os apéndices localizados no cefalotdérax tém basicamente a
funcdo sensorial (tactil, olfativa e de equilibrio), como é o caso das antenulas e antenas, ou
funcdo alimentar corte, manipulacgdo e trituragdo de alimentos), como é o caso das mandibulas,
maxilulas e maxilas. Na base das maxilas ha uma estrutra, chamada de escafognativo, que ao
se movimentar, forca a circulacdo de agua pelas branquias, possibilitando a realizacdo das
trocas gasosas (BARBIERI-JR; OSTRENSKY-NETO, 2002).

Na regido do abdomen estdo localizados os pleopodos (apresentam fungdo de
locomocdo para a natacdo) que esta associado a um somito abdominal, sendo que ndo ha
nenhum pleopodo associado ao sexto somito abdominal, mais sim um par de apéndices
laminares chamados de uropodo e uma estrutura pontiaguda chamada de telson. Em conjunto
0s uropodes atuam no direcionamento da locomogéo durante a natacéo e o telson tem a fungéo
na defesa contra predadores (BARBIERI-JR; OSTRENSKY-NETO, 2002).

Os camarfes da familia penaeidae apresentam caracteristicas morfoldgicas externas
que os diferenciam dos camardes palaemonidae, apresentando os trés primeiros pares de
pereiopodos quelados similares em tamanhos e formas, a pleura do segundo somito abdominal
sobrepde a terceira, mas ndo a primeira, com branquias do tipo dendobranquias (PEREZ
FARFANTE, 1988). Os individuos machos pertencentes a esta familia apresentam o apéndice
reprodutivo localizado no primeiro par de pleopodos, sendo denominado de petasma e as
fémeas possuem o aparelho reprodutor denominado de télico (Figura 2), que esta situado
ventralmente na base entre o quarto e quinto par de pereiopodos do tipo fechado (massa
espermatica é colocada internamente nas placas do télico) (DALL et al. 1990).

Figura 2- Desenho esquematico das variagcdes ontogenéticas no télico (A, C, E e G) e petasma
(B, D, F e H) de F. subtilis. A, B, C, D =juvenis; E e F = subadultos e G, H = adultos.
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3.1.4 Distribuicao geografica

O camardo rosa possui ampla distribuicdo na faixa de aguas tropicais do Atlantico, se
estendendo desde Cuba até o estado do Rio de Janeiro, Brasil (PEREZ FARFANTE, 1969).

A distribuicdo desta espécie na area da costa norte do Brasil, compreende a faixa
oceénica da plataforma continental amazonica brasileira, entre a foz do Rio Parnaiba (02°53°S),
no estado do Piaui, e a foz do Rio Oiapoque (04°23°N), na fronteira com a Guiana Francesa,
correspondendo a costa dos estados do Maranhéo, Para e Amapa (IBAMA, 1994).

Destacando-se trés subareas de atuacdo da frota pesqueira, devido as caracteristicas de
substratos favordveis a espécie. De acordo com Dias-Neto (2011) essas subareas sdo
compreendidas entre: a foz do Rio Parnaiba (02°53’S) e o Cabo Gurupi (00°53°S), sendo os
substratos compostos por lama e areia (litoral do Maranh&o); a faixa compreendida entre as
latitudes 00°50°N e 02°30’N, com substrato constituido predominantemente de lama
(Amazonas) e a area compreendida entre as latitudes 02°30°N e 04°23°N (Cabo Orange), onde
predominam substratos duros e rochosos (litoral do Amapa) (Figura 3).

Figura 3- Subareas de atuacdo da frota industrial de captura do camarao rosa.

Baixa Tneidéneia

Fonte: ARAGAO et al., (2001). Adaptado.

3.1.5 Ciclo de vida

O F. subtilis apresenta ciclo relativamente curto com altas taxas de crescimento,
compde a estrutura tréfica de diversas espécies devido a sua vulnerabilidade, contribuindo para
elevada mortalidade (CASCORBI, 2004; GILLETT, 2008).

A frequéncia do camarao rosa nos habitats é influenciada pela distancia da costa e pela
salinidade, esses fatores sdo importantes para que a espécie complete seu ciclo de
desenvolvimento (ROGERS et al., 1993; WENNER et al., 2005; CALAZANS et al., 2010).

O camardo F. subtilis apresenta desova continua, liberando seus ovos em aguas

profundas de mar aberto. O transporte das larvas e pos-larvas para a zona costeira tem a duracao
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aproximada de trés a quatro semanas (HUGHES, 1969; HILL, 1991; ROTHLISBERG et al.,
1995; CRIALES et al., 2006).

A espécie apresenta trés estagios larvais (nauplio, protozoé e mysis) quando atinge a
fase juvenil, migra para a costa, adentrando os estuarios onde encontra protecao e alimento para
0 seu desenvolvimento. Quando em fase de pré-adulto, migra ao mar aberto, dando
continuidade ao seu ciclo de vida (BOLTOVSKOY, 1981; ISAAC et al., 1992; MARTINELLI,
2005).

Para a Costa Norte do Brasil Isaac et al. (1992) destaca que as populagdes de camaréo
rosa possuem um ciclo com duas geragdes por ano, uma coorte iniciando em margo e outra em
setembro. Apds curto tempo as pds-larvas de pouco mais que 30mm comegam a ser capturadas
no estuario onde permanecem por, aproximadamente, trés meses.

Sendo alvo da pesca artesanal, os individuos juvenis apresentam quase em sua
totalidade abaixo dos 8 cm de comprimento total, sdo comumente capturados com o puga-de-
arrasto, que apresenta um formato retangular afunilado, medindo até 6 metros de comprimento
e com malha entre 20 e 30 milimetros entre nos opostos. Esta arte de pesca é utilizada
principalmente no estuario nas margens em profundidades de até 1,5 metros sendo realizado o
arrasto manual operado por duas pessoas. Os pré-adultos migram novamente para 0 mar, para
a desova (ISAAC et al. 1992) (Figura 4).

Figura 4- Ciclo de vida da Familia Penaeidae
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Legenda: (1) ovo; (2) Nauplio; (3) Protozoé; (4) Mysis; (5) Pds-larva; (6) Juvenil. (7) Pré-adulto; (8) Adultos
Fonte: Adaptado de Kungvankij et al (1985). Disponivel em: www.fao.org

3.1.6 Reproducéo
Segundo Porto e Santos (1996) o aparelho reprodutor masculino do camarao rosa, €
constituido por dois testiculos situados no cefalotérax, numa regido delimitada em uma parte

anterior pelo estbmago, e posteriormente pelo inicio do abdémen, apresentando-se com
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coloracdo esbranquicada, com os respectivos canais deferentes e ampolas terminais, além do
petasma que ¢ facilmente identificado, mesmo nos individuos imaturos.

Em camardes sexualmente maduros, os testiculos ocupam grande parte do cefalotdrax
e a cada um deles continua o canal deferente. O canal deferente apresenta em sua posi¢do
terminal um enlarguecimento que desemboca na ampola terminal. Cada ampola terminal
encontra-se no coxopddito, apéndice denominado de petasma, localizado no quinto par de
pereiopodos, as variagcdes sdo caracterizadas quanto aos aspectos de coloracao e tamanho, da
glandula testicular, apresentando modificagdes quando a espécie se encontra na fase jovem e
adulta, divididos em trés estagios gonadais: imaturo, maduro, desovado. (PORTO; SANTOS,
1996).

Estagio I (imaturo): testiculos pequenos e transparentes, com canais deferentes pouco
desenvolvidos, ndo chegando a aparentar qualquer estrutura na ampola terminal.

Estagio 11 (maduro): testiculos desenvolvidos de coloracdo esbranquicada, canais
deferentes calibrosos, exibindo a ampola terminal repleta de espermatéforos contendo
espermatozoides maduros.

Estagio 11l (desovado): testiculos flacidos e de coloragdo pardacenta. Os canais
deferentes embora desenvolvidos apresentam ampolas terminais vazias, sem espermat6foros.

O sistema reprodutor das fémeas em camardes peneideos € composto basicamente por
gbnadas pares de estruturas tubulares, que se encontram dorsal e lateralmente ao intestino.
Essas, quando maduras podem atingir ou ndo o Gltimo segmento abdominal e apresentar cores
que variam de uma espécie para outra. Cada por¢do do ovario apresenta ainda um oviduto
localizado dorsoventralmente na porcdo cefalotoracica, e que desemboca em gondporos na
altura do esterno no terceiro par de pereibpodos (KING, 1948; NEIVA et al.,, 1971;
WORSMANN et al. 1976, DALL et al. 1990; HARRISON, 1990; BROWDY, 1992)

Porto e Santos (1996) relatam que a fémea recebe o espermat6foro no télico (tipo
fechado) na época da muda de acasalamento, apds a fecundacdo os ovos sao liberados pelo
orificio de saida dos ovidutos, sendo 0os mesmos lancados na agua, onde cada desova pode variar
de 100.000 a 200.000 ovos, a identificacdo dos estagios gonadais das fémeas € realizada através
da observagdo micro e macroscopica caracterizam quatros estdgios de desenvolvimento
gonadal:

Estadio | (imaturo): ovarios filiformes, transltcidos ou levemente esbranquigados,
ocupando pequeno volume na regido do cefalotérax, ndo chegando a atingir o abdémen.

Estadio 11 (em inicio de maturacdo): ovarios mais numerosos de coloracdo amarela

ou amarelo-esverdeado e possuem bordos e superficies lisas ou com uma leve rugosidade.
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Estadio Il (em maturacdo avancgada): apresentam ovarios volumosos, com a
superficie e bordos bastante rugosos, bem desenvolvidos chegando a alcancar o telson. A
coloracdo apresenta-se fortemente esverdeada, tendendo ao verde escuro, podendo ser
distinguido através da visdo macroscopica por meio da granulacdo resultante do
desenvolvimento dos évulos.

Estadio 1V (desovado): ovarios flacidos pardacentos e pouco volumosos. Podem ser

observadas algumas lacunas deixadas pelos 6vulos liberados por ocasido da desova.

3.2 Pesca artesanal de camardes Penaeidae no litoral brasileiro

A pesca artesanal no litoral brasileiro € uma das atividades pesqueiras mais tradicionais
do pais, atuando na captura de camarfes em seus estagios juvenis e pré-adultos de seu ciclo de
vida (D'INCAO et al.,, 2002; BRANCO et al., 2006; VIANNA; D'INCAO, 2006), em
ecossistemas costeiros litoraneos e aguas interiores. Sua producdo destina-se principalmente a
comercializacdo nos mercados locais (SOUZA, 2007), agregando significativa importancia
social, econdmica, cultural e histérica junto as comunidades pesqueiras, representando assim
uma fonte de emprego, renda e alimento para estas pessoas (SILVANO, 2004; BRANCO, 2005;
LIMA e VELASCO, 2012).

3.2.1 Regido Norte

O camardo é um dos recursos aquaticos de destaque no cenéario pesqueiro do Norte do
Brasil, sendo importante fonte geradora de renda, no entanto as informacgdes sobre as pescarias
artesanais e de pequena escala na regido sdo escassas e muitas vezes desatualizadas. (ISAAC et
al. 1998; ARAGAO et al., 2015).

Entre as espécies exploradas na regido, destaca-se o camardo rosa (F. subtilis), dentre
0s estudos realizados sobre os camardes Penaeidae, podemos citar Isaac et al. (1992) referente
a F. subtilis da regido Norte do Brasil; Silva et al. (2002) registrando espécies de decapodes
capturados na Costa Norte brasileira; Silva e Isaac (1997), Braga et al. (1998) sobre biologia e
pesca dos estoques de camardes da regido estuarina do Rio Caeté — Braganca - Para, Martinelli
(2005) sobre estrutura populacional de camardes Penaeidae no estuario do rio Caeté, litoral
Norte do Brasil, Corréa e Martinelli (2009), sobre a composi¢do de F. subtilis no estuério do
Rio Curugd, Par, e Carvalho (2015) em seu trabalho com a composicao, abundancia, variacdo
espacgo-temporal e estrutura populacional de camardes Penaeidae (Crustacea: Decapoda) no
estuario de Curucd, Litoral Nordeste do Para.
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Segundo Carvalho et al. (2019) a pesca artesanal com o pucgé de arrasto no estuério
Guajara-Mirim, no municipio de Colares, Para atua principalmente na captura de camardo rosa

da espécie F. subtilis sendo classificada como dominante na pescaria.

3.2.2 Regido Nordeste

A pesca camaroeira do litoral nordeste brasileiro, atua principalmente sobre o0s
estoques de espécies do camardo-sete-barbas Xiphopenaeus kroyeri (HELLER, 1862), do
camardo-branco Litopenaeus schmitti (BURKENROAD, 1936) e do camardo rosa
Farfantepenaeus subtilis (PEREZ FARFANTE, 1967) e Farfantepenaeus brasiliensis
(LATREILLE, 1817) (SANTOS et al., 2013).

A pesca artesanal realizada ao largo da foz do rio S&o Francisco entre os estados de
Alagoas e Sergipe é direcionada ao camarao sete-barbas sendo que espécies do género
Farfantepenaeus ssp., ocorrem como fauna acompanhante segundo registro de Santos, et al.
(2016).

