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RESUMO

O camardo-rosa, Farfantepenaeus paulensis, no estudrio da Lagoa dos Patos é
uma importante fonte de renda para as comunidades artesanais locais. Sua pescaria €
regulamentada pela normativa que estabelece entre outras coisas o periodo de pesca, 0
tamanho de captura, e a proibi¢do do uso de redes de arrasto. Contudo, os pescadores
demandam a alteracdo de um calendario de pesca fixo para um flutuante, com abertura
no momento em que o camardo alcance o tamanho minimo de captura, e, ainda, a
liberacdo do uso de redes de arrasto de portas. O calendario de pesca e o tamanho
minimo de captura foram baseados no ciclo de vida da espécie, para minimizar a
captura dos camarfes em desenvolvimento. J& a proibicdo da pesca de arrasto esta
baseada na baixa seletividade desta arte de pesca. O presente estudo apresenta
informacdes para elucidar o efeito real da pesca de arrasto de portas no estuario, e
fornecer subsidio de discussdes entre gestores e pescadores. Analisou-se a estrutura de
tamanho do camardo-rosa capturado com redes de arrasto, com foco sobre as
proporcoes de camarbes menores que o tamanho de captura definidos pela legislagdo
(90 mm — comprimento total). N&o foi observado conformindade entre os tamanhos de
captura obtidos através da rede de arrasto com o tamanho minimo exigido por lei. O
més, a regido, e a profundidade de pesca exerceram influéncia sobre a variabilidade das
proporcOes de camardo menores do que o permitido. Portanto, recomenda-se que a
legislacdo atual continue em vigor. No entanto, se houver a aprovagdo em relacdo ao
calendario de pesca flutuante, deverdo ser analisados os comprimentos do camardo em
varias regides do estuario devido a variabilidade de acordo com a regido. Foi descrita e
quantificada numericamente a assembleia de espécies capturadas incidentalmente

através da pesca de arrasto de camarao e suas relagcbes com as condi¢des ambientais. A



captura incidental foi composta por 61 espécies de peixes, crustaceos e moluscos.
Micropogonias furnieri, Callinectes sapidus e Genidens barbus dominaram a captura.
Um maior nimero de espécies foi capturada durante o ano de seca, que favorece a
entrada de espécies marinhas. Ja durante o ano em que a salinidade estava menor houve
uma maior dominancia de Micropogonias furnieri e Callinectes sapidus. Ainda, para
verificada a variabilidade na taxa de captura incidental média, sendo em média de 86%
(6:1). A captura incidental em taxa ndo apresentou 0 mesmo padréo de variacdo que a
captura incidental em peso. Durante épocas em que a taxa foi mais baixa a remocao em
peso de captura incidental foi similar as epocas em que a taxa de captura incidenta foi
alta. 1sso evidencia que o uso de taxa de capturas incidental isoladamente néo indica o
impacto real causado pela pesca de arrasto. Ainda, através do uso do sidescan, puderam
ser observadas marcas no substrato do estudrio deixado pelos barcos de arrasto de
portas, e pela digitalizacdo das marcas observadas foi possivel criar mapas de densidade
de pesca de arrasto. Os dados apresentados esclarecem o impacto o causado pela rede de

arrasto de portas no estuario da Lagoa dos Patos.

PALAVRAS-CHAVE: pescaria artesanal, tamanho minimo de captura; bycatch, arrasto
de camardes, sidescan; Férum Lagoa dos Patos, estuarios.



ABSTRACT

The pink shrimp, Farfantepenaeus paulensis, is one of the main sources of
income for the artisanal fishermen in Patos Lagoon estuary. This fishery is regulated by
a normative instruction that establishes the minimum catch size, the closed season and
prohibits the use of active fishing gears, such as trawling. However, fishermen demand
a flexible fishery season that takes into account the interannual variation of the
environmental parameters and the minimum legal size for catch. Additionally, they
require the authorization to use active trawl nets. The present investigation presents
novel information concerning the effects of artisanal trawling for pink shrimp
(Farfantepenaeus paulensis) in Patos Lagoon estuary, providing support for the
sustainable management of this resource. The temporal variation in size structure was
related to the growth pattern, recruitment period and salinity. On the other hand, the
spatial distribution of shrimps was related to the settling pattern and shrimp movements
inside estuary. The trawling for shrimp did not achieve the legislation requirements for
minimum catch size, either from spatial or temporal perspective. One may conclude that
trawling for shrimp in the Patos Lagoon estuary is responsible for catching a large
amount of small juveniles under the minimum catch size. Regarding the incidental
catch, a total of 61 species of fishes and crustaceans were caught and the most abundant
were the whitemouth croacker (Micropogonias furnieri), the blue crab (Callinectes
sapidus) and the marine sea cat (Genidens barbus). All of these species were captured
under the length at first maturity, indicating that this fishery may cause growth
overfishing of some incidentally caught species. On a temporal basis, the incidental
catch varied its composition and abundance in number. Higher richness values were

recorded during periods whith the influence of El Nifio, while a reduced richness has



been estimated for periods under elevated salinity inside the estuarine area. The mean
discard rate estimated for this fishery was 86% (6 kg of incidental catch: 1 kg of target
species). The discard rate and the discard abundance have also varied interannually.
However, even for the periods when the discard rates were different, the amount of
fishes discarded in weight was very similar. It does confirm that the use of discard rates
to assess the fishery impacts is useless; since the discard rate does not reflect the real
amount of incidental catch. Additionally, the physical impact of trawling could be
detected on estuarine fishing grounds by using a sidescan sonar. The physical impact of
trawlers on the estuarine bottom has been shown for the first time in the Patos Lagoon
estuary. By digitalizing and processing the sonar images, we were able to create density

maps for the fishing effort originated from trawlers.

KEY WORDS: artisanal fisheries, minimum size of capture; bycatch, shrimp trawling,
sidescan; Patos Laggon Forum, estuaries
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1 INTRODUCAO

Os crustaceos representam um importante recurso pesqueiro no cenario mundial,
evidenciado pelo aumento de sua contribuicdo no total de pescado produzido, passando
de 4% da producdo total na década de 50 para 7% no inicio dos anos 2000 (Csirke,
2005). Em 2012 foram produzidos 3,4 milhdes de toneladas de camardo, representando
0 15% do valor financeiro do pescado comercializado no mundo (FAO, 2014),
permanecendo entre 0s recursos pesqueiros mais valiosos. No Brasil, entre as espécies
mais capturadas esta o camardo-rosa (Farfantepenaeus paulensis), representando 18%

da producéo do total de crustaceos marinhos (MPA, 2011).

O camardo-rosa (Farfantepenaeus paulensis) (Perez-Farfante, 1967) ocorre no
Atlantico Ocidental entre a Bahia (Brasil) e a Argentina, desde de aguas rasas até 150
metros, preferencialmente entre 40 e 80 metros, de profundidades (D’Incao, 1995). Seu
ciclo de vida segue o padrdo descrito para outros peneideos, que utilizam o estuario
como bercario durante seu crescimento. A reproducdo ocorre no oceano resultando em
ovos demersais dos quais eclodem larvas planctdnicas em fase de nauplius. Quando
atingem o estagio de pos-larva penetram nos estuarios, adquirem estagio bentdnico e
permanecem alguns meses em fase de crescimento, onde se desenvolvem em juvenis e
pré-adultos, migrando posteriormente para o oceano onde reiniciam o ciclo de vida

(Iwai, 1978).

A pesca industrial ocorre sobre o estoque adulto, principalmente em frente as
costas entre Santa Catarina e Espirito Santo. Ja a pesca artesanal se desenvolve

principalmente no estoque de juvenis e sub-adultos dentro de estuarios e baias dos
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litorais brasileiros e uruguaios (Almeida ¢ D’Incao, 1999; D’Incao et al., 2002; Lopes,

2012; Valentini et al., 1991).

Umas das regides mais importantes para a pesca do camardo-rosa € o estuario da
Lagoa dos Patos, Regido Sul do Brasil, responsavel por 10,7 % da captura no pais em
2011, com captura média de 1112,9 toneladas (MPA, 2011). Esta espécie tornou-se o
principal recurso das comunidades pesqueira artesanais da Lagoa dos Patos na medida
em que outras pescarias foram colapsadas e 0 camardo manteve-se cOmo um recurso

economicamente vidvel (D’Incao e Reis, 2002; Reis e D’Incao, 2000).

Atribui-se que parte da atual crise pesqueira seja devido ao manejo centralizado
da pesca, em que sdo tomadas medidas isoladas. Contudo, outros fatores além sobre-
explotacdo dos recursos também podem ser associados a crise na pesca artesanal da
regido como perda da biodiversidade, pobreza e perda da identidade cultural das

comunidades de pesca (Haimovici et al., 2006; Kalikoski et al., 2006).

Neste contexto, o foco do manejo pesqueiro vem mudando através dos anos,
deixando de se preocupar apenas com estogues unitarios da espécie alvo para levar em
consideracdo os efeitos e interacbes da pescaria com 0 ecossistema no qual a espécie
estd inserida, levando ainda em consideragdo aspectos sociais e relacbes com outras
atividades marinhas e costeiras (Bellido et al., 2011). Esta abordagem integrada de
manejo recebe o nome de “Ecosystem Approach to Fisheries” (EAF). De acordo com a
qual é importante o reconhecimento das diferentes escalas temporais e espaciais dos
ecossistemas e o equilibrio entre preservacao e uso sustentavel da biodiversidade. Entre
0s mais importantes elementos do EAF esta manter as taxas de mortalidade baixas o
suficiente para prevenir a sobrepesca, reduzindo ou eliminando as capturas incidentais e

evitando os métodos de pesca que destroem habitats em todo o ecossistema (Hilborn,
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2011). Assim como a incorporacdo do conhecimento tradicional dos pescadores na
tomada de decisdes e no desenvolvimento de ac¢Oes alternativas de manejo (Kalikoski et

al., 2006; Medeiros et al., 2013).

Para discutir e desenvolver acdes alternativas para reducdo da crise no setor
pesqueiro artesanal, assim como, recuperar pescarias importantes e compartilhar
decisOes para resolver alguns dos problemas inerentes da atividade foi criado, na década
de 90, o Forum da Lagoa dos Patos. O Férum funciona como 6rgdo colegiado, de
funcdo cooperativa com o setor pesqueiro no ambito politico, econémico e juridico,
composto por entidades e representantes da sociedade civil organizada e poderes
publicos dos municipios do entorno do estuario da Lagoa dos Patos (D’Incao e Reis,
2002; Kalikoski et al., 2002). Dentro deste cenario, uma das principais demandas feitas
pelos pescadores no Forum, estd relacionada a atual regulamentacdo da pescaria de

arrasto objetivando o camardo-rosa dentro do estuario da Lagoa dos Patos.

O funcionamento da pesca no estudrio da Lagoa dos Patos é regulado pela
normativa conjunta n° 3, MMA/SEAP 2004. Entre outras coisas ela estabelece o periodo
de pesca, entre fevereiro e maio, o tamanho de minimo de captura de 90 mm de
comprimento total — CT (toleréncia de 20% da captura), permitindo apenas artes de

pesca passivas (saquinho e saco) (MMA/SEAP, 2004).

Muitos pescadores desafiam a lei em busca de melhores rendimentos através da
pesca de arrasto de portas. Essa arte de pesca, também conhecida localmente como
“prancha”, ¢ muito comum, apesar de ilegal, e possui a maior abrangéncia espacial
sobre o estuario. E praticada ao longo de toda a regido, preferencialmente, sobre fundos
moles e em profundidades que variam de 1,5 a 14 m (Benedet et al., 2010). De acordo

com o censo pesqueiro publicado por Kalikoski e Vasconcellos (2012), 170 pescadores
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declararam usar redes de arrasto para capturar camardo. Contudo, os autores acreditam
que seja provavel que esses nimeros sejam subestimacBes da verdadeira magnitude
dessa pescaria, e que, de acordo com as caracteristicas dos barcos, 0 nimero de barcos
capazes de fazer arrasto seja da ordem de 376. Os pescadores demandam a liberagédo
dessa arte de pesca por acreditarem que ela causa menos impacto gque a pesca de
camardo com redes de saquinho; eles alegam ainda que a pesca de arrasto captura
camarbGes maiores e com menor captura incidental (Kalikoski e Vasconcellos, 2012;

Kalikoski et al., 2006).

O calendario de pesca e o tamanho minimo de captura definidos pela normativa
foram baseados no ciclo de vida da espécie. A principal época de entrada de pos larvas
para o estuario da Lagoa dos Patos ocorre durante os periodos de primavera e verao.
Uma vez assentadas, o desenvolvimento das pds-larvas em pré-adultos leva de quatro a
cinco meses, quando atingem tamanho de cerca 70 a 80 mm de comprimento total (CT)
(D’Incao, 1991, 1984). A partir destes tamanhos os camardes iniciam seu processo de
migracdo ao estoque adulto, quando deixam o estuario em direcdo a0 mar para
desenvolvimento das gonédas e reproducdo (D’Incao, 1991). Essa migracdo ocorre
principalmente entre os meses de fevereiro a maio (D’Incao, 1983). Assim, o calendario
de pesca foi definido para permitir que pelo menos uma parte dos juvenis escapem do

estuario e completem seu ciclo de vida recrutando ao estoque adulto (D’Incao, 1984).

Contudo, os pescadores demandam um calendario de pesca flutuante, adaptado
as variagOes interanuais no periodo de recrutamento. Suas argumentagdes sdo baseadas
no conhecimento de que variagcfes nas condigdes hidroldgicas, particularmente
salinidade, afetam a entrada das poés-larvas e a produtividade do camardo-rosa no

estuario. Segundo os pescadores, uma boa safra ocorre quando a agua no estuario se
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mantém salgada entre outubro e dezembro, e quanto mais cedo a agua salga mais cedo
sera a safra (Kalikoski et al., 2006). O transporte das pos-larvas para o interior do
estuario ocorre pela penetracdo da cunha salina. Assim, a frequéncia e a intensidade da
penetracdo desta, regulam o recrutamento do recurso (Castello € Méller, 1978; D’Incao,
1984; Moller et al., 2009; Pereira ¢ D’Incao, 2012). Os pescadores também acreditam
que por atuar principalmente em zonas de canal, a pesca de arrasto de portas, captura

em media camardes maiores durante a sua migracdo para o mar (Kalikoski et al., 2006).

Contudo, ja foi observadas a presenca de diferentes classes de tamanho do
camarao-rosa coexistindo no estuario da Lagoa dos Patos (D’Incao, 1984; Noleto-Filho,
2014; Ruas et al., 2011). Temporalmente, foram identificados dois picos de individuos
pequenos, um no inicio de fevereiro e outro final de marco, evidenciando a penetracao
de pds-larvas em diferentes periodos ao longo da safra (Ruas et al., 2011). Almeida e
D’Incao (1999) observaram que amostras de camardes adquiridas com pescadores
locais possuiam percentuais altos de camarfes menores que 90 mm (CT), tanto durante
0 més que antecede a safra, quanto durante a safra. Ainda, foi constatado que os juvenis,
ao longo de seu crescimento, também néo se distribuem homogeneamente na Lagoa dos
Patos, apresentando predominancia de classes maiores nas regides do Saco da
Mangueira, mais proximo a desembocadura, e menores na regido da Torotama, mais a

montante (Noleto-Filho, 2014).

Ja a proibigdo do uso de artes ativas, como a rede de arrasto de portas, é baseada
na baixa seletividade destas artes de pesca e no elevado distarbio fisico que causam nos
ecossistemas marinhos. Um dos aspectos mais graves e controversos da pesca de arrasto
¢ a captura de espécies ndo-alvo, comumente denominada como captura incidental, ou,

bycatch, sendo um dos temas mais importantes no manejo pesqueiro, do ponto vista
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econémico e ambiental (Alverson et al., 1994; Alverson e Hughes, 1996; Catchpole et
al., 2011; Kelleher, 2005). A implementacdo do enfoque ecossistémico da pesca deve
considerar a captura incidental devido ao seu efeito direto no balanco e equilibrio do
ecossistema (Bellido et al., 2011). A captura incidental pode afetar a biodiversidade de
um ecossistema através da remocdo de individuos de muitas espécies de juvenis de
peixes e invertebrados bentonicos, pela eliminacdo de presas, ou por impactar
predadores de topo (Hall et al., 2000). E também considerada como um problema de
desperdicio, em que milhGes de toneladas de proteina sdo despejados no oceano (Hall e
Mainprize, 2005).

(Alverson et al., 1994; Alverson e Hughes, 1996; Davies et al., 2009; Kelleher, 2005).
No Brasil, esses valores variam amplamente de 25,7% até 99,2% (Branco e Fracasso,
2004; Branco e Verani, 2006; Cattani et al., 2011; Dumont e D’Incao, 2011; Haimovici
e Mendonca, 1996; Keunecke et al.,, 2007). Na regido costeira adjacente a
desembocadura da Lagoa dos Patos, a captura incidental da pesca de arrasto artesanal
do camardo ferrinho (Artemesia longinaris) foi de 86,1 % da captura total, sendo
composta por 55 espécies, muitas das quais eram juvenis de valor comercial (Dumont e

D’Incao, 2011).

Também podem ocorrer variabilidade na composicdo das capturas incidentais,
relacionadas, entre outros fatores, com as codinges ambientais (Catchpole et al., 2011,
Dumont e D’Incao, 2011). Costuma-se supor que os fatores abioticos, como a salinidade
e a temperatura, podem definir a estrutura da comunidade e seus padrdes de distribuigéo
nos estuarios (Day et al., 1989; Martino e Able, 2003). De maneira que, estudos
ecoldgicos realizados durante distintas condi¢fes ambientais, mostraram que espécies

estuarinas formam o grupo dominante em ambos 0s eventos, enquanto que as espécies

Reconh
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marinhas e de agua doce ocorrem em baixa abundancia e com pouca frequéncia (Garcia
et al., 2003a, 2003b, 2001). No entanto, as espécies marinhas sdo mais abundantes nos
anos de La Nifia, época de seca, enquanto espécies de dgua doce foram mais abundantes

durante o El Nifio, época de alta pluviosidade (Garcia et al., 2001).

Flutuacbes nas capturas do camardo e/ou nas espécies ndo-alvo, deverdo
influenciar os valores da proporcao de captura incidental. Isso porque a taxa de captura
incidental depende da combinacdo entre a abundancia da espécie-alvo e da fauna
acompanhante, sendo normalmente expressa como propor¢do, ou razdo, entre essas duas
varidveis. Ainda, variacbes nos valores da taxa de captura incidental podem ser
influenciados por diferentes condi¢cdes ambientais. Os valores mais elevados foram
encontrados principalmente durante a estacdo chuvosa; inversamente, as taxas menores
sdo encontrados durante os periodos secos (Dumont ¢ D’Incao, 2011). Da mesma
forma, a abundéncia do camardo-rosa, assim como seu crescimento, dependem das
variacGes de salinidade, ja que a entrada das p0Os-larvas esta relacionada com a intrusao

de agua salgada no estuério (Méller et al., 2009; Pereira e D’Incao, 2012).

A pesca de arrasto ainda impacta fisicamente o ambiente. O contato de partes da
arte de pesca (portas, tralha, saco) com o substrato, forma cicatrizes, ou marcas
(Friedlander et al., 1999; Jones, 1992; Lucchetti et al., 2012; Smith et al., 2007). Essas
perturbagdes fisicas no substrato causam problemas secundarios, dentre os quais se
destacam a ressuspensdo dos sedimentos, que pode alterar processos quimicos na
interface sedimento-agua (Dellapenna et al., 2006; Warnken, 2003) e a possivel
diminuicdo da diversidade do ecossistema, pela remogdo ou dispersdao de organismos
bentdnicos (Collie et al.,, 2000; FAO, 2005). Também, ocorre a diminuicdo da

complexidade do habitat, através da destruicdo de estruturas biogénicas como tocas e
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tubos (Prena et al., 1999). Dessa forma, os arrastos de fundo tem efeitos no fundo que
sdo comparaveis a derrubada de florestas em ambiente terrestre (Watling e Norse,
1998). A falta de visualizacdo dos efeitos causados pela rede de arrasto de fundo
dificulta a conscientizacdo dos seus impactos no ambiente (Watling e Norse, 1998).
Fotos sdo costumeiramente utilizadas para demostrar a quantidade de captura incidental
que esta arte de pesca captura, mas visualizar os efeitos fisicos no fundo demandam

mais esforco.

O sonar de varredura lateral, sidescan, é uma ferramenta geofisica utilizada para
criar imagens do fundo marinho que se assemelham a uma fotografia derea. O
equipamento emite sinais acustico de frequéncias altas (de 100 kHz a 1200 kHz), que se
propagam na agua até atingirem o fundo marinho e retornam imediatamente apds a
emissdo, o que viabiliza a identificacdo ndo s6 da topografia da superficie, mas também
das principais feicdes geoldgicas estruturais e dos tipos de fundos, permitindo ainda a
analise da sua distribuicdo em éarea (Souza, 2006). Imagens geradas a partir deste
equipamento ja permitiram a visualizacdo de marcas no sedimento de forma paralela e
equidistante, o que indubitavelmente reflete a acdo de barcos de arrasto (Dellapenna et
al., 2006; Demestre et al., 2015; Franceschini et al., 2002; Pasqualini et al., 2000; Smith,

2000; Smith et al., 2007).

As informac0es cientificas evidenciam o alto impacto causado pela pesca de
arrasto. Contudo, contrapondo este conhecimento, os pescadores locais continuam
demandando exaustivamente a liberacdo desta pescaria para o estuario da Lagoa dos
Patos. Portanto, € necessaria uma avaliacdo direcionada ao impacto da pesca do

camarao-rosa com redes de arrasto de portas dentro do estuario, para elucidar o efeito
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real dessa pescaria e fornecer subsidio cientifico para discussd@o no Forum da Lagoa dos

Patos.

Assim, diante da necessidade de se conhecer o impacto e a atuacédo da frota de
arrasto artesanal que atua na Lagoa dos Patos, o Nucleo de Educacdo e Monitoramento
Ambiental (NEMA) deu inicio ao Projeto “Caracterizagdo, monitoramento e
qualificacdo das pescarias de arrasto do litoral do Rio Grande do Sul”, com
financiamento pelo Ministério da Pesca (MPA), que permitiu a coleta de parte das
informagdes que subsidiaram esta tese. Neste mesmo contexto, o Laboratério de
Crustaceos Decépodes da Universidade Federal do Rio Grande criou um grupo de
pesquisa voltado para o conhecimento e mitigagdo da captura incidental da pesca de

camaroes.

De acordo com as informagfes previamente expostas, esta tese apresenta as

seguintes hipoteses:

- A estrutura de tamanhos dos camar@es capturados através da pesca de arrasto
de portas no estuario da Lagoa dos Patos apresenta variabilidade temporal, que esta
relacionada com a salinizacdo do estuario e padrbes de crescimento da espécie, e
espacial, que esta relacionada com padrdes de assentamento e deslocamento no interior

do estuério. Esta hipotese sera tratada em detalhes no anexo 1 desta tese.

-A composicdo especifica e abundancia das espécies que compde a captura
incidental da pesca de arrasto de portas de Farfantepenaeus paulensis no estuario da
Lagoa dos Patos varia temporalmente, em relagdo as condi¢cdes ambientais,

principalmente salinidade. Esté hipotese sera tratada em detalhes no anexo 2 desta tese.
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- A abundéancia do camardo-rosa, da captura incidental e, por consequéncia, a
taxa da captura incidental devem variar temporalmente em funcdo das condigdes
ambientais, principalmente a salinidade. Esta hipotese sera tratada em detalhes no anexo

3 desta tese.

- Os impactos fisicos deixado pela rede de arrasto de portas no leito do estuario
podem ser visualizados através do sonar de varredura lateral e quantificados

espacialmente. Esta hipdtese sera tratada em detalhes no anexo 4 desta tese.

1.1 Objetivos
Este trabalho visa trazer informaces cientificas sobre os impactos do arrasto de portas
artesanal direcionado ao camardo-rosa (Farfantepenaeus paulensis) no estuario da

Lagoa dos Patos, a partir dos seguintes objetivos especificos:

e Analisar a estrutura de tamanho do camardo, com enfoque no
percentual de camarBes menores que o permitido pela legislacéo,
considerando aspectos como a variagdo temporal e espacial da
estrutura de tamanhos.

e Analisar quali- e quantitativamente a variabilidade interanual da
assembleia de espécies capturadas incidentalmente na pesca de
arrasto, considerando a influéncia de fatores ambientais

e Quantificar captura do camardo-rosa e a variagdo temporal em sua
abundéncia, considerando a influéncia de fatores ambientais.

e Quantificar a captura incidental total e sua variagdo temporal no
estuario da Lagoa dos Patos, considerando a influéncia de fatores

ambientais.
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e Analisar o efeito da pesca nos juvenis de peixes e crustaceos
através da analise da estrutura de comprimentos da captura incidental.
e Demonstrar através de um sonar de varredura lateral o impacto
fisico da pesca de arrasto de portas assim como quantificar as marcas

espacialmente.



21

2 MATERIAL E METODOS

2.1  Ambiente de estudo

O estudo foi realizado no estuario da Lagoa dos Patos, entre a area que
compreende a boca do estuario, localizado na barra de Rio Grande (32°09” S 52°05” O),
até o estuario superior, nas proximidades da cidade de Pelotas (31°43° S 52°08* O). O
estuario da Lagoa dos Patos apresenta a morfologia tipica de uma lagoa costeira
estrangulada (Kjerfve, 1986), reforcada pela construcdo dos molhes. Estende-se no
sentido NE-SW na planicie costeira do Rio Grande do Sul. Sua regido estuarina
encontra-se ao sul da laguna (Figura 1), onde por um estreito canal, com 20 km de
comprimento e largura que varia de 0,5 a 3 km, ocorrem as trocas de agua com 0 oceano
(Asmus, 1998). Os principais ambientes estuarinos sao constituidos por enseadas rasas
protegidas, que apresentam menor variacdo da salinidade e velocidade da corrente, e
pelo corpo de agua central desprotegido, com maior profundidade, e maior variabilidade
da salinidade e velocidade da corrente (Asmus, 1998; D’Incao € Dumont., 2010;

Monteiro et al., 2005).

