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RESUMO

A captura da fauna acompanhante (bycatch) representa um dos maiores
impactos causados pelas pescarias ao meio marinho. Nesse contexto, a pescaria de camardes,
devido ao uso de petrechos de baixa seletividade, € mundialmente conhecida por sua alta
taxa de captura de fauna acompanhante, representando uma das maiores ameagas aos
ecossistemas marinhos. No sul do Brasil, o arrasto industrial de camarfes captura
incidentalmente juvenis de espécies de interesse comercial e de espécies ameacadas de
extincdo, como a raia-viola Pseudobatos horkelli, os cages-anjo Squatina spp. e as
tartarugas marinhas Chelonia mydas e Caretta caretta. A fim de mitigar este impacto,
diversos dispositivos redutores de fauna acompanhante (Bycatch Reduction Devices — BRD)
vém sendo desenvolvidos visando melhorar a seletividade desses petrechos de pesca. Os
BRDs tém provado ser uma estratégia eficiente para auxiliar na abordagem ecossistémica
das pescarias, mas dependem de conhecimentos preliminares sobre os locais de atuagdo da
frota, caracteristicas dos petrechos, aspectos morfoldgicos das espécies que compde a fauna
acompanhante na regido e desenvolvimento e implementacao associado ao setor produtivo.
Adicionalmente, entender o efeito da dimensdo humana na utilizagdo desses dispositivos é
fundamental, uma vez que parte do sucesso na adocdo dessa tecnologia passa pela
abordagem utilizada na sua criagdo. Com base no sucesso de experiéncias anteriores em
diversas pescarias ao redor do mundo, foi realizado um experimento para testar um
dispositivo de malha-quadrada capaz de reduzir a captura de peixes na pescaria de arrasto
de tangones que tem como alvo camardes no sul do Brasil. Com isso, buscou-se avaliar a
eficiéncia do uso de BRD e seus possiveis efeitos nessa frota. Para tal, foram testadas as
seguintes hipoteses: 1) a morfometria das espécies capturadas nas redes de arrasto de

tangones pode ser utilizada como parametro para a definicdo do formato e tamanho da



malha; 2) o formato de implementacdo da legislacdo sobre BRD no Brasil gerou a sua
rejeicdo, assim como a falta de treinamento e assessoramento técnico do setor; e 3) a
utilizacdo de um ensacador com malha-quadrada diminuird a retencdo da fauna
acompanhante nas redes de arrasto de Xiphopenaeus kroyeri, sem alterar significativamente
a captura da espécie-alvo. Para isso, foram monitorados arrastos em embarcac6es comerciais
e de pesquisa no litoral do Rio Grande do Sul e Santa Catarina, a fim de conhecer a
morfologia das espécies capturadas pelas redes convencionais. As principais espécies de
peixes capturadas pelas redes de arrasto convencionais direcionadas a camardes (26 e 30
mm entre nOs opostos) estdo abaixo do tamanho de primeira maturacao, sendo possivel que
a insercdo de malhas quadradas entre 48 e 58 mm de tamanho de barra promovesse a
exclusdo dos individuos de menores tamanhos. Foram realizadas 96 entrevistas com
pescadores de arrasto sobre suas percepg¢des quanto ao uso de dispositivos. A rejeicdo quanto
ao atual dispositivo exclusor de tartarugas — TED ocorre principalmente devido a falta de
conhecimento técnico sobre a utilizacdo do equipamento, assim como a falta de governanca
sobre ele. O experimento utilizando um ensacador com janela de malha-quadrada apresentou
respostas significativamente positivas para a exclusdo de peixes da fauna acompanhante
(valores entre 34% e 73%), sem alteracdes na captura do camardo-sete-barbas. Portanto,
conclui-se que os dispositivos redutores de fauna acompanhante representam uma grande
oportunidade de pesca mais seletiva e com diminui¢do de impacto no quesito da captura de
fauna acompanhante para as redes de arrasto no sul do Brasil, desde que aplicados de acordo
com adequada metodologia, envolvendo o setor produtivo no seu desenvolvimento e
conhecimento prévio sobre as pescarias.

Palavras-chave: arrasto de camardes; seletividade; espécies ameacgadas; dispositivos

redutores de fauna acompanhante, sul do Brasil



ABSTRACT

Bycatch is one of the major impacts caused by fisheries to the marine environment.
In this context, the penaeid trawl fisheries, which use a low selectivity gear, is known
worldwide for its high rate of bycatch, responsible for one of the major threatenings to the
marine ecosystem. In the Southern Brazil, industrial penaeid trawling incidentally caugths
juveniles of comercial and endangered species, such as the Pseudobatos horkelli guitarfish,
the angelshark Squatina spp. and the marine turtles Chelonia mydas and Caretta caretta. In
order to mitigate this impact, several Bycatch Reduction Devices (BRD) have been
developed to improve the selectivity of these fishing gear. The BRDs have proven to be an
efficient tool in the ecosystem approach of fisheries (EAF), but it demands knowledge on
the local fishing, characteristics of the gears, morphological aspects of the catches and
inclusion of the productive sector. Additionally, understanding the influence of human
dimension during the implementation process is vital for the success in its adoption. Based
on preliminary succesfull experiences worldwide, a field test was performed to assess the
eficiency of a square mesh in reducing the catch of juvenile fish in double-rig fishery for
penaeids. The following hypothesis were then tested: 1) morphological data of the bycatch
can be used as a subside for simulating the size at first catch (size at escape), helping during
the determination of the ideal mesh size; 2) the approach used to implement the BRDs in
Brazil is one of the main reasons for its failure, as well as the lack of an appropriate technical
support; 3) the adoption of a square mesh codend will reduce the catch of juvenile fish with
no significant impact on Xiphopenaeus kroyeri production. Tows were performed in
commercial and research vessels on the coast of Rio Grande do Sul and Santa Catarina, in

order to obtain information on morphology of the species inhabiting the fishing area and to



test the efficiency of a square mesh codend. The key species of fish caught by conventional
trawls (26 and 30 mm stretched-mesh opening - SMO) are below the size of first maturation,
and it is possible that the insertion of square meshes between 48 and 58 mm bar would
promote the exclusion of individuals of smaller sizes. A total of 96 interviews were carried
out with captains on their perceptions regarding the use of the devices. The rejection of the
current turtle exclusion device — TED, occurs mainly because the lack of technical support
but also as a function of a mistaken approach during its implementation. The field test to
assess the influence of a square mesh codend presented significant positive responses for the
exclusion of fish from bycatch (values between 34% and 73%), without significant changes
in seabob shrimp capture. Therefore, one may conclude that the bycatch reduction devices
represent a possibility of improvement in selectivity of fishing reducing the impact on the
bycatch in Southern Brazil. However, its success depends on an adequate approach for its
implementation, including an effective inclusion of the productive sector and prior
knowledge of the fishery.

Key words: penaeid trawl fishery, selectivity, endangered species, bycatch reduction

devices, Southern Brazil
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INTRODUCAO

Entre as diversas modalidades de pesca, o arrasto de camarfes possui grande
relevancia econdmica, sendo responsavel durante o ano de 2014 pela captura de 3,5 milhGes
de toneladas do crustaceo e 15% do mercado mundial de pescado (FAO, 2016). Apesar da
sua importancia para a economia mundial, estas artes de pesca causam diversos impactos no
meio marinho, entre eles, a captura de juvenis das espécies-alvo e de espécies ndo-alvo, bem
como espécies ameacadas de extingdo que ocorrem na mesma area das espécies-alvo,
conhecida como fauna acompanhante ou bycatch (King, 2007). A mortalidade associada a
captura da fauna acompanhante, vem sendo apontada como um dos principais prejuizos
ecoldgicos associados as pescarias (Alverson et al., 1994, Hall, 1999, Jennings et al., 2002).
As espécies capturadas sdo normalmente devolvidas ao mar ja mortas (Haimovici e
Mendonca, 1996) ou eventualmente retidas no barco por possuirem interesse comercial,
como byproduct ou fauna acompanhante estocada (FAE), sendo influenciadas por padrdes
ambientais e sociais, como as diferentes composi¢fes ao longo das areas de pesca e 0s
valores de mercado (Kelleher, 2005). As diferentes definicbes para fauna acompanhante

estdo descritas na tabela abaixo, esta tese iré utilizar a definicdo de King, 2007.
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Tabela 1. Definicdes utilizadas para captura da fauna acompanhante, captura incidental,

by-product, descarte e espécies proibidas.

Instrucao Normativa Fauna Acompanhante Previsivel, composta pela captura que
Interministerial MPA/MMA ocorre naturalmente durante a pesca das espécies-alvo, cuja
n° 01 de 26 de marco de 2015 comercializagdo depende do ordenamento especifico;
Captura Incidental, composta pelos peixes e invertebrados
ameacados de extingdo, constantes na Lista Nacional Oficial de
Espécies Ameagadas de Extin¢do, bem como aquelas que tém a
sua captura e comercializagdo proibidas de acordo com
ordenamento especifico;

King, 2007 Fauna acompanhante, espécies ndo-alvo ou sem tamanho/valor
comercial, ameacadas ou protegidas por lei;
By-product, espécies de interesse comercial que ndo séo alvo da

pescaria;
FAO Fauna Acompanhante, captura das espécies que serdo
(Alverson et al., 1994) descartadas mais a captura incidental;

Captura Incidental, captura retida de espécies ndo-alvo;
Descarte, porcdo da captura que retorna para o mar devido
a questbes econdmicas, legais ou sociais;

Espécies proibidas, espécies protegidas pela lei que devem
retornar ao mar;

By-product, captura retida de espécies nao-alvo;

O arrasto de camarao € mundialmente conhecido pelas altas taxas de captura de fauna
acompanhante (Kelleher, 2005, Eyars, 2007), devido ao uso de redes de baixa seletividade,
com malhas diamante pequenas que podem reduzir o seu tamanho em ~35% durante o
arrasto (Robertson, 1986). Em virtude disso, o0 arrasto causa grande degradacdo da
biodiversidade, pois também pode capturar espécies relativamente vulneraveis, que possuem
baixas taxas de fecundidade, crescimento lento e ciclos de vida longos como alguns
teledsteos, elasmobranquios, tartarugas e mamiferos marinhos, alterando a estrutura das
comunidades, afetando o funcionamento do ecossistema e promovendo um impacto na
produtividade de espécies que seriam alvo de outras artes de pesca (Hall, 2000, FAO, 2016).

Uma das maneiras mais eficazes para reduzir os impactos ecoldgicos oriundos das
atividades pesqueiras é melhorar a seletividade das capturas nos petrechos de pesca

(Robertson, 1984, Alverson et al., 1994). Melhorias tecnoldgicas, tais como dispositivos

12



redutores de fauna acompanhante (Figura 1; BRD — Bycatch Reduction Devices) como 0s
exclusores de tartarugas e pinipedes (TED — Turtle Excluder Device / SLED — Sea Lion
Excluder Device) e as janelas de malha-quadrada, vém sendo implementadas em pescarias
de arrasto de camardes em diversos lugares do mundo para aumentar a seletividade dos
petrechos de pesca e assim reduzir a captura de fauna acompanhante (Broadhurst, 2000, Hall
e Mainprize, 2005, Eayrs, 2012, Sala e Lucchetti, 2010). Tais dispositivos promovem a
exclusdo de espécies ndo-alvo e de individuos da espécie-alvo com tamanho inferior ao
comercial, por meio de janelas de escape e malha-quadrada ou de grelhas. No caso dos BRDs
que utilizam modifica¢bes na malha (e.g. malha-quadrada), os organismos sdo excluidos da
rede de acordo com o seu comportamento. Muitas observacdes sobre 0 comportamento dos
peixes e sua reacdo ao movimento das redes tem demonstrado que as artes de pesca nao
agem apenas como uma peneira para esse grupo de animais (Wardle, 1993). O fluxo da agua
é diferente ao longo da rede, de forma que, nas regies onde o fluxo é mais intenso o escape
de organismos € maior. Essas diferencas alteram as respostas de comportamento das
espécies de peixes e camardes assim como a capacidade de escapar da rede (Wardle, 1985,
Engdas et al., 1999).

A malha-quadrada é composta por malhas costuradas em angulo de 90° geralmente
alocadas no ensacador e que se mantém abertas durante o arrasto, ampliando o fluxo de 4gua
na rede, com o aumento da passagem de agua pelas malhas e favorecendo o escape dos
peixes (Broadhurst, 2000, Eayrs, 2007). Durante o arrasto, algumas espécies de peixes
respondem ao estimulo da rede nadando para as partes externas, principalmente quando se
encontram na regido do ensacador, onde promovem tentativas de fuga em maior nimero
(Wardle, 1985, Robertson, 1986). Em geral, os camardes possuem respostas limitadas a esse

estimulo, uma vez que ao entrar em contato com a rede, o animal contrai o abdémen dando
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de trés a cinco saltos verticais e posteriormente permanece imovel no fundo do ensacador
(Broadhurst, 2000, Watson et al., 1986).

Os dispositivos que utilizam grelhas como os TEDs, por outro lado, sdo formados
por grades acopladas ao corpo da rede, as quais permitem que animais com maiores
tamanhos, como tartarugas e mamiferos marinhos, sejam barrados antes de entrar no
ensacador da rede e desviados para uma abertura de escape proxima ao dispositivo
(Broadhurst, 2000, Eayrs, 2007). O uso desses dispositivos apresentam diferentes respostas

para a captura das espécies-alvo (camardes) e fauna acompanhante.

Janela de malha quadrada B

PR =

Rede de arrasto /

Gelha no formato Nordmore

Figura 1. Modelos de dispositivos redutores de fauna acompanhante (BRD). Adaptados de

Broadhurst, 2000; Eayrs, 2007.

Testes ao redor do mundo tém demonstrado uma reducdo na captura de fauna

acompanhante em pescarias que utilizam tais dispositivos. Broadhurst e Kennelly (1994),
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em estudos pioneiros no litoral australiano com a utilizacdo de ensacadores com malha-
quadrada em redes de arrasto de camardes, encontraram uma reducdo de 95% das principais
espeécies de peixe da fauna acompanhante. Em testes comparativos entre a malha-diamante
tradicional e duas redes com malha-quadrada, com fios de diferentes circunferéncias e
materiais, foi encontrada uma reducdo entre 50 e 94% na captura de espécies de peixes da
fauna acompanhante (Broadhurst et al., 2010). Courtney et al., (2014), em testes de
ensacadores com malha-quadrada associados ao uso de grelha, obtiveram uma reducédo de
até 29% na captura de fauna acompanhante, sem alteracGes significativas na captura dos
camardes. Testes com a mesma combinacdo de dispositivos no Suriname apresentaram 36%
de reducdo na captura de elasmobranquios como Gymnura micrura, Fontitrygon geijskesi
and Hypanus guttatus (Willems et al., 2016). No Brasil, 0s primeiros experimentos com
malha quadrada foram feitos na década de 1980 (Conolly,1987), com utilizacdo do
dispositivo no ensacador das redes de embarcacgdes de arrasto de parelha da pesca industrial,
demonstrando a reducdo da captura de juvenis de peixes. No litoral do Parand, experimentos
com malha-quadrada e grelhas Nordmore reduziram a captura de peixes e braquiuros da
fauna acompanhante em 50% e 90%, respectivamente, sem alterar significativamente a
biomassa capturada de camardes Xiphopenaeus kroyeri (Silva et al., 2011).

Entretanto, para o funcionamento adequado dos dispositivos nas pescarias alguns
quesitos sdo fundamentais, como o desenvolvimento do trabalho associado ao setor
produtivo, conhecimento das embarcagdes, dos petrechos usados, das areas de pesca
utilizadas, das medidas morfoldgicas das espécies-alvo e da fauna acompanhante e do efeito
da utilizacdo d eum dispositivo no ambiente (FAO, 2003, Broadhurst et al., 2010, Catchpole
e Gary, 2010). O conhecimento sobre as relacdes morfologicas, como o comprimento total
e diametro, que influenciam na reten¢do do animal na rede sdo importantes para 0 sucesso

do dispositivo (Wootton, 1999). Estudos sobre as frequéncias de distribuicdo de tamanho
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sdo importantes para estimar a seletividade das redes de pesca e fornecer orientacdo para
modificacdes nos petrechos (Millar e Fryer, 1999, Stergiou et al., 2004, Broadhurst et al.,
2006, Eayrs, 2012). Os dispositivos devem ser adaptados de acordo com a morfologia das
espeécies capturadas, para que possam reduzir a retencdo da fauna acompanhante nas redes
(Broadhurst et al., 2010). Para isso, € necessario 0 conhecimento prévio de um conjunto de
medidas morfoldgicas (ex: comprimento total, altura, diametro e peso) das espécies
capturadas nas redes de arrasto tradicionais, a fim de identificar as caracteristicas
morfoldgicas que influenciam na retencdo dos animais na rede. Tais informacdes sdo
fundamentais para criar um BRD adaptado a realidade de cada pescaria e evitar ao maximo
a rejeicdo e os conflitos com o setor pesqueiro, gerados principalmente pela dificuldade de
operacdo e perda de rendimento associada ao dispositivo (Broadhurst et al., 2010, Catchpole
e Gary, 2010).