De acordo com Andrade et al. (2016) a maior expressividade das pescarias de
camardes no litoral pernambucano esta concentrada em trés géneros principais: 0 camarao rosa
(Farfantepenaeus ssp.), sete-barbas (Xiphopenaeus kroyeri, HELLER, 1862) e o camardo
branco (Lithopenaeus schmitti, BURKENROAD, 1938), sendo que uma das capturas mais
tradicionais e frequentes, séo os arrastos de praia.

A atividade pesqueira nos municipios de Humberto de Campos e Primeira Cruz no
estado do Maranhdo € realizada de forma predominantemente artesanal, sendo utilizado o puca
de arrasto para a captura de camardo (Xiphopenaeus kroyeri e Littopennaeus schimitti)
confeccionada artesanalmente pela prépria comunidade com linhas de nylon (MONTELES;
FUNO e CASTRO, 2010).

3.2.3 Regido Sudeste

O camarao rosa apresenta elevado valor comercial, sendo alvo das capturas da pesca
camaroeira no sudeste do Brasil (COSTA et al., 2005; EMERENCIANO et al., 2007; NETO;
DIAS, 2015). Em S&o Paulo, a pesca artesanal em Cananeia € a principal atividade pesqueira,
sendo que o camardo rosa (Farfantepenaeus ssp) compde este recurso pesqueiro explorado por
esta atividade, 0s juvenis sdo pescados no estuario para serem comercializados como isca viva
(MENDONCA, 2007).

No estuario do rio Paraiba do Sul, municipio de S&o Jodo da Barra, costa norte do
estado do Rio de Janeiro, a pesca artesanal € direcionada a captura do camardo sete-barbas
(FERNANDES et al., 2014).
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A atividade artesanal no municipio de Piuma, Espirito Santo apresenta pescarias que
sdo desenvolvidas esporadicamente como a captura de camardes (Xiphopenaeus kroyeri,
Litopenaeus schimitti, Farfantepenaeus brasiliensis e Farfantepenaeus paulensis) (BASILIO,
2015).

3.2.4 Regiao Sul

No estuério da Lagoa dos Patos, no estado do Rio Grande do Sul- Brasil, a principal
atividade pesqueira é a pesca artesanal do camardo rosa (F. paulensis). Devido aos fatores
ambientais favoraveis este estuario € considerado area de bercario de pos-larvas e pré-adultos
da espécie (REIS, 1999; D’INCAO et al., 2002).

Em Tramandai, municipio situado no litoral norte do Rio Grande do Sul, a pesca
artesanal de camardo rosa é praticada basicamente por pescadores locais que se utilizam da
regido do estuario junto ao oceano como area de trabalho (SILVA-GONCALVES; D’INCAO,
2016).

Segundo Sedrez et al., (2013) no municipio de Porto Belo, Santa Catarina pode-se
destacar a pesca artesanal do camardo sete-barbas (Xiphopenaeus kroyeri), como a principal
espécie alvo da pesca de arrasto artesanal.

No Estado do Parana, os camardes de maior importancia econémica sdo o camardo-
sete-barbas, Xiphopenaeus kroyeri (HELLER, 1862), seguido do camar&o-branco, Litopenaeus
schmitti (BURKENROAD, 1936), e dos camardes-rosa, Farfantepenaeus paulensis (PEREZ
FARFANTE, 1967) e F. brasiliensis (LATREILLE, 1817), as pescarias na regido sdo
predominantemente artesanais e se concentram na captura do camardo-sete-barbas (ROBERT
et al., 2007).

3.3 Fauna acompanhante
A pesca de arrasto de camardo € eficiente na captura de espécies-alvo, mas é uma arte
ndo seletiva que comumente tem uma captura associada de organismos ndo-alvo (PINA;
CHAVES, 2009). A pesca incidental pode ser conceituada como a captura de organismos
diferentes do alvo da pescaria, compondo um conjunto denominado fauna acompanhante, sendo
sua captura normalmente descartada (ALVERSON et al., 1994; GRACA-LOPES et al. 2002;

KEUNECKE; D’INCAO, 2001).
A pesca de pequena escala € composta por uma fauna acompanhante que apresenta valor
comercial sendo muitas vezes comercializada, diferente do que ocorre na industrial, em que 0
descarte € maior, no entanto ressalta-se que a captura incidental possui impactos negativos

como a captura de individuos juvenis, ou prestes a reproduzir-se; em tamanho fora do
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autorizado na legislagdo; ou de espécies com captura proibida (EAYRS, 2007; CHAVES;
SILVA, 2019).

3.3.1 Camarao-da-Amazonia

Os crustaceos constituem o segundo grupo zoologico em importancia que compdem a
fauna acompanhante da pesca dos camardes, tanto em biomassa, quanto em diversidade de
espécies, analisar a composi¢do da fauna de crustaceos de uma captura artesanal € necessario
para obter informacdes sobre a importancia das espécies principalmente do ponto de vista
ecologico e pesqueiro (LENIHAN; MICHELI, 2001; SEVERINO-RODRIGUES et al., 2002;
BERTINI et al., 2010).

No Parg, a pesca artesanal nos estudrios utilizando o arrasto manual é dirigida a captura
de camardo (camardo rosa, branco e o sete-barbas), no entanto a espécie Macrobrachium
amazonicum é capturada como fauna acompanhante, visto que a pesca dirigida ao camardo-da-
Amazonia, ¢ a utilizagdo de armadilhas, conhecidas como “matapi” iscadas com farelo de
babacu (Orbinya speciosa), (ISAAC et al., 1992; SCHALLENBERGER, 2010; ARAGAO et
al.,2015; CARVALHO et al., 2019).

A espécie, M. amazonicum (Heller, 1862), é um camarao de agua doce pertencente a
familia Palaemonidae (RAFINESQUE, 1815) apresenta o primeiro par de antenas, com trés
apéndices filiformes terminais, sendo os dois externos, mandibulas distintamente bipartida e
quase sempre munida de palpo; segundo par de peredpodos mais comprido e, geralmente, mais
robusto que o primeiro; com auséncia de epipoditos em todos os peredpodos (SAWAYA,
1946).

O camardo-da-Amazonia possui uma caracteristica biolégica com variacdo, relatada
por uma diversidade de habitats colonizados, portanto o sucesso em colonizar vastas areas
geograficas na América do Sul, resultando na maleabilidade com adaptac@es ecoldgicas rapidas
em ambientes diferenciados (ODINETZ-COLLART, 1991). As popula¢des da costa atlantica
dependem da &gua salobra para seu desenvolvimento, enquanto as populacdes da Amazonia
Central e Ocidental completam todo seu ciclo de vida em 4gua doce (ODINETZ COLLART;
RABELO, 1996).

Devido o camardo ser uma espécie nativa da regido amazoénica as pesquisas existentes
em referéncia a M. amazonicum estdo principalmente relacionadas aos fatores ambientais,
ecologicos e da biologia pesqueira das populacGes no meio natural (ODINETZ-COLLART,
1991; ODINETZ-COLLART; MOREIRA, 1993; ODINETZ-COLLART; MAGALHAES,
1994; SILVA et al., 2002; MACIEL; VALENTI, 2009; LUCENA-FREDOU et al. 2010;
BENTES et al., 2011; BENTES et al. 2012), distribuicdo geografica (SAMPAIO et al. 2009;
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FERREIRA et al.,2010), abundéncia (ODINETZ-COLLART, 1993) e aspectos de crescimento
(GUEST, 1979; MORAES-RIODADES; VALENTI, 2002; SILVA et al., 2007; BENTES et al.
2012).

Com base nas informagdes de fecundidade e fertilidade (ODINETZ-COLLART;
RABELO, 1996; DA SILVA, et al. 2004), desenvolvimento larval (GUEST, 1979;
MAGALHAES, 1985), biologia reprodutiva (LOBAO et al. 1986; ODINETZ-COLLART,
1991; ODINETZ-COLLART; SCAICO, 1992; FRANSOZO et al. 2004; SILVA et al. 2009;
ROCHA, 2010; PANTALEAO et al. 2012) e ciclo reprodutivo das fémeas (SAMPAIO et al.
2007) ressalta-se que o M. amazonicum apresenta algumas vantagens em relacéo a habitat tanto
em ambientes de 4gua doce como de agua salobra durante o ciclo de vida.

Em virtude da importancia comercial que o Macrobrachium amazonicum apresenta,
particularmente para a regido Amaz0nica, tornam-se necessarios estudos sobre sua ocorréncia
como captura acessoria, constituindo uma ferramenta para o desenvolvimento de estratégias de
manejo, visto que possibilita um melhor aproveitamento desse recurso natural, (SILVA et al.
2007; CARVALHO et al., 2019).

3.3.2 Ictiofauna

As comunidades de peixes é um dos principais recursos potencialmente exploraveis nos
estuarios, tém grande importancia bioldgica, pois podem influenciar a composic¢éo, abundancia
e distribuicdo de outras comunidades bidticas, devido a muitas das espécies dependerem dessa
area para atividades de reproducdo, alimentacdo e crescimento, fatores como o reflgio contra
predadores, pouca profundidade e turbidez explicam a elevada abundéancia de peixes nessas
areas (YANEZ-ARANCIBIA, 1978; LONERAGAN, 1999; KIMMERER, 2002; SPACH et al.,
2003; BORGES et al., 2010).

Existem diferentes abordagens usadas na descri¢cdo de assembleias de peixes, bem

como os fatores que influenciam sua variacdo, estudos em estuarios brasileiros mostram que a
ictiofauna estuarina sofre claras flutuagdes sazonais na biomassa e diversidade, que podem estar
relacionadas a padrdes reprodutivos, aumento do recrutamento e, mesmo indiretamente, a
precipitacdo (BARLETTA-BERGAN et al, 2002; BARLETTA et al, 2003; VILAR et al, 2011).

As ordens mais frequentes capturadas no estuario amazoénico sdo: os perciformes,
siluriformes, clupeiformes e tetraodontiformes e as familias: ariidae, carangidae, engraulidae,
sciaenidae e tetraodontidae (FONSECA; SOUSA, 2002; BARROS et al, 2011).

A familia ariidae conhecidos como bagres, habitam regides litoraneas, estuarinas e rios

de regides tropicais e temperadas, atualmente, espécies desta familia representam um grupo de
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interesse na pesca comercial, sendo de grande importancia em estudos de ecologia de regifes
costeiras (MARCENIUK, 2005).

Entre as comunidades de peixes, a familia Carangidae contribui com aproximadamente
5% das capturas de pesca comercial em todo o mundo, ocorrendo em ambiente tropical e de
clima quente, no Brasil, aproximadamente 35 espécies pertencem a familia carangidae (DITTY
etal., 2004; ABLE, 2005; LAROCHE et al., 2005).

Segundo Espirito-Santo e Isaac (2012) dentre as espécies capturadas na regido costeira
a familia carangidae contribuiu com 21 toneladas desembarcadas nos portos do estuério do rio
Caeté, municipio de Braganga-PA.

Os peixes da familia Engraulidae, vulgarmente conhecidos como manjubas e
sardinhas, apresentam ampla distribuicdo geogréafica, sendo encontrados predominantemente
em aguas tropicais e sub-tropicais das Américas, sendo abundantes em regides costeiras semi-
abertas, apresentam ciclo de vida relativamente curto (MCGOWAN; BERRY 1983; COTO et
al. 1988, MACGREGOR; HOUDE 1996),

A maioria dos engraulideos desova em areas costeiras na plataforma continental interna,
e o0 recrutamento ocorre frequentemente em areas rasas e protegidas que fornecem alimento e
abrigo contra predadores, os individuos adultos realizam migragBes sazonais entre areas
estuarinas e oceanicas agregando-se em grandes cardumes que séo frequentemente visados pela
pesca comercial (MACGREGOR; HOUDE, 1996; SILVA et al., 2003),

Os peixes da familia Sciaenidae possuem ampla distribuicdo geogréfica e ocorrem em
aguas rasas, geralmente proximas as regides continentais, varias espécies marinhas entram no
estuario, e na costa do Brasil ha registros de em torno de 30 espécies (MENEZES;
FIGUEIREDO, 1980; NELSON, 2006).

No estado do Para algumas das espécies da familia sciaenidae destacam-se como um
dos principais recursos desembarcados, as quais podemos citar a pescada amarela (Cynosciona
acoupa), pescadinha-gé (Macrodon ancylodon), corvina (Micropogonias furnieri), pescada
(Cynoscion sp.) e pescada branca (Plagioscion squamosissimus) (BARTHEM, 1985;
ESPIRITO-SANTO et al., 2005; CARDOSO et al. 2014),

Dos organismos capturados a familia tetraodontidae € conhecida vulgarmente como
baiacu, € comum em regides tropicais, sendo que no Brasil € mais encontrado em todo estuario
da regido amazébnica (BELL et al., 1984; ANDRADE-TUBINO et al., 2008; CAMARGO;
MAIA, 2008).

Os baiacus tém mecanismos de defesa contra predadores, dentre elas a tetrodotoxina
(TTx) é a principal neurotoxina encontrada e pode ser isolada em maiores concentragdes nas

visceras (especialmente godnadas, figado e bago) e na pele do peixe, sendo geralmente
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descartado das capturas na pesca artesanal (HADDAD JUNIOR, 2003; SANTANA et al..,
2010; PINHEIRO et al., 2018).