A hidrodindmica depende principalmente das relacdes entre a descarga fluvial e
a acdo dos ventos (Moller e Fernandes, 2010). Os efeitos dos ventos de SO forcam a
entrada de aguas marinhas para o interior da laguna, em periodos de descargas fluvial
fraca ou moderada. Durante periodos de alta descarga fluvial a salinidade decresce
exponencialmente, podendo bloquear a propagacdo de &gua salgada para o interior do
estuario (Moller e Fernandes, 2010; Moller et al., 1991). Eventos climéticos intensos, a
exemplo do El Nifio Oscilagdo Sul (ENSO), causam variagOes nas descargas fluviais e
no vento, alterando os processos de salinizacdo do estuario. A combinacdo de altas

descargas e ventos de NE, que ocorrem durante os anos de El Nifio, acontecem fortes
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vazantes, transformando a Lagoa dos Patos quase em um rio. Inversamente, durante a
La Nifia, ocorrem baixas descargas e maior acdo dos ventos de SO, favorecendo uma

maior salinizacdo do estuario (Moller e Fernandes, 2010; Odebrecht et al., 2005).
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Lagoa dos Patos
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Units: Degree [ e— ()

-52 -52 -52 -52 -51

Figura 1. Area de estudo, o estuario da Lagoa dos Patos entre a cidade de Pelotas e os molhes da

Barra de Rio Grande.

2.2  Acompanhamento da pesca do camarao-rosa.

A pesca de arrasto do camardo-rosa foi acompanhada durante quatro anos, entre
2011 e 2014, durante os meses de dezembro até abril. Estes meses foram escolhidos por
saber-se previamente que os pescadores desafiam a legislacdo, que permite a pesca a

partir de fevereiro, podendo iniciar a pesca do camardo em dezembro. As coletas ocorreram através de |

A amostragem ndo foi realizada de forma aleato6ria, de maneira que a escolha do

local de pesca para a captura do camardo-rosa ficou a critério do pescador. Essa
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abordagem foi utilizada para que a amostragem representasse de maneira mais realista a
pescaria artesanal local, incorporando assim a experiéncia do pescador na escolha do
local de pesca e do tempo de arrasto. Um total de 173 lances de arrasto foram
realizados com auxilio de varios pescadores, em que 0s barcos e os artefatos de pesca
utilizados foram préprios deles. Em média, as redes possuiam malhas de 12 mm entre
nos opostos no saco. O tempo de arrasto variou entre alguns minutos até meia hora, mas

a duracao damaioria dos lances era de aproximadamente 15 minutos.

O pesquisador, sempre portando licenca do Orgdo ambiental competente
(SISBIO - n° 28975-1), estava presente apenas para acompanhar a pescaria, coletar o
material que era levado para analise no laboratorio, e obter as informac6es necessarias.
Para cada lance de pesca foram registradas a salinidade e temperatura de fundo, a

profundidade do local, a posi¢do geogréafica e o tempo de arrasto.

2.3  Processamento do material biologico

O material coletado foi devidamente etiquetado e congelado até o
processamento em laboratorio. Os organismos foram identificados até o menor nivel
taxonémico possivel e as espécies foram classificadas em guildas de acordo com o usos
do habitat: Estuarino relacionadas - vive todo o seu ciclo de vida, ou ocorrem em grande
namero no estuario em determinadas épocas do ano; Vagantes marinhos — de origem
marinha que raramente ocorrem no estuario; Dulcicolas - restritos a ambientes de dgua

doce e ocasionalmente ocorrem no estudrio.

Os individuos foram pesados (g) e medidos (mm) de acordo com a seguinte
maneira: peixes - a partir da ponta da cabeca até a extremidade da nadadeira caudal

(comprimento total - CL); camardes - da ponta do rostro até a extremidade do telson
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(comprimento total - TL); caranguejos e siris - distancia entre as pontas dos espinhos

posteriores carapaca mais laterais (largura da carapaga - CW).

Para cada espécie, quando a captura foi muito abundante foi mensurada apenas
uma subamostra, e, em seguida, uma extrapolacdo para o peso e numero real foi
realizada com base na razdo da subamostra. Posteriormente, a abundéncia, em peso e
numero, foi padronizada como captura por unidade de esforco (CPUE W - gramas/15

minutos; CPUE N indinviduos/15 minutos).

24  Resumo da metodologia usada para analisar a estrutura de tamanho dos camardes,
artigo que compde 0 anexo 1.

Para verificar a estrutura de tamanho dos camarfes capturados a abundancia em
namero (CPUE N) foi analisada por classe de tamanho (CT - 3 mm), considerando més
(dezembro até maio), ano (2011, 2012, 2013), regido de pesca (boca do estuério,
estuario central, estuario protegido, alto estuario) e profundidade (zonas rasas - até 2 m
de profundidade; zonas de canal - profundidade maior que 2 m).

Ainda, foram calculados o percentual de individuos menores que 90 mm de CT
(% < 90 mm) e estimativas dos tamanhos de primeira captura (P50%), considerando
més, ano, regido de pesca e profundidade. Um Modelo Linear Generalizado (GLM) foi
ajustado para analisar a variabilidade da proporcdo de camardes menores que 90 mm
CT. A variavel preditora foi incorporada atraves da fungdo chind, como nimero de
camarBes menores/maiores que 90 mm CT. Os dados foram ajustados através da familia
binomial, com funcéo de ligacéo logistica. Foi verificada a presencga de superdispergdo
dos dados através da relagdo da Residual deviance/Residual degrees of freedom. O
modelo foi reajustado utilizando a familia quase-binomial, funcdo de ligacéo logistica.

O modelo inicial foi gradualmente reduzido pela excluséo dos fatores néo significativos
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ao modelo através de testes-F aplicados nas comparacdes de pares (funcdo: dropl;
Faraway, 2006). Aos fatores significantes foram realizadas comparagdes a posteriori
através do pacote multicomp, funcdo GLHT que realiza compara¢bes multiplas das

médias (Tukey). Estas analises foram realizadas atraves do programa R-3.1.1.

Adicionalmente, para verificar se ocorreram diferencas na salinidade media do
estuario entre os anos de estudos foi realizado um teste de Kruskal-Wallis, com
comparag6es multiplas. A salinidade média foi adquirida com base em medicdes diarias

em sete pontos distribuidos ao longo do estuario.

2,5 Resumo da metodologia usada para descrever variabilidade interanual da assembleia
de espécies capturadas incidentalmente, artigo que compde 0 anexo 2.

Os padrdes de abundancia de espécies e dominancia foram analisados com base
na frequéncia de ocorréncia relativa (% F) e abundancia relativa em namero (% CPUE
N). As espécies foram colocadas em quatro grupos: (1) muito abundante e frequente, (2)
muito abundante e rara, (3) pouco abundante e frequente e (4) pouco abundante e rara
(Garcia et al, 2006). Assim, considerou-se como dominantes as espécies que foram
muito abundantes e frequentes em pelo menos um dos anos amostrados (2011, 2012,

2013 e 2014).

As diferencas na composi¢cdo da comunidade entre os anos foram testados
utilizando uma PERMANOVA, com simililaridade de Bray-Curtis com dados
transformados em raiz quadrada. Uma analise de similaridade, SIMPER, foi usada para
identificar a contribuicdo percentual de cada espécie (ou taxon) nas diferengas
observadas entre anos pela PERMANOVA. As rotinas foram realizadase através do

software PRIMER PERMANOVA+ add-on (versdo 6). A riqueza das espécies por ano
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foi estimada usando curvas de acumulacdo de espécies, de acordo com o nimero de

individuos capturados por amostragem.

A abundancia (CPUE N) por classe de tamanho e estimativas dos tamanhos de
primeira captura (P50% - tamanho em a probabilidade € de 50% de chance de ser
capturado) foram utilizadas para avaliar a composicao tamanho das principais espécies

capturadas na pescaria.

Diferencas nos fatores abioticos (salinidade e temperatura de fundo) foram
testados através de uma ANOVA One-Way. A relacdo entre a abundancia (CPUE N)
das espécies dominantes e as variaveis ambientais foram analisados por meio do teste de

correlacédo de Pearson.

2.6  Resumo da metodologia usada para quantificar a captura incidental e sua variacao
temporal, artigo que compde 0 anexo 3
Para cada lance de arrasto foram calculadas as abundancias em peso (CPUE W)
do camardo e da captura incidental. A proporcdo das capturas incidentais (Captura
incidental %) foi obtida através da seguinte formula: Captura incidental % = (Captura

incidental (gr)) / (Camaré&o (gr)+ Captura incidental(gr)) * 100.

Foram utilizados modelos lineares generalizados (GLM) para verificar o efeito
das variaveis explanatdrias (més, ano, profundidade, salinidade e temperatura) a CPUE
W do camardo e da captura incidental. Dados pesqueiros como CPUE sédo
frequentemente caracterizados por uma distribuicdo assimétrica altamente positiva e
com uma grande proporcdo de zero nas observagdes. Assim, os dados sdo geralmente
modelados por meio de uma distribuigdo log-normal ou Gama (Dick, 2004). Uma vez

que ambas as distribuicbes ndo podem conter valores nulos ou negativos, decidiu-se
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adicionar uma constante, o valor do primeiro quartil da CPUE, a fim de superar os
valores nulos existentes no conjunto de dados. Ainda, os dados foram transformados em
log (CPUE + 1°quartil) para diminuir a dispersdo. Analises prévias indicaram que uma
distribuicdo Gamma se ajustou melhor a ambos os dados de CPUE (camaréo e captura
incidental). Assim, os dados foram ajustados através da familia Gamma, funcédo de

ligacdo logaritmica. Estas analises foram realizadas através do programa R-3.1.1.

Tendo assumido que CPUE W de ambos, camarao e captura incidental, podem
variar em relacdo as variaveis explanatorias e, tendo em conta que a proporcdo de
captura incidental esta relacionada com a quantidade de captura incidental e captura de
camardo, também presume-se que a proporcdo de captura incidental pode variar ao
longo dos mesmos preditores anteriormente referidos. Como a propor¢do de capturas
incidental € uma variavel continua com valores restritos no intervalo (0,1), a
distribuicdo de probabilidade para essa situacdo é a Beta. No entanto, este tipo de
distribuicdo ndo pertence a nenhum membro da familia exponencial e, portanto, nédo
pode ser modelada através de um GLM. Contudo, a definicdo do modelo de regressao
beta é exatamente a mesma que no GLM. Assim, o0 modelo completo para a proporcao
das capturas incidentais foi escrita como denotado para os modelos de CPUE W,
mudando apenas a distribuigdo para a de um modelo de distribuicdo beta e definindo a
funcdo de como log-log. Todos os modelos de regressao beta foram realizadas através

do pacote betareg do programa R-3.1.1.

A selecdo dos modelos foi realizada de acordo com o menos valor de AIC.
Quando a diferenca entre os AICs menor do que 2, os modelos era considerados
semelhantes em termo de ajuste (Burnham e Anderson, 2002) e portanto o melhor

modelo era selecionado de acordo com o prinipio da parciménia (0 modelo mais
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simples). Aos fatores significantes incorporados aos modelos de familia Gamma foram
realizadas comparacdes a posteriori através do pacote multicomp (R-3.1.1), funcdo
GLHT que realiza comparagdes multiplas das medias (Tukey). Esta analise ndo pode ser
realizada ao modelo de regressdo beta porque este modelo gera dois sumodelos (média e

phi) e ndo apenas média.

2.7  Resumo da metodologia usada para demonstrar o impacto fisico da pesca de arrasto
de portas, capitulo apresentado no 4.

O estudo foi realizado no estuario da Lagoa dos Patos, no trecho que
compreende a boca do estuario, localizado na barra de Rio Grande, até o estuario
superior, nas proximidades da cidade de Pelotas (Figura 1). As observacGes foram
coletadas a bordo da Lancha Oc. Larus, durante os dias 25-26 de marco de 2014 e 5 de

maio de 2014.

A aquisicdo dos dados foi feita por um sidescan KLEIN 3000 (Communications
Klein Associates, Inc.), com transdutor de 100 e 455 kHz. As imagens foram projetas
usando o DATUM de referéncia WGS 1984 com sistema de proje¢cdo UTM. As marcas
identificadas em cada sonograma foram digitalizadas, e algumas imagens foram
selecionadas para descri¢do. Posteriormente, as digitalizacdes foram exportadas para
um formato shapefile que foi importado para o software ArcGIS 10.2 (Esri). Através da
ferramenta Line density, foram criados dois mapas de densidade das marcas de arrasto,

um para os resultados obtidos durante margo de 2014 e outro para maio de 2014.
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3 SINTESE RESULTADOS

3.1 Estrutura de tamanho dos camardes

Com o passar dos meses foi possivel observar um aumento na contribuicdo de
camardes maiores na CPUE N, com excecdo de janeiro que em relacéo a todos 0s outros
meses apresentou a curva logistica mais deslocada para a direita. Ao longo dos anos,
2012 foi o ano de menor tamanho de camardes capturados, entretanto, 2011 e 2012
apresentaram padrdo de estrutura de tamanhos semelhantes. Ja uma maior contribuicéo
dos tamanhos maiores no percentual de CPUE foi observada em 2013. Considerando as
regibes amostradas, os camardes com tamanho maior foram capturados em mais
abundancia na boca do estuario e os menores na regido do estuario protegido. As
regides do estuario central e superior foram intermediarias. Entre as profundidades, as
capturas dentro do canal apresentaram mais camar6es maiores (> 90mm CT) que nas
zonas rasas (Tabela 1). O modelo ajustado para explicar a variabilidade da proporcao de
camarbes menores que 90 mm CT incorporou os fatores regido, profundidade e més

(Tabela 2)

Tabela 1. Descri¢cdo do comprimento total dos camardes capturados com rede de arrasto de portas no
estudrio da Lagoa dos Patos. Com o nimero de individuos medidos (N), amplitude dos tamanhos (CT),
tamanho de captura de 50% dos individuos (P50%) com o intervalo de confianga (IC P50%) e
percentual de individuos menores que 90 mm CT (% < 90 mm). Unidade de medida milimetros.

Fator Variavel N cT P50% IC P50% % <90 mm
Total 83190 30,0-1460 866 86,3 - 86,9 54,2
Dezembro 300,0 50,0-1450 784 781-787 76,7
Més Janeiro 2766,0 30,0-1410 925 91,9-929 41,6
(considerando Fevereiro 26260 450-1460 81,8 81,5-822 59,7
todos os anos) Margo 21750 380-1440 843 841-845 632
Abril 4510 42,0-1240 870 874-879 415
2011 46230 37,0-1440 86,0 85,7 -86,2 53,3
Ano 2012 21880 30,0-1460 823 821-824 69,1
2013 1508,0 37,0-1450 989 983-995 35,1
Boca do estuario  1857,0 37,0-137,0 926 92,1-93,1 35,6
. Estuério 33380 38,0-1460 87,0 86,7-87,2 51,5
Regido

Estuario superior  778,0 51,0-1180 865 86,2-86,38 54,8
Estuario abrigado 2346,0 30,0-144,0 798 796-79,9 72,6
Profundidade Avreas rasas 2246 350-1460 782 77,4-789 50,5
Areas de canal 3012 30,0-1370 766 755-777 64,5




Tabela 2. Resultado do modelo selecionado (cbind (<

marcados por * quando P<0.1 e ** quando P <0.05.

30

9O mm CT, >90 mm
CT)~més+regido+profundidade; familia = quasibinomial(logit)). Valores significativo de P estdo

Estimado Erro-padréo t P
Intercepto -0,2406 0,3509 -0,6860 0,4944
Dezembro 0,9292 0,5415 1,7160 0,0891*
Fevereiro 0,5522 0,3404 1,6220 0,1078
Janeiro -0,2608 0,3456 -0,7540 0,4523
Margo 0,4316 0,3514 1,2280 0,2223
Boca do estuario -0,6601 0,2950 -2,2380 0,0274**
Estuario protegido 0,4373 0,2966 1,4740 0,1435
Estuério central 0,0221 0,2540 0,0870 0,0930*
Z0onas rasas 0,8661 0,2189 3,9560 0,0001**

A salinidade do estuério durante o ano de 2012 foi superior aos outros anos.

Ainda foi possivel observar que durante o periodo que vai de maio até setembro a
salinidade permanece alta, diferente de 2011 e 2013 (Figura 2).

Salindade

Figura 2. Variacédo da salinidade ao longo dos meses e anos no estuério da Lagoa dos Patos. Valores
médios com base em medicdes diarias em diferentes pontos ao longo do estuério.

3.2 Variabilidade interanual da assembleia de espécies capturadas incidentalmente

Entre as safras de camardo de 2011 até 2014, foram capturados incidentalmente

através da pesca de arrasto um total de 32 835 individuos, pertencentes a 36 familias e

61 espécies. De acordo com a analise de dominancia, 11 espécies foram consideradas

dominantes, seis estuarinas (Micropogonias furnieri, Callinectes sapidus, Genidens

barbus, Lycengraulis grossidens, Catathyridium garmani, Brevortia pectinata), uma

especie de agua doce (Parapimelodus nigribarbis) e cinco espécies marinhas

(Callinectes danae, Prionotus punctatus, Setapinnis Selene, Peprilus paru) (Tabela 1).
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As espécies mais abundantes e frequentes foram M. furnieri e C. sapidus. O ano com

maior numero de espécies dominantes foi de 2011 (n = 6) (Tabela 3).
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Tabela 3. Valores de abundancia relativa em nimero (% CPUE N), frequéncia relativa de ocorréncia
(% F) e padrGes de dominancia para todas as espécies que formaram a capturada incidental da pescaria
de arrasto de camardo no estuario da Lagoa dos Patos, por anos. Onde: 1-abundante e frequente, 2-
abundante e pouco frequente, 3-ndo abundante e frequente, 4-ndo abundante e pouco frequente.

Espécies/Guildas 2011 2012 2013 2014 2011 2012_ A201_3 2014
% CPUEN %F %CPUEN %F %CPUEN %F %CPUEN %F Dominancia

Estuarino relacionadas

Micropogonias furnieri 14,25 95,24 18,61 82,35 60,08 94,24 62,00 88,00

Callinectes sapidus 8,24 90,48 9,19 97,06 8,93 59,59 20,88 92,00

Genidens barbus 4,07 66,67 0,08 11,76 0,52 1,30 2,66 44,00

Catathyridium garmani 1,25 69,05 0,18 8,82 0,47 1,32 0,18 20,00

Lycengraulis grossidens 0,31 35,71 0,42 29,41 1,69 2,85 0,12 16,00

Brevoortia pectinata 0,01 4,76 1,38 17,65 0,15 1,39 0,01 2,00

Paralichthys orbignyanus 0,13 23,81 0,47 44,12 0,41 6,71 0,56 56,00

Genidens genidens 0,43 28,57 0,00 0,00 0,28 1,27 1,18 30,00 N8

Menticirrhus americanus 0,10 11,76 0,30 2,49 0,02 4,00

Genidens planiforns 0,24 0,37 0,02 4,00

Mugil sp. 0,02 7,14 0,16 5,88 0,01 0,25 0,10 18,00

Pogonias cromis 0,34 7,14 0,01 2,00

Platanichthys platana 0,65 0,31 0,02 6,00

Engraulidae 0,02 2,38 0,01 2,00

Cyrtograpsus angulatus 0,02 9,52 0,02 5,88 0,01 0,01

Odontesthes argentinensis 0,01 2,38 0,07 2,94 0,02 0,09 0,01 2,00

Palaemonetes argentinus 0,29 4,00

Ramnogaster arcuata 0,01 2,00

Rhithropanopeus harrisii 0,11 2,38 0,02 2,94 0,02 0,00 4 4 4

Dulcicolas

Parapimelodus nigribarbis 0,18 26,19 0,01 2,94 3,49 16,00 B 4

Pimelodus maculatus 0,09 9,52 0,40 8,00 4

Astyanax fasciatus 0,01 2,00 4

Cyphocarax voga 0,14 1,96 0,00 2,00 4 4

Geophagus brasiliensis 0,02 2,38 0,04 2,94 0,03 0,09 0,07 8,00 4 4 4 4

Loricariichthys anus 0,01 0,06 4

Pimelodus pintado 0,04 0,50 0,04 2,00 4 4

Vagrantes marinhos

Callinectes danae 0,44 42,86 0,74 23,53 0,30 1,00 0,13 20,00 98 ...3. 3

Prionotus puncttatus 0,13 21,43 0,20 11,76 1,59 2,56 0,02 4,00 B 3 4

Selene setapinnis 5,14 33,33 0,39 11,76 0,12 0,04 0,01 2,00 1 3 4 4

Peprilus paru 0,84 21,43 0,07 5,88 0,30 0,58 1 4 3

Macrodon atricauda 0,62 7,14 0,01 2,94 0,06 0,06 0,01 2,00 2 4 4 4

Trichiurus lepturus 0,12 40,48 0,22 14,71 0,14 2,78 0,01 4,00 8 3 3 4

Menticirrhus littoralis 0,25 21,43 0,24 14,71 0,06 0,40 0,14 16,00 3 3 4 3

Loligo sp. 0,20 16,67 0,22 8,82 0,14 0,05 3 3 3

Callinectes ornatus 0,51 21,43 0,03 5,88 0,08 0,05 3 4 3

Lagocephalus laevigatus 0,05 16,67 0,03 5,88 0,00 0,01 0,02 4,00 3 4 4 4

Citharichthys spilopterus 0,09 8,82 0,01 0,02 3 4

Stephanolepis hispidus 0,07 8,82 3

Selene vomer 0,34 11,76 0,01 2,00 8 4

Pomatomus saltatrix 0,01 2,38 0,03 5,88 0,18 3,87 0,00 0,00 4 4 3 4

Trachinotus marginatus 0,07 11,90 0,48 3,66 4 3

Chilomycterus spinosus 0,00 2,38 0,01 2,00 4 4

Diapterus rhombeus 0,00 0,00 0,02 2,94 0,01 2,00 4 4 4

Eucinostomus argenteus 0,01 2,00 4

Eucinostomus gula 0,00 2,38 0,02 2,94 0,02 0,10 0,09 4,00 4 4 4 4

Gobionellus oceanicus 0,01 4,76 0,03 5,88 4 4

Libinia spinosa 0,01 4,76 0,02 2,94 4 4

Paralonchurus brasiliensis 0,24 4,76 0,02 2,94 0,10 0,62 0,01 2,00 4 4 4 4

Peisos petrunkevitch 0,00 1,00 4

Porichthys porosissimus 0,01 7,14 0,01 0,01 4 4

Portunus spinimanus 0,01 2,38 4

Percopris brasiliensis 0,01 2,94 4

Stephanolepis setifer 0,02 9,52 0,01 2,94 0,01 0,06 4 4 4

Urophycis brasiliensis 0,05 2,38 0,01 0,15 4 4

Cynoscion jamaicensis 0,01 2,94 4

Arenaeus cribrarius 0,03 7,14 4

Artemesia longinaris 0,03 7,14 0,15 5,88 4 4

Anchoa marinii 0,04 2,38 0,02 2,94 0,01 0,01 4 4 4

Balistes capriscus 0,00 2,38 0,02 2,94 4 4

Callinectes bocurti 0,01 4,76 4

Symphurus jenynsii 0,02 2,94 0,00 0,02 4 4

Stellifer rastrifer 0,03 9,52 0,01 2,00 4 4

Chloroscombrus chrysurus 0,49 11,90 0,17 0,04 0,01 2,00 4 4 4

N° total de espécies
N° de dominantes
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O ano de 2011 foi 0 que apresentou maior riqueza de espécies, distinguindo-se
principalmente do ano de 2014, que apresentou a menor riqueza de espécies (Tabela 1).
A PERMANOVA mostrou que a composicdo da comunidade foi diferente entre os
anos, e que apenas 2012 e 2013 semelhantes. De acordo com a analise SIMPER, a
similaridade dentro anos foi baixa, sendo maior em 2014 (2011 = 37,59%; 2012 =
44,39%; 2013 = 40,68%; 2014 = 49,36%). A contribuicdo de M. furnieri e C. sapidus
foi acima de 85% para todos os anos, exceto 2011 cuja a contribuicdo foi menor

(69,6%).

As espécies estuarinas foram as mais frequentes e abundantes. As espécies
marinhas também foram um grupo frequente nas amostras, apresentando valores acima
de 70% de ocorréncia nos trés primeiros anos, com um declinio para até 40% no altimo
ano analisado. Além disso, os padrdes de abundancia de espécies marinhas foram mais
pronunciados durante o primeiro ano, com um declinio acentuado nos trés anos
seguintes. Espécies dulcicolas apresentaram frequéncia de ocorréncia baixa, sendo
semelhante em 2011 e 2014. No entanto, a abundancia nesses mesmos anos foi muito

diferente, ndo atingindo 1% em 2011 e aumentando para 4% em 2014 (Figura 3).
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Figura 3. Frequéncia de ocorréncia e abundancia (CPUE N) percentual das guildas das espécies que
compde a captura incidental da pesca de arrasto de portas do camardo no estuario da Lagoa dos Patos,
por anos.