Devido a eficiéncia na mitigacdo da captura da fauna acompanhante, o uso de
dispositivos redutores desta porcdo da captura tem contribuido para as acGes de gestdo
pesqueira em diversos locais, mitigando os impactos ecossitémicos dessa atividade. A
abordagem ecossistémica para a pesca consiste na integracdo de todos os fatores que
interagem com a pescaria, envolvendo os aspectos tecnologicos, oceanograficos, bioldgicos,
humanos e econémicos que a compreendem (FAQO, 2005). Entre os casos de sucesso dessa
abordagem, destaca-se a emblematica experiéncia no Golfo do México, onde a utilizacao de
dispositivos redutores de captura incidental ajudou a reduzir a mortalidade de tartarugas
marinhas na regido (Jenninks, 2012). O processo de utilizagdo das grades nas redes
camaroeiras teve inicio na década de 1970, quando foi identificada a alta mortalidade de
tartarugas marinhas associada a pescaria de camardes nessa regido, com estimativas de até
150 mil tartarugas mortas por ano (Oravetz, 1999). Por esta razdo, no final da década

seguinte o governo dos Estados Unidos instaurou a Lei Pablica 101-162 que obrigou essas
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embarcacdes a utilizar TEDs nas redes (Watson et al., 1989, Jenninks, 2012). Cerca de 30
anos mais tarde e de varios desafios com a gestdo e adequacdo do uso superados, hoje a
regido € utilizada como exemplo para a implementacgéo desses dispositivos.

Ainda, devido ao fato do pais norte-americano ser um grande importador de
camarfes de diversos paises — como, por exemplo, América do Sul e Central e paises
Asiaticos, no ano de 1992 foi introduzida a secdo 609 na legislacdo pesqueira do pais,
exigindo a utilizacdo dos dispositivos exclusores de tartarugas nas redes de arrasto de
camarfes para 0s paises exportadores, sob a punicdo do embargo para aqueles que nédo
adotassem a medida (Tucker et al., 1997, Magni, 2005). Assim, o Brasil criou uma legislacédo
para a frota industrial de arrasto de camardes (Portaria N° 36 de 7 de abril 1994), exigindo
0 uso do TED para embarcagdes acima de 11 m. A portaria, que comecou tendo como alvo
as embarcacdes de camardo-rosa (Penaeus paulensis e P. brasiliensis) apresentou algumas
modificacdes ao longo dos ultimos 24 anos, sendo a Ultima atualizacdo de 2004 (Instrucéo
Normativa MMA n° 31 de 13 de dezembro de 2004) abrangendo hoje diversas espécies de
camarbes (P. paulensis, P. brasiliensis, P. subitilis, Xyphopenaeus kroyeri, Pleoticus
muelleri e Artemesia longinaris) e indicando a implementacdo do modelo de TED norte-
americano nas frotas brasileiras (Magni, 2005, Figura 2). Entretanto, essa normativa foi
aplicada com base no baseada no acordo politico e econémico entre 0s dois governos, ndo
considerando as questdes ambientais e operacionais das frotas brasileiras (Magni, 2005). A
falta de participagéo do setor na construcdo da medida levou a um alto indice de rejeicao por
parte da frota industrial quanto ao uso do dispositivo. Segundo os mestres das embarcacdes,
estes dispositivos danificam a rede e causam a perda de pescado, prejudicando as operagdes

de pesca (Duarte, 2013).
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10 cm espagamento
entre barras

81lcm

Vista lateral

Figura 2. Modelo de dispositivo exclusor de tartarugas — TED exigido pela Instrucéo
Normativa MMA n° 31 de 13 de dezembro de 2004, inspirado no modelo utilizado nos

Estados Unidos da América. Adaptado de NMFS, Pascagoula Laboratory, Mississippi.

Atualmente, a frota de arrasto industrial de camardes sediada em Santa Catarina atua
com um ndmero expressivo de embarcaces (~140 barcos, Silvino, 2018 dados nédo
publicados), composta por embarcacfes entre 17 e 20 m de comprimento e redes com
aproximadamente 23 m de comprimento, com malhas entre 18 e 22 mm entre n0s opostos
(Duarte, 2013). Inicialmente a captura era direcionada para 0 camardo-rosa, cuja categoria
é composta por duas espécies: Penaeus brasiliensis e P. paulensis (D’Incao et al., 2002),
sendo que hoje tornou-se uma pescaria multiespecifica, a qual objetiva a captura do dos
camardes-vermelho Pleoticus muelleri, ferrinho Artemesia longinaris e sete-barbas
Xiphopenaeus kroyeri (D’Incao et al., 2002), sendo essa pescaria responsavel pelos maiores
namero de embarcagdes desembarcando nos portos de Itajai e Navegantes, em Santa

Catarina. Esta frota abrange embarcagdes e licengas de pesca de trés espécies-alvo, X.
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kroyeri, P. paulensis e P. brasiliensis, onde os camardes P. muelleri e A. longinaris, bem
como outras espécies de peixes sdo caracterizados como fauna acompanhante, que pode
também ser comercializada (UNIVALI/CTTMAR, 2012). Porém, durante os meses de
primavera e verdo, no litoral do Rio Grande do Sul e Santa Catarina, ocorre a safra especifica
dos camardes ferrinho e vermelho (Baptista-Metri, 2007, Dumont e D’Incao, 2008), com as
capturas divididas em geral em trés principais areas, localizadas em frente a cidade do Rio
Grande (RS), entre os fardis de Soliddo e Conceicdo (RS) e entre a cidade de Laguna e Itajai
(SC) (Duarte, 2013).

Estudos realizados sobre essa frota demonstram uma mudanca na composicao e grau
de aproveitamento comercial da fauna acompanhante, sendo estocados para venda animais
com menores comprimentos do que em anos anteriores (Haimovici e Mendonca, 1996,
Duarte, 2013). Durante a década de 1990, a estimativa de fauna acompanhante para essa
frota era de 0,31 kg/h de arrasto para 1 kg/h de camarbes e as principais espécies
acompanhantes eram a pescadinha Macrodon atricauda, a pescada-olhuda Cynoscion
guatucupa e a abrotea Urophycis brasiliensis e o aproveitamento dos peixes de interesse
comercial era principalmente para animais acima de 20 cm de comprimento total (Haimovici
e Mendonca, 1996).

Duas décadas depois, a taxa de fauna acompanhante aumentou para 1,42 kg/h,
composta principalmente por peixes como Paralonchurus brasiliensis, Macrodon atricauda
e Paralichthys orbignyanus, sendo também observada a presenca de espécies ameacadas de
extin¢do, como a tartaruga-cabecuda Caretta caretta, a tartaruga-verde Chelonia mydas, a
raia-viola Pseudobatos horkelli e os ca¢fes anjo do género Squatina. Na maioria dos casos,
as capturas atuais da fauna acompanhante sao compostas por individuos imaturos (Duarte,

2013).
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De forma similar, as frotas de arrasto artesanais apresentam altas taxas de captura de
fauna acompanhante, com registros de 5 kg capturados para cada 1 kg de camarao (Sedrez
et al., 2013), composta por espéecies similares as industriais como Paralonchurus
brasiliensis, Macrodon atricauda e Cynoscion guatucupa (Cattani et al., 2012, Santos et al.,
2016). Amplamente distribuidas em areas mais costeiras no litoral de Santa Catarina
(Branco, 2005), essas frotas objetivam principalmente o camarao-sete-barbas Xiphopenaeus
kroyeri e em menor propor¢do o camardo-branco Penaeus schimitti, além de possuirem altas
taxas de captura de fauna acompanhante chegando a proporcdes de 19 kg de fauna
acompanhante para 1 kg de camardes (Branco e Verani, 2006). Entretanto, diferentemente
da pescaria industrial, em geral o pescador artesanal possui pouco interesse no byproduct,
embora isto possa variar com o local, periodo do ano, e aspectos socioecondmicos da rotina
do pescador, havendo maior ou menor retencdo da fauna acompanhante.

As zonas costeiras representam ambientes importantes para o desenvolvimento e
alimentacdo de diversas espécies, sendo considerados bercarios e habitat de varios recursos
pesqueiros, como os camardes (Beck et al., 2001). Dessa forma, devido a grande variedade
e dimensdo das atividades pesqueiras artesanais, tendo uma grande porcdo composta por
embarcacdes de arrasto, como no litoral de Santa Catarina (Branco, 2005), e a mortalidade
dos organismos associada a esta pescaria pelas altas taxas de captura de fauna
acompanhante, tornam-se necessarias iniciativas que promovam o desenvolvimento de
dispositivos redutores para mitigacdo desse impacto.

Atualmente existe uma iniciativa local com pescaria de arrasto de pequena escala e
0 uso de dispositivos redutores de fauna acompanhante que vém desenvolvendo uma
metodologia ecossistémica junto aos pescadores da Area de Protecdo Ambiental (APA) de
Anhatomirim, localizada no litoral norte de Santa Catarina. A iniciativa foi motivada pela

existéncia de um conflito gerado pelo fechamento na década de 1980 de uma area
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considerada pela comunidade de pescadores como importante para a pesca de arrasto de
camardes. Apos alguns anos de trabalho associado, entre gestores da APA, pescadores e
pesquisadores, diversos modelos de BRDs estdo sendo testados, para que de forma
participativa possam ser aplicados 0 uso desses dispositivos, como previsto no Plano de
Manejo da referida Unidade, minimizando os impactos desta pescaria (Guanais et al., 2015;
Steenbock et al., 2015).

Em razdo do impacto ecoldgico e econdbmico proveniente da captura da fauna
acompanhante, e da necessidade de maior atencdo destinada a esse processo nas pescarias
de arrasto de camardes no sul do Brasil, esta tese apresenta um estudo integrado sobre
modelo e eficiéncia dos dispositivos redutores de fauna acompanhante em redes de arrasto
de camardes no sul do Brasil, e os principais desafios de implementacao de tais dispositivos.
De maneira geral, este estudo contribui para a ampliacdo do entendimento de como o0s
dispositivos redutores devem ser projetados com base nas caracteristicas das espécies-alvo
de algumas pescarias no sul do Brasil. Apresenta também uma andlise pioneira sobre o
entendimento da legislacdo atual quanto ao uso do dispositivo exclusor de tartarugas (TED)
no Brasil apontando os principais aspectos para a sua rejeicdo pela frota pesqueira. A adocao
de tais medidas de mitigacdo, definidas a partir de um processo participativo, em futuros
planos de gestdo para as pescarias de arrasto pode, potencialmente, aumentar o nivel de
aceitacao por parte dos pescadores de ambas as frotas industrial e artesanal, como também

contribuir de maneira substancial para a conservacdo da biodiversidade marinha.
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HIPOTESES

Hipdtese 1: A morfometria das espécies capturadas nas redes de arrasto de
tangones no sul do Brasil pode ser utilizada como parametro para a defini¢do do
formato e tamanho da malha que aumente o tamanho de primeira captura das

espécies da fauna acompanhante.

Hipdtese 2: A rejeicdo do setor pesqueiro quanto ao uso do dispositivo exclusor
de tartaruga —TED presente na legislacdo brasileira, se d& devido ao dispositivo
ndo ser adequado as necessidades da frota e a abordagem top-down da sua

implementacéo.

Hipdtese 3: A utilizacdo de malhas-quadradas ao longo do ensacador da rede

diminui a retencdo das espécies de peixes da fauna acompanhante, sem alterar

significativamente a captura do camardo-sete-barbas, Xiphopenaeus kroyeri.
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OBJETIVOS

Objetivo Geral

Avaliar a eficiéncia de dispositivos redutores de fauna acompanhante e os aspectos

que levam ao seu sucesso em redes de arrasto de camardes no litoral sul do Brasil.

Objetivos Especificos

1. Avaliar os aspectos morfologicos das espécies-alvo e de peixes presentes
na fauna acompanhante, assim como os principais fatores que determinam

a selecdo da fauna acompanhante a bordo (ANEXO 1);

2. Analisar as principais causas para a rejeicdo do setor pesqueiro ao atual
modelo de dispositivo exclusor de tartarugas — TED vigente na legislacdo

brasileira (ANEXO I1), incluindo aspectos tecnologicos e humanos;

3. Testar possiveis diferencas na seletividade entre ensacadores padrdo e
ensacadores com malha-quadrada (malha de 30 mm de barra) na captura da
fauna acompanhante e das espécies-alvo em redes de arrasto de tangones de

camardes (ANEXO I1I);
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MATERIAL E METODOS

A area de estudo compreendeu o litoral sul do Brasil e abrangeu a plataforma interna
entre o litoral do Rio Grande do Sul e Santa Catarina, de formas distintas e em funcao dos
objetivos especificos do trabalho (Figura 3). Essa regido representa um ambiente de alta
produtividade bioldgica, onde a plataforma e o talude continental estdo sob a influéncia da
Convergéncia Subtropical, formada pelo encontro das massas de agua das Correntes do
Brasil e das Malvinas (Castello et al., 1998). Essa regido esta ainda sob influéncia de trés
massas de agua, a Agua Central do Atlantico Sul (ACAS), a Agua Tropical (AT) e a Agua
Costeira (AC), que exercem forte influencia na produtividade local (Piola et al., 2005). Este
cenario oceanogréafico resulta em um grande aporte de nutrientes, resultando em uma zona
de grande importancia para o desenvolvimento, alimentacdo e reproducdo de indmeras

espécies, entre elas diversos recursos pesqueiros (Castello et al., 1998).
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Figura 3. Mapa da area de estudo compreendendo o litoral da regido Sudeste e Sul do Brasil.
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Para a analise dos aspectos morfoldgicos, foram monitorados 37 arrastos a bordo de
embarcacOes de arrasto de tangones industriais digiridas a captura de P. muelleri e A.
longinaris e do NOc. Atlantico Sul, por meio de observacdes cientificas. As amostragens
ocorreram nas areas de pesca convencionais de camardes (Anexo 1). De cada arrasto foram
coletadas amostras representativas das espécies mais abundantes de peixes e camardes.
Posteriormente foi realizada a biometria (1 mm) e pesagem (+0.1 g) no laboratério de
Crustaceos Decapodes da Universidade Federal do Rio Grande para todas as espécies
(peixes e camardes). As medidas registradas foram: comprimento total, comprimento
padrdo, comprimento dorsal, comprimento anal, altura e circunferéncia (£ 1 cm) para todos
0s peixes exceto os dorso-ventralmente achatados que foram medidos o comprimento total
e circunferéncia (£ 1 cm) e comprimento total, altura e circunferéncia (£ 0,1 cm) para os

crustaceos (Broadhurst et al., 2006).

Comprimento total

Comprimento furcal
Comprimento padrao

Comprimento dorsal

Comprimento
anal

Figura 4. Medidas de comprimento registradas para as principais espécies de peixes

capturadas com as redes de arrasto convencionais. Adaptado de Broadhurst et al., 2006.
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Regressdes lineares e um modelo potencial foram utilizados para identificar relacdes
entre as medidas biométricas e o peso, tendo como varidvel independente o comprimento
total de cada espécie. Foi estimada a razao entre a maxima altura e a largura para categorizar
o formato de cada espécie de peixe. Por meio das regressdes lineares, foi possivel estimar o
comprimento total das espécies retidas em diferentes tamanhos de malha-diamante —
convencional (26 mm) e 30 mm entre nos esticados e dois tipos de malha-quadrada (48 e 58
mm por barra — maiores detalhes sobre a metodologia vide ANEXO 1I).

Para o estudo sobre os aspectos tecnoldgicos e humanos que explicam a rejei¢éo do
TED, foram realizados dois tipos de entrevistas semi-estruturadas com o0s mestres das
embarcacdes de arrasto permissionadas para captura de camardes, entre 2013 e 2016. A
primeira objetivou identificar se o TED ¢é utilizado nas redes de arrasto e as razdes para a
sua adocdo ou rejeicdo. A segunda entrevista foi especificamente para identificar possiveis
capturas incidentais de tartarugas marinhas e elasmobranquios (Anexo 2). As entrevistas
ocorreram de acordo com a chegada dos barcos no porto pesqueiro de Rio Grande (RS),
Itajai (SC) e Navegantes (SC). Para analise das respostas foi utilizada a ferramenta de analise
qualitativa de dados RQDA (Estrada, 2017).