Apesar de inventarios de ictiofauna estarem disponiveis para alguns estuarios
Amazoénicos, como da zona costeira do Rio Taperacu, no municipio de Braganca (FONSECA,;
SOUSA, 2002), dos rios Caeté (BARLETTA et al. 2003) e Curucéa (GIARRIZZO; KRUMME
2007) e das baias de Marajo (Barthem 1985) e Guajara (VIANA et al. 2010), estuario de Sao
Caetano de Odivelas e Vigia (BARROS et al, 2011) e do Rio Marapanim (CORREA et al,
2012), todavia poucos estudos se basearam em observacdes sobre a fauna acompanhante da
captura artesanal do camarao rosa ainda.

Grande parte dos peixes capturados na pesca artesanal € composta por individuos
juvenis, o que pode comprometer a manutencdo dos estoques em niveis sustentaveis. Dessa
forma, o conhecimento da ictiofauna acompanhante é de fundamental importancia, visto que a
pesca de arrasto do camardo rosa na regido estuarina amazonica afeta diretamente a comunidade
de peixes (FONSECA; SOUZA, 2002).
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4. MATERIAL E METODOS

4.1  Descricdo da area

De acordo com Instituto Brasileiro de Geografia e Estatistica - IBGE (2010), o0 municipio
de colares, esté localizado nas margens da baia do Marajo, na zona fisiografica do Salgado. A ilha
de Colares (Figura 5) pertencia ao municipio de Vigia, quando, em 1827, adquiriu categoria de

distrito, e somente se modificou em 1962, quando foi elevado & condi¢do de municipio de Colares.

Figura 5- Mapa de localizagdo geografica do Municipio de Colares, Pard, Brasil.
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Fonte: Elaborado pelo autor.

4.1.1 Area de amostragem

O estuario de Guajara-Mirim é um acidente hidrografico do municipio, fazendo limite,
ao norte e oeste pela Baia do Maraj0, a leste, com Vigia e, ao sul, com Santo Anténio do Taua,
convergindo Vvarios rios e igarapés (onde se destacam o Tauapara, Itajurd, Mariteua, Fazenda,
Maracaja), aléem do furo Itaquecaua. Fazem também parte desta rede hidrografica o rio
Tupinamba e os igarapés Tauandeua, Chacara, Arari, Boca Larga e outros, que desaguam no
Oceano Atlantico (IDESP, 2012).

As estacOes de coleta estdo localizadas em um ambiente altamente dindmico, com
fortes correntes de marés geradas pelo vento com poder suficiente para propiciar a mistura das
aguas e ressuspensdao dos sedimentos de fundos permitindo que no periodo de baixa
pluviosidade as aguas fiquem salobras devido & penetracdo da &gua marinha, pois devido a sua
proximidade ao oceano Atlantico, estando sujeita a influéncia das macromarés oceanicas

(RIBEIRO, 2004). As estacbes de coleta apresentam-se de acordo com as seguintes
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coordenadas geograficas: estacdo 1 (00°52'55"”S 48°09'34"W), 2 (S 00° 52 '50" W 048° 09' 38)
e 3(S00°52'41 "W 048° 09' 47") (Figura 6).

Figura 6- Mapa da localizacao das esta¢Ges de coleta, estudrio de Guajara-Mirim no Municipio de Colares, Para,
Brasil

48°11'W 48°10'W 48°9'W 48°8'W

'Y
“
Oo -
Point 03
©
- Legend
A »” Point 02V1gia ,
e / d Brazil
B i ra
% Point 01 o v
[ x gia
% v =3
h v ~  Colares
=1 g
: +  Collection stations

0°55'S

Geographic coordinate system: SIRGAS 2000
Image source: United States Geological Survey (USGS)-
| Satellite Landsat 08- Requisition data 2016/03/15- Orbit
point 223-61
| Source of cartographic products: Ministério do Meio
Ambiente (MMA)

0°56'S

Fonte: Elaborado pelo autor.

4.2  Origem e periodo de coleta dos animais

Os espécimes foram coletados bimensalmente, no periodo compreendido entre janeiro
de 2012 a novembro de 2017, na area estuarina de Guajard Mirim, municipio de Colares, Par3,

Brasil.

4.3  Apetrecho de pesca

O apetrecho de pesca utilizado na pescaria artesanal do camardo rosa no Estuério de
Guajard-Mirim foi um puca de arrasto em formato de funil, confeccionado com poliamida,
possuindo 3 m de comprimento, 65 cm de altura, 2,20 (m) de largura ou abertura e malha de 20

mm (Figura 7). O apetrecho apresentou duas varas de madeira com espessura regular amarrado
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em suas extremidades da abertura do puca para facilitar seu uso. A rede foi arrastada por dois

pescadores em horario noturno durante a maré vazante num percurso total de 1.418 metros.

Figura 7- Apetrecho de pesca de arrasto utilizado para a captura dos espécimes de F. subtilis no estuario de
Guajara-Mirim-PA.

0.65m

Fonte: Elaborado pelo autor.

4.4 Variaveis ambientais
O monitoramento das principais caracteristicas hidroldgicas e ambientais como o
potencial hidrogenidnico (pH), temperatura da agua e salinidade, foram aferidas in situ,

utilizando-se uma sonda multiparametros da marca HANNA modelo H19828.

4.5  Amostragem

Apds cada arrasto, os individuos foram separados e armazenados em sacolas plasticas
de polietileno devidamente etiquetadas de acordo com a data e o local de coleta. Os espécimes
acondicionados em uma caixa térmica (isopor) e conservados em gelo, sendo conduzidos para
identificacdo e analises biométricas até o Laboratério de Ecologia Aquética e Aquicultura
Tropical — LECAT no campus da Universidade Federal Rural da Amazodnia — UFRA, em

Belém.

4.5.1 Anélise da especie alvo

Os espécimes coletados foram identificados de acordo com Cervigén et al. (1992) e
Pérez-Farfante e Kensley (1997). A identificacdo do sexo foi baseada através da observacgéo do
télico que esta situado ventralmente na base entre o quarto e quinto par de pereiopodos para as
fémeas e no petasma localizado no primeiro par de pledpodos para os machos com o auxilio de

lupa binocular (Figura 8).
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Figura 8- Detalhe do aparelho reprodutor do F. subtilis: A) Petasma; B) Télico;

Fonte: Elaborado pelo autor.

Para cada espécime, foram mensuradas o comprimento total em cm (Ct) que
compreende a distancia entre a extremidade anterior do rostro e a extremidade posterior do
télson, (Figura 9) usando um paquimetro com preciséo de 0,01 mm e peso Umido total (Pt), com

uma balanca digital de precisdo de 0,01 g.

Figura 9- Medidas analisadas para a espécie Farfantepenaeus subtilis: Comprimento total (Ct).

Fonte: Elaborado pelo autor.

4.5.2 Analise do camardo-da-Amazonia
Os espécimes coletados foram identificados de acordo com Melo (2003) e Espirito
Santo et al (2005). A identificacdo sexual dos organismos foi baseada através da observagdo da
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auséncia ou presenca do apéndice masculino com o auxilio de lupa binocular. Para cada
espécime, foram mensurados os seguintes comprimentos: o comprimento total em cm (Ct) que
compreende a distancia entre a extremidade anterior do rostro e a extremidade posterior do
télson, comprimento de cefalotérax (Cc) e comprimento do abddémen (Ca) usando um
paquimetro com precisdo de 0,01 mm (Figura 10) e peso Umido total (Pt), cefalotorax (Pc) e

abdémen (Pa) com uma balanca digital de preciséo de 0,01 g.

Figura 10- Medidas analisadas para a espécie Macrobrachium amazonicum: Comprimento total (Ct);
Comprimento do cefalotérax (Cc); Comprimento do abdémen (Ca);

Fonte: Elaborado pelo autor.

4.5.3 Andlise da ictiofauna acompanhante

A ictiofauna foi identificada de acordo com as referencias de Figueiredo; Menezes,
(1980), Cervigon et al, (1992), Carpenter (2002) e Espirito—Santo et al. (2005). Foi registrado
0 comprimento padrdo usando um paquimetro com precisdo de 0,01 mm (Figura 11) o peso
total da captura da fauna de peixes a fim de obter a proporcéo da captura em massa (kg) de
camarao rosa e da ictiofauna acompanhante e o peso total das espécies mais frequentes com

uma balanca digital de precisdo de 0,01 g.
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Figura 11- Medida analisada para os peixes: Comprimento padrao (Cp).
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Fonte: Elaborado pelo autor. Espécie do género Stellifer (LORENZ OKEN, 1817).
A nomenclatura dos tdxons seguiu o padréo internacional, utilizando-se a base de dados
online da FishBase (FROESE; PAULY, 2019).

4.6  Andlise estatistica geral

Para todo o periodo foi verificado as médias e desvio padrdo das varidveis do
comprimento (cm) e peso (g) dos organismos.

A frequéncia do comprimento para os camardes distribuidos em classes com intervalos
de um 1 cm de comprimento total (Ct).

A razdo sexual (sexo masculino: feminino) foi calculada pelo teste do qui-quadrado (?),
com nivel de significancia de 95%, para testar a diferenca de 1: 1 (ZAR, 2009).

As relagOes entre comprimento e peso foram determinadas de acordo com a equagao Pt
= a.Ct® onde Pt = peso total; Ct = comprimento total (para os camardes) e Cp= comprimento
padrdo (para os peixes); e 'a' e 'b' = parametros de crescimento (WEATHERLEY e GILL, 1987).
A taxa de crescimento de peso foi avaliada pelo grau de alometria como isométrico (b = 3),
alométrico positivo (b> 3) ou alométrico negativo (b <3) (ZAR, 2009).

A existéncia de correlacdo foi determinada pelo coeficiente de correlagéo de Pearson
(r), admitindo-se que r > 0 indica uma relagdo direta r < 0 indica uma correlacdo inversa e r =

0 indica inexisténcia de correlacéo.
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Seasonality in artisanal capture of Farfantepenaeus subtilis (Pérez-Farfante, 1967) in a
tropical Amazon estuary

ABSTRACT

The pink shrimp Farfantepenaeus subtilis is ecologically important, and it is captured from
tropical Amazon estuaries at a small scale via artisanal fishing. The present study aimed to
verify the abundance of pink shrimp and its association with seasonality in the Guajara-Mirim
estuary, Colares, Para, Brazil, to generate data for supporting its sustainable management in the
light of exploitation by artisanal fisheries in this region. Sampling was performed every 2
months between January 2012 and November 2016 using a shrimp net, and hydrological
characteristics (pH, water temperature, and salinity) were monitored in situ. The studied region
has two distinct seasons: rainy (from January to June, heavy precipitation) and dry (from July
to December, little precipitation). Salinity was significantly different between dry and rainy
seasons, and average salinity was inversely proportional to precipitation in each season. A total
of 8,377 pink shrimp specimens were captured during the study period (52% females and 48%
males) average body length were 5.56 + 1.14 cm and average body wight were 1.25 + 0.83 g.
The highest abundance of F. subtilis was observed when the salinity of the water was low (rainy
seassons). Our results demonstrate the importance of hydrological characteristics associated
with the capture of pink shrimp in the Guajara-Mirim estuary. These data are crucial for future
management and policies in this region.

Key words: Penaeidae, Dry season, Rainy season, Pink shrimp.

1. Introduction

Shrimp of the genus Farfantepenaeus (Burukovsky, 1997) are among the most exploited
fishing resources along the American coast, particularly the Brazilian coast (Boos et al., 2016).
Among species belonging to this genus, pink shrimp (Farfantepenaeus subtilis) (Perez-Farfante,
1967) is an important resource for industrial fishing along the northern coast of Brazil. This
species has high commercial value and thus greatly contributes to export trade, mainly to Japan
and the USA, as it is the main product (in the form of frozen tails) of the fishing industry traded
internationally from the state of Para (Assano-Filho et.al., 2003; Aragdo et. al., 2015).

As observed in most feathered shrimp, during the life cycle of F. subtilis, postlarvae
are transported to estuaries through coastal currents. The estuaries are characterized as
recruiting areas and are fundamental for the life cycle of this species (Cintra et al., 2004).
Moreover, shrimp abundance is closely associated with habitat, season, and environmental
factors in a particular region (Bentes et al., 2012).

In estuaries, pink shrimp are mostly captured via craft-motorized or non-
motorized vessels in shallow waters close to the coast at a moderate scale. Industrial vessels are
used for capture on the Amazon continental shelf (Aragéo et al., 2001).

Pink shrimp is ecologically important, and its capture in tropical estuaries is

performed at a small scale via artisanal fishing. In this type of fishing, mostly juveniles are
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captured, which reduces adult population in the adjacent coastal regions that are targets of
industrial fishing. In this context, the present study aimed to assess the abundance of pink
shrimp and its association with seasonality in the Guajara-Mirim estuary, Colares, Pard, Brazil,
to gather data for supporting sustainable management of this species in the light of exploitation

via artisanal fisheries in this region.

2. Materials and methods
Sampling was performed every 2 months between January 2012 and November 2017
using a manual trawl net (Iength, 3 m; height, 0.65 m; width, 2.20 m; mesh size, 0.02 m) at two
stations.
During low tide at night, the fishing net was dragged to a depth of 1.0 m for 45 min in
a total 1.418 m course between stations 1 (00°52'55"S 48°09'34"W), 2 (S 00° 52 '50" W 048°
09'38) and 3 (S 00°52 '41 "W 048° 09' 47") (Fig. 1).
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Fig.1. Location of collection points, Guajara-Mirim estuary, Para, Brazil

The captured individuals were stored, labelled according to collection date and place,
packed in a thermal box, preserved on ice, and taken to the laboratory for further
physicochemical and taxonomic analyses.