Né&o foi observada diferenca na temperatura entre os anos estudados. Contudo a
salinidade apresentou variacdo entre 0s anos, sendo maior em 2012 e menor em 2014
(Figura 4). Correlacdes inversas com a salinidade foram obtidas para as espécies: C.
sapidus, G. barbus, M. furnieri e P. nigribarbis. Enquanto correlacdes diretas foram

encontrados para: C. danae, P. paru e S. setapinnis.
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Figura 4. Variacdo interanual da temperatura e salinidade. As barras verticais denotam intervalo de
confianca de 95%.
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A estrutura de tamanho foi analisada para as trés espécies mais importantes na
captura acessoria. Para M. furnieri, o comprimento total variou entre 11 e 330
milimetros, e o tamanho de primeira captura foi 107,6 mm. Para C. sapidus, a carapaca
total variou entre 6,4 e 166,7 milimetros, e o tamanho de primeira captura foi 84,7 mm.
Para G. barbus, o comprimento total variou entre 52 e 295 mm, e o tamanho de primeira
captura foi 124,7 mm.

3.3 Quantificacdo da captura incidental e sua variacdo temporal.

Das espécies que compuseram a captura incidental 45 possuem importancia
comercial. Micropogonias furnieri e C. sapidus, em conjunto, representaram a mais de
70% da captura total em peso, e apareceram em quase todas as capturas. Genidens
barbus e Paralichthys orbignyanus também foram importantes, ocorreram em quase

40% das capturas e representaram quase 3% do peso (Tabela 4).

Durante os quatro anos de coleta, as capturas foram compostas por 768,22 kg de
capturas incidental (média CPUE = 5,01 kg/15 min) e 127,93 kg de camardo (média
CPUE = 0,742 kg/15 min). Assim, a captura incidental compds 86,2% do total

capturado, o que representou 6 kg de captura incidental para cada 1 kg de camarao.
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Tabela 4. Valores de abundancia relativa em peso (% CPUE W), frequéncia relativa de ocorréncia (%
F) das espécies capturadas pela pescaria de arrasto de camardo no estuario da Lagoa dos Patos.

Epécies Familia Recurso o4 cpye w %F
Pesqueiro

Micropogonias furnieri Scianidae X 36,97 89,6
Callinectes sapidus Portunidae X 34,16 94,8
Farfantepenaues paulensis Peneidae X 12,91 83,24
Genidens barbus Ariidae X 3,00 39,88
Paralichthys orbignyanus Paralichthyidae X 2,76 43,93
Genidens genidens Ariidae X 1,16 19,08
Trichiurus lepturus Trichiuridae X 0,97 19,65
Mugil sp. Mugilidae X 0,84 8,67
Catathyridium garmani Achiridae 0,79 35,26
Parapimelodus nigribarbis Pimeloidae X 0,60 12,72
Callinectes danae Portunidae X 0,51 29,48
Pomatomus saltatrix Pomatomidae X 0,45 4,62
Lycengraulis grossidens Engraulidae X 0,45 28,32
Trachinotus marginatus Carangidae X 0,43 6,94
Selene setapinnis Carangidae X 0,43 13,29
Prionotus puncttatus Triglidae X 0,38 14,45
Pimelodus maculatus Pimeloidae X 0,34 52

Menticirrhus littoralis Scianidae X 0,34 14,45
Brevoortia pectinata Clupeidae X 0,30 7,51
Menticirrhus americanus Scianidae X 0,29 12,14
Pimelodus pintado Pimeloidae X 0,28 1,73
Peprilus paru Stromateidae X 0,27 9,83
Cyphocarax voga Curimatidae X 0,22 1,73
Pogonias cromis Scianidae X 0,22 2,31
Callinectes ornatus Portunidae X 0,19 10,4
Paralonchurus brasiliensis Scianidae X 0,14 4,05
Geophagus brasiliensis Cichlidae X 0,11 52

Chloroscombrus chrysurus Carangidae X 0,05 4,62
Lagocephalus laevigatus Tetradonditae X 0,05 6,94
Genidens planiforns Ariidae X 0,05 4,62
Eucinostomus gula Gerreidae 0,04 3,47
Platanichthys platana Clupeidae 0,04 2,31
Odontesthes argentinensis Atherinospsidae X 0,03 2,89
Gobionellus oceanicus Gobiidae 0,03 2,31
Stellifer rastrifer Scianidae X 0,02 2,89
Macrodon atricauda Scianidae X 0,02 3,47
Urophycis brasiliensis Phycidae X 0,02 1,73
Selene vomer Carangidae X 0,02 2,89
Loligo sp. Loliginidae X 0,02 9,25
Chilomycterus spinosus Diodontidae 0,01 1,16
Porichthys porosissimus Batrachoididae X 0,01 2,31
Stephanolepis setifer Monacantidae X 0,01 3,47
Stephanolepis hispidus Monacantidae X 0,01 1,73
Citharichthys spilopterus Paralichthyidae 0,01 2,31
Anchoa marinii Engraulidae 0,01 1,73
Loricariichthys anus Loricariidae X 0,01 0,58
Balistes capriscus Balistidae X 0,01 1,16
Farfantepenaeus brasiliensis Peneidae X 0,00 0,58
Callinectes bocurti Portunidae 0,00 1,16
Symphurus jenynsii Cynoglossidae 0,00 1,16
Arenaeus cribrarius Portunidae 0,00 1,73
Engraulidae Engraulidae 0,00 1,16
Artemesia longinaris Peneidae X 0,00 3,47
Cyrtograpsus angulatus Grapsidae 0,00 4,05
Percophis brasiliensis Percophididae X 0,00 0,58
Diapterus rhombeus Gerreidae 0,00 1,16
Libinia spinosa Majidae 0,00 1,73
Palaemon argentinus Palaemonidae 0,00 1,16
Eucinostomus argenteus Gerreidae X 0,00 0,58
Astyanax fasciatus Characidae 0,00 0,58
Portunus spinimanus Portunidae 0,00 0,58
Cynoscion jamaicensis Scianidae X 0,00 1,16
Ramnogaster arcuata Clupeidae 0,00 0,58
Rhithropanopeus harrisii Xanthidae 0,00 1,73
Peisos petrunkevitch Sergestidae 0,00 0,58
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Em relacdo aos modelos para explicar a variabilidade da CPUE do camarao, o
melhor ajuste foi obtido através da incorporacéo das covariaveis més, ano, e 0s termos
quadraticos para salinidade e da temperatura, em que todas as variaveis explicativas
foram estatisticamente significantes (Tabela 5). Os termos quadratico indicam um
intervalo especifico de salinidade e temperatura onde estas variaveis exercerem um
efeito positivo na abundancia do camardo. O teste de post-hoc mostrou que Janeiro
apresentou diferenca significativa na CPUE média entre quase todos 0s outros meses,
exceto a marco. Estes foram os meses com maior média CPUE de camardes (1.784 e
0.915 kg/15 min, respectivamente para janeiro e marco). Os anos também apresentaram
diferencas significativas, exceto para 2011 e 2012. Um declinio sequencial na CPUE do

camarao médio ao longo dos anos também foi observado (Figura 5).

Tabela 5. Estimativas das varidveis explicativas do modelo Gamma selecionado para explicar a
variabilidade na abundancia do camardo (CPUE gr/15 min). Os valores significativos (p <0,05) sdo
indicados por "*". A Residual Deviance foi de 18,944 em 158 graus de liberdade.

Erro

Estimado ~ t-valor Pr(>|t])
padrao

Intercepto 4,7578 1,0820 4,397 0,0000*
Més: Dezembro -0,0660 0,1156 -0,571 0,5686
Més: Fevereiro 0,2196 0,1003 2,189 0,0301*
Més: Janeiro 0,4800 0,1028 4,666 0,0000*
Més: Maio -0,3475 0,1437 -2,417 0,0167*
Més: Marc¢o 0,2483 0,0948 2,617 0,0047*
Ano: 2012 0,0124 0,0875 0,143 0,8867
Ano: 2013 -0,2294 0,0801 -2,863 0,0047*
Ano: 2014 -0,5315 0,0877 -6,058 0,0000*
Salinidade -0,0348 0,0126 -2,768 0,0063*
Salinidade® 0,0008 0,0003 2,410 0,0171*
Temperatura -0,2401 0,1002 -2,3940 0,0178*
Temperatura2 0,0060 0,0021 2,808 0,0056*

O modelo que possuiu 0 melhor ajuste para explicar a varia¢do na abundancia da
captura incidental (CPUE gr/15min) incluiu més e ano que foram estatisticamente
significantes (Tabela 6). Dezembro apresentou uma tendéncia significativamente
diferente na abundancia de acordo com o teste de post-hoc, apresentando a maior CPUE
média (12.310 kg/15min), enquanto os outros meses foram semelhantes entre eles. Com

relacdo aos anos, as abundancias foram semelhantes entre 2011 (5.841 kg/15 min) e
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2014 (7.222 kg/15 min); estes foram 0s anos apresentaram os maiores valores de

captura incidental. J& os anos de 2012 (1.930 kg/15 min) e 2013 (4.451 kg/15 min)

foram considerados como estatisticamente semelhantes pelo teste de post-hoc,

apresentando os menores capturas (Figura 5).

Tabela 6. Estimativas das varidveis explicativas do modelo Gamma selecionado para explicar a
variabilidade na abundancia da captura incidental (CPUE gr/15min). Os valores significativos (p
<0,05) sdo indicados por "*". A Residual Deviance foi de 4,4355 em 162 graus de liberdade.

Estimado Errg t-valor Pr(>|t])
padréo
Intercepto 2,1334 0,0360 59,1920 0,0000*
Més: Dezembro 0,1304 0,0437 2,979 0,0033*
Més: Fevereiro -0,0920 0,03769 -2,442 0,0156*
Més: Janeiro -0,0050 0,0375 -1,135 0,0892
Més: Maio -0,0880 0,0591 -1,489 0,1383
Més: Marco -0,0284 0,0376 -0,7560 0,4509
Ano: 2012 -0,1536 0,0365 -4,1990 0,0000*
Ano: 2013 -0,1000 0,0338 -2,9650 0,0034*
Ano: 2014 -0,0117 0,0347 -0,3380 0,7355

proporcdo das captura incidental, o com melhor ajuste apresentou como co-variaveis

Dos modelos de regressdo beta testados para explicar a variabilidade da

més, ano e o termo quadratico da salinidade (Tabela 7). O termo quadratico da

salinidade indica que pode ocorrer um efeito positivo sobre a proporcdo de captura

incidental em um intervalo especifico de salinidade. Proporcfes de captura incidental

foram menores durante janeiro (77,4%), fevereiro (79,2%) e marco (84,6%), quando em

comparacdo com o intercepto (abril). Em relacdo aos anos, as maiores propor¢des de

captura incidental foram encontradas durante 2014 (97%), quando em compara¢do com

o intercepto (2011) (Figura 5).

Tabela 7. Estimativas das variaveis explicativas do modelo de regressdo Beta selecionado para explicar a
variacdo da taxa de capturas incidental. Os valores significativos (p <0,05) sdo indicados por "*".

Estimado Errg t-valor Pr(>lt|)
padréo

Intercepto 1,2488 0,3553 3,5150 0,0004*
Més: Dezembro 0,5749 0,3071 1,8720 0,0612
Més: Fevereiro -0,7199 0,2483 -2,8990 0,0037*
Més: Janeiro -1,0137 0,2520 -4,0230 0,0001*
Més: Maio 0,7412 0,4090 1,8120 0,0700
Més: Margo -0,5310 0,2545 -2,0870 0,0369*
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Ano: 2012 -0,4116 0,2416 -1,7030 0,0885
Ano: 2013 0,0243 0,2228 0,1090 0,9130
Ano: 2014 0,8234 0,2367 3,4790 0,0005*
Salinidade 0,1421 0,0351 4,0500 0,0001*
Salinidade? -0,0037 0,0009 -3,8700 0,0001*
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Figura 5. Taxa de captura incidental e abundancias do camardo e da captura incidental (CPUE gr / 15
min), referentes a pesca do camardo de arrasto no estuario da Lagoa dos Patos. Padrdes mensais e anuais.

As barras indicam o desvio padréo.

No meio do verdo a temperatura apresentou valores mais elevados (fevereiro:
25,9 £ 1,5 ° C), diminuindo no inicio do Outono, até atingir valores mais baixos em

maio (18,1 £ 2,5 ° C). Ao longo de anos, a temperatura apresentou quase 0S mesmos
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valores, sendo mais alto em 2011 (25,0 £ 1,8 ° C) e mais baixa em 2014 (23,3 +45°

C). Em relacgéo a salinidade, pode-se observar um aumento na salinidade média a partir

de dezembro (8,9 £ 7,5) até abril (20,9 + 9,3), até quando em maio esses valores

diminuem (7,9 + 3,4). No ano de 2012 a salinidade foi maior (21,9 = 7,5) e menor em

2014 (8,6 + 5,9) (Figura 6).
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Figura 6. Variacdo temporal da temperatura e salinidade, com padrdes mensais e anuais. As barras
verticais denotam 95% de intervalo de confianca.

34  Descricdo do impacto fisico da pesca de arrasto de portas

Os sonogramas permitiram a visualizacdo de diversas cicatrizes (marcas) no

fundo do estudrio, aqui vistas como fei¢cbes microtopograficas geradas pelas portas das

redes de arrasto (Figura 7).
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10 metros
" :
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Figura 7. Trecho do fundo do estuario onde é possivel observar o intenso impacto
causado pelas redes de arrasto de porta.

Marcas novas foram possiveis de identificar devido ao seu padrdo de corte-
limpo e aos montes de sedimento acumulados na lateral da marca, como € possivel
observar nas figuras 8 e 10. Em algumas, observa-se um padréo retilineo (Figura 8),

enquanto outras aparecem curvas (Figura 9), muitas vezes mostrando 0 percurso

serpentino realizado pelo pescador.
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10 metros
«—>

Figura 8. Marca de arrasto observada em percurso retilineo.

10 metros
S i

Figura 9. Marca de arrasto mostrando um percurso em curva.
Também pode-se observar a diferenca de padrdo entre as marcas em rela¢do ao

substrato. Elas sdo mais evidentes em regifes de menor reflectancia (Figura 11), que
correspondem a sedimentos mais Qrossos, e mais suaves em regibes de maior

reflectancia (Figura 10), que correspondem a sedimentos mais finos.
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10 metros
e

Figura 10. Observam-se que em fundo com maior reflectancia, que correspondem a
sedimentos mais grossos, as marcas sdo mais suaves.

10 metros
s

Figura 11. Observam-se que em fundos de menor reflectancia, que correspondem a
sedimentos mais finos, as marcas sdo mais fortes.

Os mapas de densidade de marcas mostram as zonas de maior ou menor
intensidade de arrasto. Areas arrastadas e ndo arrastadas sdo possiveis de serem
observadas, assim como foi possivel visualizar que o impacto do arrasto ocorre em

manchas. Também sugere-se que deva ocorrer uma varia¢do temporal, ja que observa-se
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que regides que ndo estavam impactadas em marco foram consideradas como muito

impactadas em maio (Figura 12; Figura 13).
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4 CONCLUSOES E CONSIDERACOES FINAIS

Este trabalho possui uma extensa descricao da captura e dos impactos da pesca de arrasto
artesanal do camardo-rosa na Lagoa dos Patos. Sendo de extrema importancia para responder aos
questionamentos sobre os efeitos deletérios desta pesca, assim como a demanda dos pescadores
com relagdo a liberacdo desta arte de pesca.

41 Estrutura de tamanho dos camardes

Apesar dos fatores ano e a salinidade ndo terem sido incorporados ao modelo
que explica a variabilidade da proporcéo de camardes menores que 90 mm CT, pode-se
perceber que 2013 apresentou maior proporcdo de camarfes maiores e que durante o
ano anterior a salinidade manteve-se alta. Assim, provavelmente, as condices de
salinidade do estuario durante 2012 foram positivas para a entrada das larvas mais cedo
no estuario, antecipando o recrutamento referente a safra de 2013. A variabilidade
mensal na estrutura de tamanho dos camardes parece ser reflexo do crescimento dentro
do estuario, sendo possivel acompanhar a progressio modal ao longo dos meses.
Contudo janeiro foi um més fora do padrdo, com individuos maiores presentes nas
amostras. Durante este més, e, também, durante dezembro em menor expressdo, ocorre
a migracdo para o mar de individuos que ficaram retidos no estuario desde a safra
anterior, fendmeno conhecido pelos pescadores como “safrinha”. Apesar de durante o
periodo da “safrinha” os tamanhos dos camardes serem maiores, e que variagdes
ambientais podem antecipar um crescimento dos camardes, em todos 0S momentos

foram observados camardes pequenos em mais de 20% da captura

Observou-se que as enseadas rasas sdo mais propensas a captura de camardes
menores, e, portanto, necessitam de uma maior atencdo por parte dos agentes

fiscalizadores. Ja a alta captura de camardes maiores registradas para as regiées do canal
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e baixo estuario pode ser reflexo do fato que durante sua fase de migracdo para 0 mar,
guando estdo maiores, 0 camardo, deve obrigatoriamente passar nestas regides.

Contudo, nestas regides também foram capturados camarfes pequenos.

Dessa forma, os dados apresentados neste trabalho, evidenciam que a rede de
arrasto de portas é capaz de capturar grandes quantidades de camardes em tamanhos
menores que o permitido pela legislacdo. D’Incao e colaboradores (2002) ja alertavam
para o efeito negativo do elevado esforco de pesca no interior do estuario, impedindo o
recrutamento dos camardes ao estoque adulto. Dessa forma, é importante a manutencao
da safra baseada em calendario fixo e que a fiscalizagdo iniba o uso das redes de arrasto,

de forma a permitir que o0 estoque seja recomposto.

4.2  Variabilidade interanual da assembleia de espécies capturadas incidentalmente

O estuario da Lagoa dos Patos possui cerca de 167 espécies de peixes e 17
espécies de crustaceos decapodes (D'Incao e Dumont, 2010;. Vieira, 2006;. Vieira et al,
2010). Assim, o arrasto de camardo captura incidentalmente quase um terco da

assembléia de espécies desses grupos, refletindo a ndo-seletividade dessa pescaria.

Apesar de ter sido observado certa estabilidade nas espécies dominantes,
principalmente M. furnieri e C. sapidus, mudangas na composi¢éo da captura incidental
foram detectadas. Mais espécies foram capturadas durante o ano de La Nifa. Este
evento causa seca no Sul do Brasil, o que favorece a entrada de espécies marinhas.
Espécies marinhas sdo numericamente dominantes em estuarios (Lalli e Parsons, 2003).
Por outro lado, os anos de salinidade baixa (2014) resultou em uma menor riqueza de
espécies na composi¢cdo da captura incidental, com maior ocorréncia de espécies de
agua doce em comparagdo aos outros anos. Durante a precipitacdo elevada espécies de

agua doce podem ampliar sua distribuicdo até o baixo estuario sendo capturadas pela
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pesca de arrasto (Garcia et al., 2003b, 2001). As espécies dominantes, M. furnieri e C.
sapidus, também se favorecem durante periodos de baixa salinidade e sdo capturadas

com elevada frequéncia e abundancia nos arrastos artesanais.

Estuarios funcionam como bercéarios sustentando uma alta biomassa de juvenis
de diversas espécies (Beck et al., 2001). O tamanho de primeira maturacao sugerido na
literatura € de 294 mm TL para M. furnieri, 430 milimetros TL para G. barbus e 108-
115 mm CL para C. sapidus (Castello, 1986; Reis, 1986; Rodrigues ¢ D’Incao, 2014),
muito menor do que os valores de tamanho de primeira captura encontrado neste
trabalho (107,6 mm, 124,7 mm e 84,7 mm, respectivamente). A remocdo desses
individuos que ainda ndo conseguiram se reproduzir e repor a populacdo pode causar
sobrepesca de crescimento das unidades populacionais (King, 2013). No sul do Brasil,
M. furnieri e G. barbus sdo alvos importantes de pesca artesanal e investigacfes
recentes indicam que estas pescarias ja estdo muito perto do limiar de sustentabilidade
(Vieira & Haimovici, 1997; Haimovici et al ., 2006; Vasconcellos & Haimovici, 2006;.

Velasco et al, 2007).

As maiores capturas de camardo-rosa em Lagoa dos Patos estdo relacionados
com anos de maior salinidade e fortes ventos sul, que favorecem a entrada de pés-larvas
no estudrio (Mdller et al., 2009; Pereira e D’Incao, 2012). Desta forma, quando o ano
apresentam condi¢cfes favordveis para a safra do camardo, também ira apresentar
condicBes favoraveis a ocorréncia maior riqueza espécies dentro do estuério. Portanto,
um maior numero de espécies estardo vulneraveis a captura. Além disso, quando o
camardo ocorre em abundancia, um maior niumero de barcos vai atuar arrastando sobre

0 estuério, o que ird gerar uma grande quantidade de remoc&o de captura acidental.

4.3  Quantificagdo da captura incidental e sua variacdo temporal.
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Kelleher (2005), mostra que a taxa média da captura incidental global para a
pesca de arrasto de camardo é de 65,6%. VariacGes notaveis em valores de capturas
incidentais foram relatados por rede de arrasto de camardo no Brasil, variando de 25,7%
até 99,2% (Branco e Fracasso, 2004; Branco e Verani, 2006; Cattani et al., 2011;
Dumont ¢ D’Incao, 2011; Haimovici ¢ Mendonga, 1996; Keunecke et al., 2007). Os
resultados obtidos no presente trabalho para as taxas de captura acessoria (86%) foram
mais proximos aos valores encontrados por Dumont & D'Incao (2011). Estes autores
avaliaram a pesca de arrasto realizada na area costeira em torno da Lagoa dos Patos

estuario, com barcos e artes de pesca bastante similares aos usados no presente estudo.

Os maiores valores de CPUE de camardo encontrados durante janeiro e marco
parecem ser resultado dos pulsos de recrutamento das poés-larvas que ocorrem
principalmente durante a primavera e verao, sustentando a producao pesgueira no verao
e no outono (D'Incao, 1991). A variacdo anual corresponde com padrdes anteriormente
descritos em que, em que com capturas mais elevadas sdo observadas durante eventos
de La Nifa, periodo em que a cunha salina alcanca a distancias maiores dentro do
estuario (Moller et al.,, 2009; Odebrecht et al., 2005; Perecira e D’Incao, 2012).
Inversamente, o forte fluxo de agua doce em anos de chuvas intensas gera uma barreira
fisica impedindo a entrada de agua oceénica, 0 que acarreta em capturas menores

(Mdller et al, 2009; Pereira e D'Incao, 2012).

Maiores valores na CPUE da captura incidental foram encontradas durante os
anos de 2011 e 2014. Durante o0 ano de 2011 a 4gua mais salgada permitiu a entrada de
mais espécies marinhas no estuario, que contribuiram para aumentar a abundancia de

captura incidental. Durante o ano de 2014, a 4gua mais doce favoreceu a abundéncia de
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C. sapidus. Siris possuem uma relacdo peso / nimero quase quatro vezes maior do que

peixes, contribuindo para aumentar a CPUE em peso da captura incidental.

De acordo com nossos resultados, a taxa de captura incidental e abundancia em
peso do camardo apresentam padrdo inverso. No entanto, entre a taxa de captura
incidental e abundancia em peso da mesma nao foi encontrado nenhum padréo evidente,
esperava-se que ambas tivessem o mesmo padrdo. Destaca-se 0s anos de 2011 e 2014,
0s quais apresentaram CPUE de incidental semelhantes e diferencas extremas nos
valores de taxa de captura incidental. Além disso, esses anos apresentaram também
diferencas extremas de CPUE do camardo. Portanto, a taxa de captura incidental
isoladamente ndo € um bom indicador do real impacto causado pela pesca. Por se uma
relacdo, taxa ndo mostram a quantidade real de individuos removido incidentalmente,

apenas a sua relagdo com a captura de camardes.

Vaérias espécies listadas como capturas incidentais no presente trabalho sdo
sobreexplorados ou listadas como ameacadas de extingdo, como € o caso de M. furnieri
e G. barbus, respectivamente (Vasconcellos e Haimovici, 2006; Velasco et al., 2007). A
remocao destas espécies podem contribuir para a sobrepesca das mesmas. A omissao
dos dados sobre capturas incidentais podem resultar em subestimacdo das taxas de
exploracdo das espécies capturadas, levando a avaliagBes tendenciosas e falta de
recomendacgdes politicas, o que dificulta 0 uso sustentdvel dos recursos pesqueiros

(Aarts e Poos, 2009)

Para o estuario da Lagoa dos Patos, os valores da taxa de captura incidental
referentes a pesca de arrasto de portas captura sdo consideravelmente maiores que 0s
referentes a pesca de saquinho, respectivamente 86 e 33% (Vieira et al., 1996). A

maioria dos registros de pesca do camardo artesanal apresentam uma taxa de captura
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incidental insignificante, excecbes feitas quando redes de arrasto motorizadas séo

usadas (Kelleher, 2005).

4.4  Descricao do impacto fisico da pesca de arrasto de portas

O padrdo de marcas deixadas pelo arrasto no estudrio da Lagoa dos Patos
corrobora com o encontrado por outros estudos, que afirmam que o efeito fisico mais
perceptivel deixado pelas redes de arrasto é causado pelas portas, enquanto as outras
partes da rede deixam apenas marcas suaves no sedimento (Lucchetti et al., 2012;

Schwinghamer et al., 1998; Smith et al., 2007).

De maneira geral pode-se dizer que tonalidades mais escuras do sonograma
correspondem a rochas, cascalhos e sedimentos de grdo fino a lamosos, e que
tonalidades mais claras estdo associadas a fundos de areia (Wewetzer et al., 1999).
Estudos prévios afirmam que a profundidade das marcas € maior em fundos de lamosos
do que em fundos de areia (Jones, 1992; Lucchetti et al., 2012; Tuck et al., 1998).
Assim, sugere-se que em regides do estuario que predominam sedimentos lamosos as

portas penetram mais do que em regides de sedimentos arenosos.