Para o trabalho sobre a eficiéncia de ensacadores de malha-quadrada, foram
realizados 60 arrastos com 30 minutos de duragdo com duas redes convencionais para a
captura de camarao-sete-barbas Xiphopenaeus kroyeri, com dimensdes padronizadas para a
frota comercial, tendo 12 m de comprimento e malha de 24 mm entrends opostos no
ensacador. O ensacador de uma das redes foi modificado com a instalagcéo de uma janela de
malha-quadrada de 0,65 m de comprimento e 0,35 m de largura, com malhas de 30 mm de
tamanho de barra costurada na parte superior do ensacador (Broadhurst et al., 1996, Queirolo
etal., 2011, Courtney et al., 2014). Os testes ocorreram a bordo de uma embarcacéo da frota

de arrasto de tangones artesanal (10 m), utilizando motor com poténcia de 60 HP’s
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direcionada ao camardo-sete-barbas. Em cada lance foram registradas a posicdo geografica,
profundidade inicial e final, velocidade do arrasto, dire¢do do vento e lado do barco. Apos
cada arrasto, a captura total (camardes e fauna acompanhante) de cada uma das redes foi
pesada separadamente com auxilio de uma balanca e, posteriormente, quarteadas para a
contagem e biometria das espécies. Todas as espécies da amostra foram identificadas,
pesadas (x 0,1 g) e medidas (+ 0,1mm). Os valores de captura do teste, as abundancias
relativas (captura por unidade de esforco - CPUE) das espécies de camardes e das espécies
da fauna acompanhante foram calculadas por meio do quociente entre a captura (C) em kg
e o esforco (f) em 30 minutos de arrasto (Gulland, 1983). Os valores totais do peso de fauna
acompanhante e peso do camarao entre a rede controle e aquela com malha-quadrada foram
testados por meio de um teste t (p< 0,05), ap0s verificar os pressupostos de normalidade e
homocedasticidade (Zar, 2010). Dados de frequéncia de distribuicdo de tamanho foram
estimados para 0 camardo-sete-barbas e para as espécies de peixes mais abundantes e

comparados entre as duas redes (maiores detalhes no anexo Il1).
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SINTESE DOS RESULTADOS

Quantifying the morphology of key species caught in the southern Brazilian

penaeid-trawl fishery as a precursor to improving selection (Capitulo 1)

A morfologia das espécies capturadas nas redes de arrasto de camardes foi descrita
por meio de relacGes lineares obtidas a partir de 37 arrastos. O objetivo dessa analise foi
avaliar a forma e estrutura de tamanho da fauna acompanhante capturada na area de pesca,
no sentido de gerar os subsidios necessarios para uma adequada implantacdo do BRD.

Ao todo foram capturadas 52 espécies, incluindo duas espécies de tartarugas
marinhas (Caretta caretta e Chelonia mydas), sete espécies de elasmobranquios (Gymnura
altavela, Myliobatis goodei, Pseudobatos horkelii, Squatina guggenheim, Squatina occulta,
Sympterygia acuta, Sympterygia bonapartii), 33 espécies de teledsteos, uma de molusco e
16 de crustaceos (Tabela 1). Com base na relagdo entre a maxima altura: largura (R), foram
determinados trés formatos de morfologia do corpo entre as 11 espécies de peixes coletadas.
Especificamente, Symphurus jenynsii foi classificado como comprimido ventralmente;
Paralonchurus brasiliensis, Macrodon atricauda, Genidens spp, Porichthys porosissimus,
Menticirrhus spp, Cynoscion guatucupa e Urophycis brasiliensis como fusiformes; e
Trichiurus lepturus, Stephanolepis hispidus e Peprilus paru como comprimidos
lateralmente. As relagdes morfométricas entre o comprimento total e as demais quatro
medidas das 11 espécies de teledsteos e 0 camardo, apresentaram, em sua maioria, alta
relacdo linear (R> 0,8). Por meio das relaces lineares, foi possivel estimar os tamanhos dos
individuos que teriam a capacidade de escapar da rede, ou o0 tamanho de primeira captura.

Em termos de altura, nas redes convencionais de malha-diamante, os individuos juvenis de
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C. guatucupa, M. atricauda e U. brasiliensis escapariam com comprimento total entre 59 e
164 mm, ja em redes equipadas com malha-quadrada essas espécies escapariam com
tamanhos entre 167 e 204 mm.

Outra medida fundamental para estimar o escape de peixes é a circunferéncia. O
perimetro da malha convencional de 26 mm é de 52 mm, enquanto a malha de 30 mm tem
um perimetro de 60 mm e os dois tamanhos de malhas-quadradas tém perimetros de 96 e
116 mm, respectivamente. Com excecdo da espécie Trichiurus lepturus, os demais
teledsteos capturados no tamanho da malha de diamante escapariam entre 48 e 128 mm CT.
Quanto aos dois tamanhos de malha-quadrada, nenhuma das 11 espécies escaparia se fossem
> 79 (malha 96 mm) e 94 mm CT (malha 116 mm), respectivamente. Portanto, conclui-se
gue a adocdo da malha-quadrada na pescaria de arrasto de tangones poderia mitigar o

impacto da pesca de arrasto sobre a captura da fauna acompanhante.
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Challenges in adopting turtle excluder devices (TEDSs) in Brazilian penaeid-

trawl fisheries (Capitulo 2)

A série de entrevistas para avaliar o uso do TED nas redes de arrasto de camarfes
ocorreu com 19 mestres, com experiéncia de pesca variando entre 5 e 45 anos. Para a
entrevista sobre a captura de espécies ameacadas (tartarugas marinhas e elasmobranquios)
foram entrevistados anonimamente 56 mestres. A maioria dos mestres comecou a atividade
de pesca antes da lei do TED ser instaurada.

Dentre as principais razdes apontadas pelos mestres para a rejeicdo ao uso do TED
estdo: (i) problemas quanto ao manuseio do dispositivo, falta de treinamento especifico para
montagem e manutencdo e por ter sido uma medida imposta por meio de uma abordagem
top-down. Esses equivocos somados levaram o setor a assumir que o dispositivo ndo
funciona nas redes de arrasto; (ii) a crenca de que o impacto das capturas sobre tartarugas
marinhas e elasmobranquios é baixo, acentuada pela falta de dados quantitativos; (iii)
considerar que ha perda econdmica pelo uso do TED pelo escape de camardes, assim como
pela exclusdo de outras espécies consideradas de interesse como elasmobranquios,
resultando em maior prejuizo econémico do que contribuicdo para a conservacao da

biodiversidade do ecossistema.
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Eficiéncia do uso de ensacadores de malha-quadrada em uma pescaria de

arrasto artesanal (Capitulo 3)

Ao total foram capturados 123, 158 e 145 kg de penaeideos, teledsteos e braquiuros
respectivamente, onde ~60% da fauna (em peso) foi composta por Cynoscion spp, Macrodon
atricauda, Paralonchurus brasiliensis, Stellifer spp, Callinectes spp e Persephona spp.

N&o houve diferenca significativa na captura de camardes-sete-barbas (X. kroyeri)
entre a rede controle e com 0 BRD (p>0,05), apesar de que a rede com BRD tenha diminuido
a captura desta espécie em 5% em peso. Embora ndo significativo, a rede com BRD reduziu
5,7% das capturas totais de fauna acompanhante (p>0,05). Entretanto, como o dispositivo
estd baseado na exclusao por comportamento e foi concebido para o escape de peixes, optou-
se por analisar com maior detalhe esse efeito em especial. Quando comparadas as capturas
totais de peixes da fauna acompanhante entre a rede controle e 0o BRD, surgiram diferencas
significativas entre as redes (p< 0,05), reduzindo 25% da captura de ictiofauna da rede com
BRD.

Em comparacdo com a rede controle, o ensacador com a janela de malha-quadrada
reduziu a captura em peso de Cynoscion spp, Macrodon atricauda, Paralonchurus
brasiliensis e Stellifer spp, em 57%, 73%, 34% e 48%, respectivamente.

As espécies de peixes ndo apresentaram diferenca significativa quanto ao
comprimento total entre a rede controle e com BRD. As espécies Cynoscion spp e Macrodon
atricauda tiveram o comprimento total entre 5 e 100 e 5 e 135 mm, respectivamente, ambas
apresentaram a maior captura na classe de tamanho 10 mm na rede controle, as espécies
Paralonchurus brasiliensis e Stellifer spp apresentaram 0 mesmo padrdo de captura, com
maior numero de individuos sendo capturados pela rede controle. Houve diferenga

significativa entre comprimento da carapaga do camardo-sete-barbas quando a captura das
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duas redes foi comparada (p<0,05), com individuos em maiores classes de tamanho na rede
controle (Média= 17 mm; DP= % 0,19, Max= 29,3 mm; Min= 4,4 mm) do que na rede cm
BRD (Média= 16 mm; DP=0,2; Max= 29,8 mm; Min = 8,3 mm), porém com uma diferenca
minima.

Portanto, conclui-se que a ado¢do do BRD podera reduzir, significativamente, a
captura de peixes com tamanhos ndo comerciais, que seriam descartados nessa pescaria,
mitigando o impacto do arrasto sobre as populacdes destas espécies, aparentemente sem um

prejuizo no rendimento econémico da pescaria analisada.

32



CONSIDERACOES FINAIS

As redes de arrasto convencionalmente utilizadas pela frota possuem malhas
diamante entre 26 e 30 mm, a depender da espécie-alvo. Os aspectos morfologicos das
espécies da fauna acompanhante geraram subsidios fundamentais sobre o comportamento
dessas capturas nas redes de arrasto, e consequentemente dados que poderao ser utilizados
para planejamento adequado de BRDs nessas pescarias. Nos tamanhos de malha
convencionais, as capturas da fauna acompanhante sdo compostas por individuos imaturos
de peixes, entre eles espécies com interesse comercial como Cynoscion guatucupa e
Macrodon atircauda. A alteracdo do formato da malha, de diamante para quadrada em uma
porcdo do ensacador, permite que 0s peixes menores consigam escapar da rede durante o
arrasto, reduzindo a mortalidade dos individuos juvenis dessas espécies.

A legislacdo brasileira, ha cerca de 20 anos, prevé a utilizacdo de um tipo de
dispositivo redutor voltado para a captura das tartarugas marinhas. No entanto, o dispositivo
exclusor de tartarugas — TED é amplamente rejeitado pelo setor pesqueiro e as principais
causas para essa rejeicdo foram avaliadas no sul do Brasil. Dentre elas, destacam-se aspectos
tecnolégicos do BRD (como o formato, o tamanho e angulo da grelha), mas também
aspectos que dizem respeito & abordagem de implementacdo dessa medida mitigatoria. A
medida politico-econdmica imposta de maneira top-down pelo governo americano ao
governo brasileiro, sob ameaca de embargo na década de 1990, contribuiu,
significativamente, para o desenvolvimento da percepcéo de que o dispositivo ndo funciona,
ou pior, de que ele ndo é necessario. Para que esse panorama possa ser alterado, existe a

necessidade de conhecimento técnico sobre a funcionabilidade desses equipamentos, 0
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engajamento do governo em rever a lei e implementar a cultura da discussdo com todos
setores envolvidos por meio da gestdo participativa e, assim, desenvolver medidas para que
0s pescadores se sintam parte do processo de implementacdo do uso destes tipos de
dispositivos.

Devido a rejeicdo desse dispositivo no contexto do setor pesqueiro brasileiro, foi
utilizada a estratégia de realizar testes com ensacadores de malha-quadrada em embarcacdes
de arrasto de tangones artesanais. A rede modificada reduziu significativamente a captura
de peixes entre 34% e 73%, conforme a espécie, sem alterar significativamente a captura do
camarao-sete-barbas, Xiphopenaeus koyeri. Embora com resultado positivo para a exclusdo
de peixes, outros modelos de dispositivos devem ser desenvolvidos e testados junto aos
pescadores, ampliando o dialogo com o setor produtivo local a fim de que seu uso seja
implementado de forma efetiva.

Este estudo visou apresentar de forma integrada os passos para a abordagem do uso
de dispositivos redutores de fauna acompanhante em pescarias de arrasto dirigida a
camardes. Nesse sentido, apresentou um protocolo de desenvovlimento de um dispositivo,
bem como as possiveis medidas que devem ser tomadas para a sua efetiva implementacao
junto ao setor produtivo e a sua experimentacdo. Com isso, concluimos que a utilizacéo de
dispositivos redutores apesar de ser um desafio a gestdo pesqueira, € uma ferramenta viavel
para ser utilizada pelas frotas de arrasto desde que se desenvolva com o comprometimento

de todos os setores envolvidos com a sua aplicagdo e implementacao.
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ANEXO |

Quantifying the morphology of key species caught in the southern Brazilian penaeid-

trawl fishery as a precursor to improving selection

Running head: Morphology of bycatch species to improve selection
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Abstract

Penaeid trawls are poorly selective fishing gears; contributing towards approximately 27% of
global marine fisheries discards. Various options are available for mitigating penaeid-trawl
bycatch, including gear modifications such as ‘bycatch reduction devices’ (BRDs) or codend
mesh-size regulations. A precursor to developing modifications is information about the key
target and bycatch species in terms of their sizes and morphology. Here we describe the
relationships between these characteristics for the southern Brazilian industrial penaeid-trawl
fishery within a broader objective of proposing more selective meshes for trawls. Catches were

sampled during 37 tows. Fifty species were caught, including two loggerhead turtles, Caretta
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caretta and one green turtle, Chelonia mydas and 61 individuals of seven ray species classified
as Endangered or Critically Endangered. One penaeid (Pleoticus muelleri) and 11 teleosts were
assessed for various morphological relationships. The data demonstrated that both the existing
conventionally used 26-mm (stretched mesh opening; SMO) mesh and a legislated size of 30
mm SMO are too small. Using morphological relationships, we propose testing a minimum
diamond-shaped mesh size of at least 35 mm and a square-mesh window in the top of codend
comprising at least 48 mm mesh. Such a configuration would probably retain penaeids and
larger teleosts, but allow many small teleosts to escape. Anteriorly located grids are also
required to reduce bycatches of charismatic species like turtles and rays. Wide-scale use of
such BRDs should dramatically reduce the bycatches, and ancillary impacts of the trawl

fishery.

Keywords: mesh size, morphology, bycatch, penaeid trawl, square-mesh, selectivity
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INTRODUCTION

Determining of ideal mesh sizes for penaeid-trawl fisheries is a key regulatory process,
within a broad objective of controlling size selectivity, and ultimately the mortality of target
and non-target species (assuming adequate survival of escapes, Pope et al., 1975). Most
penaeid-trawl codends comprise diamond-shaped meshes with stretched mesh openings
(SMO) between 30 and 50 mm (Eayrs, 2012). During towing, these small meshes are pulled
tight, with lateral openings in codends typically <~35% of the stretched mesh length
(Robertson, 1986). It is only during ‘haulback’, when the vessel speed slows to engage the
winches and retrieve the nets that codend lateral-mesh openings increase beyond ~35%
(Watson, 1989, Broadhurst et al., 1996).

Penaeid trawling accounts for nearly 27% of the annual discards (most recently
estimated at <10 million t per annum; Zeller et al., 2017) from global marine fisheries
(Kelleher, 2005)—a statistic explained by the small mesh sizes in trawls and their use in highly
biodiverse and productive near-shore areas. This bycatch often comprises many small teleosts
(<20 cm total length; TL), some of which are juveniles of species that, when larger, are an
important source of income; either in other fisheries or as retained so-called ‘by-product’ in
the same fishery (Alverson et al., 1994; Eayrs, 2012). There are various other broad, cascading
ecological concerns associated with discarding and the unaccounted fishing mortality of large
quantities of species; all of which support developing more selective trawling (Hall and
Mainprize, 2005).

The common approach to reduce penaeid-trawl bycatch is to apply technical
modifications that typically include bycatch reduction devices (BRDs), and often involving
strategic square-mesh panels and escape windows to exclude small teleosts, or grids to exclude
turtles and other large animals (Broadhurst, 2000). Such devices exploit either the swimming
behaviour, morphology or size of unwanted species to promote their escape and have been
adopted with varying levels of success among many penaeid-trawl fisheries around the world
(Broadhurst, 2000; Eayrs, 2012).