Species were identified according to the keys of Cervigon et al. (1992) and Pérez-

Farfante and Kensley (1997). The following lengths were measured: the total length (LT)
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comprising the distance between the anterior end of the rostrum and the posterior end of the
télson, using a caliper with 0.01 mm accuracy and total weight (TW), with a 0.01 g precision
digital scale. Key hydrological characteristics (pH, water temperature, and salinity) were
measured in situ using a multiparameter probe (H19828, HANNA Instruments).

Monthly data of the number of days and level of precipitation were obtained from the
pluviometric station in the municipality of Vigia according to the guidelines of the National
Hydrometeorological Network of the National Water Agency (ANA, 2020). These data
represent a historical series from 1982 to 2016 and are collected, stored, and organized both
monthly and annually.

The obtained variables were linearized by evaluating data normality using Shapiro—
Wilk test. Pluviometric data were analyzed using ANOVA (5% probability level). Spearman
correlation coefficients (r) were calculated to determine the trends of physiochemical
parameters and their degree of association with mean precipitation index during the study
period (ZAR, 1996). Seasonal variations in physicochemical parameters were analyzed using
Student’s t-test (o = 0.05).

The ANOVA test was applied to verify potential differences between seasonal and
annual catch abundance and to analyze the relationship between abundance and environmental
variables. The associations of environmental variables with species abundance were analyzed
through principal component analysis (PCA) using a matrix of monthly catch abundances and
mean environmental variables (temperature, pH, salinity, and precipitation index).

3. Results
3.1  Environmental variables

Annual mean precipitation between 1982 and 2016 was 226.05 mm. Monthly means
showed seasonal peaks, with the minimum of 35.13 mm in November and the maximum of
467.38 mm in March. Precipitation index varied widely throughout the year.

Based on rainfall regime of the last 34 years, two distinct seasons characteristic to the
Amazon estuarine region were identified: rainy (from January to June, heavy precipitation) and

dry (from July to December, little precipitation) (Fig. 2).
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Fig.2. Seasonality of the pluviometric regime (mm), corresponding to the average climatological rainfall of the

last 34 years (1982-2016) for the Guajara-Mirim estuary, Pard, Brazil.

Mean annual precipitation during the sampling period was 188.25 mm in 2012, 234.70
mm in 2013, 246.62 mm in 2014, 191.21 mm in 2015, and 226.93 mm in 2016. Overall, mean
annual precipitation in 2012 and 2015 was lower than that throughout the historical series (1982
to 2016).

Seasonal peaks (maximum and minimum) of mean annual precipitation were noted in
2012 (469.00 and 16.60 mm, respectively), 2013 (510.60 and 0.00, respectively), 2014 (558.30
and 16.60 mm, respectively), 2015 (734.70 and 0.00 mm, respectively), and 2016 (531.00 and
3.60 mm, respectively) (Figs. 3 & 4).
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Fig. 3. Seasonality of the pluviometric regime (mm), corresponding to the climatological average of rainfall of the
last 34 years (1982-2016) and monthly total referring to the annual sampling cycle of the years 2012 (A), 2013 (B)
and 2014 (C) for the Guajara-Mirim estuary, Pard, Brazil.
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Fig. 4. Seasonality of the pluviometric regime (mm), corresponding to the climatological average of rains of the
last 34 years (1982-2016) and monthly total referring to the annual sampling cycle of the years 2015 (A) and 2016
(B) for the Guajara-Mirim estuary, To Brazil.

There were no significant differences in mean monthly rainfall regime of the historical
series (1982 to 2016) and mean values for 2012, 2013, 2014, 2015, and 2016 (Figs. 3 & 4)
according to ANOVA (F = 0.5855; p =0.7394).

In the Guajara-Mirim estuary, the period of the highest rainfall is considered the rainy
season. During the sampling period (2012 to 2016), mean physicochemical parameters such as
water temperature and salinity during rainy season (28.20 + 0.20°C and 1.63 + 0.80 ,
respectively) were lower than those during dry season (28.48 + 0.50°C and 6.59 + 0.98,

respectively).



58

Throughout the sampling period, pH remained homogenous, ranging between 5.07 and
8.62, with a mean value of 6.75 + 0.85. Mean pH was 6.77 + 0.44 in dry season and 6.73 £+ 0.38
in rainy season. Water temperature (p = 0.3958) and pH (p = 0.8762) did not significantly differ
between the two season, whereas mean salinity was significantly different between the two
seasons (p = 2.2596E-05).

Furthermore, temperature, pH, and salinity during rainy season in 2013 were higher
than values during the same period in other years. In addition, temperature and salinity during
dry season in 2012 were higher than values during the same period in other years. The highest
pH was recorded in 2014 (Table 1).

Table 1 Seasonal behavior of physical chemical parameters (annual average) for the Guajara-

Mirim estuary, Para, Brazil.

RAINY SEASON

Variable 2012 2013 2014 2015 2016
Temperature (°C)  28.30 0.6 28.88+0.13 27.70+0.55 28.36+0.47  27.77+0.63
pH 6.90+1.49 7.48+0.99 6.34+1.14 6.53+1.07 6.61+0.87
Salinity 1.06+1.45 2.53+3.14 0.60+0.75 1.80+2.12 2.20+2.78
DRY SEASON
Temperature (°C)  28.96+0.23 28.59+0.42 27.91+0.53 28.93+0.70  28.01+0.85
pH 6.92+0.04 6.20+0.98 7.22+0.36 6.60+0.86 6.71+0.31
Salinity 7.85+4.24 5.51+2.04 7.37+2.69 6.15+0.72 6.06+1.74

During the study period, average salinity was the highest at 12.75 in November 2012
and the lowest at 0.07 in May 2014 (Fig. 5).
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Fig. 5. Behavior of salinity and rainfall (daily average) in the sample period for the Guajara-Mirim

estuary, Pard, Brazil.

In the Guajara-Mirim estuary, salinity was significantly correlated with precipitation

during the study period, as confirmed by r values with p < 0.05. Salinity was lower during rainy
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season and higher during dry season. Therefore, salinity was inversely proportional to
precipitation. No specific trends were observed for temperature and pH (Table 2).
Table 2 Spearman correlation between the average precipitation index (P1) and the average of

the physical-chemical parameters in Guajara-Mirim estuary, Para, Brazil.

Physico-chemical parameters = Pl

p
Salinity -0.7458 2.2427E°%
Temperature -0.0739 0.6979
pH 0.0167 0.9302

Legenda: PI = precipitation index; pH = hydrogenionic potential;

3.2 Composition of the catch

A total of 8,377 (52% females and 48% males) shrimp were captured from 2012 to
2016. Minimum, maximum, and average body lengths were 1.41, 10.88, and 5.56 + 1.14 cm,
respectively. Minimum, maximum, and average body wights were 0.04, 8.36, and1.25 + 0.83
g, respectively.

Overall, females were more abundant than males, except in 2012 and 2015, males were

predominant, representing 51% and 52%, respectively, of the annual catch (Fig. 6).
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Frequency (%)

2012 2013 2014 2015 2016 TOTAL
Year

Fig. 6. Composition of the annual catch of pink shrimp F. subtilis in the Guajara-Mirim estuary, Pard, Brazil.

3.3 Association between shrimp capture and environmental variables
There were seasonal variations in the capture of pink shrimp specimens. Overall

greater catch was obtained in rainy season (52%); however, in 2012 and 2014, the largest catch
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was obtained in dry season (58% and 54%, respectively) (Fig. 7). ANOVA test revealed no

significant differences in annual catch between the two seasons (F= 0.0199; p = 0.8904).
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Fig. 7. Composition of the annual seasonal catch of the pink shrimp F.subtilis in Guajara-Mirim estuary, Para,

Brazil.

ANOVA revealed differences in the homogeneity of variances for mean values in 2012
(F=3.868; p=0.01402), 2013 (F = 11.44; p = 4.348e-05), 2014 (F = 3.857; p = 0.01419), 2015
(F=3.792; p=0.01524), and 2016 (F = 3.63; p = 0.01827). Tukey’s test revealed significant
differences in mean abundances and environmental variables in each year (Table 3).

Table 3 Tukey test between the average of abiotic factors and the abundance of F. subtilis

sampling, in Guajara-Mirim estuary, Para, Brazil.

ABUNDANCE
FACTORS 2012 2013 2014 2015 2016
Pl 0.102 0.002* 0.177 0.031* 0.053
°C 0.952 0.140 0.965 0.991 0.987
pH 0.243 0.002* 0.285 0.393 0.317
Salinity 0.017* 7.877E-05* 0.014* 0.079 0.056

Legenda: Pl = precipitation index; © C = temperature in degrees Celsius; pH = hydrogenionic potential; * Tukey
(p <0.05).

Multivariate analysis confirmed the association of season with F. subtilis abundance. In
the Guajara-Mirim estuary, March and May received the highest rain, but precipitation was
inversely proportional to salinity, with principal components 1 (72.836%) and 2 (25.198%)
explaining 98.03% of variation (Fig. 8).
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Fig. 8. Multivariate analysis of F. subtilis capture abundance with the environmental variables temperature (°

C), hydrogen potential (pH), pluviometric index (PI) and salinity in Guajarad-Mirim estuary, Para, Brazil.

4. Discussion

According to Guimardes (2014), in estuaries of Colares, the availability and
distribution of nutrients dissolved in waters are influenced by season, with the supply of
nutrients being greater in the rainy season, mainly due to the leaching of mangrove swamps and
flooding of the island surroundings, although the levels of available dissolved nutrients are low.

Factors such as the tidal cycle, photosynthetic activity, organism respiration, and
organic or inorganic compound availability in the aquatic environment affect pH, because the
excess organic matter content leached into rivers during the rainy season is deposited at the
bottom and on the banks, making the pH slightly acidic (Esteves, 1998; Horbe et al., 2005;
Cunha and Pascoaloto, 2006; Horbe et al., 2009; Alves et al., 2012; Guimardes, 2014). In the
Curuca estuary in Northeast Para, pH showed a smaller range of variation but higher means in
dry season (Corréa and Martinelli, 2009; Carvalho et al., 2016).

In the Guajara-Mirim estuary, annual and seasonal mean pH values are within the
range reported by Resolution 357 of CONAMA/05 for Brackish Waters, Class 1 (pH range,
6.5-8.5) for waters that can be used for aquaculture and fishing (BRASIL, 2005). The pH range
(5.07 to 8.62) in the estuary in this study was similar to that observed by Sioli (1984); in that
study, Amazonian rivers, in their natural state, were reported to have variable pH values along
their length.

The productivity of an estuarine system is high due to the permanent supply of

nutrients. Moreover, these systems are inhabited by several organisms, which greatly contribute
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to the biomass of coastal aquatic environments. Among such organisms, the crustacean F.
subtilis depends on the estuarine ecosystem throughout its life cycle (Dias-Neto and Damasceno
1992; Cardoso, 2009; Hart, 2012).

In the Guajard-Mirim estuary, the physicochemical variables associated with
precipitation showed generally increasing trends, corroborating the reports by Silva et al. (2002)
and Silva (2013) in the municipality of Vigia, where water temperature and salinity decreased
during the rainy season and increased during the dry season.

According to Guimardes (2014), evaporation and precipitation rates in the Amazon
estuaries regulate water salinity. During rainy season, rainfall is heavy and river flow rate is
high, which decrease salinity. Even in dry season, river drainage is supplied with waters from
free (more superficial) aquifers, which are reserves formed during the rainy season, thus
decreasing salinity due to the mixing of marine water.

In the Guajar&-Mirim estuary, salinity was inversely correlated with
precipitation, with the lowest mean values recorded in January, March, and May due to heavy
rainfall occurring from December through June. Heavy precipitation surges the continental
drainage of rivers, increasing river water flow, which dissipates marine water from the estuarine
complex to ultimately decrease salinity (Moraes et al., 2005; Espirito Santo et al., 2005).

The range of salinity noted in the Guajara-Mirim estuary (0.07 to 12.75) was similar
to that reported by Silva et al. (2002) in estuarine areas in the municipality of Vigia (0 to 28).
The salinity range reported in the Caeté estuary in Braganca [6 to 36 (Martinelli, 2005)] was
lower than that reported in other estuaries in the northeastern region of Para [6.1 to 40.8 in
Curuca (Carvalho et al., 2016)].

Variation in salinity is one of the most influential abiotic factors for the distribution
and abundance of decapod crustaceans in estuarine environments (Abreu, 1980; Nevis et al.,
2009; Silva et al., 2010; Oliveira et al., 2012). Silva et al. (2002) observed a greater shrimp
recruitment in dry season, mainly due to the entry of marine water in the studied area. According
Nobrega et al. (2013), F. subtilis juveniles were more abundant when salinity was higher (dry
season). According to Nagelkerken et al. (2008), pink shrimp abundance is directly related to
variations in rainfall.

In the Guajara-Mirim estuary, more pink shrimp were captured in the rainy season.
During this period, small individuals, with a minimum total length of 1.41 cm, were captured,
perhaps due to closed fishing season in the northern coastal areas. According to Dias-Neto and
Damasceno (1992), spawning in pink shrimp coincides with periods of heavy rainfall and

recruitment of artisans.
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The Amazon exhibits strong seasonality in the amount and intensity of annual rainfall
(Albuquerque et al., 2010). Annual variations in the amount of rainfall may alter the
physicochemical characteristics of water in river systems in addition to gradually changing
water volume (Galacatos et al., 2004). This gradual variation in water volume affects the
structure and functioning of aquatic community throughout the year (Galacatos et al., 2004;
Melo et al., 2009).