Os mapas densidade de marcas de arrasto mostram um aumento na intensidade
de pesca para a regido de Pelotas, acima da Torotama, de marco para maio, quando o
periodo de pesca esta no fim. Assim, é possivel que ocorra uma variagdo espago-
temporal da dindmica da frota pesqueira, na procura por melhores rendimentos. Através
dos mapas também foi possivel observar que uma ampla area apresenta, pelo menos,
algum grau de pesca de arrasto. Benedet (2006), assim como Kalikoski & Vasconcellos
(2012), sugerem que o arrasto de portas ocorre de maneira espacialmente ampla ao

longo da Lagoa dos Patos. Os locais preferenciais seriam sobre fundos moles (de lama
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ou areia), com pouca vegetacao e em profundidades que variam de 1,5 a 14 m (Benedet,

2006).

Ainda, foi possivel observar que as zonas de maior intensidade de arrasto
ocorrem em manchas, intercaladas com regides de menor ou nenhuma densidade de
pesca. Em conversas com pescadores locais, eles comentam que quando localizam
manchas de camardo alertam outros pescadores. Ja foi presenciado aglomeracfes de
barcos atuando repetidamente sobre uma mesma area, 0 que causaria zonas de maior

impacto.

Friedlander e colaboradores (1999), encontraram uma relacdo quadratica entre as
marcas de arrastos observadas com auxilio do sidescan e o esfor¢o de pesca reportado
pelos barcos. Smith e colaboradores (2007), também conseguiram uma boa
sobreposicdo dos resultados quando foram comparados as densidade de marcas de
arrasto observadas através de imagens de video e comas obtidas com o sidescan.
Assim, 0 mapeamento geo-acuUstico do sedimento possui alto potencial para identificar

os locais de arrasto e avaliar a intensidade da pesca.

Este estudo é apresenta o primeiro registro do efeito da pesca com redes de
arrasto de portas sobre o fundo do estuario da Lagoa dos Patos. A partir dos resultados
obtidos foi possivel testar uma metodologia para estimar a intensidade da pesca de
arrasto com o uso deste aparelho. Contudo, para se obter um padréo de intensidade de
pesca mais confiavel é sugerido que uma maior area do estuario seja analisada. Ainda,
repeticGes do imageamento de uma mesma &rea no tempo podem levar a esclarecimento
da persisténcia das marcas, assim como da variacao espacial da intensidade de pesca de

arrasto no estuario.
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Deficiéncias na fiscalizacdo levam a falta de adesdo dos pescadores as regras.
Muitos fatores contribuem para isso, entre eles a caréncia de estrutura e recursos
humanos necessarios para executar a fiscalizacdo de maneira efetiva (Kalikoski e
Vasconcellos, 2012). Neste ponto, determinar as areas em que ocorre maior intensidade

de pesca torna-se importante para otimizar o processo.

45  Consideracoes finais

Assim, diante do exposto, evidencia-se os efeitos predatdrios da pesca de arrasto no estuario, |
zonas de pesca para proteger habitats criticos, a biodiversidade e as fases de vida
(Garcia e Cochrane, 2005). Contudo, Hilborn (2011) pondera que os custos destas a¢des sao altos e 0s
abundancia das espécies impactadas pela pescaria, sendo também necessario entender
os efeitos no deslocamento da frota (Hilborn, 2011). McShane e colaboradores (2007), comentam que
impacto consideravelmente menor sobre os habitats benténicos. A pescaria com redes
de “avidozinho” é amplamente utilizada em todo o estuario, € atua de forma passiva
atraindo os camardes para dentro da rede por meio de armadilhas luminosas (Benedet et
al., 2010). Sendo a arte de pesca legalizada para a captura do camardo-rosa no interior

do estuério.

Assim, neste momento, diante do alto impacto causado pela pesca de arrasto, da
caréncia informacgdes essenciais para que seja proposto o manejo desta arte, e da
existéncia do uso de redes passivas como alternativa para a captura do camardo, sugere-
se gque a pesca de arrasto permaneca proibida. Ainda, os resultados aqui obtidos devem
ser amplamente divulgados nas comunidades pesqueiras, de forma a contextualizar os
pescadores da necessidade da continuidade da legislacéo vigente devido ao alto impacto
gue a pesca de arrasto acarreta no ambiente estuarino. Também, nesse contexto,

explicitar que as demandas do setor produtivo podem e serdo ouvidas pelo grupo de
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pesquisa que esta sendo formado no Laboratorio de Crustaceos Decapddes, mas que,
para respondé-las adequadamente é necessario um arduo trabalho de pesquisa, em que é

essencial a colaboracgéo dos pescadores.
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6 ANEXOS

6.1 Anexol:

“Size structure of the pink shrimp, Farfantepenaeus paulensis (Pérez-

Farfante, 1967) (Decapoda: Penaeoidea), in a subtropical estuary: an
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Abstract. Artisanal fishermen of pink shrimp (Farfantepenaeus paulensis) from
Patos Lagoon estuary have called for changes in the legislation that controls this fishery.
They would like the opening of the season to change from a fixed calendar to a floating
calendar that is controlled by the time that the shrimp reach the minimum landing size.
They asked for the release of the use of otter-trawls nets, arguing that they can capture
larger shrimp than with the permitted fishing gear (fyke-nets). We analyzed the size
structure of the pink shrimp captured with otter-trawls and focused on the capture
proportions of shrimp that are larger and smaller than the capture size defined by the
legislation (90 mm total length). The shrimp harvested by trawl were not in accordance
with the minimum size required by law. The month, region, and fishing depth exerted
influence on the variability of the proportions of shrimp larger and smaller than

allowed. Therefore, it is recommended that the current legislation remains in place.
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However, if there is an approval for this demand, the shrimp measurements to release
the season must be conducted in multiple regions of the estuary due to the variability of
the shrimp sizes according to the region.

Keywords: otter-trawl, fishery, minimum size of capture

Resumo. Estrutura de tamanho do camardo-rosa em um estuario
subtropical: um estudo motivado pela demanda dos pescadores. Os pescadores
artesanais de camardo-rosa (Farfantepenaeus paulensis) do Estuario da Lagoa dos Patos
demandam a mudanca da legislacdo que controla a pescaria. Eles querem que a abertura
da safra mude de um calendério fixo para um calendario flutuante, controlado pelo
momento em que o camardo alcanca o tamanho minimo de captura. Pedem pela
liberacdo do uso das redes de arrasto de porta para a captura, argumentando que assim
capturam camardes maiores que com a arte de pesca permitida (“saquinho” — “fyke-
nets”). Foi analisada a estrutura de tamanho do camarédo-rosa capturado com redes de
arrasto de portas, com enfoque na proporcdo de captura de camarGes menores/maiores
que o tamanho de captura definido pela legislacdo (90 mm comprimento total). Os
camardes capturados com rede de arrasto dentro do estuario da Lagoa dos Patos nédo
estavam de acordo com o tamanho minimo exigido pela legislacdo. Més, regido, e
profundidade de pesca exerceram influéncia na variabilidade da proporcdo de camardes
maiores/menores que o permitido. Assim, ndo se recomenda a alteracdo da legislacdo
atual. Contudo, se for acatada a alteracdo as medicOes para a liberacdo da safra devem
ser realizadas em diferentes regides do estuario, devido a variabilidade de tamanhos dos
camardes de acordo com a regido.

Palavras chave: arrasto de portas, pesca, tamanho minimo de captura

Introduction

The pink shrimp (Farfantepenaeus paulensis) uses estuarine areas as nursery
grounds. Adults spawn in coastal waters, and larvae are passively transported to
estuaries and shallow bays by hydrodynamic processes. Once they settle in these coastal
environments as post-larvae and develop into juveniles and pre-adults, they are heavily
exploited by artisanal fisheries throughout the coast. The pink shrimp life cycle ends
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with a final reproductive migration out of the estuary, towards the sea to complete their
development (Neiva 1966, Iwai 1978, Garcia & Le Reste 1981, D'Incao 1991). The pink
shrimp fisheries of the Patos Lagoon estuary, in the state of Rio Grande do Sul, are
among the most profitable, and they are important for artisanal fishermen in the region.
Pre-juveniles are captured in these fisheries during the season of their migration to the
sea in the summer and fall (D'Incao 1991).

The Patos Lagoon estuary is an important fishery sector. There are
approximately 3,600 fishermen distributed in the coastal communities along the estuary.
The cities with the greatest numbers of artisanal fishermen are Séo José do Norte (33%),
Rio Grande (30%), Pelotas (17%), Sdo Lourenco do Sul and Tavares (3%) (Kalikoski &
Vasconcellos 2012).

The Normative Instruction No. 3 (MMAJ/SEAP 2004) regulates the fisheries in
this region and establishes the fishing seasons according to species. The pink shrimp
season takes place from February to May as an attempt to allow a portion of the recruits
to leave the estuary and replace the oceanic stock. This regulation also prohibits the use
of otter-trawl nets, allowing only passive fishing gears to catch pink shrimp (fyke-nets
and stow nets). Another important element is the establishment of a minimum capture
size of 90 mm in total length (TL), although the legislation tolerates 20% of the catch
being composed of smaller individuals.

In the Patos Lagoon estuary, artisanal fisheries are decreasing due to the decline
in fishery resources caused by over-exploitation, loss of biodiversity, poverty and loss
of the cultural identity of the fisheries communities (Haimovici et al. 2006, Kallikoski
et al. 2002). In a response to the failure of top-down fishery management, the Forum of
Patos Lagoon was created. This multi-partner entity is based on a co-management
system where a strong link between fishermen and researchers has been established.
The purpose of the entity is to discuss and develop alternative actions to mitigate the
crisis in the artisanal fisheries sector, recover the important artisanal fisheries, and to
share decisions to address problems more effectively (D’Incao & Reis 2002, Kallikoski
et al. 2002).

Therefore, it is necessary to implement local plans for fishery management that
take into consideration all actors and interests, mainly those belonging to traditional
communities that depend exclusively on the resource (Kallikosky et al. 2006).
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Kallikosky et al. (2006) interviewed the artisanal fishing community from the region to
better understand the traditional knowledge of the community. There was a demand for
a floating fishing calendar that suits the conditions of the resources. It was also
suggested that the opening of the fishing season should be controlled annually, from the
time when the shrimp reach the minimum size required by legislation (Reis & D'Incao
2000, Kalikoski et al. 2006). These arguments are based on the artisanal fishermen’s
extensive knowledge of the variations in hydrological conditions, particularly salinity,
that affect shrimp production in the Patos Lagoon estuary (Castelo & Moller 1978,
Moller et al. 2009, Pereira & D’Incao 2012).

However, fishermen defy the law to obtain a better income through fishing with
otter-trawls. This fishing gear is widely used across the Patos Lagoon estuary to catch
pink shrimp (Benedet et al. 2010, Kalikoski & Vasconcellos 2012). Fishermen request
the allowance of trawl fishing in the Patos Lagoon estuary. They believe that otter
trawls, if operated correctly, capture only the largest shrimp that are migrating to the
sea, causing a smaller impact than fyke nets (Kalikoski et al. 2006).

Studies on the size of shrimp caught in the Patos Lagoon estuary have been
conducted, showing that the percentages of shrimp smaller than 90 mm TL were higher
than those allowed by the legislation (Almeida & D'Incao 1999, Ruas et al. 2011).
However, these studies were performed with fyke-nets that only operated in the shallow
areas of the estuary.

Following the above rationale related by the fishermen, two basic changes to the
law were suggested: a) Open the fisheries when the shrimp reach the legal size; and b)
Allow trawling in the lagoon. This study aimed to meet the demand of the fishermen
and to serve as a tool for management actions. In this regard, we analyzed the size
structure of the pink shrimp (F. paulensis) captured with otter trawls by artisanal
fishermen in the Patos Lagoon estuary. We focused on the percentage of smaller shrimp
that is allowed by law and considered aspects such as the monthly, annual and local

variations of the size structure of their population.

Materials and methods
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The study area was the Patos Lagoon estuary, located in Rio Grande do Sul
state, southern Brazil. Sampling occurred through a partnership between the local
artisanal fishermen and researchers. The fishing boats and gear were owned by the
fishermen. The nets had a 12 mm mesh size between opposite knots in the bag. The
researcher, always bearing a license from the competent environmental authority
(SISBIO - No. 28975-1), was present only to monitor the fisheries, collect material to be
analyzed in the laboratory and obtain the necessary information. In each fishing haul,
the salinity at the bottom, the depth of the site and the geographical position were
registered. Sampling occurred during 2011-2013, from December to April. These
months were chosen because it was known in advance that fishermen start fishing for
shrimp in December, although to be in accordance with the law, fishing should start in
February.

The samples were not spatially random, as the choice of fishing spots was
subjected to the discretion of the fishermen. This approach was used so that the samples
represent the local artisanal fisheries, thereby incorporating the fishermen’s knowledge
about the pink shrimp behavior. Samples were taken from the area that comprises the
estuary’s mouth, located near the Patos Lagoon jetties (32°09° S 52°05° W), to the upper
estuary, near the city of Pelotas (31°43” S 52°08” W). This area was divided into four
regions: the estuary’s mouth, central estuary, sheltered estuary and upper estuary (Fig.
1). The estuary’s mouth is characterized by a long and deep channel for navigation that
connects the waters of the estuary and the sea. The central estuary is also an elongated
channel, but it is located farther downstream. The protected estuary is a shallow inlet
surrounding Marinheiros Island. The upper estuary is the farthest from the sea, an open
area relative to the estuary’s mouth and the central estuary. The upper estuary also
consists of deep channels that flow towards the sea. The fishing hauls were also grouped
according to the depth: shallow areas (up to 2 m deep) and channel areas (greater than 2
m deep).
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Figure 1. Study area of the Patos Lagoon estuary (Rio Grande do Sul state, Brazil). The points represent
locations of the fishing hauls. Outlines of the estuary mouth (A), central estuary (B), sheltered estuary (C)
and upper estuary (D) can be observed.

Farfantepenaeus paulensistotal length (TL) was measured from the tip of the
rostrum to the end of the telson. The specimens were grouped into 3 mm size classes.
The vast majority of catches allowed all individuals to be measured. However, when
catches were very abundant, only a sub-sample of the capture was measured. All
samples were weighed, allowing the extrapolation of the frequency length of the sub-
samples to the total catch.

The catch data were standardized into catch per unit effort (CPUE,
individuals/15 minutes). The CPUE was analyzed by size class (TL - 3 mm) to check
the size structure of the shrimp (Vieira 2006), considering month (December to April),
year (2011, 2012, 2013), fishing area (estuary’s mouth, central estuary, sheltered
estuary and upper estuary) and depth (shallow areas and channel). The percentage of
individuals smaller than 90 mm TL was also calculated considering month, year, fishing
area and depth. The estimates of the sizes at first capture (P50%), in which there was a
50% probability of the shrimp being caught in the trawl net, were obtained from TL
distributions in millimeters, according to the logistic model proposed by Sparre &
Venema (1998) for months, years, regions and depths.

A generalized linear model (GLM), performed using the R-3.1.1 software (R

Core Team. 2014), was adjusted to analyze the variability of the proportion of shrimp
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smaller than 90 mm TL in the estuary. First, a model was chosen that included the
month (December to April), year (2011, 2012, 2013), region (estuary’s mouth, central
estuary, sheltered estuary and upper estuary), depth (shallow and channel areas) and
bottom salinity (continuous variable) as explanatory variables. The predictive variable
was incorporated by the cbind function in two columns with the number of shrimp
smaller/greater than 90 mm TL. The data were adjusted through the binomial family
with the logit link function. The presence of overdispersed data was observed through
the Residual deviance/Residual degrees of freedom relationship. Therefore, the model
was adjusted using the quasi-binomial family with the logit link function. The initial
model was gradually reduced by excluding non-significant factors from the model
through F-tests applied in pairwise comparisons (function: dropl; Faraday 2006). A
posteriori comparisons of the significant factors were performed using the multicomp
package GLHT function, which performs multiple comparisons of means (TukeyHSD
function).

Additionally, to determine whether there were differences in the average salinity
of the estuary between the years of study, we performed a Kruskal-Wallis test with
multiple comparisons. The average salinity was acquired based on the daily
measurements taken at seven points distributed along the estuary.

Results

A total of 23,500 individuals were caught, and 35.4% (8,319) were measured.
The size frequency distribution showed that the size range of shrimp was from 30 mm
TL to 146 mm TL. The calculated P50% was 86.62 mm TL, 54.2% of which was

composed of individuals smaller than 90 mm TL (Fig. 2, Table I).
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Figure 2. Probability of capture (dark line), where the point marks the size of the first capture (P50%),
and CPUE percentage (light line) by size class of the pink shrimp captured with artisanal trawling in the
Patos Lagoon estuary. The dashed line represents the shrimp at 90 mm TL.

December had the lowest value of P50% and the highest percentage of shrimp
smaller than 90 mm TL. The opposite occurred in January, when the largest shrimp
were captured. In February, the size of the shrimp captured declined relative to January
but increased relative to December. The March capture exhibited a size pattern similar
to February. In April, the pattern was similar to January, presenting higher values of
P50% and a small percentage of shrimp smaller than 90 mm TL. Fig. 3 shows a shift to
the right in the logistic curve over the months, represented by a higher contribution of

larger sizes in CPUE, except January, which showed the least shifted curve (Table I).
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Figure 3. Monthly probability of capture (dark line), where the point marks the size of the first capture
(P50%), and CPUE percentage (light line) by size class of the pink shrimp captured with artisanal

trawling in the Patos Lagoon estuary. The dashed line represents the shrimp at 90 mm TL.



Table | - Description of size classes (TL) observed for shrimp caught with otter trawls in the Patos
Lagoon estuary, showing the number of measured specimens (N), size range, size in which the
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probability of capture is 50% (P50%) with the confidence interval (Cl P50%) and percentage of
individuals smaller than 90 mm TL (% < 90 mm ). Unit of measure: millimeters.

Factor Variable N Size Range P50% CIP50% % <90 mm
Total 8319.0 30.0-146.0 86.6 86.3-86.9 54.2
December 300.0 50.0-145.0 784 78.1-78.7 76.7
Month January 2766.0 30.0-141.0 925 919-929 41.6
(considering all years) February 2626.0 45.0-146.0 81.8 81.5-82.2 59.7
March 2175.0 38.0-1440 843 84.1-845 63.2
April 451.0 42.0-124.0 87.0 87.4-87.9 41.5
2011 4623.0 37.0-144.0 86.0 85.7-86.2 53.3
Year 2012 2188.0 30.0-146.0 823 82.1-824 69.1
2013 1508.0 37.0-145.0 989 98.3-99.5 35.1
Estuary mouth ~ 1857.0 37.0-137.0 92.6 92.1-93.1 35.6
Region Central estuary  3338.0 38.0-146.0 87.0 86.7-87.2 515
Upper estuary 778.0 51.0-1180 86.5 86.2-86.8 54.8
Sheltered estuary 2346.0 30.0-144.0 79.8 79.6-79.9 72.6
Depth Shallow areas 2246 35.0-146.0 782 77.4-789 50.5
Channel areas 3012 30.0-137.0 76.6 755-77.7 64.5

The values presented in Table I show that the smallest shrimp were caught in

2012, with the lowest value of P50% and the greatest percentage of shrimp smaller than

90 mm TL. The largest shrimp were caught in 2013. The year 2011 was intermediate,

with a P50% of 86 mm TL and a percentage of smaller shrimp of 53.3%. Fig. 4 shows a

shift to the right in the logistic curve in the sequence 2012, 2011, 2013, a similarity

between 2011 and 2012 and a greater contribution of larger sizes in the CPUE

percentage in 2013 (Table ).



73

o

17 20m : [ o
£ 09 : -9 £
£ 0.8 . s E
& ! a
S 0.7 A ; -7
2 06 A 3 -6 T
= 05 - ! -
0 =
= 0.4 A ! - 4 T
2 03 4 I - 3 -j-
o 1

0.2 ! -2 2
0.1 | -1 O
=2

D | T T T i |I| I |I| i i i IIII i |I| i i i |I| i |||_._l i i U

20 30 40 50 60 70 80 90 100 110 120 130 140 150
" 17 2012 r
¢ 09 - k=
= L
& 08 A w0
S 07 + L s &
& 06 1 @
= 0.5 + L & 'g
0 =
@ 0.4 - 5
o C
2 0.3 r4 =
o
0.2 L2 &
0.1 - g
D I T T -I (e U °

20 30 40 50 60 V0 80 S0 100 110 120 130 140 150

o

% CPUE {individuals/15min.}

0.9 | 2013

Probability of capture
o
(=]
|

o
[
L

0.1 4
0 i B |I| i II. I T
20 30 40 50 60 70 80 S0 100 110 120 130 140 150

Total length (mm)

T
O RO AT w08 WD

Figure 4. Probability of capture (dark line), where the point marks the size of the first capture (P50%),
and CPUE percentage (light line) by size class of the pink shrimp captured with artisanal trawling in the

Patos Lagoon estuary over the years. The dashed line represents the shrimp at 90 mm TL.

Larger shrimp were caught in the estuary’s mouth, where the lowest percentage
of individuals smaller than 90 mm TL was also observed. The central and upper estuary
were intermediate, and the smallest individuals were captured in the sheltered estuary
(Fig. 5, Table I). According to the depth, shrimp with the largest size were captured in
the channel areas, and the catches in shallow areas presented lower values of L50% and

greater percentages of smaller individuals (Fig. 6, Table I).
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Figure 5. Probability of capture (dark line), where the point marks the size of the first capture (P50%),
and CPUE percentage (light line) by size class of the pink shrimp captured with artisanal trawling in the
Patos Lagoon estuary by region. The dashed line represents the shrimp at 90 mm TL.
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The adjusted model that explained the variability in the proportion of shrimp
smaller than 90 mm TL incorporated the following factors: area (df=3, F=8.2363;
P<0.0001), depth (df=1, F=14.786; P=0.0002) and month (df=4, F=5.3562, P=0.0005)
(Table II). The multiple comparison test verified that trawls performed in the central
and sheltered estuary captured a greater proportion of small shrimp (<90 mm TL) than
those performed in the estuary mouth. The captures in shallow areas included greater
proportions of small shrimp than those conducted in the channel areas. January was
different from February and March, with a lower proportion of small shrimp captured
(Table 111).
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Table Il. Result of the selected model (chbind (<90 mm TL, >90 mm TL) ~ month+region+depth;
family = quasi-binomial=(logit)). Significant P values are marked with * when P<0.1 and ** when

P<0.05.
Factor Explanatory variables Estimated Standarderror — t P
Intercept -0.2406 0.3509 -0.6860  0.4944
December 0.9292 0.5415 1.7160 0.0891*
'(\gg::? tering all January -0.2608 03456  -0.7540 0.4523
years) February 0.5522 0.3404 1.6220 0.1078
March 0.4316 0.3514 12280 0.2223
Estuary mouth -0.6601 0.2950 -2.2380 0.0274**
Region Sheltered estuary 0.4373 0.2966 1.4740 0.1435
Central estuary 0.0221 0.2540 0.0870 0.0930*
Depth Shallow areas 0.8661 0.2189 3.9560 0.0001**

Table I11. Tukey test result for each factor related to the model (cbind (<90 mm TL, >90 mm TL) ~
month+region+depth; family = quasi-binomial(logit)). Significant P values are marked with * when
P<0.1 and ** when P<0.05.

Estimate Standard
Factor Explanatory variables d error z P
Estuary mouth - Upper estuary -0.660 0.295 -2.238 0.110
Sheltered estuary - Upper estuary 0.437 0.297 1.474 0.446
Region Central estuary - Upper estuary 0.022 0.254 0.087 1.000
Sheltered estuary - Estuary’s mouth 1.097 0.219 5.005 <0.001*
Central estuary - Estuary’s mouth 0.682 0.216 3.162 0.0081*
Central estuary - Sheltered estuary -0.415 0.222 -1.873 0.234
December — April 0.929 0.542 1.716 0.397
January — April -0.261 0.346 -0.754 0.937
February — April 0.552 0.340 1.622 0.455
March — April 0.432 0.351 1.228 0.714
'(\:g:: dering all January — December -1.190 0.469 2540 0.0721*
years) February - December -0.377 0.461 -0.818 0.917
March — December -0.498 0.461 -1.080 0.800
January — February -0.813 0.196 -4.154 < 0.001**
March — February -0.121 0.194 -0.622 0.968
March — January 0.692 0.193 3.580  0.0026**
Depth Shallow areas - Channel 0.866 0.219 3.956 <0.001**

A statistically significant difference between the mean salinities over the three

years was found (p = 0.0000) using the Kruskal-Wallis test. The 2012 salinity was
different from those of 2011 and 2013 (p = 0.0000 for both), and 2011 was similar to
2013 (p = 1.000). The salinity in 2012 was higher in every month relative to the other

years (see Fig. 7). Additionally, during the period from May to September, the salinity
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declined in both 2011 and 2013. This pattern did not occur during 2012, which
displayed a peak of salinity between June and August.
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Figure 7. Monthly variation in the mean salinity of the Patos Lagoon estuary by years.