While BRDs can effectively reduce unwanted catches (typically by 30-90%;
Broadhurst, 2000) often there are issues associated with adoption and acceptance by fisheries.
In many cases, such issues arise from a perceived loss of the targeted penaeids, often
exacerbated by technical issues associated with BRD rigging. As a starting point to overcome
such issues, it is important to obtain sufficient fishery-related information, and especially data

43



describing the sizes and morphology of the key species. In some cases (for key species of
concern), it might be possible to simply regulate mesh size and/or shape in the trawl as a
mechanism for improving selectivity and reducing bycatch. Simple changes to meshes within
existing trawl configurations, including readily available diamond-shaped mesh and/or
alternative mesh shapes at strategic locations in the codend, might be more accepted than

complex modifications.

In Brazil, both small-scale and industrial penaeid-trawl fisheries are characterised by
similar bycatch problems as elsewhere, but with different challenges for resolution attempts
(Silva et al., 2013). One of main regional, industrial penaeid fisheries involves up to 276
vessels, trawling along the southern coast (UNIVALI/CTTMar, 2013). Existing legislation
prescribes a minimum SMO of 30 mm (Ordinance SUDEPE n° 55, 20" December 1984),
which was originally mandated for targeting pink shrimp (Penaeus paulensis and Penaeus
brasiliensis). But with the collapse of F. paulensis stocks over the past two decades, fleets
began to target the smaller Argentine red shrimp (Pleoticus muelleri) and Argentine stiletto
shrimp (Artemesia longinaris) and without any legislated minimum mesh size. Operators
typically use 26 mm SMO in the codend and in addition to penaeids, retain large individuals
(typically >~22 cm total length; TL) of key fish as by-product, including the southern king
weakfish Macrodon atricauda, stripped weakfish Cynoscion guatucupa and Brazilian codling
Urophycis brasiliensis (Haimovici and Mendonca, 1996; D’Incao et al., 2002; Duarte, 2013;

Pezzuto and Beninca, 2015).

The small mesh and lack of any BRDs (which is a problem throughout all Brazilian
penaeid-trawl fisheries) means the trawlers discard at least ~1.5 kg of bycatch for every 1 kg
of penaeids and assorted by-product (Duarte, 2013). Ideally, large numbers of unwanted
individuals would escape during fishing, while individuals larger than minimum size at first
maturity might be retained for sale. Considering the above, and as a precursor to developing
BRDs that might address some of the bycatch issues in the southern Brazilian penaeid-trawl
fishery, here we sought to first describe various morphometric relationships for the key teleost
and one penaeid species Pleoticus muelleri, and then use these to assess the likely impacts on
catches of different, regionally available, sizes of diamond mesh throughout the codend and

BRDs comprising strategic square-mesh windows.
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MATERIALS AND METHODS

Fish samples were obtained from 37 tows during one commercial (February 2014) and
two scientific penaeid-trawl cruises (R/V Atlantico Sul, September 2015) across conventional
fishing areas between Solidao Lighthouse (30° 42°S/50° 28°W) and Rio Grande city (32° I’
S/52° 5°W) (Figure 1).
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Figure 1. Study area in southern Brazil. The red area represents the fishing grounds used by

the double-rigged trawling fleet. The red line represents the extremes of the sampling area.

The spatio-temporal sampling distributions were designed to encompass the range of
bycatch typically caught on the fishing grounds (Dumont and D’Incao, 2011). All data were
collected by scientific observers, and with a Brazilian government license (SISBio N° 42311-
2).

The commercial vessel (18 m length) was double rigged with paired otter boards
attached to 2.20 m sweeps. The research vessel (36 m length) had a single rig with paired otter
boards attached to 2.20 m sweeps. The trawls towed by each vessel were identical two-seam
local designs (19-m headline lengths; Figure 2). Each trawl comprised mesh sizes of 40 mm
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SMO made from 1.3-mm diameter—@ polyethylene (PE) twine in the body, and 26-mm SMO
polyamide (PA) twine in the codend. Each codend measured 197 meshes in the normal
direction (N) and 156 meshes in the transverse (T) direction (Figure 2). Trawls were diurnally
deployed in depths of 17 to 22 m for four hours by the commercial boat, and for 30 min by the

research vessel.

At the end of each deployment, representative samples of the most abundant teleosts and
penaeids were separated from the catch, stored on ice and eventually measured in a laboratory
(1 mm). For each teleost, measurements of the total length (TL) and maximum height (MH)
were recorded using a ruler, while perimeter or girth (MG), was measured using a piece string

(and then a ruler). Body width was estimated from the height and girth via the ellipse formula,

MG?
7-[2

as follows: BW = V(2 x — MH?). All teleosts were then weighed (Wt £0.1 g).

46



Meshes (N) Meshes (N)
7T

1T4B X TS
200

1

1

1

1

]

]

223 \ i / 107
\-.\ Top | Batiom /
% I i
LI ! {onee
I".| I _."ll
‘\: I ¥
Y i §
"\.\ I II-"
~ ;’ Traw body = 40.00 SMO mm mesh =
"‘\ I 1.25 mm dla twisied PE (CTC = £1.60 'rr'1j|
| /
“-._ / In baoth panels, e knots push down.
I"\. _.IIII
] !
\
Y /
k) )
Y I
‘\-_‘ i i/
69T (lotal)i 69 T (totai)
15T

Haadlina
18 070 mm Codend = 25.00 SMOC mm mesh =
Foat rops 1.5 mm dla bralged PA (CTC = 28.4 mm)

f———— 22000 MM ——;

197 N
10-mm aded PA rope 20dm
with 10-mm chaln drops In groups -
of 13 (x B96)
&
g ~00 kg

Figure 2. Plan of the trawls used. N: meshes in the normal direction; T: meshes in the transverse
direction, AB: all bars; B: bars; PE: polyethylene; SMO: stretched mesh opening; CTC: centre-
knot-to-centre knot; PA: polyamide.

For the penaeid Pleoticus muelleri, measurements of TL and carapace length (CL),
MG, and MH were similarly recorded as above (1mm) and each individual was weighed (+0.1
g). The same formula as above was used to calculate BW. Insufficient quantities of other

penaeids were caught and retained to allow meaningful analyses.
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Linear-regression analyses were used to investigate the relationships between TL and
the remaining measures (MH, MG and BW) for key species. A potential model was fitted to
the TL-weight data as follows: Y = A x XB where Y is TL and X is Wt (Zar, 2010). The ratio
(R) between teleost BH and BW was obtained by dividing the latter into the former to
categorize general shape as being either: fusiform: R~=1, dorsoventrally compressed: R~<1,

or laterally compressed: R~>1.

The absolute opening for diamond-shaped codend meshes during towing was assumed
to be a maximum lateral distance of 35% of the SMO (Robertson, 1986). Based on this
‘fractional’ opening, the conventional 26-mm diamond mesh would be reduced to a maximum
of 24.34 mm length x 9.10 mm width, while the 30 mm diamond mesh would be reduced to
28.10 x 10.50 mm. By comparison, the fractional mesh openings for square-shaped meshes in
the codend during towing were assumed to be the bar lengths (and with the largest distance
across the diagonal). During haulback, both mesh shapes might be opened to their full size
(perimeter).

Using the collected morphometric data (MH and MG), we estimated the maximum
TLs of key teleosts and penaeids that might escape through two different sizes of diamond-
shaped (i.e. conventionally used 26 and 30 mm) and square-shaped meshes (with bar lengths
of 24 and 29 mm) in the codend during (1) towing (assuming fractional mesh openings as
above during loading) and (2) haulback (when meshes open completely and there is no load).
The square-mesh size was chosen based on locally available mesh (there are very few available
mesh sizes in Brazil) and assuming that it would be located as a strategic window in the top of
the codend. Escape sizes of teleosts were calculated assuming meshes were under load (35%

lateral opening for diamond-shaped meshes).

RESULTS

In total, 52 species, including 16 crustaceans, one mollusc, 33 fish including seven
endangered ray species, and two loggerhead turtles (Caretta caretta) and one green turtle
(Chelonia mydas) were sampled from the catches of the vessels (all large rays and turtles were
counted in all catches) (Table 1). Both loggerhead turtles were released alive, but the green
turtle died. During the 37 tows, the total penaeid catches were ~50 kg per tow and dominated
by P. muelleri (1.17 kg was sampled) with a much lower proportion of A. longinaris.
Morphometric data were limited to the former species. Two genera, including Genidens spp.
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and Menticirrhus spp. each comprised two similar species (Genidens barbus and G. planifrons

and Menticirrhus americanus and M. littoralis, respectively) that were not separated.

Table 1: List of taxonomic groups and species and number sampled from catches by penaeid
trawlers during 37 deployments off on the coast of Rio Grande do Sul, Brazil. Species
marked as ! are commercially retained at large sizes (termed ‘by-product’). Conservation
status (IUCN 2017-3), CE (critically endangered), EN (endangered), VU (vulnerable), LC
(least concern), DD (data deficient) and NE (not evaluated). The species in bold had the
morphometric data analysed.

AGenidens spp. — genus comprising two similar species: Genidens barbus and G. planifrons.

BMenticirrhus spp. —genus comprising two similar species: Menticirrhus americanus and M.

littoralis.
Group Specific name Common name Number  Conservation
sampled  status
Crustaceans Achelous spinimanus Blotched swimming 36 LC
crab
Achelous spinicarpus Longspine swimming 36 NE
crab
Arenaeus cribrarius Speckled swimming 19 NE
crab
Artemesia longinaris Argentinean shrimp 140 NE
Callinectes danae Blue crab 4 NE
Callinectes sapidus Blue crab 16 NE
Callinectes ornatus Blue crab 120 NE
Dardanus insignis Hermit crab 2 NE
Hepatus pudibundus Flecked box crab 36 NE
Libinia spinosa Spider crab 32 NE
Loxopagurus loxochelis Hermit crab 2 NE
Nanoplax sp. - 1 NE
Penaeus paulensis Pink shrimp 3 NE
Persephona mediterranea  Mottled purse crab 6 NE
Porcellana sayana Spotted porcelaincrab 1 NE
Molluscs Loligo spp.t - 45 NE
Pisces Balistes capriscus® Grey triggerfish 3 VU
Chloroscombrus chrysurus  Atlantic bumper 15 LC
Citharichthys spilopterus ~ Bay whiff 2 LC
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Conger orbignianus Argentine conger 3 NE
Cynoscion guatucupal Stripped weakfish 79 NE
Cynoscion jamaiscensis® Jamaica weakfish 13 NE
Serranus auriga Long finneddwarf 6 NE
seabass
Engraulis anchoita Argentine anchovy 35 NE
Genidens spp.At White sea catfish 152 LC
Gymnura altavela Spiny butterfly 1 VU
Macrodon atricauda? Southern king 195 NE
weakfish
Menticirrhus spp.B! Southern king croaker 45 LC
Micropogonias furnierit Whitemouth croaker 4 LC
Myliobatis goodei Southern eagle 3 DD
Ophichthus gomesii Pallid snake eel 1 LC
Paralichthys orbignyanus®  Flounder 4 NE
Paralonchurus Banded croaker 342 LC
brasiliensis
Peprilus paru! American harvestfish 42 LC
Porichthys porosissimus®  Midshipman 41 NE
Prionotus punctatus® Bluewing searobin 35 LC
Pseudobatos horkelii Brazilian guitarfish 8 CE
Selene setapinnis Atlantic moonfish 4 NE
Selene vomer Atlantic lookdown 1 LC
Stellifer rastrifer? Rake stardrum 2 LC
Stephanolepis hispidus Planehead filefish 40 LC
Squatina guggenheim Hidden angel shark 6 EN
Squatina occulta Hidden angel shark 4 EN
Symphurus jenynsii Tonguefish 51 NE
Sympterygia acuta Bignose fanskate 27 VU
Sympterygia bonapartii Smallnose fanskate 12 DD
Trachinotus marginatus® Plata pompano 3 NE
Trichiurus lepturus? Largehead hairtail 126 LC
Urophycis brasiliensis! Brazilian codling 88 NE
Reptiles Caretta caretta Loggerhead turtle 2 VU
Chelonia mydas Green turtle 1 EN

We assessed the morphometric relationships of the 12 most abundant species (Table
2). The key species had variable minimum and maximum sizes, but most were 14-950 mm TL
and immature (Table 2). Based on the R ratio, the importance of fish sizes in relation to mesh
openings during towing varied between their MH and BW. Specifically, Symphurus jenynsii

was classified as dorsoventrally compressed; Paralonchurus brasiliensis, Macrodon

50



atricauda, Genidens spp., Porichthys porosissimus, Menticirrhus spp., Cynoscion guatucupa
and Urophycis brasiliensis were fusiform; and Trichiurus lepturus, Stephanolepis hispidus and

Prepilus paru were laterally compressed (Figure 3).
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Table 2. The sample size (n), minimum (min), maximum (max) and mean (xSD) total length (TL; all in mm), and size at first maturity (SFM; with
references) of key teleosts and penaeid caught in southern Brazilian penaeid trawls. NA, not available. ! are commercially retained at large sizes

(termed ‘by-product’).

TL
Group  Species n Min Max Mean SD SFM (mm) Reference
Penaeid Pleoticus muelleri 175 82 142 10945 14.12 121 Segura and Delgado, 2012
Teleost Cynoscion guatucupa 79 37 470 95.04 75.48 290 Haimovici and Miranda, 2005
Genidens spp. 152 75 280 131.6 45.31 400 9/430J Reis, 1986
Macrodon atricauda 195 25 360 2115 77.94 230 Haimovici et al., 2006
Menticirrhus spp. 45 95 350 211.47 67.42 230 Braun and Fontoura, 2004
Paralonchurus 272 45 240 1502 39.82 150 Branco et al., 2005
brasiliensis
Peprilus paru 42 45 220 78.6 29.15 120 Haimovici, 1998
Porichthys porosissimus 41 50 300 187.87 58.53 NA
. Mancera-Rodrigues and Castro-
Stephanolepis hispidus 40 14 220 61.43 4217 140%/150¢ Hernandez. 2015
Symphurus jenynsii 51 20 350 1725 394 NA
Trichiurus lepturus 126 85 1100 488.08 245.96 700 Martins and Haimovici, 2000
Urophycis brasiliensis 88 77 460 161.44 49.23 400 9/290 & Cavole, 2014
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8 Figure 3. Ratio between maximum body height and width estimated for key teleosts caught in

9 southern Brazilian penaeid trawls, with fish shapes (transverse sections) illustrated by ellipses.

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Most teleost species/groups displayed strong, significant linear relationships (r?> > 0.8)

between TL and the other measures recorded (p < 0.05, Table 3). Only M. atricauda (r?> = 0.69)
had correlation coefficients below 0.8 (between TL and MG), while Genidens spp (r? = 0.56),
M. atricauda (r?> = 0.72) U. brasiliensis (r?> = 0.72) and P. muelleri (r> = 0.77) showed the
same pattern for the TL vs MH relationship (Table 3).