Shrimp habitats are subject to great variations. Therefore, the acceptable limits of
variation must be determined to avoid physiological stress and mortality. These changes are
mainly brought about by changes in water quality parameters and environmental conditions,
which affect the growth and survival of penaeid shrimps. Moreover, variable resource
availability throughout the year markedly affects the abundance and composition of fauna (Dall
et al., 1990; Boyd and Egna, 1997; Parado-Estepa, 1998; Lake, 2003; Espirito-Santo et al.,
2009; Soares et al., 2012).

5. Conclusions

Based on the results of this study, artisanal capture of pink shrimp in the Guajara-
Mirim estuary is affected by heavy rains, characteristic of the Amazon. Notably, the greater
capture of F. subtilis was observed when the water salinity was low, probably coinciding with
the spawning period in the coastal region, however shrimp with low length and weight are
caught which may influence the ecological distribution pattern of the species in the estuarine
environment. These data are important for future management and policies related to fishing in

this region.
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The Amazon shrimp Macrobrachium amazonicum (Heller, 1862) in the accompanying

fauna of pink shrimp artisanal fishing in Amazon estuary

ABSTRACT

The estuaries of the Amazon region are of great biological, economic, and sociological
importance. In this regard, this study aimed to analyze the composition of Macrobrachium
amazonicum in the artisanal trawling fishery of Farfantepenaeus subtilis. Sampling was done
every two months between January 2012 and November 2015. Furthermore, biometric analysis,
taxonomic, and gender identification were performed in the laboratory. A total of 2210 animals
were collected, with 22% females and 78% males. Average annual lengths and weights of M.
amazonicum were 7.43 + 1.75 cm and 3.49 + 2.46 g, respectively. M. amazonicum contributed
34.16% of the total biomass of captured shrimp. The largest capture was during the rainy period,
which constitutes 51% of the total from 2012 to 2015. There was no occurrence of the specie
in the months of September and November 2015 in general, individuals 5 to 8 cm in length
represented 65.07% The average fecundity was 461 eggs, with average total length and total
weight of 8.63 £ 1.21 cm and 5.36 £ 1.91 g, respectively. It is suggested to decrease the catch
by artisanal trawling between the months of March to May due to the low occurrence of pink
shrimp and the fact that the highest incidence of shrimp in the Amazon occurs during the rainy
season, in addition to catches of females in the reproductive period, which reduces the impacts
of artisanal trawling on M. amazonicum.

Keywords: Bioecology; Fecundity; Abundance; Rainy

INTRODUCTION

The Amazon estuarine region is an environment rich in biodiversity which is
characterized by nurseries of different species with biological and economic importance;
however, many of these species are captured by artisanal fishing, (Lazzari et al., 2003; Santos,
2005; Fonseca and Souza, 2006; Batista et al., 2014).

Amazonian artisanal fisheries are characterized by their high complexity, with
emphasis on the richness and quantity of fish and shrimp species (D'incao et al., 2002; Branco
et al., 2006; Freitas et al., 2019).

According to Carvalho et al. (2019), in the Guajara-Mirim estuary, artisanal trawling
mainly serve as a means for capturing pink shrimp Farfantepenaeus subtilis, whereas other

species of macrocrustaceos can be considered as by-catches due to their low occurrence during
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fishing. However, among them is the specie Macrobrachium amazonicum, which is of great
commercial interest in the Amazon region.

In this regard, composition analysis of Amazonian shrimp (M. amazonicum) caught in
artisanal trawling of pink shrimp (F. subtilis ) is necessary to assess the impact of equipment
on the species, with the sole aim of contributing to sustainable management of fishery resources

and conservation of Amazon estuarine ecosystem.

MATERIALS AND METHODS
Sampling was done every two months between January 2012 and November 2015
using a 3 m long trawl, which is 0.65 m high and 2.20 m wide, or aperture net and mesh, with

0.02 m between opposite nodes (Fig. 1).

0.65 m

Figure 1. Trawling equipment used to capture pink shrimp F. subtilis in Guajarad-Mirim estuary, Para, Brazil.

During low tide at night, the fishing net was dragged to a depth of 1.0 m for 45 min in
a total 1.418 m course between stations 1 (00°52'55"S 48°09'34"W), 2 (S 00° 52 '50" W 048°
09'38) and 3 (S 00°52 '41 "W 048° 09' 47") (Fig. 2).
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Figure 2. Location of collection stations in Guajara-Mirim estuary, Pard, Brazil.

The captured shrimps were stored and identified according to date and place of
collection; packed in a thermal box, preserved on ice, and transported to the laboratory for
biometric and taxonomic analysis.

The collected specimens were identified according to Melo (2003) and Espirito Santo
et al. (2005). ldentification of sex of the organisms was based on observation, absence or
presence of male appendix, with the aid of a binocular loupe. For each specimen, the following
lengths were measured: total length (TL) comprising the distance between anterior end of the
rostrum and posterior end of the télson; length of cephalothorax (LC) and; length of abdomen
(LA) using a caliper with 0.01 mm accuracy; total weight (TW); cephalothorax weight (CW);
and abdomen weight (AW) with 0.01 g precision digital scale.

Fecundity and morphometry of ovigerous females

Ovigerous females were collected in 2015 and their weight measurements were
performed in the laboratory such as TL, LA, CL, TW, AW, and CW. In order to determine
fecundity, eggs were removed from abdomen of the females using tweezers and sodium
hypochlorite, with 2% active chlorine stored in 70% alcohol for dissociation.

Statistical analysis

Means and standard deviation of length (cm) and weight (g) of the organisms were
verified. The organisms were distributed into classes with intervals of one cm in TL, thus
determining the absolute frequency (number of times each value of total length is repeated) and
relative frequency (percentage at which each value of total length is repeated) of shrimps

sampled during the study period by class (in relation to the total number of organisms) and sex.
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The sex ratio (male:female) between the months and total collection period was
calculated using chi-square test () at 95% significance level in order to test the 1:1 difference
(Zar, 2009).

The relationship between length and weight (LWRs) was determined in terms of specie
and individual sex (male or female), according to the equation TW = a.TL", where TW = total
weight; TL = total length; “a” and “b” = growth parameters (Weatherley and Gill, 1987).

Growth rate was assessed by the degree of allometry as follows: isometric (b = 3);
positive allometric (b > 3) or negative allometric (b < 3) (Zar, 2009). Student's independent t-
test (o = 0.05) was used to compare males and females in terms of their average length and
weight using PAST software version 3.25 (Hammer, 2001).

The average fecundity was determined from the total egg count under a stereoscopic
microscope with plastic camera to facilitate visualization and counting. To determine the
average fecundity in terms of cephalothorax length, females with eggs were grouped into

classes at 1 cm intervals.

RESULTS
Catch composition

The accompanying fauna of M. amazonicum contributed 34.16% of the total biomass
(14.91 kg) of shrimp caught in artisanal trawling, followed by the target species of pink shrimp
(65.84%). The biomass of pink shrimp in the trawls was higher than that of the Amazon shrimp
in 2012, 2014, and 2015; however, among the samples caught in 2013, there was a greater
capture of freshwater shrimp, such that for each kg of F. subtilis caught, 2.04 kg of M.
amazonicum was captured (Table 1).

Table 1. Annual and total biomass of M. amazonicum fauna captured in F. subtilis artisanal trawling in Guajaréa-

Mirim estuary, Pard, Brazil. AS / PS = proportion of amazonian shrimp / pink shrimp;

Weight (Kg)
YEAR M. amazonicum F. subtilis AS/PS
2012 0.87 3.33 0.26:1
2013 1.10 0.54 2.04:1
2014 1.46 2.65 0.55:1
2015 1.65 3.30 0.50:1
TOTAL 5.09 9.82 0.52:1

During the entire monitoring period, the capture of F. subtilis was not recorded in the

months of March and May. In relation to M. amazonicum, the largest catch was during the rainy
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season (January, March, and May), constituting 51% of the total from 2012 to 2015. There was

no occurrence of the species in the months of September and November 2015 (Table 2).

Table 2. Absolute frequency of Amazonian shrimp fauna and target species caught with artisanal trawl in

Guajara-Mirim estuary, Para, Brazil. MA = Macrobrachium amazonicum; FS = Farfantepenaeus subtilis;

2012 2013 2014 2015
MONTHS MA  FS MA FS MA FS MA FS
Jan 14 1049 8 250 17 988 115 890
Mar 101 0 18 0 172 0 19 O
May 114 0 13 0 120 0 83 0
Jul 120 90 176 0 593 104 79 218
Sep 36 804 20 0 14 670 0 247
Nov 4 542 14 126 17 3 0 221
Yearly 389 2485 415 376 933 2148 473 1576

Bioecology of M. amazonicum

In artisanal trawling of the pink shrimp, 2210 specimens of Macrobrachium
amazonicum were captured, out of which 22% were females (mean length = 6.61 + 1.82 cm,
mean weight = 2.65 + 2.16 g) and 78% were males (mean length = 6.49 £+ 1.53 cm, mean weight
=2.20 + 1.87 g). Student’s independent t-test statistically confirmed the differences between
males and females in terms of mean TW (p = 5.7955E-06). However, in terms of mean TL,
there was no significant difference (p = 0.16509).

It was observed that, in the total sample, the average length and weight in 2015 was
7.43+£1.75 cmand 3.49 + 2.46 g, respectively, which was higher than that of 2012 (6.60 + 1.39
cm and 2.24 £ 1.53 g), 2013 (6.75 £ 1.52 cm and 2.66 + 2 g), and 2014 (5.92 + 1.37 cm and
1.57 + 1.3 g). Annually, the highest measurements for males and females were recorded in
2015, while the lowest were recorded in 2014 (Table 3).

Table 3: Average length and weight per year for male and female M. amazonicum in Guajara-Mirim estuary,

Para, Brazil. (TL) Average total length; (TW) Average total weight.

TL (cm) TW (9)

YEAR Males Females Males Females
2012 6.63+1.33 6.6+1.38 2.23+1.51 2.22+ 1.50
2013 6.8+1.49 6.58+1.62 2.68 +1.97 2.60 £2.09
2014 5.89+1.31 6.02+1.58 1.49 £1.27 1.86 +1.59
2015  7.37+41.67  7.59+1.93 3.29 £2.42 3.99 +2.48
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It was observed that M. amazonicum was composed of organisms with maximum and
minimum TL of 13.01 cm and 2.0 cm, respectively, with the lengths of 6-7 cm captured more
frequently (23.89%). In general, organisms of 5-8 cm length constituted 65.07% of the catch
from 2012 to 2015 (Fig. 3).
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Figure 3. Frequency of capture from 2012 to 2015 by classes of total length of the Amazon shrimp M. amazonicum
in Guajara-Mirim estuary, Para, Brazil.

The class distribution of the TL had the highest percentage capture in the range of 6—
7 cm for females (18.66%) and males (25.39%). However, organisms from 5-8 cm in length
constituted 52.74% (females) and 68.61% (males) of the total sample (Fig. 4).
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Figure 4. Frequency of occurrence by classes of total length of females (A) and males (B) of M. amazonicum in
Guajara-Mirim estuary, Para, Brazil.
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The total sex ratio (males:females) was favorable for males differing significantly (y?
test, p < 0.05). The highest proportion of male M. amazonicum was observed in 2012, 2013,
and 2014 (Table 4).

Table 4. Monthly sex ratio of M. amazonicum in Guajara-Mirim estuary, Para. Brazil. M/F = male / female ratio;

P= probability; *P< 0.05; ns = no statistical difference; (-) = without occurrence of the species.

2012 2013 2014 2015
MONTHS M-F P M/F P M/F P M/F P
Jan 14:0  0.000183* 8:0 0.00468* 2.4:1 0.089555ns 1.35:1 0.0896ns
Mar 13.4:1 4.85E-18* 13.1:1 2.35E-31* 11.3:1 4.77E-28* 3.78:1 4.775E-28*
May 8.5:1 3.48E-17* 13:0 0.000311* 7.6:1 4.53E-17* 4.19:1 4.526E-17*
Jul 2.8:1 3.19E-07* 1.5:1 0.010382* 2.7:1 1.42E-29* 1.47:1 1.423E-29*
Sep 2:1 0.05ns 9:1 0.000347* 14:0 0.000183* (-) 0.00018*
Nov 3:1 0.317311ns 2.5:1 0.108809ns 1.1:1 0.808365ns (-)  0.80837ns

Yearly 5.1:1 5.64E-40* 3.6:1 8.72E-31* 3.7:1 3.46E-68* 2.43:1 3.464E-68*

Pearson’s correlation for the ordered pairs showed the existence of a direct correlation,
with r = 0.88 (r > 0.197; a = 0.05), since the length and weight undergo changes during the
ontogenetic process. The estimate of length-weight relationships (LWR) for the species showed
a growth, with positive allometry according to the equation TW = 0.0064TL3%2% (b > 3),
presenting a mass gain greater than the growth in size. Growth analysis for captured females (r
=0.91) and captured males (r = 0.87) showed direct correlations, with females showing positive

allometry (b > 3) and males showing negative allometry (b < 3) (Table 5).