Discussion

The demand by fishermen for a floating fishing season relies on the argument
that annual environmental variations occur, mainly related to the salinity of the estuary,
which affect shrimp fisheries. Studies of this relationship show that harvests are more
abundant in years with higher salinities (Castello & Moller 1978, Kalikoski et al. 2006,
Moller et al. 2009, Pereira & D’Incao 2012). The differences in the proportions of small
shrimp between years were not statistically significant for incorporation in the model
that explains the variability in the proportion of individuals smaller than 90 mm TL.
However, 2013 was the year with the greatest proportion of larger shrimp. The year was
not included in the model because the region, depth and month had greater significance
in explaining the variability of shrimp size than the year itself. Salinity was not
statistically significant therefore was not included in the model. This differs to that
observed by Noleto-Filho (2014) who found that the number of cohorts and modes
correlated with salinity indicating the importance of this variable to the shrimp
recruitment on the estuary. Therefore, as in 2012, the salinity remained high throughout
the year, and the estuary conditions were positive for the entry of larvae in earlier
months than the other years. By entering early, the shrimp are afforded more time to
grow so that they can reach higher sizes over the fishing season.

The data allowed us to observe that there was a variability in the size structure of

the shrimp population according to the month. The post-larvae entrance occurs mainly
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between September and November, and it takes around four to five months to grow
until 70-80 mm of total length, when they start the migration processes back to the sea
(D’Incao 1984, 1991). It was expected that smaller shrimps should be caught in the
early fishing season (December and January). However, January presented a non-
standard pattern displaying mainly larger shrimp sizes. D’Incao (1991) suggest that the
post larvae penetration can also occurs, in a less degree, during all year, and that some
individuals can remain on the estuary until 10 months old. The presence of shrimps up
to 145 mm total length found on this study at December and January is an evidence that
this larger shrimps found on the beginning of season are in fact shrimps that remained
over the estuary since the last season. This phenomenon is known by fishermen as off-
season or “safrinha”. At the opening of the fishing season, when fyke-nets nets are
allowed, the effort is intensified, which shows that the fishing effort should act to select
the size of individuals in the population. The number of individuals per age decreases
according to three factors: natural mortality, fishing mortality and migration (D'Incao
1983). Therefore, a greater capture effort prevents the shrimp reach older ages,
decreasing its size capture (D'Incao 1984). The effect of fishing on the population of
shrimp in the Patos Lagoon is intense, as few or nearly no individuals return to the sea
(D'Incao 1990). Therefore, the periods when shrimp are able to return to the ocean are
the months of January and December, which is allowed by reduced fishing efforts.
However, it is very important to note that although shrimp sizes are larger during the
off-season period, and environmental variations can anticipate their growth, individuals
were captured with less than 90 mm TL in higher percentages than those permitted by
law (MMAJ/SEAP 2004). Therefore, an early release of the fisheries would not be
possible.

Fishermen also argued that trawl nets only catch larger shrimp when used in
channel areas (Kalikoski et al. 2006). Despite our results corroborating this statement to
some extent, it is important to note that the proportion of small individuals in the
channel was high. Fishermen were free to choose the fishing spots, and not only channel
areas were chosen. Shrimp were repeatedly captured in shallow areas, such as the
surroundings of Marinheiros Island. This region is mainly characterized by shallow
areas, with the greatest depths observed parallel to the city of Rio Grande (Souza et al.
2008). The capture of small-sized shrimp near Marinheiros Island corroborated the
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nursery function of this region, as discussed by other authors (Ruas et al. 2014).
Penaeids remain within estuaries during part of their life cycle and prefer to settle on
shallow and calm regions, such as small inlets, migrating to open areas as they grow
(Vance et al. 1998, Adnan et al. 2002). In those areas of the Patos Lagoon estuary, the
shrimp were larger, especially in the lower estuary region. This area is characterized by
a narrow, long channel, typical of strangled lagoons, which connects the estuary to the
sea. As the shrimp grow to the age at which they migrate to the sea, they must pass
through this channel, which explains the high catches of larger shrimp in this region.
However, small shrimp were also captured in this location, and the prohibition based on
the capture percentage by the legislation was not fulfilled. All areas showed higher
percentages of smaller shrimp (< 90 mm TL) than those tolerated.

The percentage of shrimp smaller than 90 mm TL captured with fyke-nets nets
in the estuary of Patos Lagoon has been studied, and values greater than those permitted
by law were registered, with seasonal variations (Almeida & D'Incao 1999, Ruas et al.
2011). Almeida & D'Incao (1999) observed percentages between 40% and 48% during
one fishing season in Saco da Mangueira, a nearby inlet at the channel of the estuary
mouth. Furthermore, these same authors observed a decreasing variation between 85%
at the beginning of the fishing season and 23% at the end of the season in Saco do
Arraial, a shallow area near Marinheiros Island. Ruas et al. (2011) analyzed only Saco
do Arraial and found 67.7% of small shrimp at the opening of the season. They also
observed a decreasing tendency in that percentage in March and early April, when it
increased (up to 98% of small shrimp) and decreased again at the end of the fishing
season (36.4% in May). The percentage of small shrimp caught with fyke-nets nets was
often higher than those caught while trawling. These differences may reflect the study
area because the use of fyke-nets is restricted to shallow areas of the estuary. The model
generated to explain the variability of the percentage of small shrimp in the estuary
incorporated the area as a significant factor, and the region near Marinheiros Island, also
used to evaluate fisheries with fyke-nets nets, showed the highest percentage of smaller
shrimp captured. Furthermore, it must be considered that both that fishermen that use
fyke-nets nets have techniques to decrease the selectivity of the nets, such as confection
of nets with smaller mesh sizes than those allowed, or the use of overlapping meshes in
baggers and rings with diameters smaller than usual (Ruas et al. 2011). The monthly
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variability was also different between the two fishing gears. It is possible that because
larger shrimp prefer open regions of the estuary, in particular the estuary mouth, and
fyke-nets are used only in shallow areas, they are not good samplers of larger shrimp
during the off-season.

The pink shrimp is in the list of overexploited or threatened by overexploitation
species, according to Normative Instruction No. 5 (MMA 2004). Several studies have
indicated that yields of this species have decreased over the recent years in Southeast
and Southern Brazil (Valentini et al. 1991, D'Incao et al. 2002, Leite & Pretere 2006,
Valentini et al. 2012). The data presented in this work show that otter trawls are able to
capture large amounts of shrimp in smaller sizes than those allowed by law. D’Incao et
al. (2002) showed that the negative effect of high fishing efforts within the estuary
prevented the recruitment of shrimp to the adult stock, which significantly contributed
to the maintenance of low yields of industrial fisheries. Therefore, it is important to
maintain the fishing seasons based on a fixed schedule to allow part of the stock to be
replenished and also to reinforce the fiscalization on number of nets/fishermen.

The data analyzed in this study do not show compliance with the legislation
regarding minimal sizes of the shrimp caught in the Patos Lagoon estuary. The captures
in shallow inlets were more likely to contain smaller shrimp and, therefore, to require
greater supervision. It does not seem right that the premise for the release of this fishing
gear is only based on the sizes of the captured shrimp. However, if there is an approval
for this demand, it should be applied with certain cautions. The shrimp should be
measured along the entire estuary because there is variability in the size structure in the
different regions of the estuary. Studies demonstrated that using otter trawls to catch
shrimp in tropical environments produced an average of 10 kg of by-catch for each
kilogram of the target species (EJF 2003). Thus, the potential impact of the trawl on the
ecosystem should also be taken into consideration.
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6.2 Anexo2:

“Bycatch composition of an estuarine shrimp-trawl: focus on the impact
upon the captured species assemblage”2
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Abstract: The pink shrimp fishery is among the most profitable fisheries
resources. One of the most problematic fishing methods on terms of bycatch is shrimp
trawling. We investigated species assemblage captured as bycatch from shrimp trawling
over the Patos Lagoon estuary, and its relations with environmental conditions during
four years. A four study was performed (2011-2014). In a partnership with the artisanal
fishermen, were conducted a total of 173 trawls. We caught as bycatch 61 species,
represented by 36 families (30 fishes, 5 crustaceans, and 1 mollusca). Few species
dominated the capture, being the most affected Micropogonias furnieri, Callinectes
sapidus and Genidens barbus. Besides this few species dominance, were found a
variability in the caught assemblage during two extreme years. A higher number of
species were affected in a La Nifia year. These event causes drought in the Southern
Brazil, which favors the entrance of marine species, increasing the number of species
caught as bycatch. In opposite, the high freshwater outflow favor the dominance of the
main species. The main species caught were juveniles of fishery resources evidencing
the impact of trawl nets in estuarine systems.

Key-Words: Bycatch, estuary, Patos Lagoon, Shrimp-trawl

Introduction

One of the most common problems related to trawl fisheries is bycatch, which is
the part of the catch that is taken incidentally in addition to the target species. Bycatch is
currently one of the most important topics in fisheries management, both from an

economic and environmental point of view, usually because it includes species of

2 Artigo submetido & avaliacdo na revista Fisheries Research
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economic interest and threatened species (Alverson et al., 1994; Alverson e Hughes,
1996; Catchpole et al., 2011; Kelleher, 2005). Several studies describe the consequences
of removing these species, resulting in shifts in the food web and ecosystem
desquilibrium. In most shrimp trawl the weight of bycatch is proportionally higher than
the weight of the shrimp (Alverson et al., 1994; Alverson e Hughes, 1996; Kelleher,
2005). The ongoing worldwide decrease in fishery production has drawn more attention
to the problem of incidental fishing and bycatch.

Fisheries in many estuarine communities, especially in developing countries, are
the communities’ main source of income. The Patos Lagoon estuary in southern Brazil
is the main nursery ground for the pink shrimp Farfantepenaeus paulensis, accounting
for about 40% of the shrimp landed in the country (D’Incao et al., 2002). A large
number of fishermen, about 3,600 from surrounding communities, target this species
during the grow out phase, usually from late spring to summer (Kalikoski e
Vasconcellos, 2012). The pink-shrimp (Farfantepenaeus paulensis) fishery season is the
most important economically for the artisanal fishermen, especially after the collapse of
traditional fisheries, such as those targeting the catfish (Genidens barbus) and the mullet
(Mugil liza) (D’Incao, 1991; Reis & D’Incao, 2000; Kalikoski & Vasconcellos, 2012).
In the region, the fishery is regulated by a sanction which only allows the use of passive
fishing gears to catch pink shrimp (fyke nets - “saquinho” - and stow nets - “saco”) (In
N°3 - MMAJ/SEAP, 2004). However, fishermen defy the law by using trawl nets to
improve their yields (Benedet et al., 2010; Kalikoski e Vasconcellos, 2012).

Estuaries are recognized for their various ecological and economical services,
including their importance as nursery areas and productive fishing grounds. Among the
associated anthropogenic impacts on these environments, the intense trawling for
shrimp should be highlighted (Blaber, 2000).

Most studies that focus on the effects of trawling in the estuarine environment focus on
the impact of trawling on the benthic community, associated sediment resuspension,
mortality of the discards and alternatives for reducing the bycatch (e.g. Broadhurst et
al., 2004; Costa and Netto, 2014; Dellapenna et al., 2006; Gamito and Cabral, 2003;
Warnken, 2003). In contrast, only a few papers, concentrated in eastern Australia,
describe and quantify the species captured as bycatch (e.g. Gray et al., 2003; Liggins
and Kennelly, 1996; West and Walford, 2000). The lack of knowledge on the species
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that make up bycatch, and the spacial and temporal variation of bycatch, hinders the
understanding of biological and ecological effects of fisheries (Alverson et al., 1994;
Hall et al., 2000; Hall e Mainprize, 2005).

Estuaries are known for their low species richness, which is associated with the
stressful conditions and large and rapid environmental variations that species must
endure in this environment (Lalli e Parsons, 2003; Pinet, 2003). It is usually assumed
that abiotic factors, such as salinity and temperature, define the community structure
and its distributional patterns (Day et al., 1989; Martino e Able, 2003). Long-term
studies indicate that shallow water communities may face important shifts, driven by
events of variable scale, such as ENSO, tides, or wind. It is therefore expected that
species composition of shrimp trawling bycatch can vary greatly depending on large
environmental variations, which has already been reported for fish distribution in
estuaries (Garcia et al., 2003a, 2003b, 2001). In this sense, the effects of trawling in
nursery areas, such as shallow-water estuaries are of particular concern.

Understanding bycatch composition and its variation over time is essential for
ecological management. The Ecosystem Approach to Fisheries (EAF) reinforces that
the impact that fisheries have on the ecosystem must be assessed in a more holistic way,
combining the knowledge of discarded fauna and the main factors driving the discards.
The present investigation investigates the inter-annual variability in the assemblage of

bycatch by a shrimp-trawl fishery in a subtropical estuary.

Materials and Methods

Scientific trawls were conducted in the Patos Lagoon estuary, located in Rio
Grande do Sul State, southern Brazil. Samples were taken from the estuarine mouth
(32°09 S 52°05” W) to the upper estuarine region (31°43” S 52°08” W) (Figure 1). A
total of four (2011 to 2014) shrimp fishing seasons were assessed.
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Fig. 1 Study area of Patos Lagoon estuary (South Brazil). Each point represents the
location of a fishing haul.

Since the use of trawl gears is not permitted inside the estuary, a scientific
observer was always onboard with a trawling fish license from the appropriate
environmental authority (SISBIO - No. 28975-1). The trawling gears used were 12 mm
between each opposite knot at the cod-end and were operated from 8 m long artisanal
fish boats. In an attempt to replicate the impact of fisheries, the fishing grounds were
selected at the recommendation of local fishermen, based on their experience in finding
areas with the highest yield. The duration of the each trawl ranged from 5 to 35 minutes,
with a mean time of 17 minutes (c=5).

In each sampling site, the salinity and temperature at the estuarine floor and the
geographical position were registered. All catch was brought to the laboratory, placed in
plastic bags, properly labeled, and then frozen until processing. When the capture was
too large, a subsample was used. The relative abundance index (CPUE) used was the
number of individuals by 15 minutes of trawling.

The organisms were identified to the lowest possible taxonomic level according
to Figueiredo & Menezes (1978), Buckup & Bond-Buckup (1999) and Fisher et al.,
(2011). Species were classified into habitat guilds: Estuarine-related - species that live
their entire life cycle in the estuary or occur in large numbers in the estuary at certain
times of the year; Marine vagrant - species from the marine environment that rarely

occur in the estuary; Freshwater - species that are restricted to freshwater environments
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and occasionally occur in the estuary. The individuals were measured (mm) in the
following way: fishes — from the tip of the snout to the end of the caudal fin (total
length — TL); shrimps - from the tip of the rostrum to the end of the telson (total length
— TL); crabs — the distance between the tips of the posteriormost lateral carapace spines
(carapace width — CW).

The patterns of species abundance and dominance were analyzed based on the
relative frequency of occurrence (%F) and relative abundance in number (%CPUE N).
Species with relative frequency of occurrence values equal to or greater than the
average value of all species were considered frequent. Species with relative frequency
of occurrence values smaller than the average value were rare. The same procedure was
employed for the relative abundance in number values, resulting in higher abundant
(%CPUE N > average %CPUE N) and lower abundant species (%CPUE < average
%CPUE N). Based on these criteria, the species were placed into four groups: (1) higher
abundant and frequent, (2) higher abundant and rare, (3) lower abundant and frequent
and (4) lower abundant and rare (Garcia et al., 2006). Thus, we considered species as
dominant when they were higher abundant and frequent in at least one of the sampled
years.

Differences in the community composition among the years were tested using a
distance-based permutational analysis of variance (PERMANOVA, Anderson, 2005)
using Bray-curtis similarities of the square-root transformed data. The biological matrix
included all species that represented at least 5% of the frequency of occurrence.
Significance level was set at p=0.05. The year was considered a random factor, as we
did not have a particular hypothesis associated with the sampled years. Routines in
PERMANOVA, an add-on to Version 6 of the PRIMER computer program (Clarke e
Gorley, 2006) were used to partition multivariate variability according to the full
experimental design that then appropriately dealt with asymmetry. Similarity
Percentage Analysis (SIMPER, Clarke, 1993) was used to identify the percentage
contribution of each species (or taxon) to observed differences between years. The
annual species’ richness was estimated by using the species accumulation curves
according to the number of individuals caught per sampling, differences will be
considered according the overlap of the its respective confidence intervals (Colwell et
al., 2004).
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The CPUE of each size class was analyzed to assess the size composition of the
main species caught by the fisheries. The size class, in which the probability of a fish
been caught is 50%, is the size at first catch. Total length (TL mm) distributions, were
fitted to a logistic model proposed by Sparre and Venema (1998).

Differences in the abiotic factors (salinity and temperature) were tested by a
One-Way ANOVA (significance level of p=0.05). The relationship between the
abundance (CPUE) of dominant species and environmental variables was analyzed by
using a Pearson’s Correlation test, with significance level of p=0.05. The data’s
presuppose of normality and homoscedasticity were verified by Cochran & Bartlett test
and Kolmogorov-Smirnov test, respectively and were accepted.

Results

Temperature was similar among studied years, with the highest average value
recorded in 2011 (25.0 £ 1.8 °C) and the lowest in 2014 (23.3 + 4.5 °C), with no
significant differences (F= 2.16, df=3, p = 0.0941) (Fig. 2). However, salinity presented
significant variation over the years (F= 20.64, df=3, p = 0.0000), being higher in 2012
(21.9 £ 7.5) and lower in 2014 (8.6 £ 5.9 ) (Figure 2).
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Fig. 2 Interannual variation in temperature and salinity. Vertical bars denote 0.95 interval of

confidence.
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A total of 173 trawls were conducted during the 4 years of investigation (2011 =
42; 2012 = 34; 2013 = 47; 2014 = 50). A total of 32,835 individuals were caught, from
36 families (30 fishes, 5 crustaceans, and 1 mollusca) represented by 61 species (55
fishes, 5 crustaceans, and 1 mollusca) (Table 1). The average CPUE was 218.6
individual/15 min (2011 = 225.3 individual/15 min, 2012 = 81.95 individual/15 min,
2013 = 221.7 individual/15 min, 2014 = 302.9 individual/15 min).

According to the dominance analysis 11 species were considered dominant,
represented by six estuarine related species (Micropogonias furnieri, Callinectes
sapidus, Genidens barbus, Lycengraulis grossidens, Catathyridium garmani, Brevortia
pectinata), one freshwater species (Parapimelodus nigribarbis) and five marine vagrant
species (Callinectes danae, Prionotus punctatus, Selene setapinnis, Peprilus paru)
(Table 1). The most abundant and frequent species were M. furnieri and C. sapidus;
they were present in all sampled years and in the great majority of trawls (Tablel). Of
the remaining species, only G. barbus was considered dominant in more than one year
(2011 and 2014). The year with highest number of dominant species was 2011 (n=6),
all other years presented equal number of dominant species (n= 4). In all years, the
estuarine guild presented the highest number of dominant species (n=6), followed by
marine species (n=4) and freshwater species (n=1), respectively. Estuarine species were
represented by a minimum of three dominant species during the four years sampled.
Marine species had a at least one dominant species during the first three years and none
during the last year. Freshwater species had only one dominant species, present in 2014
(Table 1).
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Table 1 Values of relative abundance in number (% CPUE N), relative frequency of

occurrence (% F) and dominance patterns for all the species caught as bycatch during the

shrimp trawl fishery on the Patos Lagoon estuary, by years. Where: 1-abundant and frequent,

2-abundant and infrequent, 3-not abundant and frequent, 4-not abundant and infrequent.

Species/Guilds 2011 2012 2013 2014 2011 2012_ 2013 2014
% CPUEN %F %CPUEN %F %CPUEN %F %CPUEN %F Dominance

Estuarine related

Micropogonias furnieri 14.25 95.24 18.61 82.35 60.08 94.24 62.00

Callinectes sapidus 8.24 90.48 9.19 97.06 8.93 59.59 20.88

Genidens barbus 4.07 66.67 0.08 11.76 0.52 1.30 2.66

Catathyridium garmani 1.25 69.05 0.18 8.82 0.47 1.32 0.18

Lycengraulis grossidens 0.31 35.71 0.42 29.41 1.69 2.85 0.12

Brevoortia pectinata 0.01 4.76 1.38 17.65 0.15 1.39 0.01

Paralichthys orbignyanus 0.13 23.81 0.47 44.12 0.41 6.71 0.56

Genidens genidens 0.43 28.57 0.00 0.00 0.28 1.27 1.18

Menticirrhus americanus 0.10 11.76 0.30 2.49 0.02

Genidens planiforns 0.24 0.37 0.02

Mugil sp. 0.02 7.14 0.16 5.88 0.01 0.25 0.10

Pogonias cromis 0.34 7.14 0.01

Platanichthys platana 0.65 0.31 0.02

Engraulidae 0.02 2.38 0.01

Cyrtograpsus angulatus 0.02 9.52 0.02 5.88 0.01 0.01

Odontesthes argentinensis 0.01 2.38 0.07 2.94 0.02 0.09 0.01

Palaemonetes argentinus 0.29

Ramnogaster arcuata 0.01

Rhithropanopeus harrisii 0.11 2.38 0.02 2.94 0.02 0.00

Freshwater

Parapimelodus nigribarbis 0.18 26.19 0.01 2.94 3.49

Pimelodus maculatus 0.09 9.52 0.40

Astyanax fasciatus 0.01 4

Cyphocarax voga 0.14 1.96 0.00 2.00 4 4

Geophagus brasiliensis 0.02 2.38 0.04 2.94 0.03 0.09 0.07 8.00 4 4 4 4

Loricariichthys anus 0.01 0.06 4

Pimelodus pintado 0.04 0.50 0.04 2.00 4 4

Marine vagrant

Callinectes danae 0.44 42.86 0.74 23.53 0.30 1.00 0.13 20.00 918 l.ls. 3

Prionotus puncttatus 0.13 21.43 0.20 11.76 1.59 2.56 0.02 4.00 8 8 4

Selene setapinnis 5.14 33.33 0.39 11.76 0.12 0.04 0.01 2.00 i 3 4 4

Peprilus paru 0.84 21.43 0.07 5.88 0.30 0.58 1 4 3

Macrodon atricauda 0.62 7.14 0.01 294 0.06 0.06 0.01 2.00 4 4 4 4

Trichiurus lepturus 0.12 40.48 0.22 14.71 0.14 2.78 0.01 4.00 | 3 3 & 4

Menticirrhus littoralis 0.25 21.43 0.24 14.71 0.06 0.40 0.14 16.00 8 3 4 3

Loligo sp. 0.20 16.67 0.22 8.82 0.14 0.05 3 3 3

Callinectes ornatus 0.51 21.43 0.03 5.88 0.08 0.05 & 4 &

Lagocephalus laevigatus 0.05 16.67 0.03 5.88 0.00 0.01 0.02 4.00 | 3 4 4 4

Citharichthys spilopterus 0.09 8.82 0.01 0.02 3 4

Stephanolepis hispidus 0.07 8.82 3

Selene vomer 0.34 11.76 0.01 2.00 3 4

Pomatomus saltatrix 0.01 2.38 0.03 5.88 0.18 3.87 0.00 0.00 | 4 4 & 4

Trachinotus marginatus 0.07 11.90 0.48 3.66 4 g

Chilomycterus spinosus 0.00 2.38 0.01 200 | 4 4

Diapterus rhombeus 0.00 0.00 0.02 2.94 0.01 200 | 4 4 4

Eucinostomus argenteus 0.01 2.00 4

Eucinostomus gula 0.00 2.38 0.02 2.94 0.02 0.10 0.09 400 4 4 4 4

Gobionellus oceanicus 0.01 4.76 0.03 5.88 4 4

Libinia spinosa 0.01 4.76 0.02 2.94 4 4

Paralonchurus brasiliensis 0.24 4.76 0.02 2.94 0.10 0.62 0.01 200 | 4 4 4 4

Peisos petrunkevitch 0.00 1.00 4

Porichthys porosissimus 0.01 7.14 0.01 0.01 4 4

Portunus spinimanus 0.01 2.38 4

Percopris brasiliensis 0.01 2.94 4

Stephanolepis setifer 0.02 9.52 0.01 2.94 0.01 0.06 4 4

Urophycis brasiliensis 0.05 2.38 0.01 0.15 4 4

Cynoscion jamaicensis 0.01 2.94 4

Arenaeus cribrarius 0.03 7.14 4

Artemesia longinaris 0.03 7.14 0.15 5.88 4 4

Anchoa marinii 0.04 2.38 0.02 2.94 0.01 0.01 4 4 4

Balistes capriscus 0.00 2.38 0.02 2.94 4 4

Callinectes bocurti 0.01 4.76 4

Symphurus jenynsii 0.02 2.94 0.00 0.02 4 4

Stellifer rastrifer 0.03 9.52 0.01 2.00 4 4

Chloroscombrus chrysurus 0.49 11.90 0.17 0.04 0.01 2.00 4 4 4

Total number of species - - - - - - - - 46 41 41 39

N° of dominant species
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The species accumulation curve for 2011 had the greatest slope and reached the
highest number of species (n=46; table 1 and fig 3). The sharp slope at the beginning of
this curve indicates a higher number of frequent species. Based on overlapping
confidence intervals the years of 2011 and 2014 were statically different. The last year,
2014, presented a lower number of species (n=39) and a smoother curve, indicating a
more homogeneous assemblage (table 1 and fig 3). The richness pattern observed for
2012 and 2013 was very similar, with both curves overlapping. These years presented

intermediate richness in comparison to other years.

55

50

45 1

40 A

35 4

30 A

25

Species accumulation

20 A

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53
Samples number

—2011 =—2012 -—2013 2014

|
Fig. 3 Species accumulation plot of community caught as bycatch during the shrimp trawl on

the Patos Lagoon estuary by years. Dashed lines represent denote 0.95 interval of confidence.
The community composition presented significant differences between years
(PERMANOVA,; df=3; pseudo-F=5.7266; P (perm)=0.001). The pair-wise test showed
that only 2012 and 2013 presented similar community compositions. According to the
SIMPER analysis, similarity within years was low but highest for 2014 (2011= 37.59;
2012=44.39; 2013= 40.68; 2014= 49.36). Together M. furnieri and C. sapidus made up
more than 90% of the similarity between years 2012 and 2014. However, for the years
2011 and 2013 these species, contributed with only 69.6% and 85.7%, respectively.
Between the years the average dissimilarity was higher than 50%, with the
largest differences found for 2011 x 2012 (65.6%) and the smallest for 2012 x 2014
(57.71%). The main contribution to the differences between years was influenced by
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three species, which were responsible for at least 50% of the dissimilarity: M. furnieri,

C. sapidus and G. barbus (Table 2).

Table 2 - SIMPER analysis results for contributions with the most important taxa that

contributed to community differences among the years (species with less than 5% in

frequency of occurrence were excluded).