Regarding the potential model used to describe length-weight relationships, only M.

atriauda (r? = 0.73) presented low correlation coefficients (Table 3). For P. muelleri almost all

of the relationships had high correlation coefficients (r> > 0.8) (Table 3).
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Species r? Species r2
Cynoscion guatucupa TL=12.80 + 4.11MH 0.88 Porichthys porosissimus TL =29.85 + 5.16MH 0.91
(37-155 mm TL) TL=-2.12 + 1.71IMG 0.97 (50-300mm TL) TL = 45.20 + 1.40MG 0.88
TL = 20.02 + 4.31BW 0.62 TL = 69.42 + 3.50BW 0.77
TL = 44.86W10-33 0.95 TL = 54.65W10-30 0.69
Genidens spp. TL =55.51 + 3.68MH 0.56 Symphurus jenynsii TL =26.91 + 15.84MH 0.84
(75-280 mm TL) TL = 27.03 + 1.60MG 0.94 (70-225 mm TL) TL = 39.56 + 1.40MG 0.83
TL = 27.32 + 5.03BW 0.90 TL = 41.61 + 3.14BW 0.82
TL = 58.78W10-28 0.98 TL = 60.09W10-20 0.96
Macrodon atricauda TL =11.52 + 5.05MH 0.72 Stephanolepis hispidus TL=3.91+2.27MH 0.99
(100-330 mm TL) TL =51.46 + 1.47MG 0.69 (14-220 mm TL) TL =-2.09 + 1.01MG 0.99
TL=176.1 + 1.88BW 0.32 TL =-12.58 + 6.75BW 0.52
TL = 5.15Wt00 0.73 TL = 39.77W10-32 0.98
Menticirrhus spp. TL =16.54 + 4.78MH 0.90 Trichiurus lepturus TL =98.09 + 14.83MH 0.95
(95-330 mm TL) TL =4.05 + 1.79MG 0.96 (175-950 mm TL) TL = 75.69 + 6.29MG 0.95
TL =21.17 + 5.87BW 0.89 TL =222 + 21.52BW 0.46
TL = 54.58W10-2° 0.99 TL = 16.06W1°-28 0.97
Paralonchurus brasiliensis TL =40.35 + 3.43MH 0.93 Urophycis brasiliensis TL = 63.28 + 4.15MH 0.72
(70-220 mm TL) TL = 35.82 = 1.33MG 0.91 (77-265 mm TL) TL = 32.63 + 1.80MG 0.85
TL = 80.60 + 3.41BW 0.49 TL = 89.51 + 3.39BW 0.38
TL = 58.57Wt°%7 0.95 TL = 62.11Wt028 0.93
Peprilus paru TL =12.55 + 1.66MH 0.85 Pleoticus muelleri TL = 32.46 + 5.44MH 0.77
(60—85 mm TL) TL=11.19 + 0.71IMG 0.88 (82-142 mm TL) TL = 23.73 + 2.03MG 0.84
TL = 59.36 + 0.93BW 0.20 TL =24.7 + 6.74BW 0.81
TL = 37.39Wt0-34 0.91 TL = 25.04 + 3.02CL 0.84
TL = 54.18W10-30 0.86

Table 3: Linear and potential relationships of key species caught in southern Brazilian penaeid trawls. TL, Total length; CL, Carapace
length; MH, Maximum height; MG, Girth; BW, Body width; Wt, Weight. n = 12-143 for all species.
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Considering the estimated relationships, it is possible to postulate the sizes of
individuals that might pass through meshes within their hypothesised fishing geometry. In
particular, juveniles of commercial species, such as C. guatucupa, Genidens spp., M.
atricauda, Menticirrhus spp. and U. brasiliensis, will only escape at sizes between <53 and
164 mm TL. If the codends had windows/panels of square-shaped mesh with bar lengths of 24
and 29 mm, respectively, the diagonal openings would be 34 and 41 mm, and the same species

would escape at sizes <69 and 241 mm TL (Table 4).

Assuming teleosts could squeeze though meshes with force (e.g. during haulback
when meshes are convoluted and without load, so they open fully), escape would be dictated
by MG in relation to the mesh perimeter. The mesh perimeter of the conventional 26 mm mesh
is 52 mm, while the 30 mm mesh has a perimeter of 60 mm and the two sizes of square meshes
have perimeters of 96 and 116 mm, respectively (Table 4). Regarding the two sizes of square
mesh, none of the 11 species would escape if they were >54 and 680 mm TL, respectively
(Table 4).

For the 26- and 30-mm SMO diamond-shaped meshes, P. muelleri could escape at up
to 86 and 95 mm TL, respectively. However, the estimated MGs implied that if windows of
both sizes of square mesh were located in a position when penaeids made contact, then
penaeids up to 217 and 256 mm TL, respectively might escape (Table 4). An important
consideration is that the above calculations are based on penaeids passing through
longitudinally. But many individuals are likely to assume a range of convex positions during
contact with meshes, which might limit the escape of many small-sized individuals (i.e. smaller
than the mesh).
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Table 4. The shortest total lengths (TL in mm) of key species (calculated using linear regressions of relationships between TL and
maximum height, body width and maximum girth) that could escape through each of the two diamond- and square-shaped meshes during (1)
fishing (i.e., hypothesized maximum openings of 35% of the total stretched mesh opening for diamond meshes and diagonally for square mesh),
and (2) with no load during haulback (when, irrespective of mesh shape, the mesh perimeter relative to the maximum girth of fish determines

escape). SMO, stretched mesh opening; B, bar, dia, diamond-shaped mesh; square, square-shaped mesh.

65

Species Mesh size/shape during fishing Mesh size/shape during haulback
26-mm 30-mm 24-mm B 29-mm B | 26-mm 30-mm 24-mmB 29-mm B
SMO dia SMOdia square square SMO dia SMO dia  square square
Penaeid
Pleoticus muelleri 86 95 217 256 52 146 219 259
Teleosts
Cynoscion guatucupa 59 65 167 197 87 100 162 196
Genidens spp. 73 80 181 206 110 123 181 213
Macrodon atricauda 134 153 183 219 128 140 193 222
Menticirrhus spp. 75 83 179 213 97 111 176 212
Paralonchurus brasiliensis 112 116 157 181 105 116 164 190
Porichthys porosissimus 97 101 173 194 118 129 180 208
Peprilus paru 53 59 69 81 48 54 79 94
Symphurus jenynsii 118 130 148 170 112 124 174 202
Stephanolepis hispidus 59 68 81 97 50 59 95 115
Trichiurus lepturus 418 448 602 706 403 453 680 805
Urophycis brasiliensis 164 180 204 233 126 141 205 241
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DISCUSSION

Species composition and general morphology

Penaeid trawling is postulated to threaten the sustainability of marine fisheries resources
(Broadhurst, 2000)—primarily because of high discard mortalities (Aramayo, 2015). The
data here reiterate such impacts with turtles and ~60 rays (comprising five species listed as
critically endangered and two as endangered) (ICMBio/MMA, 2016; ICUN red list) caught
during only 37 tows in the studied area. Although the spatio-temporal data are limited, such
a rate (e.g. ~0.1 turtles and ~20 rays per deployment) reiterates the urgent need for BRDs
involving grids in this fishery, which could be configured to allow most by-product to pass

through (e.g. 100-mm bar spaces; Broadhurst, 2000).

In terms of other species and within the objectives of the study, the conventionally
used 26-mm diamond-shaped mesh clearly retained large numbers of small penaeids and
teleosts, including unwanted individuals and juveniles of commercial interest. Key
examples were Genidens spp. and M. atricauda, which were caught at mean TLs of 73 and
134 mm, respectively, and well below their sizes at first maturity and economic value (Reis,
1986, Cardoso and Haimovici, 2014). The large diversity of species and sizes observed
here supports previous studies describing the bycatch of other regional inshore artisanal
penaeid-trawl fisheries, which despite having quite different gear (size and configurations)
use the same minimum mesh sizes (Dumont and D’Incao, 2011). Considering this
consistency, any wide-scale changes to mesh size and/or shape identified here that reduce
the unaccounted fishing mortality of juveniles of the various species are likely to

substantially benefit other competing fisheries that target adults.

Notwithstanding the need for grids to reduce turtle and ray mortalities, and beyond
contributing toward understanding the biology of the various species (e.g. the length-
weight and length-body shape relationships), the morphological data collected here for the
various species and their sizes represent an important and inexpensive first step for
proposing mesh-size changes. More specifically, by considering the transverse
morphology, it is possible to postulate the effects of different mesh sizes on the retention
of targeted penaeids and the escape of unwanted teleosts (Pope, 1975, Tosunoglu et al.,
2003; Broadhurst et al., 2006; He and Balzano, 2012). Certainty such estimation is
facilitated by clear, strong linear relationships among morphometric relationships for most
teleosts and P. muelleri.
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Appropriate mesh sizes and shapes

Prior to discussing the implications of the data here, it is important to reiterate that
appropriate mesh sizes, shapes and/or their openings in the posterior trawl represent only
one component of any model defining selectivity. Equally important is the probability of
an animal encountering an opening, and ideally with multiple frequencies. Generally,
because the catch accumulates in the codend, this area is associated with the greatest
opportunity for animals to contact openings, but various factors affect such probabilities,
including excessive catch volumes, large animals and/or debris; all of which can mask
meshes. Such characteristics mean that formal (and more expensive) selectivity studies
(e.g. involving paired gears or covered codends) are required to validate any suggested

modifications to trawls based on morphological data (Broadhurst 2000).

Notwithstanding the caveat above, when an animal does contact a mesh, body
shape (along with behaviour and swimming speed) is an important characteristic that
dictates the likelihood of it escaping through the opening. During towing, when meshes are
closed, species with substantial morphological discontinuities, such penaeids, might be
retained in large numbers, while species with more regular bodies or smooth shapes could
more easily escape through the same size meshes (Watson, 1989; King, 2007). Our study
showed most of the key bycaught teleosts have a fusiform shape (i.e. an R ~= 1) which
might be more amendable for escape from square- than diamond-shaped meshes.

The conventionally used diamond-shaped mesh (26 mm SMO) caught P. muelleri
at 86 mm TL and larger. Such sizes are well below the size at first maturity (~121 mm TL)
for this species and also those sizes typically considered commercially acceptable (i.e.
>150 mm TL; Duarte, 2013). Increasing the diamond-shaped mesh throughout the codend

to 35 mm (or even larger) would be a more appropriate minimum size.

It is clear that if the sizes of square-mesh tested here were used throughout the
codend they would allow large numbers of unwanted sizes of fish to escape, but also some
penaeids. Specifically, even the smaller 24 mm mesh hung on the bar might allow many P.
muelleri <217 mm TL to escape. And increasing the bar length to 29 mm would allow
varying proportions of this species to escape up to ~250 mm TL. But, penaeid loss might
be circumvented by only placing larger mesh at strategic positions, such as in the top of the

codend and sufficiently close to the end (i.e. in ‘behavioural-type’ BRDs; Broadhurst,
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2000). Doing so might facilitate the anterior, upwards escape of some small teleosts (but
not by-product), while still maintaining catches of penaeids that tend to orientate towards
the bottom (Watson, 1989; Broadhurst, 2000).

More specifically, if 48-mm mesh hung on the bar (24-mm bar length) was used and
assuming fish were able to make contact individuals of five teleosts (M. atricauda, P.
brasiliensis, P. porosissimus, T. lepturus and U. brasiliensis) could escape at sizes up to
40 mm larger than present and another three species (C. guatucupa, Genidens spp. and
Menticirrhus spp.) would escape at sizes up to 50 mm larger. Individuals larger than these

sizes would still be retained as by-product.

According to the morphometric equations, using a square mesh (24- or 29-mm bar
length), would increase the probability of two species (P. brasiliensis and P. paru) being
caught at sizes larger than their first maturation, and three species (Menticirrhus spp., M.
atricauda and S. hispidus) caught at sizes near their first maturation (Table 2). Assuming
low escape mortalities (which is typically the case for many species, and certainly less than
for discards; reviewed by Broadhurst et al., 2006b), such mesh sizes might contribute

toward subsequent stocks targeted in other, competing fisheries.

Future considerations and conclusions

All of the teleosts species caught in conventional trawls here were represented by juveniles
and most are targeted at larger sizes in other fisheries (Haimovici et al., 2006;
UNIVALI/CTTMar, 2013; Pezzuto and Beninca, 2015). The contribution of discard
mortality towards overexploiting fishing stocks is widely recognized, and may be an
important factor explaining the collapse of several important resources (Graham, 2010). It
is known that simple modifications to trawls, including determining appropriate mesh size
and shape and installing BRDs can substantially reduce impacts (Broadhurst, 2000;
Broadhurst et al., 2014). As one recent example, Zeller et al. (2017) attributed at least some
of the recent historical decline in discarding (from 19 million tonnes in 1989 to <10 million

tonnes now) to more selective trawls.

The need to increase mesh size in Brazilian penaeid trawls is reiterated when
compared to the minimum mesh sizes allowed to target similar-sized penaeids towing

similar gears in other countries, such as Australia (typically 42 mm SMO; Broadhurst et
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al., 2006; 2012), Mexico (51 mm) and the United Republic of Tanzania (50-55 mm) (FAO,
2001). The National Management Plan for the sustainable use of penaeids in Brazil (Neto,
2011), suggests improving technological features of trawls, including the use of square-
shaped mesh and BRDs that help protect vulnerable species. Clearly, established BRDs
designed to exclude turtles and rays from trawls such as those proposed by other studies
(Willems et al., 2016) should immediately be adopted and enforced throughout the fishery.
But, the wide diversity of other catches (including retained and discarded sizes across
various species) presents a challenge to determine good selectivity using a single mesh size
or shape. We suggest that as a first step to promote the concept of more selective fishing,
various simple changes to mesh sizes and shapes might be tested not only throughout the
codend, but also in relevant behavioural-type BRDs (Tokag et al., 1998; Parsons et al.,
2012).

The data presented here are likely to be important in terms of future management
decisions concerning in penaeid-trawl fisheries. In addition to better attempts at enforcing
the use of BRDs with grids designed to reduce turtle and rays catches, and although not yet
commercially available in Brazil, we suggest that a minimum diamond-shaped mesh of 35

mm throughout the codend is encouraged.

Next, using the data collected here, various behavioural-type BRDs, including
those involving strategic panels of at least 48-mm square-shaped mesh might be assessed
in codends throughout the fishing fleet. Such work requires close industry consultation to
demonstrate no negative impacts on retained catches (penaeids and by-product). There are
many technical solutions available to improve penaeid-trawl selectivity and following their
adaptation to local conditions dedicated applied extension work is required to facilitate

acceptance and use of into the future (McHugh et al., 2016).
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Legends:

Figure 1. Study area in southern Brazil. The red area represents the fishing grounds used
by the double-rigged trawling fleet. The red line represents the extremes of the sampling

area.

Figure 2. Plan of the trawls used. N: meshes in the normal direction; T: meshes in the
transverse direction, AB: all bars; B: bars; PE: polyethylene; SMO: stretched mesh opening;
CTC: centre-knot-to-centre knot; PA: polyamide.

Figure 3. Ratio between maximum body height and width estimated for key teleosts caught
in southern Brazilian penaeid trawls, with fish shapes (transverse sections) illustrated by

ellipses.
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Abstract

The incidental capture and mortality of threatened, protected and endangered (TEP)
marine species remains a global problem. Among the most problematic fishing methods is
penaeid trawling, which is responsible for one quarter of the world’s discarded bycatch
and a key threatening process to TEP species (turtles and some elasmobranchs). So-called
‘turtle excluder devices’ (TEDs) legislated among USA penaeid trawlers and subsequently
fleets in other countries during the 1990s alleviated some concerns over impacts to TEP
species, but adoption has not been global. One country characterised by resistance to
TEDs is Brazil—despite federal legislation mandating useage for almost 25 years. The
reasons for this deficit, reiterated here via interviews with 62 southern penaeid-trawler
captains, are threefold. First, are perceived issues with mandated designs and minimal
third-party expertise, leading to a sustained misconception that TEDs simply do not work
in Brazilian penaeid trawls. Second, is the perpetuated belief of minimum negative impacts
to TEP species; exacerbated by few quantitative data. Third, is jurisdictional failure to
promote the concept that slight economic loss associated with not catching TEP species
(elasmobranchs) is necessary for broader ecological sustainability. We propose TED use
among Brazilian penaeid-trawl fisheries might be promoted via a co-management strategy
facilitated by sustained education and technical expertise from research providers
encouraging fishers to develop fishery-specific solutions. If industries can be encouraged
to accept the concept of TEDs, they might then be expected to refine and develop

ownership of the most appropriate configurations.

Key words: bycatch; bycatch reduction devices; elasmobranchs; marine turtles; penaeid-trawl

fisheries; turtle excluder devices

1. Introduction

67



Recognition of poor selectivity among penaeid trawls dates back to their inception
[1]. At the start of the last century Lindner [2], discussed several concerns associated with
penaeid trawls catching non-target species or non-commercial sizes of the target species
(collectively termed ‘bycatch’), and postulated undesirable impacts on marine ecosystems.
Many years later, the bycatch associated with penaeid-trawl fisheries presented as a central
issue in fisheries management and has been estimated to represent over one quarter of the
annual global discards from marine fisheries [3, 1, 4]—most recently estimated at ~10
million t p. a. [5]. For penaeid trawling, this bycatch mostly comprises small teleost and
crustacean species, but also includes various threatened, endangered and protected (TEP)

elasmobranches and marine turtles [0].

While the bycatch and subsequent mortality of juveniles of key species targeted in
other fisheries is an ongoing sustainability concern, interactions with TEP species are
forefront in many penaeid-trawl fisheries [6]. In particular, and despite global attempts at
resolution, the bycatch and mortality of marine turtles remains an issue in some fisheries
[7, 8, 9]. Similarly, the capture (either as retained ‘by-product’ or incidentally) of
elasmobranches is widespread and continues to attract the attention of the scientific
community [10, 11, 12]. One broad, regional example of excessive elasmobranch catches
in penaeid trawls is the southwestern Atlantic Ocean, with Duarte et al., [8] observing up
to 20 individuals of Gymnura altavela, Myliobatis goodei, Psendobatos horkelii, Squatina spp,
Sympterygia acuta, Sympterygia bonapartii (all of them classified as threatened) per deployment
of penaeid trawls off southern Brazil. Barreto et al., [13] also postulated excessive regional
captures of elasmobranches, while Cedrola et al., [14] estimated some 61 tons of
elasmobranchs (including Sguatina spp., Schroederichthys bivius and Squalus acanthias) are
discarded each year by Argentinean penaeid trawlers. The K-strategy life cycle of most

elasmobranchs makes them quite vulnerable to overfishing [12, 15, 10].
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In many cases, insufficient data are available to accurately quantify the effects of
mortality from discarding large numbers of key species, including those listed as TEP, on
subsequent populations and often when the data are available, the problem has already
presented [1]. Notwithstanding this shortfall, recognition of the need to proactively
mitigate bycatches and/or their mortality in many fisheries has manifested as various
technological modifications to fishing gears designed to reduce the absolute quantities of

bycatch brought onboard, and therefore unaccounted fishing mortality [1, 17].