Table 5. Total length-weight relationships (LWR) and allometry parameters (A) for M. amazonicum in Guajara-
Mirim estuary, Pard, Brazil. a) line intersection; b) Angle of inclination of the line and allometry coefficient; (r)
Pearson's coefficient; A = allometry: (-) = negative; (+) = positive.
FEMALES MALES
YEAR a b r A a b r A
2012 0.0055 3.1477 0.95 (+) 0.0098 2.8058 0.89 )
2013 0.0061 3.0764 0.88 (+) 0.0088 2.8972 0.89 )
2014 0.0073 29529 0.88 ) 0.0069 29335 0.87 )
2015 0.0057 3.1325 0.91 (+) 0.0108 2.7771 0.82 )
TOTAL 0.0059 3.0978 0.91 () 0.0068 2.9859 0.87 )

Fecundity and morphometry of ovigerous females
In 2015, 473 shrimp of M. amazonicum were caught, with 335 males and 138 females
(of which 32.61% were in ovigerous phase). For LWRs, Pearson’s correlation showed the

existence of a direct correlation (r > 0.197, a = 0.05), it was found that the females species
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showed a negative allometric growth (b < 3), therefore weight gain was less than length growth
(Table 6).

Table 6. Length-weight relationships (LWRs) for ovigerous female M. amazonicum captured as companion fauna
in trawling of pink shrimp in 2015 in Guajara-Mirim estuary, Pard, Brazil. TW (g) = total weight; TL(cm) = total
length: AW (g) = Abdomen weight; AL (cm) = abdomen length: CW (g) = cephalothorax weight; CL (cm) =
cephalothorax length; a) line intersection; b) Angle of inclination of the line and allometry coefficient; (r) Pearson's

coefficient; (-) = Negative allometry;

Relationship a b r Allometry
TW(g)/TL(m) 0.0388 2.2661 0.85 )
AWg/ALcm 0.1771 1.8525 0.80 )
CW(g /CLcm) 0.4945 1.0586 0.72 (-)

The abdomen presented itself as the largest segment of the body, with participation of
cephalothorax in TL of the organisms constituting 46%, while length of the abdomen
constituted 54% of the composition. The weight of cephalothorax constituted 42% of the body
weight, while the weight of abdomen constituted 58%. The AL gives the species two
advantages; for females, larger abdomen corresponds to greater number of eggs and
profitability, which are principally from an ecological and economic point of view.

The average fecundity was 461 eggs, with mean TL and TW of 8.63 = 1.21 cm and
5.36 + 1.91 g, respectively. The female with the lowest number (57 eggs) had 5.75 cm and 1.68
g mean TL and weight, respectively, while 2376 eggs showed adherence to pleopods of females
with 10.86 cm and 9.25 g mean TL and weight, respectively.

The largest and smallest number of eggs observed were 1,329 and 172, respectively;
however, females with 4-5 cm cephalothorax length were more abundant in the 587 egg
fecundity (Table 7).

Table 7. Frequency of occurrence by cephalothorax length classes and average number of M. amazonicum eggs
captured in Guajarad-Mirim estuary, Para, Brazil. CL = cephalothorax length; Xi = class center; F = average

fecundity; Fr% = relative frequency;

CL (cm) Xi F Fro%

1—2 1.5 172 2.22%
2—3 2.5 134 6.67%
3—4 3.5 248 33.33%
4]—5 4.5 587 51.11%
5/—6 55 1,329 4.44%

6] —7 6.5 317 2.22%
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DISCUSSION

In the state of Para-Brazil, artisanal fishing in estuaries using the trawler “puga” is
aimed at catching shrimp (pink, white, and seven-bearded); however, the specie
Macrobrachium amazonicum is caught as accompanying fauna, since the fishing directed to the
Amazon shrimp, which involves the use of traps known as “matapi” (Isaac et al., 1992; Aragao
etal., 2015).

According to Araujo et.al. (2009), the specie M. amazonicum constituted 0.5% of
organisms caught with drag trawl in Salindpolis estuary in the state of Para, while Ferreira
(2013) observed that the specie contributed 0.43% in Marapanim/PA estuary. There are no
records of quantitative comparison between the catching of Amazonian shrimp as fauna
accompanying artisanal trawling for pink shrimp in tropical estuaries.

In Guajara-Mirim estuary, M. amazonicum reached an average TL lower than that
reported by Silva (2002) in Vigia estuary, Lucena-Frédou (2010) in Guamé River, and Bentes
et al. (2011) in Rio Para. However, the average length of males was less than that of females,
thus corroborating with previous works in literature (Silva et al., 2002; Araujo et al., 2009;
Bentes et al., 2011; Lima et al., 2014, Silva et.al., 2016a), where differentiated growth between
males and females can characterize the reproductive strategy developed by both sexes captured
in the Amazon region.

The capture of Amazonian shrimp as an accompanying fauna focused preferentially
on the adult stratum, with the greatest abundance of organism having a TL of 5-8 cm, given
that the average length in which half of the female M. amazonicum shrimp reach the first
maturation is estimated as 4.75 cm by Silva et al. (2005).

In relation to sex proportion, for M. amazonicum, there are records of favorable
proportion to females, which is in accordance to the observation in the state of Para by Silva et
al. (2007) at Ilha do Combd; Lima and Silva (2015) and Silva et al. (2016b) at the mouth of the
Amazon River in the state of Amapa; and Costa et al. (2016a) in lowland areas of the Amazon.

In Guajara-Mirim estuary, males were captured in a higher proportion than females
and this is similar to the report of Silva et al (2002a) and Silva et al. (2002b) in catches made
in Vigia, a location close to the study area, and Araujo et al. (2019) in Salinépolis. Lucena-
Frédou et al. (2010) and Lima et al. (2014) highlighted that, in populations of M. amazonicum,
the sex ratio can also be influenced by environmental conditions, geographical characteristics,
and anthropogenic interferences.

For the Amazonian shrimp, Moraes-Riodades and Valenti (2002) and Flexa et al.
(2005) verified sexual dimorphism between males and females, with positive allometry, while
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Mantelatto and Barbosa (2005) registered a positive alometric growth for male and isometric
specimens for sampling females.

Costa et al. (2016b) observed that regardless of sex, M. amazonicum presented a
negative allometry, thus demonstrating that the weight grows at a rate relatively less than the
length. Nylander-Silva et al. (2007) and Freire et al. (2012) also observed a negative allometry
for the Amazonian shrimp, which may be associated with the gonadal maturation cycle of
shrimp, since the species are continuously reproduced in the Amazon estuary (Freire et al.,
2012).

The reproduction of M. amazonicum is continuous or periodic, with a gradual increase
in the highest rainy months. The low abundance of ovigerous females may be related to the
reproductive factor, such that the preference for more protected areas such as headwaters of
tidal channels or boreholes (common in the Amazon estuary) are the preferred sites for
spawning mature females and growth of juveniles, thus ensuring reproductive success, which
may explain the higher proportion of males over females (Ismael and New, 2000; Bentes et al..,
2011).

The fecundity of the Macrobrachium genus varies due to some factors such as
influence of environment (Silva et al., 2017) or characteristics of each species, for example, M.
rosenbergii and M. carcinus have a fecundity ranging from 80000-100000 eggs per female
(Ismael, 2000); M. acanthurus can produce about 18000 eggs (Valenti et al., 1986, 1989); M.
surinamicum can produced eggs ranging between 174 and 1780 (Lima et al., 2015).

Ribeiro et al. (2012) recorded a production of 6000—7000 eggs in aquaculture tanks;
however, Meireles et al. (2013) registered an average of 2237 eggs in rivers in the state of Para
and about 271 eggs in Mato Grosso rivers in south reservoir areas. Silva et al. (2005) obtained
an average of 273 eggs/female in Tucurui-PA and Silva et al. (2017) obtained an average of
203 eggs in Minas Gerais. Silva et al. (2004) reported a production of between 696 and 1554
eggs/female and Lucena-Frédou et al. (2010) in Ilha do Combu-PA observed an average
production of 905 eggs.

In Guajara-Mirim estuary, availability of food and protection can enhance the growth
and fecundity of M. amazonicum. It has been observed that greater abdominal structure of
females corresponds to greater incubation capacity of eggs (Silva et al., 2004; Hayd and Anger,
2013; Meireles et al., 2013; Silva et al., 2017).

The capture of M. amazonicum as fauna accompanying artisanal fishing of F. subtilis
showed high values of catches in Guajara-Mirim estuary, thus demonstrating the importance of

M. amazonicum in this estuary.
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It is noteworthy that there are alternatives for fishing directed to Amazonian shrimp
where there is greater selectivity than the artisanal trawl. It is suggested to decrease the catch
by artisanal trawling between the months of March to May due to the low occurrence of pink
shrimp and the fact that the highest incidence of shrimp in the Amazon occurs during the rainy
season, in addition to catches of females in the reproductive period, which reduces the impacts
of artisanal trawling on M. amazonicum.

This information can generate subsidies for management plans of artisanal pink shrimp
fishing in Amazonian estuaries, thus contributing to the sustainable management of resources

and conservation of the Amazonian estuarine ecosystem.
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Biological and fishery aspects of bycatch: Ichthyofauna in artisanal fishing for pink

shrimp in an Amazonian estuary, northern Brazil

Abstract

In the Amazon region, artisanal pink shrimp fishing is one of the most explored activities.
However, data on the proportion of captured artisanal shrimp and ichthyofauna are not available
for the region. Sampling was carried out every two months in Guajara-Mirim estuary, Pard,
Brazil, between January 2012 and November 2017, using a manual trawl net. The total catch
weight was 28.48 kg, with the ichthyofauna and target species contributing 29.70% and 70.30%,
respectively. The shrimp to ichthyofauna ratio was 1:0.42 kg and the seasonal proportion was
1:0.78 kg (rainy season) and 1:0.22 kg (dry season). During monitoring, the largest catch of
ichthyofauna was in the rainy season. A total of 6,229 fish, belonging to 12 orders, 26 families,
44 genera, and 63 species, were captured. Nine species showed a frequency greater than 10%
in the samplings, through the parameters of total length-weight relationship, it was observed
that these species have low length and weight, being discarded in their entirety.

Key words: Seasonality, Taxonomy, Growth, Conservation, Capture ratio

Resumo

Na regido amazonica, a pesca artesanal de camarao rosa € uma das atividades mais exploradas.
No entanto, dados sobre a proporcdo de camardo artesanal capturado e ictiofauna ndo estéo
disponiveis para a regido. As coletas foram realizadas bimestralmente no estuério do Guajaréa-
Mirim, Parg, Brasil, entre janeiro de 2012 e novembro de 2017, por meio de rede de arrasto
manual. O peso total da captura foi de 28,48 kg, com a ictiofauna e as espécies-alvo
contribuindo com 29,70% e 70,30%, respectivamente. A relacdo camarao / ictiofauna foi de 1:
0,42 kg e a proporcao sazonal foi de 1: 0,78 kg (estacdo chuvosa) e 1: 0,22 kg (estacdo seca).
Durante 0 monitoramento, a maior captura de ictiofauna foi na estacdo chuvosa. Um total de
6.229 peixes, pertencentes a 12 ordens, 26 familias, 44 géneros e 63 espécies, foram capturados.
Nove espécies apresentaram frequéncia maior que 10% nas amostragens, por meio dos
parametros da relacdo comprimento-peso total, observou-se que essas espécies possuem
comprimento e peso baixos, sendo descartadas em sua totalidade.

Palavras-chave: Sazonalidade, Taxonomia, Crescimento, Conservagéo, Propor¢éo de

captura.
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Introduction

Artisanal fishing takes place in the tropics and serves as a source of food and income
for coastal communities. However, anthropogenic impacts threaten the sustainability of this
practice and may influence the distribution and abundance of the species caught, thereby
affecting biodiversity, biomass, structure of the assembly, community dynamics, and ecosystem
balance (Batista et al., 2014).

The capture of shrimps belonging to Penaeidae is widespread as the resource has high
commercial value; however, low selectivity generates large amounts of accompanying fauna,
as the impact of this type of fishing increases when used in coastal and estuarine regions, which
act as nurseries for several species (Lazzari; et al., 2003; Pinheiro and Martins, 2009; Silva et
al., 2016).

The accompanying fauna or bycatch has been reported to have an impact in Brazil and
around the world, because accidental capture can alter the ecological structure, remove key
species, and trigger changes in the trophic chain and ecosystem (Alverson and Hughes, 1996;
Kelleher, 2005; Silva-Junior et al., 2013; 2015; 2019).

According to Carvalho et al. (2019a), in the Guajara-Mirim estuarine area, in northern
Brazil, shrimps (mainly the pink shrimp Farfantepenaeus subtilis) are predominantly caught by
artisanal trawling. Understanding the capture relationship between target species and
accompanying ichthyofauna and the composition and length-weight relationships of fish
species can provide useful information for future conservation plans to mitigate the impact of

trawling for artisanal pink shrimp in the Guajara-Mirim estuary, in the Amazon region of Brazil.

Materials and Methods
Sampling sites

Sampling was carried out every two months between January 2012 and November
2017, using a manual trawl net called “puga” trawl, 3 m long, 0.65 m high, and 2.20 m wide or
with 0.02 m gap and mesh between opposite nodes (Fig. 1).
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FIGURE 1. Trawling equipment used to capture pink shrimp F. subtilis in Guajara-Mirim

estuary, Para, Brazil.