Group Average Species Mean Mean Contrib% Cum.%
dissimilarity Abundance Abundance (2)
@)
Micropogonias furnieri 7.03 5.14 22.42 22.42
Callinectes sapidus 5.41 4.08 17.87 40.29
Genidens barbus 3 0.15 10.53 50.82
Catathyridium garmani 1.76 0.2 7.53 58.34
Selene setapinnis 1.77 0.3 5.95 64.29
Callinectes danae 0.9 0.55 4.56 68.85
Lycengraulis grossidens 0.71 0.52 381 72.66
2011(1) X 2012(2) 65.60 Paralichthys orbignyanus 0.38 0.67 3.68 76.34
Trichiurus lepturus 0.5 0.23 2.63 78.97
Callinectes ornatus 0.63 0.06 244 81.41
Genidens genidens 0.7 0 2.42 83.82
Brevortia pectinata 0.06 0.6 2.39 86.21
Menticirrhus littoralis 0.46 0.26 2.19 88.41
Parapimelodus nigribarbis 0.46 0.03 2.07 90.47
Micropogonias furnieri 7.03 8.05 24.59 24.59
Callinectes sapidus 5.41 4.13 17 41.59
Genidens barbus 3 0.61 10.21 51.8
Catathyridium garmani 1.76 0.63 6.78 58.58
Selene setapinnis 1.77 0.15 5.29 63.87
Lycengraulis grossidens 0.71 0.85 45 68.37
Callinectes danae 0.9 0.47 4.17 72.54
2011(1) X 2013(2) 63.89 Paralichthys orbignyanus 0.38 0.7 3.4 75.93
Genidens genidens 0.7 0.25 2.93 78.86
Callinectes ornatus 0.63 0.18 2.59 81.45
Trichiurus lepturus 05 0.28 2.57 84.02
Peprilus paru 0.58 0.26 2.14 86.16
Prionotus puncttatus 0.33 0.55 1.98 88.14
Parapimelodus nigribarbis 0.46 0 1.87 90.01
Micropogonias furnieri 5.14 8.05 32.83 32.83
Callinectes sapidus 4.08 4.13 17.15 49.98
Paralichthys orbignyanus 0.67 0.7 5.59 55.57
Lycengraulis grossidens 0.52 0.85 5.32 60.9
Callinectes danae 0.55 0.47 5.04 65.93
Catathyridium garmani 0.2 0.63 4.37 70.31
2012(1) X 2013(2) 58.31 Genidens barbus 0.15 0.61 3.95 74.25
Brevortia pectinata 0.6 0.18 3.82 78.07
Menticirrhus americanus 0.16 0.48 3.19 81.25
Prionotus puncttatus 0.22 0.55 2.45 83.71
Loligo sp. 0.2 0.22 2.35 86.06
Trichiurus lepturus 0.23 0.28 2.25 88.31
Selene setapinnis 0.3 0.15 21 90.41
Micropogonias furnieri 7.03 11.12 28.1 28.1
Callinectes sapidus 5.41 7.65 19.19 47.3
Genidens barbus 3 1.51 10.14 57.44
Catathyridium garmani 1.76 0.33 6.35 63.79
Selene setapinnis 1.77 0.02 4.75 68.54
Paralichthys orbignyanus 0.38 0.91 3.83 72.36
2011(1) X 2014(2) 61.05 Parapimelodus nigribarbis 0.46 1.03 3.61 75.97
Genidens genidens 0.7 0.78 341 79.39
Callinectes danae 0.9 0.28 3.38 82.76
Lycengraulis grossidens 0.71 0.28 2.95 85.71
Trichiurus lepturus 0.5 0.04 2.02 87.73
Callinectes ornatus 0.63 0 1.99 89.73
Menticirrhus littoralis 0.46 0.26 1.9 91.62
Micropogonias furnieri 5.14 11.12 37.49 37.49
Callinectes sapidus 4.08 7.65 22.77 60.26
2012(1) X 2014(2) 57.71 Genidens barbus 0.15 151 5.54 65.8
Paralichthys orbignyanus 0.67 0.91 5.38 71.18
Callinectes danae 0.55 0.28 3.4 74.58
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Lycengraulis grossidens 0.52 0.28 3.02 77.6
Parapimelodus nigribarbis 0.03 1.03 2.96 80.56
Brevortia pectinata 0.6 0.02 2.76 83.32
Genidens genidens 0 0.78 2.37 85.69
Menticirrhus littoralis 0.26 0.26 1.94 87.63
Mugil sp. 0.15 0.24 171 89.34
Catathyridium garmani 0.2 0.33 1.7 91.04
Micropogonias furnieri 8.05 11.12 36.26 36.26
Callinectes sapidus 4.13 7.65 21.66 57.92
Genidens barbus 0.61 151 6.02 63.94
Paralichthys orbignyanus 0.7 0.91 4.82 68.76
Lycengraulis grossidens 0.85 0.28 3.81 72.57
Catathyridium garmani 0.63 0.33 3.38 75.95
2013(1) X 2014(2) 58.27 Callinectes danae 0.47 0.28 3.07 79.02
Genidens genidens 0.25 0.78 3.01 82.02
Parapimelodus nigribarbis 0.00 1.03 2.65 84.68
Menticirrhus americanus 0.48 0.05 2.15 86.82
Prionotus puncttatus 0.55 0.1 1.59 88.41
Trichiurus lepturus 0.28 0.04 1.38 89.79
Trachinotus marginatus 0.35 0 1.34 91.13

Estuarine species appeared in almost 100% of catches. They were also the
most abundant guild, presenting values of above 90% abundance, with an exception for
2011 when the number declined slightly (71.5%). Marine species were also an abundant
group in samples, presenting values of above 70% occurrence during the first three
years, and declining to 40% in the last year analyzed. Patterns of abundance in marine
species were more pronounced during the first year, with a marked decline over the
following three years. Freshwater species presented similar frequency of occurrence in
2011 and 2014 (28.4 and 30% respectively). However, the abundance in the same years
was quite different: less than 1% in 2011 and 4% in 2014 (Fig. 4), emphasizing

freshwater species as the least abundant guild.
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Fig. 4 Relative frequency of occurrence (%) and abundance (individuals/ 15 minutes) of the
guilds of the species caught as bycatch during shrimp trawling on the Patos Lagoon estuary
among studied years.

Some dominant species were significantly associated with salinity, while
temperature did not affect the abundance of any dominant species in bycatch. Inverse
correlations were obtained to C. sapidus, G. barbus, M. furnieri and P. nigribarbis;
while direct correlations were found to C. danae, P. paru and S. setapinnis (Table 3).

*

Table 3 Pearson’s correlations among dominant species and environmental variables.

indicates significant correlation (p < 0.05).

Species Salinity Temperature
Brevoortia pectinate 0.08 -0.13
Callinectes danae 0.21* -0.09
Callinectes sapidus -0.40 * 0.04
Genidens barbus -0.21* 0.04
Lycengraulis grossidens 0.11 -0.12
Micropogonias furnieri -0.25* 0.01
Parapimelodus nigribarbis -0.38 * 0.00
Peprilus paru 0.29 * -0.03
Prionotus punctatus 0.06 0.02
Selene setapinnis 0.40 * 0.01
Catathyridium garmani -0.13 0.12

The size structure was analyzed for the three more important species in the
bycatch: M. furnieri, C. sapidus and G. barbus. For M. furnieri. The total length varied
between 11 and 330 mm, and the size at first catch was 107.6 mm. For C. sapidus, the
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total carapace varied between 6.4 and 166.7 mm, and the size at first catch was 84.7
mm. For G. barbus, the total length varied between 52 and 295 mm, and the size at first

catch was 124.7 mm.
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Fig. 5 Length histogram and probability of capture (dark line), in which the dashed line marks
the size of the first capture (P50) of the main species that composes the bycatch of the shrimp
trawl fishery on the Patos Lagoon estuary.

Discussion

Bycatch remains one of the most significant and complex issues in fishery
management (Hall et al., 2000; Hall e Mainprize, 2005). Many authors have defined and
examined the detrimental effects of trawling, on a regional and global scale, in terms of

a reduction in biodiversity, shifts in community structure, disruption of the food web,
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waste, profitability, user conflicts, and mortality of undersized target and nontarget
species (Alverson et al., 1994; Alverson e Hughes, 1996; FAO, 1997; Hannah e Jones,
2007; Lewison et al., 2004; Soykan et al., 2008). However, there are few works that
describe the bycatch for estuarine areas; those that do focus mainly on Australian waters
(e.g.: Gray et al., 1990; Liggins and Kennelly, 1996; West and Walford, 2000). This
study is the first description of bycatch composition of shrimp trawling inside estuaries
in the South Atlantic.

Previous reports for the assemblage of Patos Lagoon estuary counted about 167
species of fishes and 17 species of decapod crustaceans (D’Incao ¢ Dumont., 2010;
Vieira, 2006; Vieira et al., 2010). From which, the shrimp trawling on the present study
caught incidentally 55 species of fishes and 5 species of crustaceans, almost a third of
the assemblage, reflecting the non-selectiveness of this fishing method. In an adjacent
system to Patos Lagoon, a similar shrimp trawl captured 50 taxas as bycatch during the
study period with elevated runoff that extended the estuary to coastal areas (Dumont e
D’Incao, 2011). Shrimp trawling is permitted in some estuaries in Australia. In two
studies 77 and 93 species were reported as shrimp bycatch (Gray et al., 1990; Liggins e
Kennelly, 1996). The species richness of bycatch assemblage of shrimp-trawl is similar
in different estuaries. Estuarine fishes are typically abundant but represent very few
species, largely because of the stressful nature of their environment. Fish species with
high physiological tolerances to environmental changes favor estuaries for their
reproductive, spawning, and feeding activities (Pinet, 2003) .

The observation of a large amount of infrequent and not abundant species, of
which only few dominate the capture, is also a recurrent pattern in shrimp bycatch (for
South Atlantic see: Dumont & D’Incao, 2011; for North Atlantic see: Scott-Denton et
al., 2015; for Australia see: Gray et al., 1990; Liggins and Kennelly, 1996; Tonks et al.,
2008; for Caribbean Sea see: Escobar-Toledo et al., 2015). In most shrimp trawl fishes
comprise the main bycatch (Alverson et al., 1994). There are some similarities in the
families caught as shrimp bycatch in the present study and in other studies published
worldwide; the families Scianidae and Ariidae are reported as the most ecologically
important fishes captured as bycatch (Escobar-Toledo et al., 2015; Tonks et al., 2008;
Vianna e Almeida, 2005).
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The blue crab, Callinectes sapidus, is also considered important shrimp fishery
bycatch in South Atlantic. Blue crabs are heavily affected by trawl fisheries along the
Brazilian coast, and their economic use depends on local culture, the magnitude of other
fisheries and the seasonality of the market (Graga-Lopes et al., 2002; Severino-
Rodrigues et al., 2002; Branco & racasso, 2004; Dumont & D’Incao, 2011; Tudesco et
al., 2012). These crabs are among the main species captured in the fyke-nets fishery in
the Patos Lagoon estuary (Loebmann e Vieira, 2006; Vieira et al., 1996).They share the
same habitat preferences with many penaeids shrimps with a marked preference for
soft-bottoms, rich in organic matter (D’Incao ¢ Dumont., 2010; Dall et al., 1990; Vieira
et al., 2010). From the Callinectes species that inhabits the south Brazilian coast, C.
sapidus is the most vunerable, due to its complex life cycle: ovigerous females of C.
sapidus spawn at sea while juveniles and males stay inside the estuary (Rodrigues e
D’Incao, 2014). In this way, the shrimp trawl inside the estuary affects the species’
ability to complete their life cycle.

A general pattern for estuaries is that the species categorized as marine migrants
(e.g. marine spawning species found predictably in large numbers in estuaries during
certain periods of their life-cycle) are overwhelmingly dominant in terms of quantity
and biomass. This emphasizes the importance of estuaries as feeding and refuge areas
for marine fishes, often as juveniles but also as adults. Generally small estuarine species
form a less dominant group in terms of biomass but are often numerically abundant.
Strict marine and freshwater species occur accidentally, with an unexplained and
infrequent use of estuaries. These guild categories frequently relate to salinity tolerances
of the species, thus reflecting the physiologically stressful nature of transitional waters.
They are usually restricted to the ends of the salinity continuum (seawater or
freshwater) and generally occupy an estuary for only very short periods of time and in
limited areas (Elliott et al., 2007; Lalli e Parsons, 2003).

Fishing in a habitat susceptible to extreme environmental variability, such as
estuaries, result in bycatch composition that is driven mainly by environmental
conditions. Therefore, despite a the existence of certain stable dominant species, mainly
M. furnieri and C. sapidus, shifts in the bycatch composition do occur. Salinity is
among the one of the most influential factors in determing faunal assemblages in
estuarine ecosystems (Day et al., 1989; Gelwick et al., 2001; Martino & Able, 2003;
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Barletta et al., 2005). Over the Patos Lagoon estuary ENSO events can have a direct
effect on salinity, with high salinities (associated with droughts periods) during La Nifia
events, and low salinities (associated with an increase in rainfall) during the EI Nifio
events (Garcia et al., 2003b, 2001; Odebrecht et al., 2005). Ecological studies have
shown that estuarine species were the dominant group during both climatic events,
whereas marine and freshwater species occurred in low abundance and low frequency.
However, marine species were more abundant in the La Nifia year, and freshwater
species were more abundant during El nifio (Garcia et al., 2001), explaining the patterns
found in our bycatch species assemblage.

During the years 2010 and 2011 a strong La Nifia event was observed

(www.cpc.ncep.noaa.gov/products/analysis monitoring/ensostusensoyears). And the

highest number of marine species were captured during 2011, due to high salinities in
the estuary, such as Selene setapinnis, Peprilus paru and Macrodon atricauda. La Nifia
events are characterized by large salinity variations (0-31) in the lower estuary
(Odebrecht et al., 2005). This variability explains how all guilds were represented over
the captures of 2011, which led to higher values of species. Conversely, the low salinity
years (2014) resulted in a lower richness of species in bycatch, but a higher presence of
freshwater species than in the other years. Studies have shown that freshwater species
can reach the lower estuary during periods of elevated rainfall (Garcia, 2001; Garcia et
al.,, 2003). Therefore, species such as Parapimelodus nigribarbis are distributed
throughout a larger area, becoming susceptible to trawling. Populations of species from
this guild are rarely found in abundance in estuaries and may present low resilience to
elevated fishing efforts (Day et al., 1989).

The estuarine species had an advantage during low salinity conditions,
explaining the elevated values in number of M. furnieri and C. sapidus. The highest
abundances of C. sapidus were previously recorded during lower salinity periods,
probably associated with the growth of the species and pursuit for areas that can provide
protection against predators (Posey et al., 2005; Ruas et al., 2014). Also, M. furnieri
tends to look for low-salinities regions in the estuary during part of their life. Bottom
salinity has a significant influence on the spatial age-classes pattern, where the older

age-class prefers the outer area (more saline) toward the mouth of estuary, while the
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youngest individuals inhabit the inner area (fresher water) (Albuquerque et al., 2012;
Araujo, 1988; Jaureguizar et al., 2003).

Nearshore estuarine and marine ecosystems have extremely high primary and
secondary productivity and support a great abundance and diversity of fish and
invertebrates. Because of their effects on the diversity and productivity of macrofauna,
estuarine ecosystems serve many important functions in coastal waters, but are
particularly important as nurseries (Beck et al., 2001). Juveniles are more prevalent in
estuaries and more vulnerable to to capture by trawls. Juveniles reach maturity at 294
mm TL for M. furnieri, 430 mm TL for G. barbus and 108-115 mm CL for C. sapidus,
according to literature (Castello, 1986; Reis, 1986; Rodrigues ¢ D’Incao, 2014), but
much lower values were encountered in this work (107.6 mm, 124.7 mm, and 84.7 mm
respectively). The capture of juveniles is harmful because trawls remove individuals
that would one day reproduce and replace the population, which can result in
overfishing of the demersal offshore stocks (King, 2013)

In southern Brazil, M. furnieri and G. barbus are important targets of artisanal
fisheries that operate in estuarine and shallow coastal waters and recent studies show
that these fisheries are likely very close to their sustainability threshold (Vieira &
Haimovici, 1997; Haimovici et al., 2006; Vasconcellos & Haimovici, 2006; Velasco et
al., 2007). The G. barbus population is especially vulnerable due to its complex life
cycle, where adults are found scattered in coastal waters and enter estuaries during the
reproductive season (Reis, 1986). Already, they have low fecundity, late maturity, oral
incubation and slow growth (Baigun et al., 2012). Additionally, their restricted
distribution in fresh or estuarine waters during the reproductive period means this
species is critically threatened by trawl fishery (Stobutzki et al., 2001).

To conclude, higher captures of pink-shrimp in Patos Lagoon are related with
years of higher salinity and strong South winds which facilitate the entrance of post-
larvae into the estuary (Costa et al., 2008; D’Incao, 1991; Moller et al., 2009; Pereira ¢
D’Incao, 2012). The consequence is that annual catches vary from year to year, either
randomly or, more likely, following long-term oscillation, with higher catches during
La Nifia events (D’Incao e Dumont., 2010). In this way, when the year presents
favorable conditions to the shrimp harvest, it will also present favorable conditions to

the occurrence of more species in the estuary. Therefore, a higher number of species
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will be vulnerable to capture. Additionally, if shrimp occurs in abundance, a greater
number of boats will trawl over the estuary, which will generate a large amount of
bycatch removal in years of high shrimp harvest.
The estuarine ecosystem is essential to successfully recruit and maintain the

adult population that supports local traditional fisheries (Seeliger e Odebrecht, 2010).
However, the biological importance of this sub-tropical estuary is affected by the trawl
nets. To ensure the estuary functions as a healthy nursery, it is necessary to protect
breeding populations and juveniles from incidental capture (Blaber, 2000). Data
presented in this work shows that otter trawls capture many species as bycatch,
emphasizing that they are low-selective fishing gears. In this way, efforts must be made
to clarify to fishermen the importance of this the estuarine ecosystem, ecologically and
economically, and the negative impact the trawl fishery can have.
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Abstract

Shrimps trawl fisheries are known by being harmful due the high capture of bycatch.
Several bycatch data are available to industrial shrimp fisheries. However, there is a
lack of information about bycatch rates of artisanal shrimp trawl, especially when
performed inside estuarine waters. This paper quantifies the bycatch of shrimp trawling,
performed illegally by artisanal fishermen inside the Patos Lagoon estuary, and verifies
its variability during a four-year study. In a partnership with the artisanal fishermen, a
total of 173 trawls were conducted. The shrimp trawling bycatch in Patos Lagoon
estuary consisted of 61 species, 45 of commercial importance. The species
Micropogonias furnieri and Callinectes sapidus were the most abundant. The mean
bycatch rate was 86.2 % for the entire period, which represents 6 kg of bycatch for each
1 kg shrimp caught. During periods of highest shrimp’s CPUE, the bycatch rate was the
lowest. However, periods with extreme differences in the bycatch rate presented similar
bycatch abundances (average CPUE). Therefore, the bycatch rate alone is not a good
indicator of the real impact caused by the fishery.

Key-Words: Discard, prawn, estuary, Patos Lagoon
1. INTRODUCTION

Estuaries have extreme biological importance related especially to their function
as nursery areas for a wide variety of marine organisms. Among the several resources

available in these ecosystems, fishes, crustaceans and mollusks are economically and
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socially valuable. They are, usually, easily accessible human food resource and have
been extensively exploited worldwide (FAO, 2014). In developing countries, such
fisheries often constitute the main source of both food and income for people living on
the coast (Kalikoski e Vasconcellos, 2012). Therefore, understanding the processes
affecting the estuarine ecosystem function, including the role of fishing in the broader
context of human impacts, is necessary to develop sustainable resource exploration and
conservation programs (Blaber, 2000).

One of the most common problems related to fisheries, especially trawl
fisheries, is the capture of non-target species (bycatch), being currently one of the most
important topics in fisheries management, both from economic and environmental
points of view. Generally, in most shrimp trawls the proportion in weight of bycatch is
higher than the weight of target species captured. It may threaten the viability or
profitability of many fisheries, since a large amount of juvenile fish is caught along with
shrimps (Alverson et al., 1994; Alverson e Hughes, 1996; Catchpole et al., 2011;
Kelleher, 2005). The excessive removal of species results in shifts in food webs and in
the ecosystem functioning (Hall et al., 2000; Pauly et al., 1998; Soykan et al., 2008).
Also, intensive shrimp trawling may cause the erosion of the overall fish stock biomass
(Blaber, 2000).

Most studies about the effects of trawling in the estuarine environment focus on
the impact of trawling on the benthic community, associated sediment resuspension,
mortality of the discards (e.g. Costa and Netto, 2014; Dellapenna et al., 2006; Gamito
and Cabral, 2003; Warnken, 2003). In contrast, only a few papers, concentrated in
eastern Australia, describe and quantify the species captured as bycatch (e.g. (Gray et
al., 2003; Liggins e Kennelly, 1996; West e Walford, 2000). Although bycatch
composition and abundance vary according season and climatic conditions, the size of
the bycatch is related to population structure and recruitment. In this way, the use of
small-mesh trawls for shrimp in many shallow estuarine areas has proved to affect the
populations that uses these nursery areas. Furthermore, the impacts originated from the
fisheries in estuarine areas are not distributed homogeneously, in such way that
practices and gears used in developing countries are usually different from those in
more developed or industrialized countries. Consequently, the range of species retained
by fishers in developing countries tends to be much greater (Blaber, 2000).
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To sum up, bycatch data are available for many industrial fleets, but
unfortunately, for artisanal fisheries the data is punctual and scarce. Despite it is
considered that small-scales shrimp fisheries has low bycatch rates than industrial
fisheries, they are an exception when they are conducted with trawl nets, in which the
bycatch rates can be equally high (Kelleher, 2005). The lack of basic information about
technical, socio-economic and environmental conditions of the small-scales fisheries
makes difficult to identify and evaluate the types of management interventions needed
to sustain the resources and ecosystems (Kalikoski e Vasconcellos, 2012).

In this way, the Patos Lagoon estuary, in South Brazil, sustains a large fishing
community, made up of about 3,600 fishermen distributed along the estuarine shores
(Kalikoski e Vasconcellos, 2012). In this region, the pink-shrimp (Farfantepenaeus
paulensis) fishery is the most profitable and important resource for the artisanal
fishermen since other fishery resources, with lower resilience (e.g. Ariidae species),
have collapsed due to exceeding amount of fishing effort (D’Incao, 1991; Kalikoski e
Vasconcellos, 2012; Reis e D’Incao, 2000). Fishery in Patos Lagoon estuary is
regulated by a co-management institution (Forum of Patos Lagoon) and decisions are
share among several members of the society, including fishermen, scientists and the
private sector.

A Normative Instruction (MMAJ/SEAP, 2004) prohibit the use of trawl nets,
allowing only passive fishing gears to catch pink shrimp (fyke nets - “saquinho” - and
stow nets - “saco”). However, fishermen defy the law in order to obtain a better income
by fishing with trawls, which is widely used across the estuary to catch pink shrimp
(Benedet et al., 2010; Kalikoski e Vasconcellos, 2012). As a consequence of better
yields obtained from trawling, fishermen request for the allowance of trawl fishing in
the Patos Lagoon estuary, once they believe that the use of this gear results in a smaller
impact than passive fyke-nets (Kalikoski et al., 2006). This co-management
environment brings the fishermen to the decision table, increasing their commitment on
collaborating with scientists as well as with law enforcement (Reis ¢ D’Incao, 2000).

Bycatch rates are highly dependent on recruitment patterns and oceanographic
conditions (Catchpole et al., 2011). Thus, it is important to stress that interannual
comparison of bycatch composition in shrimp fisheries must be performed, providing a
better understanding of the complex interactions regulating discards (Ambrose et al.,
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2005; Dumont e D’Incao, 2011). In this sense, quantifying bycatch and its composition
in this fishery may provide vital information to understand the impacts of fishing on this
ecosystem as well as to support management enforcements. The goal of this study is to
quantify the bycatch of shrimp trawling, performed illegally by artisanal fishermen
inside the Patos Lagoon estuary and verify its variability during a four years study.

2. MATERIAL AND METHODS

2.1.  Field sampling and laboratory procedures

Sampling was performed on a monthly basis during the trawl fishery season
(December-May), in four discrete years, from 2011 to 2014. The boat chosen was a
typical artisanal otter trawler, a wooden boat, 8 meters long, 2.20 meters wide. The net
used was also typical of this fleet, with 12 mm mesh size (opposing knots). Tow time
ranged from few minutes to half hour, but duration of most of trawls was approximately
15 minutes. A researcher was included on board, bearing a sampling license (SISBIO-
n® 28975-1) to avoid loss of information due to discards made by the fishermen at sea.
Fishermen were not influenced by researchers to operate in a determined fishing site,
neither to determine the duration of trawling, in order to describe the fishery bycatch as
close as possible to the real state. The samples were not spatially random distributed, as
the choice of fishing spots was subjected to the discretion of the fishermen. This
approach was used so that the samples represent the local artisanal fisheries, thereby
incorporating the fishermen’s knowledge about the pink shrimp behavior. Samples were
taken from the estuarine mouth (32°09” S 52°05° W) to regions 50 km upstream (31°43’
S 52°08” W) (Figure 1). For each fishing haul, the bottom salinity, temperature and the
geographical position were registered. Fishing hauls were grouped according to two
depth categories: (1) shallow areas (up to 2 m deep) and (2) channel areas (greater than

2 m deep)
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Fig. 1 Positions of trawlings (black dots) performed by artisanal fishermen targeting the pink
shrimp F. paulensis in Patos Lagoon estuary (South Brazil).