1.1 How can bycatch be reduced in penaeid trawls?

The amount and composition of bycatch varies dramatically among penaeid-trawl
fisheries, and is influenced by numerous technological, environmental and biological
factors ranging from the type of gear used (e.g. configuration of the trawls and sizes of
mesh) to the fished areas and times in relation to key habitats and species occurrences [6].
Such characteristics dictate the modifications that often are applied to improve selectivity
and/or reduce discard mortality; which can range from simple operational procedures (e.g.
sorting catches in water onboard or limiting air exposure) to minimise mortality [18, 19] to
completely alternative gears that are inherently more selective [20]. Nevertheless, in most
cases, preliminary efforts are directed towards the codend (where the catch accumulates)
of conventional trawls, and retroactively fitting ‘bycatch reduction devices’ (BRDs)

(reviewed by Broadhurst [1]).

There exist a plethora of BRDs for penaeid trawls, but all are usually located
immediately anterior to the codend (in the extension), and most can be categorised
according to whether they are designed to primarily function by excluding unwanted

catches based on differences in either behaviour or size [1]. Behavioural-separating BRDs
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often comprise strategically located panels or openings at areas of reduced water flow
(relative to swimming animals), and include devices such as square-mesh windows [23,
24], radial escape sections, fisheyes and their variation [23, 24]. Size-separating BRDs
typically comprise a rigid grid installed between 30 and 50°, with or without guiding panels
and predominantly are designed to exclude large TEP species, and especially marine
turtles [1]. Often labelled as ‘turtle excluder devices’ (TEDs), various design are available,

including the ‘super shooter’ [25], and ‘Nordmore-grid’ [26, 24, 27].

Size-separating BRDs for TEP species (hereafter TEDs) are compulsory in many of
the world’s penaeid-trawl fisheries, and were introduced under section 609 of the U.S.
Public Law 101-162 in 1989, which initially required the compulsory use of TEDs in
some penaeid-trawl fisheries—including those in the western Atlantic and Indian oceans.
Soon after, in response to a 1992 USA embargo of penaeids imported from noncompliant
fisheries [25, 28], some countries (e.g. in the Caribbean and Australia) adopted and
mandated TEDs (in some fisheries); albeit with considerable initial industry resistance [1].
At present, some 40 countries are TED certified and can export penaeids to the USA
(Law 82 FR 21295). As part of international extension during the following decades, both
the USA and many other countries also mandated behavioural-separating BRDs located

posterior to TEDs to reduce the catches of small fish [1].

Despite a requirement to use TEDs in penaeid trawls for over nearly three decades,
and considerable research to develop and refine designs with few (if any) demonstrated
impacts on target catches, there remains resistance in several jurisdictions [28]. Some of
the challenges associated with the original implementation of TEDs in the USA and
Australia were summarized by Tucker et al. [29] and more recently by Boopendranath and

Pravin [30] in India. While there were differences in issues between these countries, a
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common conclusion was that to promote eventual acceptance and maximise TED/BRD
efficiency, it is imperative to involve fishers in all aspects of applied work [31, 32]. These

challenges remain relevant today.

1.2 Establishing a strategy for implementing bycatch reduction devices in penacid-trawl fisheries

Based on previous efforts, it is clear that choosing, developing and implementing
efficient TEDs and behavioural-type BRDs in penaeid-trawl fisheries require several
fundamental steps [33]. First, some prior knowledge about the morphology and behaviour
of key target and non-target species is required, because a BRD that loses even marginal

quantities of penaeids is unlikely to gain momentum among fishers [29, 34].

Second, is some characterization of the fishing vessels, gears and fishing sites, with
regard to the fisher’s experience and knowledge. For example, some TEDs can be easily
fouled on weed or debris, which might preclude their use in a particular fishery, even
though the design functions in similar gear elsewhere [35]. Other modifications might be
too large or small and warrant adaptation either in size of location in the trawl, within any

existing mandated requirements.

Third, is to test BRDs and their variation on chartered, commercial vessels under the
full range of conditions [33]. Doing so means that the skipper and crew can actively
participate in design refinements. Such work is facilitated in many penaeid-trawl fisheries
via the use of paired trawls [36, 25]. Modified and conventional gears can be easily
swapped, often using zippers from haul-to-haul [20]. Ease of comparison, combined with
robust statistical analyses mean that such an approach can greatly assist in adoption.

Finally, BRDs need to be tested across multiple vessels within a fishery, and with due
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regard to assistance in refinement and rigging—work that can be done by third-party

observers [37, 38].

The above approach should foster communication among fishing industries, other
stakeholders, scientists and managers, creating a culture where the groups can contribute
equally to development, testing, feedback and implementing bycatch mitigation strategies
[39, 40]. Most importantly, it evokes ownership among industry, and is supported by the
outcomes observed for the successful adoption of not only TEDs, but various other
BRDs in Australian and USA penaeid-trawl fisheries [1, 29]. It is also essential to
acknowledge that within the recommended approach, a BRD cannot be presented to a
fishery as a definitive resource-management product for distribution and problem
resolution without regional testing. Almost always, and like any bespoke product, BRDs
require extensive ongoing refinement and adaptation under the guidance of prolonged

technical expertise [1].

1.3 The legislation of TEDs in Brazil

The stated approach above was not followed during attempts at introducing TEDs in
Brazil, which has spatially distinct industrial (=11-m vessels) penaeid-trawl fisheries in the
south (~140 vessels fishing between Rio de Janeiro 23°07°S; 041°76°W and Rio Grande
do Sul 33°20°S; 052°64’W states, with most from Santa Catarina state) [41], northeast
(~158 boats fishing between Bahia 18°35’S; 039°47°W and Alagoas 9°22°S; 035°08’W
states) and north (~100 vessels boats fishing between Amapa 4°39°’N; 051°31°W and Piauf
2°78'N; 041°33°W states) [42]. Interspersed between these industrial fisheries are >1500

small (<11 m) inshore, artisanal trawlers working along the coasts of many states [27, 41].
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The first initiatives to implement BRDs, including TEDs, in Brazil occurred in the
90s in response to both (1) regional concerns regarding poor selectivity [43] and (2) the
USA mandate, via ‘Ordinance n® 36 from April 7% 1994, that stipulated the mandatory
adoption of a generic TED for those penaeid trawlers =11 m targeting pink shrimp
(Penaens panlensis and Penaens brasiliensis) (Fig. 1). After publishing the ordinance, all fishers
had 180 days to implement the generic TED, under penalty of losing their fishing licenses.
Nevertheless, a lack of government enforcement failed to result in any penalties for
noncompliance and therefore no sustained adoption. Three years later, a new ordinance
(n® 5 from February 19, 1997) expanded the law to all industrial trawlers (targeting any
penaeid species [41]). But, like for the first ordinance, there was very little positive

response from industry, nor were any fishing licenses revoked.

Six years later in 2004, and in spite of no apparent regional application of TEDs (or
any BRDs), a normative instruction was published (Normative Instruction MMA n° 31
from December 13, 2004) stipulating various technical dimensions for TEDs. Specifically,
the TED required: a grid with a minimum width of 281 c¢m, with <10 cm bar spaces; an
opening escape width and length of 2142 and 51 cm, respectively; an escape cover width
and length of 2228 c¢m; and a minimum guiding panel length of 2112 cm (Fig. 1). These

specifications were taken directly from TEDs used on USA vessels.

All three chronological legislative procedures above were applied under economic
pressure in response to the USA export ban [28], but with no regard for the particularities
of fishing fleets or regions throughout Brazil. Nevertheless, there were attempts at
promoting TED use among some fishers via visits from USA National Marine Fisheries

Service (NMES) fishing gear technologists (which started in 1991) [44], but with no
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success in terms of subsequent adoption. This status guo has been maintained, highlighting

a clear deficit for Brazilian penaeid-trawl fisheries that warrants correction [45].

Considering the lack of any apparent progress in implementing TEDs in Brazil over
the last 24 years (and despite their successful adoption and use in many other countries
during this period [e.g. 30]), here we sought to first understand some local penaeid-trawl
captains perceptions and their key reasons for rejecting TEDs. Then, using the available

knowledge, we propose solutions moving forward towards eventual implementation.

2. Methodology

Randomly selected captains from the southern industrial double-rigged penaeid-trawl
fleet were censused between May 2013 and February 2016 at two of the largest penaeid-
trawl ports: Rio Grande, Rio Grande do Sul (32°16°S; 52°08’W) and Itajai, Santa Catarina
(26°91°S; 48°63’W)). Two different semi-structured interviews were conducted at different

times.

Captains were contacted in person and asked if they would participate. The objective
of one seties of interviews/questionnaires (May to November 2013) was to better
understand whether captains had tried to use TEDs and if not, why. The collated
responses were anonymous. The other group of interviews was done over a longer period
(November 2013 to February 2016) to gain insight into the magnitude of TEP catches
(marine turtles and elasmobranches, such as Psexdobatos horkelii and Squatina spp) and
where these mostly occur in the southern Brazilian penaeid-trawl fishery. As stated above
(section 1.2), such data are a necessary precursor to BRD use in all fisheries (ideally
collected by onboard observers as part of long-term studies), but are lacking for Brazil.

The specific questions asked are listed in Table 1.
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All necessary permits were obtained for the described work. The captains were
informed of the purpose of the study, that the data collected were confidential, and that
their anonymity would be guaranteed. The interviews were carried out only after the
captains verbally consented to participate. All interviews were recorded on paper and
entered onto a database. The responses were analysed with RQDA test in software R

following the methodology of Estrada [406].

3. Results and Discussion

During the series of interviews to determine TED usage, 19 captains agreed to
participate, and each with between 5 and 45 years fishing experience (mean * SD of = 20
T 12 years). By comparison, 56 captains participated in the other series of interviews to
quantify TEP catches. Irrespective of the interview series, several questioned captains
were fishing during the periods each of the three ordinances dictating TED requirements

were legislated throughout Brazil. All captains answered all questions.

3.1 What do Brazilian penacid-trawl captains think of TEDs?

Among the 19 captains interviewed to determine TED usage, 13 (70%) stated they
had never installed TEDs in nets while six (30%) indicated that they had trailed TEDs in
response to visits from USA fishing-gear technologists. But any usage was very short-
term, and no captains were currently using TEDs (Fig. 2). Ten captains (52%) answered
that the main reason they did not test/or use TEDs was fear of losing penaeids (and
therefore money; Fig. 2). A key problem for seven captains (35%) was configuring the
TEDs, and they felt they did not have sufficient ongoing technical instruction and support
in how to rig and handle the devices onboard in response to any issues that occurred

when fishing-gear technologists were not at hand.

75



The third excuse for rejection was issues concerning the legislated TED model (five
captains or 29%) (Fig. 1). These captains argued that the suggested design is not
appropriate for Brazilian trawls. Within the same theme, 18% of captains that said they
had tried a TED listed the accumulation of trash and other animals (such invertebrates
and elasmobranches) on the grid and gear damage as key issues. Many captains claimed
that depending on the bottom type, their trawls eventually ripped while using TEDs.
Specifically, much of the southern Brazilian fishing grounds comprise mud and, when
using TEDs, the trawls (i.e. bottom panels) often became fouled and then damaged by
accumulating debris (Fig. 2). In many cases a single fouled deployment was sufficient to

preclude further use.

While speculative, such fouling issues might simply have reflected subtle differences
among the rigging of some local trawls. For example, even minor differences like knot
direction (and subsequent hydrodynamic lift) in the bottom panel can impact vertical
orientation [47]; perhaps exacerbated by the installation of a TED. Certainly, orientating
the bottom panel to provide hydrodynamic lift should address the issue stated above [47],
but no subsequent jurisdictional-based technical support and re-evaluation of

modifications was provided to fishers.

The damage to some trawls cause by TEDs manifested as a clear economic loss via
reduced catches of penaeids, but captains also perceived some losses when the TEDs
were fished without trawl damage. Such loses could have occurred because the TEDs
wete not cortectly installed, with incorrect grid angles or flap sizes and/or knot direction

as stated above, which can affect the position over the escape exit [47, 48].
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In the same context, a key problem for some of those fishers that actually used TEDs
was the accumulation of fauna at the grid, which was likely related to the angle of the
TED during installation. Appropriate TED grid angles are between 45 and 55° [48], but
many fishers subsequently installed the grids at steeper angles (based of the perception of
less penaeid loss). Angles >55° would certainly result in accumulating catch [1].
Conversely, unless a grid is made very long and the sorting area is excessive [49], an angle

<45° can facilitate the escape of penacids [48, 1].

All of the problems faced by the captains were clearly linked to inappropriate use
of the TEDs, or an incorrect design for their operations and/or lack of jurisdictional-
based supportt to resolve technical issues. The Brazilian legislated TED was one of the
same models used in Gulf of Mexico, but despite its success in that fishery, the support
provided during initial extension work by the NMFS was not sufficient to facilitate
regional adoption [28, 44]. Subsequent studies have reiterated that while specific designs
of TEDs can be transferred among other fisheries, these often typically require revision
and modification to suit local conditions [1]. A lack of any such efforts in Brazil beyond
sporadic attempts at reinitiating dialogue and testing among fisheries (e.g. as recently as
2013 with a visit from NMFES gear technologists and short-term trials [50]) apparently

precluded further realistic consideration of TEDs among fishers [28].

3.2 Are BRDs necessary in Bragilian penaeid-trawl fisheries?

One of the key reasons fishers stated for not using TEDs (at least 70% of
respondents) was that they are unnecessary, because in their perceptions few marine
turtles are captured, and when this occurs, the animals are released alive. This concept has
been perpetuated in at least some literature, with Conolly [43] stating “Turtle by-catch is not

significant in Brazilian shrimp fisheries”. Other overseas more southern latitude penaeid-trawl
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fisheries have successfully used this argument to preclude using not only TEDs, but also
any form of BRD [49]. But such decisions are based on extensive observer-based data
(e.g. [51]). For example, in New South Wales, Australia a three-year observer study
involving a trawling fleet of ~250 vessels demonstrated few catches of any TEP species
(despite a clear overlap with distributions) and, to date, no TEDs are used in this fishery

(although behavioural-type BRDs are) [51].

By comparison, very few quantitative data are available describing marine turtle
bycatch (likely loggerhead, Caretta caretta and green turtles, Chelonia mydas) by Brazilian
penaeid trawlers, although preliminary investigations in Rio Grande do Sul state indicated
a frequency of one turtle every 80 hours trawling [52, §]. In Rio de Janeiro state, estimates
have been one turtle per 189 hours trawling [53]. It is likely that northern industrial
penaeid trawlers have greater rates of interactions, considering other tropical and regional
fisheries are characterized by large turtle bycatches [54]. In any case, large numbers of C.
mydas, C. carretta and leatherback turtles, Dermochelys coriacea are stranded on many Brazilian
beaches each year; often during concentrated fishing activity and presenting evidence of
fishing-gear interactions and/or [55]. As one example, in a recent study Monteiro et al.
[55] noted the greatest rate of marine-turtle strandings along the coast of Rio Grande do
Sul occurred during summer and coinciding with peak penaeid trawling, among other

commercial fishing activities.

During the second series of interviews, we asked captains about the number of
marine turtles they caught per fishing trip. Based on responses, 43 turtles were reportedly
caught during 77 fishing trips, or one turtle per 455 hours trawling (assuming a trip
duration reported by capitains between 2 and 25 days with ~ 4 deployments per day). Of

the 43 individuals, six were C. mydas, 31 C. caretta, and six were not identified (Fig. 3a).
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One turtle (species not identified) was reported dead onboard, and five individuals were
returned alive to water, with the fate of the remaining not reported. Along with the few
studies above, these data imply a considerable bycatch of marine turtles, and with the
potential for excessive mortalities, although anecdotally many fishers state the animals are

released alive.