0.65 m

The shrimp fishing net was dragged at night during low tide, at a depth of 1.0 m for
45 min, in a total course of 1,418 km between station 1 (S 00° 52 '55 "W 048°09' 34 "), 2 (S
00°52 '50" W 048° 09' 38) and 3 (S 00° 52 '41 "W 048° 09' 47") (Fig. 2).

FIGURE 2. Location of collection stations, Guajara-Mirim estuary, Para, Brazil.

48°11'W 48°10W 48°9'W 48°8'W

0°51'S

0°52'S

Legend

0°53'S

Brazil
Pard
Vigia

Colares

0°54'S

Collection stations

0°55'S

Son rographic products: Ministério do Meio
Ambiente (MMA)

0°56'S

The captured individuals were identified and stored according to the date and place of
collection, preserved on ice in a thermal box, and taken to the laboratory for biometric and
taxonomic analyses.

The shrimps were identified according to Cervigon et al. (1992) and Pérez-Farfante
and Kensley (1997). The ichthyofauna was identified according to the keys of Cervigon et al.,
1992; Figueiredo and Menezes, 1980; Carpenter, 2002; Espirito—Santo et al., 2005. The total

weights of pink shrimp and fish fauna were recorded, using a digital scale with the precision of
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0.01 g, to obtain the proportion of mass captured (kg) pink shrimp and accompanying
ichthyofauna.

The standard length (SL) (tip of the head to the end of the spine) and total weight were
recorded for species that occurred with a frequency greater than 10%, separately.

Taxon nomenclature was done according to the international standard using FishBase
(Froese and Pauly, 2019).

Statistical analyses

The frequency of occurrence of annual species, (p/P) * 100, where p = number of
individuals contained in the taxon and P = total number of individuals collected in the studied
period, was classified according to the scale of Tischer & Santos (2003), with very common,
>70%; frequent, between 69.99% and 30%; low frequency, 29.99% and 10%; and sporadic
<9.99%.

The relationships between length and weight (LWRS) were determined for the species
separately, according to the equation TW = a.SL®, where TW = total weight; SL = standard
length; and’a' and’b' = growth parameters (Weatherley; Gill, 1987).

The growth rate was assessed by the degree of allometry as isometric (b = 3), positive allometric
(b > 3), or negative allometric (b < 3) (Zar, 2009).

The correlation was determined using Pearson's correlation coefficient (r), assuming
that r > 0 indicates a direct relationship, r < 0 indicates an inverse correlation, and r = 0 indicates
no correlation.

The allometric condition factor (Ka) was calculated according to the equation Ka =
W/Lt". Ka was established to assess the condition of different species of fish under study. Ka is
defined as Wo/Wc, where Wo and Wc are the observed and calculated weights, respectively.
Conditions for growth are conducive when Ka > 1 and poor when Ka < 1 for organisms of
similar lengths (Le Cren, 1951).

Student's t-test (o = 0.05) was used to evaluate statistical differences between the
abundance and weight of ichthyofauna captured during rainy and dry periods using PAST
version 3.25 (Hammer, 2001).

Results
Catch composition and seasonal variation

A total of 28.48 kg was captured, with the ichthyofauna and target species contributing
29.70% and 70.30%, respectively, where for each 1 kg of shrimp, 0.42 kg of ichthyofauna was
captured (1:0.42). The 2013 sampling showed that less shrimp was captured, with 1.96 kg of
accompanying ichthyofauna for every 1 kg of F. subtilis. For other sample years, the
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proportions were as follows: 2012 (1:0.43 kg), 2014 (1:0.99 kg), 2015 (1:0.28 kg), 2016 (1:0.10
kg), and 2017 (1:0.45 kg); pink shrimp biomass in the trawls was higher compared to fish fauna
(Fig. 3).

FIGURE 3. Total annual weight (kg) of shrimp and ichthyofauna catches in artisanal trawling
in Guajara-Mirim estuary, Pard, Brazil.
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Seasonal variations in total weight of catch were observed, adding up the annual
catches, the total seasonal proportion of shrimp: accompanying fauna was estimated at 1:0.78
kg for the rainy season and 1:0.22 kg for the dry season. The oscillation between the weights
of the shrimp and ichthyofauna in the rainy season did not show any significant differences,
whereas during the dry period, the largest catches in biomass for pink shrimp were made. These
differences were significant (t = 2.2781 and p = 0.045935) (Fig. 4).
FIGURE 4. Annual variation of the total weight (kg) of pink shrimp and the accompanying

ichthyofauna in the rainy period (A) and dry period (B) in Guajara-Mirim estuary, Para, Brazil.
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During monitoring, 10,168 specimens of F. subtilis were captured, with no pink shrimp
occurring in March and May. The accompanying ichthyofauna was more frequent in the rainy
season (January, March, and May) representing 71.15% of the total samples from 2012 to 2017
(Tab. 1).

TABLE 1. Frequency of monthly, annual, and total capture of accompanying ichthyofauna

during artisanal trawling in Guajara-Mirim estuary, Para, Brazil.

Months 2012 2013 2014 2015 2016 2017 Total
January  26.49% 22.69% 35.95% 70.34% 13.23% 32.82% 35.99%
March 48.59% 17.60% 26.34% 6.59% 9.28% 37.03% 27.13%
May 1.26% 25.23% 4.74% 2.73% 18.10% 11.64% 8.03%
July 3.04% 2051% 1.89% 3.86% 18.79% 6.71% 6.12%
September 12.67% 7.62%  20.05% 10.34% 27.61% 4.45% 13.87%
November 7.96% 6.35% 11.03% 6.14% 12.99% 7.36% 8.86%

The total abundance of ichthyofauna in the rainy and dry seasons was 4,432 and 1,797,
respectively, with no significant seasonal difference (t = 1.2664 and p = 0.22993). In the rainy
seasons of 2013, 2014, and 2017, fish were more abundant than pink shrimp (Fig. 5).

FIGURE 5. Annual seasonal frequency of ichthyofauna and F. subtilis captured with artisanal
trawl in Guajara-Mirim estuary, Para, Brazil.
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Composition of ichthyofaunal

From 2012 to 2017, 6,229 animals, belonging to 12 orders, 26 families, 44 genera, and
63 species were captured. Of the species captured as bycatch, only two were considered
frequent: Stellifer microps (2012, 2013, and 2014) and Colomessus psitacus (2015 and 2017);
eight showed low frequency: Stellifer sp. (2012), Cetengraulis edentulus (2013 and 2014), C.
psitacus (2013, 2014, and 2016), Lycengraulis grossidens (2016), Cynoscion acoupa (2016),
Stellifer naso (2017), Stellifer stellifer (2017), and Pseudauchenipterus nodosus (2017). The
other species were classified as sporadic (percentage less than 9.99%) (Tab. 2).

TABLE 2. Annual frequency of accompanying ichthyofauna captured from january 2012 to
november 2017 in Guajara Mirim estuary, Pard, Brazil.

Family/Specie 2012 2013 2014 2015 2016 2017
ATHERINOPSIDAE

Membras dissimilis
(Carvalho, 1956)
BATRACHOIDIDAE
Batrachoides surinamensis
(Bloch and Schneider, 1801)
HEMIRAMPHIDAE
Hemiramphus brasiliensis
(Linnaeus, 1758)
BELONIDAE
Strongylura timucu
(Walbaum, 1792)

1.15% 0% 0% 0.56% 0% 0%

0.21% 0.36% 0.18% 0.67% 0% 0%

0% 0% 0% 0% 0.23% 0%

0% 0% 0% 0% 023% 0%

CHARACIDAE

Astyanax lacustris (Lutken, 1875) 0% 0% 0.05% 0% 0% 0%
Serrasalmus rhombeus (Linnaeus, 1766) 0% 0% 0.18% 0% 0% 0%
ENGRAULIDAE

Anchoa cubana (Poey, 1868) 0% 091% 0% 0% 0% 0%
Anchoa spinifer (Valenciennes, 1848) 0% 2.00% 0% 0% 0.93% 0%
Anchovia clupeoides (Swainson, 1839) 0.31% 0.36% 0% 0% 1.16% 0%
Anchovia surinamensis (Bleeker, 1866) 0% 0% 0% 022% (0% 0%
Anchoviella elongata (Meek and Hildebrand, 1923) 0% 0% 0% 0% 023% 0%
Anchoviella guianensis (Eigenmann, 1912) 0% 0% 0% 0% 1.39% 2.10%
Anchoviella lepidentostole (Fowler, 1911) 0.63% 0% 0% 0% 046% 0%
Cetengraulis edentulus (Cuvier, 1829) 7.85% 21.96% 13.06% 0% 3.48% 0.16%
Engraulis eurystole (Swain and Meek, 1884) 0% 0% 0% 0% 0% 0.57%
Lycengraulis batesii (Glinther, 1868) 0% 0.91% 0.09% 1.69% 0%  0.08%
Lycengraulis grossidens (Spix and Agassiz, 1829) 251% 1.81% 1.20% 3.37% 20.88% 2.67%
Pterengraulis atherinoides (Linnaeus, 1766) 0% 0.36% 0.78% 0% 0.23% 0.65%
CLUPEIDAE

Rhinosardinia amazdnica (Steindachner, 1879) 0.10% 0.18% 0.09% 0% 0% 0.16%
STERNOPYGIDAE

Eigenmannia virescens (Valenciennes, 1842) 0.10% 0.18% 0.09% 0% 0%  0.08%
RHAMPHICHTHYIDAE

Rhamphichthys rostratus (Linnaeus, 1766) 0% 0% 0.09% 0% 0% 0%
MUGILIDAE

Mugil curema Valenciennes, 1836 0% 0% 0%  4.94% 0%  0.40%

Mugil gaimardianus Desmarest, 1831 0.10% 0.18% 0.18% 1.12% 0% 0%
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Mugil hospes Jordan and Culver, 1895
POTAMOTRYGONIDAE
Potamotrygon orbignyi (Castelnau, 1855)
CARANGIDAE

Selene vomer (Linnaeus, 1758)
Oligoplites palometa (Cuvier,1832)

Oligoplites saurus (Bloch and Schneider, 1801)

GERREIDAE

Diapterus auratus Ranzani, 1842
GOBIIDAE

Gobionellus oceanicus (Pallas, 1770)
HAEMULIDAE

Genyatremus luteus (Bloch, 1790)
SCIAENIDAE

Bairdiella ronchus (Cuvier, 1830)

Cynoscion jamaicensis (Vaillant and Bocourt, 1883)

Cynoscion acoupa (Lacepéde, 1801)
Cynoscion microlepidotus (Cuvier, 1830)

Plagioscion squamosissimus (Heckel, 1840)

Stellifer naso (Jordan, 1889)

Stellifer brasiliensis (Schultz, 1945)
Stellifer microps (Steindachner, 1864)
Stellifer rastrifer (Jordan, 1889)
Stellifer sp.

Stellife stellifer (Bloch,1790)
ACHIRIDAE

Achirusachirus (Linnaeus, 1758)
Apionichthys dumerili Kaup, 1858
PARALICHTHYIDAE
Citharichthys spilopterus Giinther, 1862
ARIIDAE

Cathorops spixii (Agassiz, 1829)
Cathorops sp.

Sciades couma (Valenciennes, 1840)
Sciades passany (Valenciennes, 1840)
ASPREDINIDAE

Aspredo aspredo (Linnaeus, 1758)
Platystacus cotylephorus Bloch, 1794
AUCHENIPTERIDAE

Pseudauchenipterus nodosus (Bloch, 1794)

DORADIDAE
Lithodoras dorsalis (Valenciennes, 1840)
HYPOPHTHALMIDAE

Hypophthalmus edentatus Spix and Agassiz, 1829
Hypophthalmus marginatus (Valenciennes, 1840)

LORICARIIDAE

Hypostomus plecostomus (Linnaeus, 1758)
Dasyloricaria latiura (Eigenmann and Vance, 1912)

PIMELODIDAE
Pimelodus blochii Valenciennes, 1840
Cheirocerus goeldii (Steindachner, 1908)

Brachyplatystoma vaillantii (Valenciennes, 1840)
Brachyplatystoma filamentosum (Lichtenstein, 1819)

TETRAODONTIDAE

Sphoeroides testudineus (Linnaeus, 1758)
Colomesus Psittacus

(Bloch and Schneider, 1801)

0%

0%

0.10%
1.47%
0.10%

0%

0.10%

1.36%

0%
0%
3.46%
0%
0.94%
0.84%
0%

49.63%

1.78%

13.19%

0%

0%
0.10%

0.21%

0.42%
3.56%
0%
0%

0.21%
0%

0%

0%

0%
0.21%

0.21%
0%

0%
0%
0%
0%

0%
9.11%

0%

0.54%

0%
0%
1.81%

0%

0%

1.09%

0%
0,36%
6.35%
0.36%
1.09%
1.63%

0%

34.12%

3.27%
0%
0%

0.18%
0%

1.63%

0.18%

2.00%
0%
0%

0.18%
0%

0%

0%

0%
0.18%

1.09%
0.73%

1.09%
0%
0%
0%

0.18%

12.70%

0%

0%

0.14%
0%
2.30%

0%

0%

1.56%

0%
0%
6.16%
0%
0.97%
0.23%
0%

32.97%

1.10%
5.20%
0%

0.51%
0%

0.51%
0%
4.74%
0%
0%

0.09%
0%

0%

0.05%

0%
0%

0.32%
0%

0.23%
0%
0.09%
0%

0%

26.85%

1.12%

0%

0%
0%
5.73%

0%

0.45%

0.45%

0%
0%
4.61%
0%
0%
9.21%
1.01%
7.64%
6.74%
0%
0%

0.56%
0%

0.79%
0%
5.73%
0%
0%

0.22%
0%

0%

0%

0%
0%

0.22%
0.00%

0%
0%
0%
0%

0%

42.92%

0%

0%

0.93%
0%
1.62%

0.70%

0%

7.89%

1,16%
0%
12.30%
0%
0%
7.19%
3.48%
6.50%
6.03%
0%
5.57%

0.23%
0%

1.39%

0%
0%
1.39%
2.55%

0%
0%

0%

0%

0%
0%

0.23%
0%

0%
0.23%
0%
0%

0.46%
10.90%

0%

0%

0%
0%
0.32%

0%

0%

2.59%

2,02%
0%
0.57%
0%
0%
11.16%
2.59%
6.71%
0%
0%
10.43%

0.73%
0%

0.49%

0%
0%
0.40%
0.16%

0%
0.24%

18.43%

0.08%

0.65%
0%

0.65%
0%

0%
0.16%
0%
0.16%

0%
34.60%
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Eight families represented 96.78% of the species sampled from 2012 to 2017:
Sciaenidae (44.83%), Tetraodontidae (25.66%), Engraulidae (13.48%), Ariidae (3.65%),
Auchenipteridae (3.65%), Carangidae (2.32%), Haemulidae (1.97%), and Mugilidae (1.20%).
Other families contributed 3.22% of pink shrimp bycatch.