The organisms were identified to the lowest possible taxonomic level, according
to Figueiredo & Menezes (1978), Buckup & Bond-Buckup (1999) and Fisher et al.
(2011). The individuals were weighted (g) and measured (mm) according the following
way: fishes — from the tip of the snout to the end of the caudal fin (total length — TL);
shrimps - from the tip of the rostrum to the end of the telson (total length — TL); crabs -
distance between the tips of the posterior most lateral carapace spines (carapace width —
CW).

When the capture was too much abundant a subsample were used, and then an
extrapolation to real weight was done based on the ratio used to subsample. Abundance
in weight was standardized as catch-per-unit-effort (CPUE= grams by 15 minutes of
trawl) and was estimated for each trawl, either for shrimps as for bycatch. We stated the
bycatch as proposed by Alverson et al. (1994), which defines bycatch as being all
captured non-target organisms (including non-target species with commercial value -
byproduct, non-target species with no commercial value - discard). To assess the
bycatch rate we follow the formula:

Bycacht wheigth

1
(Shrimp wheigth + Bycatch wheigth ) * 100

Bycatch rate =

2.2.  Statistical analysis
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2.2.1. Data exploration

In order to access the effect of environmental factors on the changes over
shrimps and bycatch CPUE’s, as well as over the bycatch rate, we used extensions of
linear regression models. All the analyses were performed trough the software R version
3.0.1 (R Development Core Team, 2013). Before modeling the data themselves, we
firstly applied an exploratory data analysis (EDA) through our database to uncover its
underlying structure, detect possible outliers and to access statistical relations between
our variables (Tukey, 1977; Zuur et al., 2010). Pair plots and Pearsons correlation
coefficient p were used to check multicolinearity between all predictor variables. None
variables whith high degree of collineartiy were detected (usually when p > 0.80).
2.2.2. Shrimp’s and bycatch’s CPUE models

Assuming that the shrimp’s and bycatch’s CPUE may change over years,
months and may also be affected by the three main environmental factors registered in
the present study (depth, salinity and temperature), we used Generalized Linear Models
(GLM) (Nelder, J.A. & Wedderburn, 1972) to access which of these explanatory
variables exerce some effect on the abundance (CPUE). GLMs extended the classical
framework of linear models in sense that it allows that the response variable may be any
member of the exponential probability distribution family (McCullagh, P. & Nelder,
1989), as expressed as:

n(y; 6,0) = exp{@[y6 — b(0) + c(y, D)1}

Additionally, the GLMs describe the relation between the response variable Y;
(i=1,...,n) and the predictors x; through a linear predictor n = Zf‘:l x;f;, where x; are
known functions for k predictor variables and g; are unknown parameters to be
estimated from the data. The linear predictor n is linked to the mean of the response
E(Y) = u by a known link function g, which is commonly expressed as n = g(l).

Fisheries data like CPUE are often characterized by a highly positive
asymmetrical distribution and with a large proportion of zero observations. Thus, data
like those are usually modeled through a LogNormal or Gamma distribution (Dick,
2004). Since both distributions cannot contain null or negative values, we decided to
add a constant relative to the first quartile value provided from CPUEs in order to

overcome the null values existing in our dataset. Previous analysis indicated that a
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Gamma distribution fitted better to both shrimp and bycatch CPUEs data. Thus, we
decided to use it rather than the LogNormal distribution.
In our case the full model formulation for both cases can be described as

follows:
Y, ~ Gamma (a,B) ; E(Y,) = % = W

Ni = Po+ p1xYear
+ B, x Month + 3 x Depth + B, x Salinity + 5 x Temperature
+¢€

n; = log(u;)

Where Y; are the log(CPUE + constant) values for each sampling location i; n; is the
linear predictor expressed in logarithmic scale; [ is the intercept; ;-5 are the regressor
related to each explanatory variable and & represent the error term.

2.2.3. Bycatch rate model

Having assumed that both, shrimp and bycatch, abundances may change in
relation to the explanatory variables and, considering that the bycatch rate is the
proportion of bycatch in the total capture (bycatch plus shrimp), we also assumed that it
could vary over the same explanatory predictors as stated previously.

The proportion of bycatch is a continuous variable that take on values restricted
in the interval (0,1). A natural candidate probability distribution for this situation would
be the beta distribution. However, this kind of distribution doesn’t belong to any
member of the exponential family and thus we can’t model it through a GLM. In 2004,
Ferrari & Cribari-Neto introduced, for the first time, the beta regression models, which
seems appropriate to model our bycatch rate (proportion).

The beta regression is based on an alternative parameterization of the beta
density, which is usually expressed as defined by the parameterization proposed by
Ferrari e Cribari-Neto (2004):

r(¢)

up=1 1 — 1) 1-we-1
T (1—we)” (1-y) , 0<y<1

Ty, u, @) =
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With 0 < p < 1and ¢ > 0. The parameter ¢ is known as the precision parameter and in
case where the mean p is fixed, the larger ¢ the smaller the variance.

The definition of the beta regression model is quite the same as in GLMs, where
the response mean (E(;)= ;) is linked to the explanatory variables by a linear predictor
n = g(W). The full model for the bycatch rate can be written as denoted for the CPUE
models, changing only the model distribution to a beta distribution and setting de link
function as log-log. The use of a log-log link function was chosen since this kind of
function is appropriate in cases where the data has a lot of extreme maximum values
(Cribari-Neto e Zeileis, 2009). All beta regression models were performed trough the
betareg R-package.

2.2.4. Model selection

Several GLMs and beta regressions were tested, where the variable selection
was made by a manually stepwise forward entry. Considering that species may have
optimal temperature and salinity values, we also included quadratic terms for these two
variables as potential predictors as this could improve our model. At each model stage
we computed two main measures of ‘’goodness-0f-fit’’: the Akaike’s Information
Criterion (AIC) (Akaike, 1973) and the maximum likelihood pseudo R-square provided
by the pscl R-package. Since the AIC accounts simultaneously for the number of
parameters used in the model as the residual deviance, the smaller the value the better
the model (Burnham and Anderson, 2002).

To detect models with equivalent goodness-of-fit capacity we used the Ai, which
is the difference between the AIC of a model “i” and the lower AIC value found (Ai =
AICi — AlClow) (Burnham e Anderson, 2002). Models with Ai between 0 and 2 are
classified as indistinguishable from the best model; Ai between 4 and 7 are models with
lower predictive quality, and models with Ai greater than 10 can be discarded as being
unimportant (Burnham e Anderson, 2002). When Ai presented values lower than 2 for
more than one model, then the selection was made by adopting the
parsimonious concept, in sense that we choose the most simple model and that also
explains more of the model’s variance. In addition, diagnostic residual plots for each
model was also considered as a fit measure of the specific model. Lastly, when
significance for factors were detected in Gamma models, a posteriori comparisons of

the significant factors were performed using the multicomp package - GLHT function,
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which performs multiple comparisons of means (TukeyHSD function). These post-hoc
analysis were not performed for the beta regression model because the model includes

two parameters, mean and precision (Cribari-Neto e Zeileis, 2009).

3. RESULTS

The temperature values followed the seasonal variation pattern, with higher
temperature values recorded in mid-summer (February: 25.9 +1.5 °C), decreasing in the
early autumn and reaching lower values in May (18.1 £ 2.5°C). The interannual pattern
of temperature showed low variation, with highest mean value recorded in 2011 (25.0 =
1.8 °C) and lowest in 2014 (23.3 £ 4.5 °C). The monthly variation of salinity showed an
increase in average salinity from December (8.9+7.5) to April (20.9+9.3), and decreased
in May (7.9 = 3.4). The mean salinity value was higher in 2012 (21.9 £ 7.5) and lower
in 2014 (8.6 £ 5.9) (Fig. 2). In spite of having a lower salinity value, in average, a large
variation in salinity was detected during this 2011.
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Fig. 2 Temporal variation in temperature and salinity, by months (A) and years (B).
Vertical bars denote the standard deviation.

The bycatch originated from shrimp trawling in Patos Lagoon estuary was
composed by a total of 61 species (55 fishes, 5 crustaceans, and 1 mollusca) (Table 1).
Among the bycatch species, 45 species were commercially important, representing
approximately 73% of the total number of species captured (Tablel). Species such as
Micropogonias furnieri and Callinectes sapidus were even more abundant than the
target species, Farfantepenaeus paulensis (pink shrimp) itself. Genidens barbus and
Paralichthys orbignyanus were also important, as each species occurred in almost 40%

of the captures and represented almost 3% of the weight (Table 1).

Table 1 Values of relative abundance in weight (% CPUE W) and frequency of occurrence (% F), for

the species caught during the shrimp trawling on the Patos Lagoon estuary.

Fishery

Species Family R % CPUE W % F
esource

Micropogonias furnieri Scianidae X 36.97 89.6
Callinectes sapidus Portunidae X 34.16 94.8
Farfantepenaues paulensis Peneidae X 12.91 83.24
Genidens barbus Ariidae X 3.00 39.88
Paralichthys orbignyanus Paralichthyidae X 2.76 43.93
Genidens genidens Ariidae X 1.16 19.08
Trichiurus lepturus Trichiuridae X 0.97 19.65
Mugil sp. Mugilidae X 0.84 8.67
Catathyridium garmani Achiridae 0.79 35.26
Parapimelodus nigribarbis Pimeloidae X 0.60 12.72
Callinectes danae Portunidae X 0.51 29.48
Pomatomus saltatrix Pomatomidae X 0.45 4.62
Lycengraulis grossidens Engraulidae X 0.45 28.32
Trachinotus marginatus Carangidae X 0.43 6.94
Selene setapinnis Carangidae X 0.43 13.29
Prionotus puncttatus Triglidae X 0.38 14.45
Pimelodus maculatus Pimeloidae X 0.34 52

Menticirrhus littoralis Scianidae X 0.34 14.45
Brevoortia pectinata Clupeidae X 0.30 7.51
Menticirrhus americanus Scianidae X 0.29 12.14
Pimelodus pintado Pimeloidae X 0.28 1.73
Peprilus paru Stromateidae X 0.27 9.83
Cyphocarax voga Curimatidae X 0.22 1.73
Pogonias cromis Scianidae X 0.22 2.31
Callinectes ornatus Portunidae X 0.19 10.4
Paralonchurus brasiliensis Scianidae X 0.14 4.05
Geophagus brasiliensis Cichlidae X 0.11 5.2

Chloroscombrus chrysurus Carangidae X 0.05 4.62
Lagocephalus laevigatus Tetradonditae X 0.05 6.94
Genidens planiforns Ariidae X 0.05 4.62
Eucinostomus gula Gerreidae 0.04 3.47
Platanichthys platana Clupeidae 0.04 2.31
Odontesthes argentinensis Atherinospsidae X 0.03 2.89
Gobionellus oceanicus Gobiidae 0.03 231
Stellifer rastrifer Scianidae X 0.02 2.89
Macrodon atricauda Scianidae X 0.02 3.47
Urophycis brasiliensis Phycidae X 0.02 1.73
Selene vomer Carangidae X 0.02 2.89



Loligo sp. Loliginidae 0.02 9.25
Chilomycterus spinosus Diodontidae 0.01 1.16
Porichthys porosissimus Batrachoididae 0.01 2.31
Stephanolepis setifer Monacantidae 0.01 3.47
Stephanolepis hispidus Monacantidae 0.01 1.73
Citharichthys spilopterus Paralichthyidae 0.01 2.31
Anchoa marinii Engraulidae 0.01 1.73
Loricariichthys anus Loricariidae 0.01 0.58
Balistes capriscus Balistidae 0.01 1.16
Farfantepenaeus brasiliensis ~ Peneidae 0.00 0.58
Callinectes bocurti Portunidae 0.00 1.16
Symphurus jenynsii Cynoglossidae 0.00 1.16
Arenaeus cribrarius Portunidae 0.00 1.73
Engraulidae Engraulidae 0.00 1.16
Artemesia longinaris Peneidae 0.00 3.47
Cyrtograpsus angulatus Grapsidae 0.00 4.05
Percophis brasiliensis Percophididae 0.00 0.58
Diapterus rhombeus Gerreidae 0.00 1.16
Libinia spinosa Majidae 0.00 1.73
Palaemon argentinus Palaemonidae 0.00 1.16
Eucinostomus argenteus Gerreidae 0.00 0.58
Astyanax fasciatus Characidae 0.00 0.58
Portunus spinimanus Portunidae 0.00 0.58
Cynoscion jamaicensis Scianidae 0.00 1.16
Ramnogaster arcuata Clupeidae 0.00 0.58
Rhithropanopeus harrisii Xanthidae 0.00 1.73
Peisos petrunkevitch Sergestidae 0.00 0.58
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During the four years sampled, a total of 768.22 kg of bycatch (mean CPUE =
5.01 kg/15 min) was caught, whereas shrimp catch summed 127.93 kg (mean CPUE =
0.742 kg/15 min). Thus, the mean bycatch rate/proportion estimated was 86.2 % for the
entire period, which represents 6 kg of bycatch for each 1 kg shrimp caught.

Regarding the shrimp abundance models (CPUE in weight), the one that
included the covariables month, year, and the quadratic terms for both salinity and
temperature, presented the best fit (Table 2). According to this model, all covariables
were statistically significant to explain the variation of shrimp’s CPUE (Table 3). Thus,
the quadratic terms indicate that the mean CPUE of the pink shrimp has a specific range
of salinity, where the shrimp abundance is higher. The post-hoc analysis applied to test
for differences between months and years indicated that January presented significant
difference in the average CPUE among almost all other months, except to March.
January and March were the months with highest mean CPUE of shrimps (1.784 and
0.915 kg/15 min, respectively) (Fig. 3). Comparison among the years indicated
significant differences, except to 2011 and 2012. A decline in the average shrimp’s
CPUE over the years was also observed (2011= 1.772 kg/15 min; 2012 = 0.728 kg/15
min, 2013 = 0.510 kg/15 min; 2014 = 0.109 kg/15 min) (Fig. 3).
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Table 2. Gamma models adjusted to explain the variation on the shrimp’s CPUE. The values of Akaike’s
Information Criterion (AIC) and the difference between the value of a model “i” and the model with the

lowest AIC value (AAIC) are shown. Selected model is presented in bold. Salt = salinity; Temp =

temperature.

Model Formula Pseudo-R° AIC Ai
Shrimp 1 Month 0.25 657.42 36.2
Shrimp 2 Month+Year 0.38 630.20 8.98
Shrimp 3 Month+Year+Sal 0.40 628.21 6.99
Shrimp 4 Month+Year+Sal+Depth 0.41 628.44 7.22
Shrimp 5 Month+Year+Sal+Depth+Temp 0.41 630.44 9.22
Shrimp 6 Month+Year+Sal+Sal®+Depth 0.43 625.45 4.23
Shrimp 7 Month+Year+Sal+Depth+Temp+Temp? 0.42 626.87 5.65
Shrimp 8 Month+Y ear+Sal+Sal*+Depth+Temp+Temp? 0.45 621.53 0.31
Shrimp 9 Month+Year+Sal+Sal’+Temp+Temp? 0.44 62122 0

Table 3 Estimates of the explanatory variables of the selected Gamma model that explains the variation
on the shrimp’s CPUE (Model Shrimp 9). Significant values (p< 0.05) are indicated by “*”.Std. Error = S
tandard error. Residual deviance was 18.944 on 158 degrees of freedom.

Estimate  Std. Error t-value Pr(>|t))

Intercept 4.7578 1.0820 4,397 0.0000*
Month: December -0.0660 0.1156 -0.571 0.5686

Month: February 0.2196 0.1003 2.189 0.0301*
Month: January 0.4800 0.1028 4.666 0.0000*
Month: May -0.3475 0.1437 -2.417 0.0167*
Month: March 0.2483 0.0948 2.617 0.0047*
Year: 2012 0.0124 0.0875 0.143 0.8867

Year: 2013 -0.2294 0.0801 -2.863 0.0047*
Year: 2014 -0.5315 0.0877 -6.058 0.0000*
Salinity -0.0348 0.0126 -2.768 0.0063*
Salinity2 0.0008 0.0003 2.410 0.0171*
Temperature -0.2401 0.1002 -2.3940 0.0178*
Temperature2 0.0060 0.0021 2.808 0.0056*

The model that presented the best fit to explain the variation on the bycatch’s
CPUE included the variables month and year, which were statistically significant (Table
4; Table 5). According to the post-hoc results, December presented the highest average
CPUE (12.310 kg/15min) (table 5, fig 3). Over the remaining months the CPUEs were
not significantly different (January = 4.475 kg/15min; February = 3.279 kg/15 min;
March = 4.752 kg/15 min; April= 4.395 kg/15 min; May=1.700 kg/15 min). Regarding
the interannual variation, the average bycatch’s CPUE was similar between 2011 (5.841
kg/15 min) and 2014 (7.222 kg/15 min), which also presented the highest values. Also,
2012 (1.930 kg/15 min) and 2013 (4.451 kg/15 min) were similar, presenting the lowest
catch indexes (Figure 3).
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Table 4. Gamma models adjusted to explain the variation on the bycatch’s CPUE. The values of

[7332]
1

Akaike’s Information Criterion (AIC) and the difference between the values of a model “i” and the model

with the lowest AIC value (AAIC) are shown. Selected model is presented in bold. Salt = salinity; Temp

= temperature.
Model Formula Pseudo- AIC

R® Ai
Bycatch 1 Month 0.11 596.48 16.28
Bycatch2 Month+Year 0.22 580.20 O
Bycatch3  Month+Year+Sal 0.23 580.51 0.31
Bycatch4  Month+Year+Sal+Depth 0.23 582.38 2.18
Bycatch5  Month+Year+Sal+Depth+Temp 0.23 583.85 3.65
Bycatch6  Month+Year+Sal+Sal*+Depth 0.24 584.32 4.12
Bycatch 7 Month+Year+Sal+Depth+Temp+Temp? 0.23 585.83 5.63
Bycatch8  Month+Year++Sal+Sal? +Depth+Temp+Temp? 0.24 586.30 6.1

Table 5. Estimates of the explanatory variables of the selected Gamma model that explains the variation
on the bycatch’s CPUE (Model Bycatch 2). Significant values (p< 0.05) are indicated by “*”. Std. Error =

Standard error. Residual deviance of the model was 4.4355 on 162 degrees of freedom.

Estimate  Std. Error tvalue Pr(>|t))
Intercept 2.1334 0.0360 59.1920 0.0000*
Month: December 0.1304 0.0437 2.979 0.0033*
Month: February -0.0920 0.03769 -2.442 0.0156*
Month: January -0.0050 0.0375 -1.135 0.0892
Month: May -0.0880 0.0591 -1.489 0.1383
Month: March -0.0284 0.0376 -0.7560 0.4509
Year: 2012 -0.1536 0.0365 -4.1990 0.0000*
Year: 2013 -0.1000 0.0338 -2.9650 0.0034*
Year: 2014 -0.0117 0.0347 -0.3380 0.7355

Ten models were tested to explain the variability of bycatch rate. Among them,
the model with the best fit presented as covariables month, year, and the quadratic term
of salinity (table 6). Bycatch rates were significantly smaller during January (77.4 %),
February (79.2%) and March (84.6%) (Table 3, Fig. 2). Regarding the interanual
variation, significantly higher bycatch rates were found during the year 2014 (97 %)
(Table 7, Fig. 3). The significant quadratic term of salinity indicates that there may be a

positive effect on the proportion of bycatch across one specific range of salinity.

Table 6. Beta regression models selected to explain the variation on the bycatch rate. The values of
Akaike’s Information Criterion (AIC) and the difference between the value of a model “i” and the model

with the lowest AIC value (AAIC) are shown. Selected model is presented in bold. Salt = salinity; Temp

= temperature.

Model Pseudo-R>  AIC Ai
Rate 1 Month 0.27 -874.19 2481
Rate 2 Month+Year 0.35 -885.06 13.94

Rate 3 Month+Year+Depth 0.38 -885.26 13.74



Rate 4
Rate 5
Rate 6
Rate 7
Rate 8
Rate 9
Rate 10

Month+Year+Depth+Sal
Month+Year+Depth+Sal +Temp

Month+Y ear+Depth+Sal+Sal
Month+Year+Sal+Sal®
Month+Year+Depth+Sal+Temp+Temp?
Month+Year+Depth+Sal+Sal*+Temp+Temp®
Month+Year+Sal+Sal? + Temp+Temp?

0.38
0.38
0.42
0.39
0.38
0.42
0.43
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-884.09 14.91
-882.10 16.90
-897.80 1.20
-897.24 1.76
-882.09 16.91
-898.32 0.68
-899.00 0

Table 7. Estimates of the explanatory variables of the selected beta regression model that explains the var

iation on the bycatch rate (Model Rate 7). Significant values (p< 0.05) are indicated by “*”. Std. Error =S

tandard error.

Estimate Std. Error  tvalue Pr(>lt))
Intercept 1.2488 0.3553 3.5150 0.0004*
Month: December 0.5749 0.3071 1.8720 0.0612
Month: February -0.7199 0.2483 -2.8990 0.0037*
Month: January -1.0137 0.2520 -4.0230 0.0001*
Month: May 0.7412 0.4090 1.8120 0.0700
Month: March -0.5310 0.2545 -2.0870 0.0369*
Year: 2012 -0.4116 0.2416 -1.7030 0.0885
Year: 2013 0.0243 0.2228 0.1090 0.9130
Year: 2014 0.8234 0.2367 3.4790 0.0005*
Salinity 0.1421 0.0351 4.0500 0.0001*
Salinity? -0.0037 0.0009 -3.8700 0.0001*
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Fig 3. Bycatch rate, shrimp’s and bycatch’s CPUE (gr/15 min), during the shrimp trawl fishery on the
Patos Lagoon estuary. Where: A — monthly trends; B — annual trends. Bars indicate the standard

deviation.
4. DISCUSSION
Bycatch remains one of the most significant and complex issues in fishery

management (Bellido et al., 2011). Many authors have defined and examined the
detrimental effects of trawling on a regional and global scale, in terms of a reduction in
biodiversity, shifts in community structure, disruption of the food web, waste,
profitability, user conflicts, and mortality of undersized target and non-target species
(Alverson et al., 1994; Hall et al., 2000; Kumar e Deepthi, 2006; Murawski, 2000;

NRC, 2002)
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Among the different types of fisheries, shrimp trawl possess the highest discard
rate and alone account for more than 27% of total estimate bycatch (Alverson et al.,
1994; Alverson e Hughes, 1996; Davies et al., 2009; Kelleher, 2005). Kelleher (2005),
points that the global average bycatch rate for shrimp trawling is 65.6%. Remarkable
variations in bycatch values have been reported for shrimp trawl in Brazil, ranging from
25.7% until 99.2% (Branco e Fracasso, 2004; Branco e Verani, 2006; Cattani et al.,
2011; Dumont e D’Incao, 2011; Haimovici e Mendonga, 1996; Keunecke et al.,
2007).When it comes to artisanal fisheries in Brazil, only two investigations are
available. While Cattani et al. (2011) obtained a bycatch rate of 46.7%, Dumont &
D’Incao (2011) found values of 72% during a dry period and 93% during a rainy period.
Among the factors that may explain this variability, it is important to stress the gear
type used, intensity of fishing effort, community composition and recruitment intensity
(Catchpole et al., 2011). The present work estimated similar bycatch rates (86%) to the
values found by Dumont & D’Incao (2011), probably because their investigation was
performed on the coastal area surrounding Patos Lagoon estuary, where similar boats
and gears were used.

Local fishermen require the allowance of trawling inside the estuary, alleging
that “fyke-nets” causes a greater impact than trawl nets (Kalikoski et al., 2006).
However, this investigation indicates that bycatch originated from fyke-nets (passive
gear/fish trap) are significantly lower than the bycatch from trawling. Loebmann &
Vieira, (2006), estimated that the bycatch of the fyke-nets used in another estuary in
southern region of Brazil (Peixe Lagoon) accounted for 47% of the total capture. Vieira
et al., (1996) estimated, for our same study area, that the bycatch of fyke-nets was only
33.3%.

In spite of being recognized as stressful environments, provided physical
parameters are remarkably variable, the number of species caught is huge. Therefore, a
great number of species can be caught, related to the interannual variation in estuarine
salinity, that regulates the fish assemblage (Garcia et al., 2003) and may be associated to
the medium-term range of the present investigation. The impact of fishing on
ecosystems may take into consideration the diversity and richness of the species caught.
The trawling for shrimps in Patos Lagoon estuary was able to catch 61 species, of which
73% are important fisheries resource that use the estuarine areas during the grow out
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phase (Seeliger e Odebrecht, 2010). Therefore, the low selectivity of trawl nets,
combined to the widespread trawling effort inside the estuary, is certainly reducing the
fish and crustacean biomass of many overexploited stocks, including the blue crab (C.
sapidus), the whitemouth croacker (M. furnieri) and sea-catfish (G. barbus). The
removal of these species as bycatch can contribute to the overfishing. It is likely that
high levels of bycatch, in combination with other anthropogenic factors, played a
significant part in the decline of fish stocks in Gulf of Mexico and North Atlantic
(Diamond et al., 2000). The low quality or inexistent discard data from these fisheries
may hamper the stock assessment, since it may result in the underestimation of
exploitation rates and can lead to biased assessments and policy recommendations
(Aarts e Poos, 2009).