Notwithstanding species-specific differences, it is well established that the
immediate survival of marine turtles after been trawled, landed onboard and released back
to the sea might not be a good indication of their eventual fate [56]. Protracted
unaccounted mortalities have been suggested for all species, often caused by embolism
and decompression sickness [57, 58]. We consider it likely that despite affirmations to the
contrary [e.g. 43], as for the pre-TED era in the Gulf of Mexico [59, 60], penaeid trawling

off Brazil continues to evoke considerable mortality among marine turtles.

We also asked captains about the incidence of elasmobranchs in their trawls (Fig.
3b). Despite several species being listed as regionally extinction threatened, including the
Brazilian guitarfish, Psexdobatos horkelii (caught during seven trips), Squatina spp angelsharks
(during 10 trips), Sphyrna spp hammerhead sharks (two trips) and other species such
Rioraja agassizii, Rio skate, Atlantoraja spp and Sympterygia spp (22 trips), most captains
retain, process and sell all elasmobranchs as by-product. The above estimates might be
considered conservative, because most captains were aware of the TEP status of many

elasmobranchs.

In addition to marine turtles, a TED would exclude all similar-sized elasmobranchs.
For example off northeastern South America, testing of TEDs onboard Suriname penaeid

trawlers (across similar spatial scales as the northern Brazilian penaeid-trawl fishery)
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showed a 36% reduction in catches of rays, including Gymnura micrura, Fontytrigon geijskesi
and Hypanus guttatus [54]. Most recently, a modified TED tested in Guyana reduced
elasmobranch catches by almost 40% from 2.3 individuals per trawl hour to 1.4 individual
per trawl hour [61]. Further, combinations of BRDs including TEDs and posteriorly
located square-mesh panels tested in a tropical Australian penaeid fishery reduced the total
bycatch of rays by 26-36%, from 910 to 787 rays in 1820 trawls and catches of many large

individuals (>1 m disc width) by >90% [62].

In addition to elasmobranchs, other 7zxa are important as by-product for Brazilian
penaeid trawlers, with many fish 222 ¢cm TL (longer than the maximum legislated 10 cm
bar spaces) considered commercially valuable [52]. Turtle excluder devices might reduce
catches of some of these fishes [1]. Nevertheless, at least some by-product (depending on
width) might still pass through the bar spaces and be retained. A recently tested TED in
India was successfully configured to retain most large fish (i.e. only excluded between 2
and 10% [63]). As another example, a study testing the ‘super shooter” TED in
Mediterranean demersal fisheries failed to detect significant reductions in catches of hake
Merluccius merluccius 216 cm TL [64]. Considering the above, large quantities of by-product
can still be retained while using TEDs, but in any case, a minor economic impact
associated with some lost by-product is not sufficient to offset maximising the survival of
endangered marine turtles, and so regional incentive strategies to avoid these species must

be developed.

3.3 Why the ‘Brazilian TED’ did not work
Previous experience with implementing BRDs among penaeid-trawl fisheries have
proven to be complex processes—irrespective of the socio-economic statuses of the

country involved [29, 30]. Over often protracted periods, many countries eventually
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adopted TEDs following the USA embargo, with 40 countries currently using TEDs and
certified to export penaeids to the USA (Law 82 FR 21295 in May 5, 2017 [65]). Among
the first was Australia [29, 66] and as one example, more recently, in 2011 TEDs were
successfully introduced in Gabon following recognition of problematic marine turtle

catches [67].

Other countries, like India initially tried to petition against the U.S. mandate, but the
threat of export embargo remained. Initially in 1995, Indian fishers tried to use the USA
recommended TED, but these were not satisfactory, and a new locally-adapted model was
developed according to regional conditions and with more than 1300 people (including
fishers, other stakeholders, and enforcement), trained in its correct use. Such collaboration
improved dialogue among sectors [30]. India maintains extension activities to the present
to encourage TED use, and while varying shorter periods have been required for adoption

in other countries, in all cases the process has been equally challenging.

Based on the Brazilian penaeid-trawler captains’ responses here, and beyond a
perception that marine turtle bycatch and mortality is not a major issue, the main
problems contrary to TEDs in Brazil appear related to design and operation, and a lack of
regional expertise for resolution. All technical problems could be easily solved through
applied modifications and dedicated training programs among industry, including onboard
at-sea collaboration. Not recognizing the value of such an approach is perhaps the key
reason TEDs were not adopted throughout Brazilian penaeid-trawl fisheries [1, 68, 69].
The strategy in Brazil was to implement an imported TED model by a top-down
approach, disregarding the particular needs of regional penaeid trawlers. This approach
effectively led to an ingrained, perpetuated belief that TEDs (and other BRDs) simply do

not work in Brazil for various obscure reasons. This belief subsequently precluded major
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resources being directed towards solving bycatch problems in Brazilian penaeid-trawl
fisheries for over two decades, and it is only recently that the myth has been refuted via

successful trials of BRDs with artisanal trawlers [45, 70, 27].

Following the USA mandate, the Brazilian government approved a law based only
on economic and political criteria, and without considering environmental issues and the
particularities of the fisheries. Instead, a co-management approach should have been used
during the implementation process [71, 45]. When fishers are not committed to a
particular ordinance, the chances of success are very low [1]. For TED use to become
viable throughout Brazil and the remedy the listed issues, the entire industrial sector
(across all areas, including fishers and equipment suppliers) needs to be willing to
collaborate with the development of better and more suitable TEDs. But, despite
international obligations for Brazilian penaeid-trawlers to use TEDs to help protect the
marine ecosystem, there currently exist few government-based initiatives aimed at bridging
the gaps between fishers, researchers, environmentalists, resource managers and

compliance.

By comparison, in the Gulf of Mexico, the NMFES started work on TEDs in 1976,
and have maintained dedicated collaboration ever since [48, 69]. Initially, fishers were
reluctant to use TEDs [29]. A collaborative approach was applied, including quality
science based on manipulative experiments and solid partnerships with the productive
sector [72]. In this way, despite a troubled start between the fishers and the government
[73], researchers and fishing-gear technologists worked in cooperation with the fishing
industry to develop and test TEDs in partnership; initiatives that ensured fleet-wide
acceptance of TEDs and their efficient use [59, 29, 69]. Similar approaches have been

followed in other countries: notably Australia and India [30].
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4. Conclusions and future strategies to implement BRDs in Brazil

Developing acceptable bycatch mitigation measures remains one the most complex
challenges in fisheries science, especially when the subject includes the conservation of
marine turtles and elasmobranchs [74]. Compounding the issue is that these species
frequently are caught by diverse fishing gears and in different areas across productive
fishing grounds and, in the case of elasmobranchs, may be traditional target or non-target

species [12].

Beyond the southern Brazilian industrial penaeid-trawl fishery case study here, are
other regional-trawl fleets which use different gears across divergent time and space,
manifesting as large variations in catches of the target, by-product and bycatch species [27,
45]. Such variability implies the same TED used in the north of the country might not be
equally efficient in the south and vice versus (as currently required by legislation)—nor
might one common design work for smaller vessels [27, 70]. Different TED and other
BRD designs will be required and with regional/fishery-specific training and adaptation
prior to their eventual use [28, 29]. To achieve such outcomes, there needs to be a strong
federal commitment to separately work with the different fisheries and perhaps within the
broader economic justification for not only appropriate social licence, but future high-
value export markets to the US and other countries that conform with TED certification

[61].

Based on approaches in other international fisheries, clearly such work is best done
via a collaborative process and with sufficient communication between all sectors
involved. There needs to be a focus on encouraging and assessing any industry-developed

modifications to trawls as a prelude to any future legislation for use. The latter is most
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important, because even if industry-refined TEDs are only slightly effective, ultimately
their wide-scale use will have a greater impact on reducing TEP bycatches than legislated

designs which are neither used nor enforced.
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Table 1. Questions asked of randomly selected captains across two ports in Rio Grande,
Itajai e Navegantes cities during two groups of interviews conducted between 2013 and

2016.

First series of interviews

I) How many years have you worked in your penaeid-
trawl fishery?
IT) Have you ever installed and tested a TED?

IIT) Why do you use or not use TEDs?

Second series of interviews

I) Did you catch marine turtles during your last trip?
IT) How many marine turtles did you catch?

III) What species were they?

IV) Were they released dead or alive?

V) Did you catch elasmobranches?

VI) What depth did you fish?

VII) Where did you fish?
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Captions to Figures
Figure 1. Southern Brazilian penaeid trawler and generic TED required for use from 1994

(Source: NMFES, 1995 TED certification test. NMFES, Pascagoula Laboratory, Mississippi).

Figure 2. Radar graph depicting industrial penaeid-trawl captains’ descriptions about the
TED problems and the reason for rejection in southern Brazil. The scale is % frequency

of occurrence of each answer.

Figure 3. Fishing areas (grey squares marked as ‘tows’) used by 77 interviewed southern

Brazilian penaeid trawlers with reported catches of (a) marine turtles and (b)

elasmobranchs. PR, Parana, SC, Santa Catarina, RS, Rio Grande do Sul;
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ANEXO 3

Eficiéncia do uso de janela de malha-quadrada em uma pescaria de arrasto

artesanal no litoral de Santa Catarina, sul do Brasil.

Dérien Lucie Vernetti Duarte®?, Luiz Felipe Cestari Dumont?

L aboratdrio de Crustaceos decapodes, Instituto de Oceanografia, Universidade Federal
do Rio Grande, Campus Carreiros, Av. Italia, Km 8, Rio Grande — RS, Brasil

b Centro Nacional de Pesquisa e Conservacio da Biodiversidade marinha do sudeste e
Sul — CEPSUL, Instituto Chico Mendes de Conservacdo da Biodiversidade - ICMBiIo,

Av. Carlos Ely castro, 195, Itajai — SC, Brasil.
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Resumo

A captura da fauna acompanhante (bycatch) representa um dos maiores impactos
causados pelas pescarias ao meio marinho. A eficiéncia relativa de um ensacador com
janela de malha-quadrada (tamanho de malha e material) foi testada em uma embarcacéo
de arrasto de tangones atuante numa pescaria artesanal de camardes no litoral norte de
Santa Catarina. As redes foram testadas em uma embarcacdo de arrasto de tangones
comercial. As capturas totais entre as redes controle e a modificada ndo apresentou
diferencas significativas. Porém, quando analisados os valores para a captura total de
peixes, houve uma reducao significativa que variou entre 34% e 73%, de acordo com a
espécie, sem alterar significativamente a captura (kg) dos camarbes. Ndo houve
diferenca significativa entre a distribui¢do de tamanho totais das principais espécies de
peixes (Cynoscion spp, Macrodon atricauda, Paralonchurus brasiliensis e Stellifer spp).
Os resultados indicam uma melhora na seletividade das redes de arrasto para captura de
Xiphopenaeus kroyeri com o uso de janelas de malha-quadrada nos ensacadores,
podendo ser uma medida alternativa para redu¢do do impacto causado pela pescaria.
Palavras-chave: bycatch, dispositivos redutores de fauna acompanhante, redes de

arrasto, seletividade
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1. Introducéo

A captura de juvenis de espécies-alvo e espécies ndo alvo ou sem tamanho
comercial € conhecida como fauna acompanhante. Devido a mortalidade desses
organismos, entre eles espécies ameacadas de extincdo (Hall, 2000), essa captura é vista
como um sério problema para a conservacao dos recursos vivos. A captura da fauna
acompanhante resulta também em impactos negativos nos estoques ja fortemente
explorados e mudancas nos ecossistemas por meio da desestruturacéo de redes troficas
e modificacdo de habitats, podendo comprometer a biota marinha (Jones, 1992, Gillett,
2008). Nesse contexto, dentre as diversas pescarias, o arrasto de camardes apresenta as
maiores taxas de captura de fauna acompanhante, podendo ser responsavel por 27% do
descarte mundial (Kelleher, 2005), sendo estimado em > 10 milhGes de toneladas por
ano (Zeller et al., 2018). Esses altos indices de captura de fauna acompanhante, séo
geralmente atribuidos a baixa seletividade das redes de arrasto, que utilizam malhas
pequenas no formato diamante, variando entre 20 e 50 mm (entre nds opostos) (Eayrs,
2012).

O impacto causado pelas redes de arrasto tem originado iniciativas para a
mitigacdo da perturbacdo no ecossistema marinho. Entre as ferramentas utilizadas, estdo
os dispositivos redutores de fauna acompanhante (Bycatch Reduction Device — BRD).
Esses dispositivos promovem a exclusdo de organismos que ndo sao de interesse da
pescaria (Broadhurst, 2000, Eayrs, 2007). Em termos gerais, esses dispositivos excluem
0s animais por meio do seu comportamento ou tamanho. O escape que ocorre de acordo
com o0 comportamento das espécies, como por exemplo as janelas de malha-quadrada,
atua com duas condicOes determinantes, a capacidade natatoria do animal e a velocidade
do fluxo da agua durante o funcionamento da rede (Watson et al., 1992). Por exemplo,

entre as espécies de peixes, algumas possuem a capacidade de nadar em direcdo a
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superficie, na tentativa de escapar da rede, enquanto outras apenas acompanham o fluxo
da agua, sem promover tentativa de escape (Kim et al., 2008). Em boas condicGes de
visibilidade, os peixes tém capacidade de seguir a mesma orientacdo do fluxo da agua
na rede (Watson et al., 1992), mantendo a reacdo de nadar em paralelo a rede com
aproximadamente a mesma velocidade. A resposta motora do animal € o mecanismo
pelo qual os peixes se orientam por meio de um fluxo de agua e pode determinar o
sucesso do BRD a ser testado.

Diversas iniciativas com o uso de malha-quadrada tém apresentado resultados
eficientes na reducédo na captura de fauna acompanhante, com porcentagens de exclusao
de até 95% (Broadhurst e Kennelly, 1994). Testes entre malhas diamante convencionais
e ensacadores com janelas de malha-quadrada em uma pescaria de arrasto na costa
Australiana resultaram em reducdes de entre 50 e 94% na captura de algumas espécies
da fauna acompanhante (Broadhurst et al., 2010). Ensacadores de malha-quadrada tém
sido testados em redes de arrasto artesanais no litoral brasileiro, com reducdes de 17%
para captura da ictiofauna acompanhante sem alteracdes significativas na captura de
camarbes (Cattani et al., 2012), podendo aumentar os niveis de reducdo quando
associados a grelhas do tipo Nordmore (Silva et al., 2011).

A plataforma continental rasa do sul do Brasil tem sido utilizada pelas frotas de
arrasto de pequena escala, que tem como principais recursos os camardes, entre as
principais espécies capturadas estdo o camarao-sete-barbas (Xiphopenaeus kroyerii) e 0
camaréo-branco (Penaeus schimitti) (Andrigueto-Filho et al., 2006). As pescarias destes
camardes ocorrem ao longo de todo o ano, com exce¢do do periodo de defeso (margo -
maio) (Ibama, 2008). Essa modalidade de pesca € bastante heterogénea, incluindo desde
canoas com motores simples (11 HP’s) até barcos de médio porte com autonomia de mar

para diversos dias (Silva et al., 2011). Essas embarcacOes podem apresentar taxas de
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captura de fauna acompanhante de 5:1 (kg de fauna acompanhante:kg de camardes)
(Sedrez et al., 2013). Segundo Branco e Verani (2006), a fauna acompanhante pode
representar mais de 85% da captura total, com uma fracdo superior a 65% sendo
composta pela ictiofauna. As principais espécies que compdem esse descarte Sao
Stellifer spp (35%) e Paralonchurus brasiliensis (19%). Em geral, os teledsteos
descartados sdo individuos pequenos, menores do que 200 mm de comprimento total
(CT), enquanto braquiuros possuem tamanho inferior a 25 mm de largura de carapaca.
E importante ressaltar que grande parte dos Scianideos descartados pode possuir
interesse comercial para essa e outras frotas quando atingem maiores tamanhos
(Andrigueto-Filho et al., 2009).

Em muitos casos, a captura da fauna acompanhante € vista com um problema a
bordo, pois o pescador, geralmente sozinho, despende grande parte do tempo e esforco
trabalhando na separacdo dos camarfes do restante da captura, e possui implicacbes
econbmicas como 0 aumento no gasto de combustivel devido ao maior peso na rede
(Eayrs, 2012). Ambas as questdes podem ser amenizadas com o uso de BRD’s, uma vez
gue com o aumento do fluxo da &gua, ocorre a reducdo do peso no ensacador e as malhas
diminuem o seu fechamento (Robertson, 1986), favorecendo a captura de camardes
maiores e 0 escape de peixes pequenos, refletindo no menor tempo de selecdo a bordo
(Broadhurst, 2000, Suuronen et al., 2012). Porém, para que um BRD seja realmente
eficiente, é necessario que alguns critérios sejam estabelecidos, a fim de garantir a sua
implementacdo, ente eles; a caracterizagcdo das embarcagdes e petrechos de pesca; a
composi¢do da captura alvo e da fauna acompanhante, seus aspectos morfologicos e
importancia econémica e o envolvimento do setor produtivo no desenvolvimento dos

dispositivos (Broadhurst, 2000, FAO, 2005, Eayrs, 2012).
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Nesse sentido, o presente estudo teve como objetivo testar a seletividade de
ensacadores com janela de malha-quadrada na captura da fauna acompanhante e espécie-
alvo em redes de arrasto artesanais em uma comunidade de pescadores no litoral norte

de Santa Catarina.