Length analysis of species with a frequency greater than 10%, from 2012 to 2017,
showed the presence of individuals in the juvenile phase, which is directly related to the low
selectivity of the equipment used (Tab. 3).

TABLE 3. Standard length and total weight of the most frequent species, in Guajarad-Mirim

estuary, Para, Brazil.

) Standard Length (cm) Total weight (g)
Species i i

Min. Max. MeantS.D Min. Max. MeantS.D
Cetengraulis edentulus 291 929 456+0.89 0.09 913 0.91+0.96
Colomessus psittacus 097 6.17 243+0.71 0.03 10.02 0.87£1.09
Cynoscion acoupa 184 798 3.83+199 0.02 7.65 097142
Lycengraulis grossidens 294 6.05 463091 0.02 156 0.7605
Pseudauchenipterus nodosus 1.5 12.67 4.29+1.61 0.05 2332 4.43+1.38
Stellifer microps 1.05 9.27 355+124 0.01 1536 1.17+1.62
Stellifer naso 238 948 520+1.84 0.2 1925 3.48+3.93
Stellifer sp. 3.14 394 362+042 051 109 0.85+0.30
Stellifer stellifer 311 892 530+1.40 046 11.87 2.56+2.40

Legend: Min = minimum; Max = maximum; MeanS.D = mean * standard deviation;

For two species, b < 3, suggesting negative allometric growth (growth in length is
greater than that of weight); however, for seven species, positive allometric growth was seen,
indicating that the species gained weight as they grew. Each species haD its own length-weight
relationship (LWR) and Pearson’s analysis showed a direct correlation r > 0.197 (o = 0.05), as
the weight and length variables undergo changes during the ontogenetic process.

For Colomesus psittacus, C. acoupa, and S. stellifer, the condition factor Ka > 1,
indicating good weight related to length (Tab. 4).
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TABLE 4. Length-weight relationship (LWR) parameters and allometric condition factor for

the most frequent species of fish in Guajara-Mirim estuary, Pard, Brazil.

(LWR) parameter Cond. Factor

Species a b R? Alometry Ka

Cetengraulis edentulus 0.0026 3.7209 0.87 (+) 0.49+0.14
Colomessus psittacus 0.0472 2.9291 0.84 ) 1.1+ 0.11
Cynoscion acoupa 0.0069 3.3409 0.85 (+) 1.1+ 0.53
Lycengraulis grossidens 0.0002 5.3403 0.87 (+) 0.33£0.27
Pseudauchenipterus nodosus 0.0368 2.5352 0.95 ) 0.48+£0.13
Stellifer microps 0.0146 3.1369 0.87 (+) 0.43+0.1
Stellifer naso 0.0093 3.342 0.89 (+) 0.46x 0.11
Stellifer sp. 0.0107 3.3794 0.99 (+) 0.41+ 0.09
Stellifer stellifer 0.0129 3.0327 0.91 (+) 2.18+1.41

Legend: a = line intersection; b = Angle of inclination of the line and allometry coefficient;
(R?) coefficient of determination of the length-weight relationship; (-) = Negative allometry;

(+) = Positive allometry; K, = allometric condition factor.

Discussion

Artisanal fisheries have lower disposal rates than industrial fisheries. Fish are among
the most representative organisms in the bycatch of shrimp trawling and are generally ignored
when compared to industrial fisheries (Kelleher, 2005; Silvano and Begossi, 2012; Zeller et al.,
2018).

In Brazil, according to Cattani et al. (2011), fishing for the seabob-shrimp showed that
the average proportion of weight between shrimp and fish was 1:0.57, representing 53.20% and
30.20% of the total, respectively, whereas Silva-Junior et al. (2019) showed that the average
proportion of weight between shrimp and accompanying fauna was 1:0.39, with 72% shrimp
and 28% fish.

The accompanying ichthyofauna can vary considerably, depending on the equipment
and the intensity of fishing, as accompanying species are mainly found in juvenile and/or small-
sized stages (Clucas, 1998; Catchpole et al., 2011; Carvalho et al., 2019b).

Branco et al. (2015) and Bomfim et al. (2019) reported that small-scale fishing is a
traditional activity with shrimp as the main target. The accidental capture of accompanying
species can predominantly affect immature individuals, suggesting that fishing is unsustainable.

According to Silva-Janior et al. (2015), members of Sciaenidae mostly dominate
accompanying fauna and S. microps is one of the most common species captured. This

accidental capture can cause fluctuations in the recruitment process, and the increase in the
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capture of immature harms the reproductive process of the species, thereby reducing the adult
stock.

Artisanal shrimp fishing in the Amazonian estuary stands out in relation to the amount
of fish caught and discarded. This recruitment focuses on species that use the Amazonian
estuary as a breeding area, nursery, and food source, impacting the population of the species of
economic and ecological interest (Barros et al., 2011; Silva et al., 2016; Zacardi et al., 2016).

According to Barros et al. (2011), the ichthyofauna of the Sdo Caetano de Odivelas
and Vigia estuary (Par&-Brazil) include four abundant species which correspond to 65% of the
total number of captured individuals: C. edentulus (Cuvier, 1829), Mugil gaimardianus
(Desmarest, 1831), Macrodon ancylodon (Bloch & Schneider, 1801), and C. psittacus (Bloch
& Schneider, 1801).

Mouréo et al. (2014) captured 41,516 specimens in an Amazonian estuary, the most
diverse of which corresponded to ichthyofauna belonging to Sciaenidae (10.9% of the
registered species), Loricariidae (10.9%), Engraulidae (8.7%), and Cichlidae (6.5%); moreover,
S. microps (35.4%), Plagioscion squamosissimus (12%), and S. naso (9.7%) were the most
common species.

Analyzing the diversity of the ichthyofauna in the interior of an Amazonian estuary,
Mourdo et al. (2015) reported that Anchoa spinifer, Lycengraulis batesii, Pellona flavipinnis
and P. squamosissimus, were considered constant.

Among the species that occurs most frequently in the Guajara-Mirim estuary, the
sardine C. edentulus is one of the most abundant fish species in northern Brazil. It is used as
bait for other species, in addition to being a source of food and income for local communities.
Thus, it is important at the trophic level of many neotropical ecosystems along the Atlantic
coast (Espirito—Santo et al., 2005; Krumme et al., 2008; Giarrizzo, 2009; Giarrizzo et al., 2011).

Among the organisms captured incidentally, Colomessus psittacus (Bloch and
Schneider, 1801), commonly known as puffer fish, is commonly found in tropical regions. In
Brazil, it is found in most Amazonian estuaries (Bell et al., 1984; Andrade-Tubino et al., 2008;
Camargo; Maia, 2008).

C. acoupa, known as yellow hake, is a demersal species, belonging to Sciaenidae, with
abundant juveniles in estuaries. C. acoupa is one of the main resources explored on the north
coast of Brazil and represents 19% of landings in the state of Para, being captured throughout
the year, mainly between May and August (Barletta-Bergan et al., 2002; Matos and Lucena,
2006; Mourao et al., 2009).
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The sardine L. grossidens is widely distributed in the Atlantic Ocean, from Belize to
Argentina, and in the Amazon region it is used as bait in catfish fishing (Whitehead et al., 1988;
Espirito—Santo et al., 2005).

Fish belonging to Pseudauchenipterus (Bleeker, 1862) are distributed in the estuaries
that stretch from the Gulf of Paria in Venezuela to the state of Bahia in Brazil. However, P.
nodosus is in little demand for its relatively small size in the Amazon (Espirito—Santo et al.,
2005).

Stellifer (Oken, 1817), belonging to Sciaenidae, is usually found in tropical and
subtropical estuaries in the West Atlantic (Barletta et al., 2005; 2008). S. stellifer, Stellifer
rastrifer, Stellifer brasiliensis, and Stellifer sp. are found along the entire Brazilian coastline,
whereas S. naso and S. microps are restricted to the north and northeast of Brazil (Menezes et
al., 2003).

Stellifer species are frequent and abundant in trawling fisheries that catch shrimp;
however, they are generally not consumed in the Amazon and can be used as bait (Menezes;
Figueiredo, 1980; Espirito—Santo et al., 2005).

Fonseca and Souza (2006) observed that among fish caught as companion fauna in
artisanal shrimp fisheries in the Bragantino estuary, species classified as abundant (Cathorops
spixii, S. naso, S. rastrifer, C. psittacus, and S. stellifer), although juvenile, showed isometric
growth.,

Ferraz and Giarrizzo (2015) observed minimum and maximum total length values for
the following species: C. edentulus (3.8 and 12.1 cm), C. psittacus (1.5 and 27.5 cm), C. acoupa
(4.1 and 25.2 cm), L. grossidens (1.0 and 13.2 cm), P. nodosus (2.7 and 7.2 cm), S. naso (4.4
and 15.9), and S. stellifer (1.6 and 11.2 cm), similar to that found in the Guajara-Mirim estuary.
These results may be associated with ichthyofauna typical of tropical estuarine habitats in the
Amazon region, with a high number of young people living in environments with high food
availability.

Fish growth is influenced by factors such as reproductive cycle, food availability, and
environmental and habitat conditions. Thus, the condition factor (Ka), can be used to obtain
information on differences in food availability and the consequences in the life cycle of fish
species; high Ka values may be related to increased food consumption, which in turn is related
to increased food availability or activity (Le Cren, 1951; Morato et al., 2001; De Giosa et al.,
2014).

The parameters of length-weight relationship (LWR) for the species in the Guajaréa-
Mirim estuary, only average annual values were considered, as the data were collected over an

extended period of time and are not representative of a specific season. Morerover, the fish
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caught were not sexually identified (Mouine et al., 2007; Pardoe et al., 2008), and all individuals
were considered immature juveniles.

In the Amazonian estuary, artisanal capture of crustaceans (Penaeidae) is common;
however, studies on fauna accompanying shrimp have focused on bioecology and taxonomic
characterization. Data on the proportions of accompanying ichthyofauna and shrimp biomass
during artisanal pink shrimp trawling in the Amazon region are unavailable; therefore, our study
is the first estimate of fish fauna.

During artisanal trawling for pink shrimp in the Guajara-Mirim estuary, accompanying
ichthyofauna with short length and low weight are discarded, as seen for commercially viable
species, such as hake and sardine, which have not reached the first maturation size.

Based on the type of growth observed for the main species captured in this study, they
demonstrate the importance of the estuary as a growth area, and the information obtained is
important for future management plans and management of artisanal trawling of the pink
shrimp, reducing the capture of ichthyofauna and contributing to the conservation of species in

the Guajara-Mirim estuary.
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CONSIDERACOES FINAIS

A atividade de pesca utilizada atualmente no estuario de Guajara-Mirim para a captura
do camardo rosa, pode apresentar a longo prazo um risco a biodiversidade, visto que a espécie
alvo é capturada com comprimento e pesos pequenos assim como a assembléia de peixes
descartadas pelo arrasto artesanal.

A sazonalidade da regido estuarina amazonica indica que a pesca de arrasto de camarao
rosa apresenta padrdes ecoldgicos e produtivos, ou seja, o periodo chuvoso (janeiro a junho) ha
maior incidéncia da fauna acompanhante, ressaltando que o periodo de margo a maio ocorre
baixa captura da espécie alvo.

Sugere-se que haja uma diminui¢do nas capturas de camardo rosa por meio de arrasto
artesanal no periodo de marco a maio, a fim de reduzir os impactos do arrasto sobre a fauna de
M. amazonicum, devido a maior incidéncia que ocorre na época das chuvas, além das fémeas
capturadas no periodo reprodutivo e para reduzir o descarte da ictiofauna, como medida de
manejo a fim de contribuir para a conservacao das espécies no ambiente estuarino de Guajara-
Mirim.

Para manutencdo desta atividade pesqueira no estuario devem ser consideradas as
comunidades locais, dependentes da pesca camaroeira, neste sentido faz-se nescessario a
adocdo de politicas publicas através do acompanhamento socioecondmico e do monitoramento

da pesca artesanal em area estuarina amazonica.