The variability in the shrimp’s and in bycatch’s CPUE was accessed, since their
amount influence the bycatch rate. The higher CPUE of shrimps recorded in January
and March may be associated to different factors. The first peak in shrimp abundance is
likely influenced by the shrimps that have been prisoned inside the estuary since the
previous summer. A contingent of shrimps stays buried in muddy grounds from one
fishing season to another, and when the temperature increases during the next summer,
they come up from the sediment and become accessible for the trawlers. On the other
hand, the peak recorded in March is related to the postlarvae recruitment that takes
place in late spring. The postalarvae penetration is highly dependent on marine water
intrusion and presents remarkable interannual variation (D’Incao, 1991). The
subsequent decrease in shrimp abundance is related to the migration of pre-adults back
to the ocean and posteriorly to the spawning stock. Additionally, the elevated fishing
effort may result in biomass erosion causing the lower abundance values observed
(D’Incao, 1991).

The interannual variation in shrimp abundance shows a clear relationship with
large-scale atmospheric phenomenon of ENSO (El Nifio Southern Oscilation) as
previously stated by several authors (D’Incao ¢ Dumont., 2010; Moller et al., 2009;
Pereira e D’Incao, 2012). In this way, the strong freshwater discharge during elevated
rainfall years, that prevails under El Nifio events (Grimm et al., 1998), generates a
physical barrier preventing the entrance of oceanic water, which will lead to a late
penetration or even to the absence post-larvae recruitment (Moller et al., 2009; Pereira e
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D’Incao, 2012). Conversely, La Nifia events are characterized by drought periods,
during which the salt wedge can reach greater distances (Odebrecht et al., 2005) and
consequently facilitate the postlarval penetration.

Our results are in accordance with the previous investigations, since a strong La
Nifia event occurred during 2010-2011

(www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostusensoyears), which may

explain the higher values in the shrimp recorded for 2011. In spite of not having a
significant higher salinity values in 2011, the large variation on this parameter indicates
that several pulses of marine water took place during that year. The significance of the
quadratic term reinforces this statement, since it indicates that shrimps do not require
higher levels of salinity to grow, but depend on marine intrusion to transport postlarvae
inside the estuarine areas. However, the lower abundance recorded during 2014 is likely
reflecting the high freshwater discharge, preventing postlarvae from entering the estuary
(D’Incao, 1991; Moller et al., 2009).

Regarding the monthly variation in bycatch abundance, the higher value
observed in December, may reflect the seasonal recruitment of several fish and
crustacean species originated from the spring spawning (Seeliger e Odebrecht, 2010).
However, the interpretation of this result must be carefully assessed, since a large
dispersion in the abundance values was observed. The interannual pattern in bycatch
abundance indicated that during 2011 and 2014 the amount of bycatch was significantly
higher. The low precipitation and marine waters intrusion, associated with La Nifia of
2011, facilitated the entrance of juveniles of marine species into the nursery grounds of
the estuary (Garcia et al., 2001). As most fish species that occurs over the estuary are
from marine origin, the marine water intrusions during this year may have resulted in
the large abundance of bycatch (Day et al., 1989; Vieira et al., 2010). However, 2014
had the lowest values of salinity and yet a similar bycatch abundance. The reason for
the equality in bycatch abundance, even under contrasting environmental conditions,
may be explained by the recruitment success of estuarine resident species, such as the
blue crab Callinectes sapidus. When abundance in numbers of blue crab is compared
between 2011 and 2014, it becomes clear that a larger recruitment of this species took
place during the lower salinity year (2014) (D’Incao e Dumont., 2010; Rezende et al.,
unpublished data). Therefore, the blue crab played an important role on bycatch
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abundance during the lower salinity year, confirming that this species takes advantage
of freshwater discharges to increase its population biomass (Posey et al., 2005; Ruas et
al., 2014).

According our results, the abundance of shrimp and bycatch rate are inversely
related. However, the relationship between bycatch abundance and bycatch rate were
not so evident. It has become clear, when comparing the years of 2011 and 2014, which
presented similar bycatch abundance and remakable differences in the bycatch rate. In
addition, these years presented marked differences in the shrimp abundance as well.
Therefore, the bycatch rate isolated is not a good indicator of the real impact caused by
the fishery. Since bycatch rate is a product of the relationship between shrimp and
bycatch abundance, it has resulted in no significant interannual differences.
Additionally, the same environmental conditions that resulted in the increase of shrimp
catches causes the increase in the richness of species in the bycatch, since the estuarine
fish assemblage is usually dominated by marine vagrant species (Rezende, unplublished
data; Pereira & D’Incao, 2012, Garcia et. al., 2003). Even during years of high shrimp
yields, and lower bycatch rates, the amount of bycatch is large. These indicates that
lower bycatch rates do not necessarily means lower impact. Therefore, we strongly
recommend the use of bycatch abundance to assess the fishing impact, especially in
estuarine environments where fish assemblage is quite variable and dependent on
constantly changing environmental.
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64 Anexo4

“Descri¢ao do impacto fisico causado pelas pesca de arrasto de portas no

estuario da Lagoa dos Patos —RS.”

RESUMO

O aumento da sensibilidade da comunidade cientifica internacional para a
exploracdo dos recursos pesqueiros, promoveu o desenvolvimento de novas tecnologias
para estudar o comportamento e o impacto das artes de pesca no fundo do mar. O sonar
de varredura lateral, sidescan, foi utilizado para demonstrar os distarbios fisicos
causados por arrasto de portas no estuario da Lagoa dos Patos. O estudo foi realizado no
trecho que compreende a boca do estuario até as proximidades da cidade de Pelotas. As
imagens foram coletadas durante os dias 25-26 de marco de 2014 e 5 de maio de 2014.
Foram descritas uma série de feicdes em forma de cicatrizes deixadas pelas redes de
arrasto. As marcas observadas foram digitalizadas, o que permitiu a criar mapas de
densidade de marcas de arrasto. Este estudo € apresenta o primeiro registro do efeito da

pesca com redes de arrasto de portas sobre o fundo do estuario da Lagoa dos Patos.

INTRODUCAO

No estuario da Lagoa dos Patos (Regido Sul do Brasil), o camardo-rosa
(Farfantepenaeus paulensis) tornou-se o principal recurso pesqueiro das comunidades
artesanais, na medida em que outras pescarias foram colapsadas e o camardo manteve-
se como um recurso economicamente viavel (D’Incao e Reis, 2002; Reis ¢ D’Incao,
2000). Apenas artes de pesca passivas (saquinho e saco) séo permitidas para capturar a
espécie na regido (MMAJ/SEAP, 2004). Contudo, muitos pescadores utilizam redes de
arrasto de porta em busca de melhores rendimentos.

Nos ultimos tempos aumentou a preocupacéo e a sensibilidade da comunidade

cientifica acerca dos impactos causados pela pesca de arrasto (Coggan et al., 2011; EJF,
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2003; Jones, 1992; Rijnsdorp et al., 2015). Por ser um método de pesca em que uma
rede é puxada através da agua junto ao fundo, em que abertura horizontal da rede é
assegurada pelas portas, que séo relativamente pesadas, esse tipo de pesca possui dois
principais efeitos sobre o ambiente. Sendo o primeiro, e mais estudado, a captura
incidental, bycatch (Alverson et al., 1994; Davies et al., 2009; Hall et al., 2000). O
segundo, é causado pelo contato de partes da arte de pesca (portas, tralha, saco) com o
substrato, formando cicatrizes, ou marcas, no substrato (Friedlander et al., 1999; Jones,
1992; Lucchetti et al., 2012; Smith et al., 2007).

Entre os problemas secundario que essas as perturbacfes fisicas causam
podemos citar a ressuspensdo dos sedimentos, que pode alterar processos quimicos na
interface sedimento-agua (Dellapenna et al., 2006; Warnken, 2003) e, também, a
possivel diminuicdo da diversidade do ecossistema, pela remocdo ou dispersdo de
organismo bentonicos (Collie et al., 2000; FAO, 2005). Ainda, ocorre a diminuigédo da
complexidade do habitat, através da destruicdo de estruturas biogénicas como tocas e
tubos (Prena et al., 1999).

Os arrastos de fundo tem efeitos no fundo que se assemelham a derrubada de
florestas, quando comparamos com 0 ambiente terrestre (Watling e Norse, 1998). A
falta de visualizacdo dos efeitos causados pela rede de arrasto de fundo dificulta a
conscientizacdo dos seus impactos no ambiente (Watling e Norse, 1998). Fotos sdo
costumeiramente utilizadas para demostrar a quantidade de captura incidental que esta
arte de pesca captura, mas visualizar os efeitos fisicos no fundo demandam mais
esforgo.

O sonar de varredura lateral, sidescan, é uma ferramenta geofisica utilizada
eficientemente para criar imagens do fundo marinho que se assemelham a uma
fotografia area. O equipamento emite sinais acustico emitido de frequéncias altas (de
100 kHz a 1200 kHz), que se propagam na agua até atingirem o fundo marinho e
retornam imediatamente apds a emissdo, o que viabiliza a identificagdo ndo sO da
topografia da superficie, mas também das principais fei¢cGes geoldgicas estruturais e dos
tipos de fundos (Souza, 2006). Assim, este equipamento consegue visualizar as marcas
de arrasto deixadas no sedimento, mostrando-as paralelas e equidistantes o que
indubitavelmente refletem a acdo de barcos de arrasto (Dellapenna et al., 2006;
Demestre et al., 2015; Franceschini et al., 2002; Pasqualini et al., 2000; Smith, 2000;
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Smith et al., 2007). Este trabalho tem por objetivo fazer a primeira descricdo das marcas
deixadas por barcos de arrasto no estuario da Lagoa dos Patos.
MATERIAIS E METODOS

O estudo foi realizado no estudrio da Lagoa dos Patos, no trecho que
compreende a boca do estuario, localizado na barra de Rio Grande, até o estuario
superior, nas proximidades da cidade de Pelotas. As observacGes foram coletadas a
bordo da Lancha Oc. Larus, durante os dias 25-26 de marco de 2014 e 5 de maio de
2014,

A navegacdo foi realizada com utilizacdo de um Sistema de Posicionamento
Global (GPS) da marca Novatel modelo Flex6_L1-Vbs, com antena GPS instalada em
uma estrutura fixa, aproximadamente 3 metros acima da posicdo do peixe rebocado. Um
computador foi utilizado para gerenciamento e armazenamento das informacdes
adquiridas pelo o sidescan. A aquisicdo dos dados foi feita por um sidescan KLEIN
3000 (Communications Klein Associates, Inc.), com transdutor de 100 e 455 kHz. As
varreduras laterais foram entre 50 e 100 metros para cada lado do transdutor. Os valores
de frequéncia e comprimento de varredura foram determinados pelo pesquisador no
momento do imageamento, de maneira a proporcionar a melhor resolugdo da imagem
gerada.

A interpretacdo das imagens geradas pelo sonar foi realizada através do software
SonarWiz5® (Chesapeake Technology). As imagens foram projetas usando o DATUM
de referéncia WGS 1984 com sistema de projecdo UTM. A mudanca da coloragéo ou da
opacidade ajudaram na visualizacdo das marcas de arrasto. As marcas identificadas em
cada sonograma foram digitalizadas, e algumas imagens foram selecionadas para
descricdo.

Posteriormente, as digitalizacfes foram exportadas para um formato shapefile
que foi importado para o software ArcGIS 10.2 (Esri). Através da ferramenta Line
density, foram criados dois mapas de densidade das marcas de arrasto, um para 0s
resultados obtidos durante marco de 2014 e outro para maio de 2014. Esta ferramenta
calcula a densidade de linhas, ao redor de uma célula raster a partir de um raio de busca.
A densidade é calculada em unidades de comprimento por unidade de éarea. Foi

estabelecido o tamanho da célula raster, estabeleceu-se tamanho de célula de 1 metro e
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raio de busca de 300 metros. A partir dos valores gerados, definiu-se 10 intervalos de
classes (quantiles).
RESULTADOS

Os mapas representados nas figuras 7 e 8, mostram o percurso que foi imageado
pelo sidescan. Em marco foi possivel imagear dois trechos do estuario. Entre a praia do
Graxo e Sdo José do Norte e entre o canal de Pelotas e Canal do Sdo Gongalo (Figura
7). Em maio, devido a dificuldades técnicas sé possivel imagear a regido entre o canal
de Pelotas e Canal do Sdo Gongalo (Figura 8).

As imagens foram analisadas e selecionadas cuidadosamente visando as
melhores imagens capturadas para a interpretacdo das mesmas. As imagens séo geradas
paralelas ao percurso do barco, e a faixa escura que se localiza no meio do sonograma
representa a coluna d’agua, onde a largura do faixa escura corresponde a profundidade
do transdutor em relacéo ao fundo do estuério (aproximadamente 1,5 m). Contudo para
0 processamento das imagens foi utilizado o mecanismo de corre¢do de alcance da
imagem, que retira a faixa escura, juntando as imagens que estdo separadas por esse
faixa, permitindo o aperfeicoamento da imagem a ser investigada.

Em alguns trechos do estudrio ndo forom observadas evidéncias de impacto
causado pelas redes de arrasto. Na Figura 14A é possivel observar riplemarks, que sao
feicGes naturais causadas por processos ondulatérios. A Figura 14B mostra uma area

em que o fundo apresenta-se homogéneo.
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10 metros

Figura 14. Trechos dos sonogramas realizados no estuario da Lagoa dos Patos
mostrando um fundo sem impacto das redes de arrasto de portas. Observam-se
riplemarks (A) e fundo homogéneo (B).

Os sonogramas também permitiram a visualizacdo de diversas cicatrizes
(marcas) no fundo do estuério, aqui vistas como feicbes microtopogréficas geradas
pelas portas das redes de arrasto (Figura 3). Observa-se que as marcas aparecem aos
pares, ou mesmo como ranhuras aleatorias na superficie do sedimento. Algumas marcas
apareciam de forma continua no substrato, enquanto outras eram ndo continuas,
aparecendo na imagem como uma espécie de pontilhado. Isso pode ser devido o
processo de desaparecimento da marca, ou ainda, devido a alguns saltos da porta

durante o percurso de arrasto, processo que os pescadores denominam de “borboletear”.
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10 metros

Figura 2. Trecho do fundo do estuario onde € possivel observar o intenso impacto
causado pelas redes de arrasto de porta.

Marcas novas foram possiveis de identificar devido ao seu padrdo de corte-
limpo e aos montes de sedimento acumulados na lateral da marca, como € possivel
observar nas figuras 3 e 5. Algumas imagens mostram marcas mais antigas que parecem
estar em processo de desaparecimento. Seu padrdo € mais suave, em determinadas
partes da imagem torna-se dificil visualizar as marcas (Figura 2). Em algumas, observa-
se um padrdo retilineo (Figura 3), enquanto outras aparecem curvas (Figura 4), muitas

vezes mostrando o percurso serpentino realizado pelo pescador.



140

10 metros
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Figura 3. Marca de arrasto observada em percurso retilineo.

10 metros
L=

Figura 4. Marca de arrasto mostrando um percurso em curva.

Também pode-se observar a diferenca de padrdo entre as marcas em relacdo ao
substrato. Elas sdo mais suaves em regifes de maior reflectancia (Figura 5), que
correspondem a sedimentos mais finos, € mais evidentes em regides de menor

reflectancia (Figura 6), que correspondem a sedimentos mais grossos.



141

10 metros
e

Figura 5. As marcas sdo mais suaves em fundo com maior reflectancia, que

correspondem a sedimentos mais grossos.

10 metros
s

Figura 6. As marcas sdo mais fortes em fundos de menor reflectancia, que

correspondem a sedimentos mais finos.

Os mapas de densidade de marcas de arrasto mostram as zonas de maior ou
menor intensidade de arrasto. Areas arrastadas e ndo arrastadas sdo possiveis de serem
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observadas, assim como foi possivel visualizar que o impacto do arrasto ocorre em
manchas. Também sugere-se que deva ocorrer uma variacao temporal, ja que observa-se
que regides que ndo estavam impactadas em marco foram consideradas como muito

impactadas em maio (Figura 7; Figura 8).
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Figura 7: Mapa de densidade de marcas de arrasto, em marco de 2014.
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Figura 8: Mapa de densidade de marcas de arrasto, em maio de 2014.

DISCUSSAO

A interpretacdo dos dados apresentados em um sonograma € realizada através da
interpretacdo dos contrastes e padrdes texturais apresentados na imagem. Texturas lisas
sdo interpretadas como sedimentos finos (Souza, 2006), sendo este 0 padrdo encontrado
nas imagens registradas. De maneira geral o sedimento do estuario da Lagoa dos Patos é
composto por graos argilo-silticos nos canais e enseadas rasas, e arenosos nas margens e
partes rasas dos grandes bancos (Calliari et al., 2010).

Os efeitos fisicos causados no fundo dependem de uma série de fatores,
relacionados com o peso da arte de pesca, velocidade de arrasto, natureza do fundo e
forca relativa da correnteza de fundo (Jones, 1992). As marcas deixadas pelo arrasto no
estuario da Lagoa dos Patos parecem ser causadas, principalmente, pelas portas. Isso
corrobora com informacdes prévias disponiveis, que afirmam que o efeito fisico mais
perceptivel deixado pelas redes de arrasto é causado pelas portas, que geram cicatrizes

profundas no sedimento, ja as outras partes da rede deixam apenas marcas suaves no
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sedimento (Lucchetti et al., 2012; Schwinghamer et al., 1998; Smith et al., 2007).
Contudo, as tralhas e correntes da rede sdo capazes de remobilizar o sedimento,
alterando sua composicdo, além de danificar as estruturas biogénicas de espécies
infaunais (Rijnsdorp et al., 2015).

A reflectdncia causa variagdo na intensidades das tonalidades do registro do
sonograma, tendo relagcdo com as caracteristicas dos graos dos sedimentos. De maneira
geral pode—se dizer que tonalidades mais escuras correspondem a rochas, cascalhos e
sedimentos de grdo fino a lamosos, e que tonalidades mais claras estdo associadas a
fundos de areia (Wewetzer et al., 1999). As marcas apareceram mais suaves nas
imagens com reflectdncia mais alta, enquanto nas regides de baixa reflectancia as
marcas foram mais evidentes. Estudos prévios afirmam que a profundidade das marcas
é maior em fundos de lamosos do que em fundos de areia (Jones, 1992; Lucchetti et al.,
2012; Tuck et al., 1998). Assim, sugere-se que em regides do estuario que predominam
sedimentos lamosos as portas penetram mais do que em regides de sedimentos arenosos.

As marcas recentes forma consideradas como aquelas que possuem maior
contraste reflectivo e incisGes mais nitidas, enquanto marcas mais antigas foram as que
possuiram bordas mais suaves, tendo sido mais afetadas por correntes, sedimentacéo e
bioturbacdo. A persisténcia das marcas dependem do tipo do sedimento e da
hidrodinamica local (Coggan et al., 2011). Sendo maior em regides de menor
hidrodinamica e sedimentos lamosos, nestas condi¢cdes marcas de arrasto ainda foram
encontradas distinguiveis dezoito meses mais tarde (Krost, 1990). Ja para regides de alta
hidrodinamica e sedimentos arenosos, a durabilidade das marcas ndo alcangou 5 meses
(Humborstad et al., 2004). O estuario da Lagoa dos Patos € um ambiente de alta
hidrodindmica, onde o vento e a descarga de &gua doce sdo principais forcantes da
circulagdo no local, aumentando a corrente e consequentemente remobilizando o
sedimento(Calliari et al., 2009; Hartmann e Harkot, 1990). Essas caracteristicas
facilitam que ocorra o retono a configuracéo originais do fundo.

N&o possivel determinar com precisdo a duracdo das marcas, e portanto a
frequéncia com que cada regido foi arrastada. Contudo, Marques (1997) afirma que a
tendéncia geral no estuario da Lagoa dos Patos, € iniciar a pesca de camardes nos sacos,
e depois espalhar-se para as regides mais internas do estuario e manter a safra até seu

término nas regides acima da Ilha da Torotama. Os mapas densidade de marcas de
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arrasto mostram um aumento na intensidade de pesca para a regido de Pelotas, acima da
Torotama, de marco para maio, quando o periodo de pesca estd no fim. Assim, é
possivel que ocorra uma variacdo espaco-temporal da dindmica da frota pesqueira, na
procura por melhores rendimentos.

Através dos mapas também foi possivel observar que muitos lugares apresentam
pelo menos algum grau de pesca de arrasto. Benedet (2006), assim como Kalikoski &
Vasconcellos (2012), sugerem que o arrasto de portas é que a pesca de arrasto de portas
ocorre de maneira espacialmente ampla ao longo da Lagoa dos Patos. Os locais
preferenciais seriam sobre fundos moles (de lama ou areia), com pouca vegetacdo e em
profundidades que variam de 1,5 a 14 m (Benedet, 2006). Nossos resultados mostram
que zonas muito arrastadas sdo intercaladas com zonas de nenhum arrasto.

Ainda, foi possivel observar que as zonas de maior intensidade de arrasto
ocorrem em manchas, intercaladas com regides de menor ou nenhuma densidade de
pesca. Esse padrdo ja foi observado em outros estudos para a pesca de arrasto de fundo
(Piet, 2000; Ragnarsson ¢ Steingriimsson, 2003; Smith et al., 2007; Tanner, 2003). Em
conversas com pescadores locais, eles comentam que quando localizam cardumes de
camardo avisam outros pescadores. Ja foi presenciado aglomeracgdes de barcos atuando
repetidamente sobre uma mesma area, 0 que causaria zonas de maior impacto.

Friedlander e colaboradores (1999), encontraram uma relacdo quadratica entre as
marcas de arrastos observadas com auxilio do sidescan e o esfor¢o de pesca reportado
pelos barcos. Smith e colaboradores (2007), também conseguiram uma boa
sobreposicdo dos resultados quando foram comparados as densidade de marcas de
arrasto observadas através de imagens de video e comas obtidas com o sidescan.
Assim, através do mapeamento geo-acustico do sedimento este método geofisico possui
alto potencial para identificar os locais de arrasto e avaliar a intensidade da pesca. Este
estudo € apresenta o primeiro registro do efeito da pesca com redes de arrasto de portas
sobre o fundo do estuario da Lagoa dos Patos. A partir dos resultados obtidos foi
possivel apresentar uma metodologia para estimar a intensidade da pesca de arrasto com
0 uso deste aparelho.

Sabe-se que a pesca de arrasto de portas ocorre durante o dia e a noite (Benedet,
2006), e, que os pescadores cortam os cabos da rede com a aproximagéo da fiscalizagdo
(observagdo pessoal). Assim, a visualizacdo dos barcos e a certeza de que estdo
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arrastando torna-se dificil. Dessa forma, a estimativa da intensidade de pesca pela
simples contagem dos barcos arrastando torna-se tendenciosa. O uso do sidescan
diminui essa tendéncia por permitir estimar o historico da intensidade da pesca de
arrasto de portas em uma determinada area pela visualizagdo das marcas deixadas pelos
barcos que operaram durante ambos os periodos (dia e noite). Contudo, para se obter
um padrdo de intensidade de pesca mais confiavel é sugerido que uma maior area do
estuario seja analisada. Ainda, repeticbes do imageamento de uma mesma area no
tempo podem levar a esclarecimento da persisténcia das marcas, assim como da
variacdo espacial da intensidade de pesca de arrasto no estuario. Deficiéncias na
fiscalizacdo levam a falta de adesdo dos pescadores as regras. Muitos fatores
contribuem para isso, entre eles a caréncia de estrutura e recursos humanos necessarios
para executar a fiscalizacdo de maneira efetiva (Kalikoski e Vasconcellos, 2012). Neste
ponto, determinar as areas em que ocorre maior intensidade de pesca torna-se
importante para otimizar o processo.

A pesca de arrasto necessita ser adequadamente manejada para minimizar seus
impactos, que incluem a sobreexploatacdo de recursos e a degradacdo de habitats
(Thrush et al 2010). Um significativo impacto desta pescaria é sobre a fauna bentonica,
causando a reducdo da abundéncia, biomassa e diversidade das espécies, e,
consequentemente, mudancas na estrutura da comunidade (Hemersen et al., 2003; Blyth
et al., 2004; Engel & Kvitek, 2008). Desta forma, a pesca de arrasto é reconhecida
como uma das perturbacdes antropicas mais prejudiciais em comunidades bentdnicas
costeiras (Engel & Kvitek, 2008). Estas comunidades, nas areas que sdo intensamente
utilizadas para pesca de arrasto, tendem a ser menos complexas, ter menor biomassa e
producdo que em comunidades sem este impacto (Blyth et al., 2004; Mangano et al.,
2013, 2014).

A comunidade bentbnica € importante nas redes troficas dos ambientes
estuarinos e marinhos, e seu entendimento permite conhecer, indiretamente, o potencial
produtivo de uma determinada regido (Kennish, 1986; Gray & Elliot, 2009). As
associagbes de macroinvertebrados bentbnicos, ou macrobentos, correspondem
geralmente a espécies de moluscos, poliquetas e crustaceos, entre outros grupos (Gray
& Elliot, 2009), muitos dos quais servem de alimento para espécies megabentdnicas de

importéncia comercial na Lagoa dos Patos, como os linguados, camardes e siris. Apesar
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da importancia desse grupo, o impacto do arrasto sobre estas comunidades ainda néo foi
demonstrado. Portanto, o entendimento das respostas das comunidades bentdnicas ao
impacto da pesca de arrasto é essencial para um manejo mais adequado das atividades

pesqueiras (Lokkeborg, 2005).
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