2. Material e Métodos

Os arrastos ocorreram na plataforma interna da regido entre Itajai (26°91°S;
48°63°W) e Balneario Camboriu (27°00°95”’S; 48°56°W) (Figura 1) durante o més de
fevereiro de 2018, com um barco de arrasto de tangones da frota artesanal (10 m),
utilizando motor com poténcia de 60 HP’s. Os arrastos foram realizados utilizando redes
gémeas, com dimensdes padronizadas para a frota comercial (12,6 m comprimento de
abertura, Fig. 2) que captura o camardo-sete-barbas (Xiphopenaeus kroyerii). A parte
superior do corpo da rede € composta por fio polietileno (PE) torcido 1,3 mm diametro-
@ com e tamanho de malha de 37 mm entre nds esticados e a parte inferior de fio
poliamida (PA), com tamanho de malha de 28 mm entre nds esticados. Cada ensacador
mediu 102 malhas na dire¢cdo normal (N) e 137 malhas na direcdo transversa (T) com
tamanho de malha de 24 mm entre nés esticados (Fig. 2). Um dos ensacadores foi
modificado na porgéo anterior com a inclusdo de uma janela de malha-quadrada de 0,65
m de comprimento e 0,35 m de largura, com malhas 30 mm de tamanho de barra. Cada
rede foi arrastada com velocidades entre 2 e 2,5 nds, com um par de portas idénticas
conectada a cada uma delas (1 m x 0,45 m e 20 kg) e ~45 m de cabo de aco em cada
tesoura. Foram realizados 60 arrastos de 30 minutos cada, conduzidos durante o dia entre
profundidades de 14 e 22 m em fundo de lama e areia.

Durante os trés dias de experimento, as duas redes foram alternadas entre os

bordos da embarcacdo de forma a padronizar o tempo de cada rede em cada lado do
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barco. Apds cada arrasto, toda captura foi separada em alvo (camardes) e fauna
acompanhante e pesada para cada rede. As amostras foram quarteadas para biometria
especifica. Cada espécie foi identificada, pesada (+ 0,1 g) e medida: comprimento total
ou furcal para peixes, largura total para siris e caranguejos, e comprimento da carapaca
para 0s camardes (= 0,1 mm). Por apresentarem similaridade morfologica e
comportamental, as espécies Cynoscion acoupa, Cynoscion guatucupa e Cynoscion
jamaiscensis foram agrupadas como Cynoscion spp, asssim como as espécies Stellifer
brasiliensis e Stellifer rastrifer foram agrupadas em Stellifer spp.

Foi estimada a abundancia relativa de cada rede, por meio da captura por unidade
de esforco (CPUE) e a taxa de captura de fauna acompanhante. Os valores totais do peso
de fauna acompanhante e peso do camardo entre a rede controle e aquela com malha-
quadrada foram testados por meio de um teste t (p< 0.05), ap6s verificar oS pressupostos
de normalidade e homocedasticidade. Dados de distribuicdo de frequéncia foram
estimados para 0 camardo-sete-barbas e as espécies de peixes mais abundantes e

comparados entre as duas redes por meio do teste t (Zar, 2010).

3. Resultados

Composicéo total da captura

Ao todo foram capturadas 41 espécies de peixes e 23 espécies de crustaceos, uma
espeécie de elasmobranquio, além de espécies de moluscos, cnidarios e equinodermos, as
quais foram quantificadas, porém sem identificacdo ao menor nivel taxondmico (Tabela
1). No total foram capturados 123, 158 e 145 kg de peneideos, teledsteos e braquidros
respectivamente, onde ~ 60% da fauna (em peso) foi composta por Cynoscion spp,
Macrodon atricauda, Paralonchurus brasiliensis, Stellifer spp, Callinectes spp e

Persephona spp.
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Teste do BRD

N&o houve diferenca significativa na captura de camarfes-sete-barbas (X.
kroyeri) entre a rede controle e 0 BRD (p>0,05; Fig. 3-1), assim como para as capturas
totais de fauna acompanhante (p>0.05; Fig. 3-111). Porém, quando apenas as capturas
totais de peixes foram consideradas, excluindo crustaceos e outros invertebrados, a
diferenca foi significativa entre as redes (p< 0,05; Fig. 3-11), reduzindo 25% da captura
de ictiofauna da rede com BRD (Tabela 2).

Em comparacdo com a rede controle, o ensacador com a janela de malha-
quadrada reduziu a captura em peso (Tabela 2) de Cynoscion spp Macrodon atricauda,
Paralonchurus brasiliensis e Stellifer spp em 57%, 73%, 34% e 48%, respectivamente.
Porém, para as espécies de braquiuros, o ensacador ndo foi eficaz na exclusdo de
Persephona spp com aumento de 17% na captura (Tabela 2).

Houveram diferencas significativas no comprimento médio da carapaca do
camarao-sete-barbas (n = 875, p>0,05, Fig. 4) entre a rede controle (n = 395, Média=
17 mm; DP= % 0,19, Max= 29,3 mm; Min= 4,4 mm) e a rede modificada (n = 480,
Média= 16 mm; DP=0,2; Max= 29,8 mm; Min = 8,3 mm), resultando em
comprimento médio significativamente maior na rede controle.

As espécies de peixes ndo apresentaram diferencas significativas quanto ao peso
total capturado por espécie e a frequéncia de distribuicdo de comprimento total entre a
rede controle e com BRD. As espécies Cynoscion spp e Macrodon atricauda
apresentaram o comprimento total variando entre 5 e 100 e 5 e 135 mm respectivamente,
ambas apresentaram maior frequéncia na classe de tamanho de 10 mm na rede controle
(Fig. 5 1 e I). As espécies Paralonchurus brasiliensis (Fig. 5-111) e Stellifer spp (Fig. 5-
IV) apresentaram 0 mesmo padrdo de captura, com maior nimero de individuos sendo

capturados pela rede controle.
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4. Discussao

A fauna acompanhante representou uma importante parcela da captura ~60% durante
0 experimento. Em geral, esses organismos retornam para 0 mar sem vida (Haimovici e
Maceira, 1981) e podem possuir interesse comercial quando adultos para outras
pescarias ou para atividades de recreagcdo (Kelleher, 2005, Parsons e Foster, 2015),
demonstrando a necessidade de utilizagdo de uma medida mitigadora para a mortalidade
desses individuos.

Embora a diferencga na captura total entre as duas redes néo tenha sido significativa,
quando a anélise foi dirigida a captura de peixes — objetivo do uso desse tipo de
dispositivo, a malha-quadrada apresentou uma reducdo significativa, sustentando a
importancia do uso dessas tecnologias (Pope, 1975, Broadhurst, 2000, Broadhurst et al.,
2010). Assim como em testes com ensacadores de malha-quadrada no Golfo do México
(Parsons e Foster, 2015), Austrélia (Broadhurst e Kennelly, 1994) e Brasil (Silva et al.,
2012), no experimento no litoral norte de Santa Catarina a captura de X. kroyeri se
manteve similar entre as duas redes. Em avaliagcdes anteriores registrou-se também que
a captura de camardes em redes com dispositivos redutores pode superar a captura da
rede controle, atribuindo esse aumento a maior fluidez da agua dentro na rede (Rogers
etal., 1997).

De acordo com os protocolos utilizados, um dispositivo redutor se torna eficiente
quando sua taxa de exclusao de fauna acompanhante > 25% e da espécie-alvo ¢ < 15%
(Eayrs, 2012), embora os valores totais para a exclusdo de peixes tenham sido 25%,
quando analisado o escape especifico para as espécies foram obtidos valores entre 34%
e 73% confirmando a eficiéncia desse dispositivo nas redes de arrasto artesanais.

Avaliagdes do efeito de dispositivos redutores como a malha-quadrada tém sido

realizados em diversas pescarias, com reducdes na captura de pequenos peixes desde 4%
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e 8% (Watson et al., 1999, Brewer et al., 2006, respectivamente) a 95% (Broadhusrt e
Kennelly, 1994). Os valores de reducdo de fauna acompanhante e retencdo de camardes
varia devido a diversos fatores como, diversidade de espécies e composicdo de
tamanhos, area de pesca, tipo de substrato, condicéao de visibilidade da dgua (Branstetter,
1997, Broadhurst, 2000, McHugh et al., 2016), essas variagdes irdo influenciar nas
respostas especificas das espécies de acordo com o estimulo (Broadhurst et al., 2014).
Todos os testes foram conduzidos ao amanhecer e durante o dia, 0 que pode ter
influenciado a visibilidade dos peixes durante o arrasto e resultado nas diferentes
respostas de escape.

O ensacador com malha-quadrada apresentou respostas diferentes a exclusao
para as quatro principais espécies Cynsocion spp, Macrodon atricauda, Paralonchurus
brasiliensis e Stellifer spp. As duas primeiras, possuiram um pico de captura nas menores
classes de tamanho na rede controle, enquanto P. brasiliensis e Stellifer spp
apresentaram maiores frequéncias nas classes de tamanho maiores (> 60 mm). Essas
diferencas podem ser atribuidas as diferentes caracteristicas morfologicas (ex. espécies
fusiformes) e do comportamento, como a resposta motora e natatoria dessas espécies
(Broadhurst et al., 2006, Silva et al., 2012, Duarte et al., 2018). O comportamento de
escape ird responder ao estimulo da rede, podendo ser modificado pela visibilidade da
agua, velocidade do fluido e do arrasto, mobilidade do animal (Watson et al., 1992, Kim
et al., 2008) e ainda memoria e capacidade de aprendizado (Soria et al., 1993). No
momento do arrasto, as redes produzem distarbios na coluna de agua, que sdo sentidas
pela linha lateral dos peixes. Quando o animal entra na rede, a capacidade de escapar
dela é mantendo a velocidade de natagdo junto do arrasto, até 0 momento da “parada”
do barco para o recolhimento. Caso o0 peixe ndo consiga acompanhar essa velocidade,

ele é arrastado para o final do ensacador pelo fluxo de &gua, a menos que encontre
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alguma abertura ao longo da rede por onde podera escapar (Watson et al., 1992, Wardle,
1993), para compreender esses fatores nas espécies listadas acima, seriam necessarios
testes comportamentais para cada espécie.

A eficiéncia do uso desses dispositivos estd também associada a capacidade de
implementacao dos mesmos pelos pescadores (FAO, 2005). Para que o uso seja efetivo,
parte da frota necessita estar inserida no processo de criacdo e desenvolvimento dos
BRDs po meio de um plano de gestdo participativa (Silva et al., 2013), caso contrario, 0
dispositivo podera ser rejeitado.

Os testes com ensacadores de malha-quadrada representaram o primeiro passo
para 0 desenvolvimento de medidas mitigadoras com o uso de dispositivos redutores
para a captura da fauna acompanhante na regido de estudo. Embora com resultados
positivos para a reducdo de peixes imaturos, a fauna acompanhante dessa regido possui
flutuacGes ao longo do ano sendo necessaria a ampliagdo do conhecimento sobre a
atuacdo das embarcaces e do didlogo com a frota pesqueira, assim como promover a
experimentacdo de outras modalidades de dispositivos associadas a malha-quadrada,
como o uso de grelhas Nordmore (Silva et al., 2013) e fisheye (Broadhurst, 2000) a fim

de ampliar a excluséo para as demais espécies da fauna acompanhante.
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Figura 1: Area de arrasto para a captura do camarao sete-barbas durante os 30

testes realizados entre as redes controle e modificadas durante o més de fevereiro de

2018 no litoral norte de Santa Catarina.
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Tabela 1. Espécies capturadas na rede controle e com malha-quadrada durante

trés dias de experimento na costa de Santa Catarina. (N° = nimero de individuos na

amostra)
Grupo Nome especifico Nome comum N°
Crustaceos Achelous spinimanus Siri-candeia 4
Achelous spinicarpus Siri-praga 18
Alpheus spp Camardo-pistola 3
Arenaeus cribrarius Siri-chita 8
Artemesia longinaris Camardo-ferrinho 3
Callinectes danae Siri-azul 154
Callinectes ornatus Siri-azul 863
Callinectes sapidus Siri-azul 163
Dardanus insignis Ermitdo 3
Exh|ppolys_mata Camardo-espinho
oplophoroides 8
Hepatus pudibundus Caranguejo-bau 679
Libinia spinosa Caranguejo-aranha 8
Penaeus schimitii Camardo-branco 2
Loxopagurus loxochelis Ermitdo 6
Persephona lichtensteinii Caranguejo-relogio 1111
Persephona mediterranea ~ Caranguejo-reldgio 283
Persephona punctata Caranguejo-reldgio 550
Petrochirus diogenes Ermitdo-da-areia 15
Pleoticus muelleri Camardo-vermelho 40
Porcellana sayana Caranguejo 4
Sicyonia typica Camaréo-pedra 163
Squilla brasiliensis Tamarutaca 9
Xiphopenaeus kroyerii Camardo-sete-barbas 1382
Elasmobranquios Rhinoptera sp Raia-beigo-de-boi 1
Equinodermos  Astropecten spp Estrela-do-mar 4
Moluscos ) )
Bivalvia 36
Gastropoda 43
Loligo sanpaulensis Lula 183
Peixes Anchoa marinii Manjuba 120
Anchoa spinifera Manjuba-banana 12
Anchovia clupeoides Sardinha 3
Bairdiella ronchus Cangoa 13
Citharichthys spilopterus Linguado 6
Conodon nobilis Roncador 5
Ctenosciaena gracilicirrhus  Cangoa 1
Cynoscion acoupa Pescada-amarela 2
Cynoscion guatucupa Pescada-olhuda 236
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Cynoscion jamaiscensis Goete 87
Serranus auriga Mariquita-de-penacho 1
Eucinostomus gula Carapicu 2
Genidens spp Bagre 11
Gymnothorax ocellatus Moreia-pintada 2
Lagocephalus laevigatus Baiacu-liso 3
Larimus breviceps Oveva 13
Macrodon atricauda Pescada-amarela 71
Menticirrhus americanus Papa-terra 3
Micropogonias furnieri Corvina 29
Oligoplites saliens Guaivira 1
Oncopterus darwinii Linguado 4
Ophichthus gomesii Peixe-cobra 33
Orthopristis ruber Cocoroca 1
Paralichthys orbignyanus Linguado-vermelho 2
Paralonchurus brasiliensis ~ Maria-luiza 428
Pellona harroweri Sardinha-manteiga 63
Peprilus paru Gordinho 2
Porichthys porosissimus Mamanga, gabosa 178
Priacanthus arenatus Olho-de-céo 2
Prionotus punctatus Cabrinha 2
Selene vomer Galo-de-penacho 4
Stellifer brasiliensis Cangoa 176
Stellifer rastrifer Cangoa 505
Stephanolepis hispidus Peixe-Porco 1
Symphurus jenynsii Lingua-de-sogra 42
Trichiurus lepturus Peixe-espada 127
Anemonas 3
Ascidias 16
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Tabela 2. Valores totais do experimento e CPUE (kg/30 min.) para captura total,

camardes X. kroyeri, fauna acompanhante total (FA total), ictiofauna acompanhante (FA

peixes), Cynsocion spp, Macrodon atricauda, Paralonchurus brasiliensis e Stellifer spp

entre a rede controle e a rede com malha-quadrada. *diferencga significativa (p<0,05).

Cynsocion Macrodon Paralonchurus  Stellifer spp
Total X. kroyeri FAtotal FA Peixes spp aticauda  brasiliensis
Captura total 427,10 123,4  303,6 158,46 10,8 3,64 17,2 26,0
Captura Controle  219,6 63,5 156 90,3* 7,6 2,88 10,4 17,20
Captura BRD 2075 59,9 147,6 68,1* 3,2 0,76 6,8 8,80
CPUE total 14,24 411 10,12 5,28 0.36 0.12 0,57 0,86
CPUE Controle 732 2,12 5,2 3,01 0,25 0,096 0,34 0,57
CPUE BRD 692 2,00 4,92 2,27 0.10 0,02 0,22 0,29
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