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RESUMO 

 

Raias e os tubarões (Chondrichthyes, Elasmobranchii) estão entre os peixes vertebrados mais 

ameaçados no planeta. A pressão da sobrepesca resultou na redução dos estoques populacionais 

em todo o planeta. Nesse cenário, uma das principais estratégias utilizadas para a conservação 

dos elasmobrânquios são as Áreas de Proteção Ambiental (APAs). Esta tese teve como objetivo 

avaliar a eficácia das áreas de proteção ambiental existentes no litoral do estado do Maranhão, 

Litoral Amazônico Brasileiro, para fins de conservação de elasmobrânquios. Primeiramente, 

realizamos uma revisão bibliográfica sobre as tendências de pesquisa com foco em 

elasmobrânquios do Litoral Amazônico Brasileiro nas últimas quatro décadas; destacando 

assim as principais áreas estudadas, as espécies e as lacunas de conhecimento existentes sobre 

elasmobrânquios na região. Em seguida, através de entrevistas guiadas por questionários 

semiestruturados aplicados a pescadores artesanais do litoral do estado do Maranhão, foi 

possível desenvolver uma lista de nomes populares de raias e tubarões utilizados pelas 

comunidades tradicionais, identificando os padrões etnotaxonômicos aplicados na 

nomenclatura e classificação de espécies capturadas pelas frotas artesanais locais. Além da 

estrutura da frota pesqueira, identificamos os equipamentos de pesca mais predatórios e as 

espécies de elasmobrânquios mais vulneráveis na pesca artesanal da região. Utilizando métricas 

nas dimensões biológicas, tecnológicas e de conservação, avaliamos então se as APAs 

estabelecidas no litoral do estado do Maranhão são eficazes para a conservação de 

elasmobrânquios. Concluímos que os estudos realizados sobre os elasmobrânquios em nosso 

litoral acompanham as tendências globais de pesquisas e que o conhecimento ecológico local 

do pescador artesanal pode ser uma importante ferramenta para o manejo e sustentabilidade da 

pesca, visto que esse conhecimento tradicional facilita a compreensão dos aspectos 

bioecológicos na identificação das espécies, destacando quais espécies são mais vulneráveis 

aos equipamentos utilizados, bem como reportando informações que mostram que as APAs são 

ineficazes para a conservação dos elasmobrânquios, comprovada pela captura constante de 

elasmobrânquios em áreas consideradas prioritárias para conservação ao longo do litoral do 

Maranhão. 

 

Palavras-chave: Chondrichthyes; Pesca artesanal; Unidades de Conservação; Conhecimento 

Ecológico Local. 
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ABSTRACT 

 

Rays and sharks (Chondrichthyes, Elasmobranchii) are among the most endangered fish 

vertebrates on the planet. The pressure overfishing it has resulted in the reduction of population 

stocks across the planet. In this scenario, one of the main strategies used for the conservation 

of elasmobranchs is environmental protection areas (EPAs). This thesis aimed to evaluate the 

effectiveness of existing environmental protection areas on the coast of the state of Maranhão, 

Brazilian Amazon Coast, for the purpose of conservation of elasmobranch. First, we carried out 

a bibliographic review on research trends focusing on elasmobranchs from the Brazilian 

Amazon Coast the past four decades; thus highlighting the main areas studied, and species and 

the gaps in knowledge existing for elasmobranchs in the region. Then, through interviews 

guided by semi-structured questionnaires applied to artisanal fisher on the coast of the state of 

Maranhão, it was possible to develop a list of popular names of rays and sharks used by 

traditional communities, identifying the ethnotaxonomic standards applied in naming and 

classifying captured species by local artisanal fleets. In addition to the structure of the fishing 

fleet, we identified the most predatory fishing gear and the most vulnerable species of 

elasmobranchs in artisanal fisheries in the region. Using metrics in the biological, technological 

and conservation dimensions, we then evaluated whether the EPAs established on the coast of 

the state of Maranhão are effective for the conservation of elasmobranchs. We concluded that 

the studies carried out on elasmobranchs on our coast follow global research trends and that the 

local ecological knowledge of artisanal fisher can be an important tool for the management and 

sustainability of fishing, this traditional knowledge facilitates understanding bioecological 

aspects in the identification of species, highlighting which species are most vulnerable to the 

gear used, as well as reporting information that shows EPAs are ineffective for conservation of 

the elasmobranchs, proven by the constant capture of elasmobranchs in areas considered 

priority for conservation along the coast of Maranhão. 

 

Keywords: Chondrichthyes; Artisanal fishing; Conservation units; Local Ecological 

Knowledge. 
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Figure 5 - (A) Risk of extinction of rays captured in the studied areas according to 

ICMBio and IUCN. CR - Critically Endangered, EN - Endangered, VU - 

Vulnerable, NT - Near Threatened, LC - Least Concern, DD - Data 

Deficient, NE - Not Evaluated; Anar - Aetobatus narinari, Fgei - 

Fontitrygon geijskesi, Hber - Hypanus berthalutzae, Hgut - Hypanus 

guttatus, Hmar - Hypanus marianae, Hsay - Hypanus say, Pvio - 

Pteroplatytrygon violacea, Gmic - Gymnura micrura, Mbir - Mobula 

birostris, Mhyp - Mobula hypostoma, Umic - Urotrygon 

microphthalmum, Ppri - Pristis pristis, Pper - Pseudobatos percellens, 

Rbon - Rhinoptera bonasus e Nbra - Narcine brasiliensis. (B) Risk of 

extinction of sharks captured in the studied areas according to ICMBio 

and IUCN. Cacro - Carcharhinus acronotus, Cfal - Carcharhinus 

falciformis, Cleu - Carcharhinus leucas, Clim - Carcharhinus limbatus, 

Cobs - Carcharhinus obscurus, Cper - Carcharhinus perezi, Cplu - 

Carcharhinus plumbeus, Cpor - Carcharhinus porosus, Gcuv - 

Galeocerdo cuvier, Gcir - Ginglymostoma cirratum, Coxy - Carcharhinus 

oxyrhynchus, Mcan - Mustelus canis, Mhig - Mustelus higmani, Rlal - 

Rhizoprionodon lalandii, Rpor - Rhizoprionodon porosus, Slew - Sphyrna 

lewini, Smed - Sphyrna media, Smok - Sphyrna mokarran, Stib - Sphyrna 

tiburo e Stud - Sphyrna tudes ...................................................................... 
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CAPÍTULO IV - Avaliação da eficácia das Áreas de Proteção Ambiental para a 

conservação dos elasmobrânquios no Litoral Amazônico Brasileiro 

Figure 1 - Delimitação das Áreas de Proteção Ambiental e dos 17 municípios que 

compõem a área de estudo no litoral do estado do Maranhão, localizado 

na costa amazônica brasileira ..................................................................... 126 

Figure 2 - Valores médios das métricas nas dimensões ecológicas, tecnológicas e de 

conservação entre as APAs e entre os municípios que compõem as APAs 

no litoral do estado do Maranhão, Litoral Amazônico Brasileiro. (A) 

Valores entre as três APAs: APAUA -  APA de Upaon-Açú/Miritiba/Alto 

do Rio Preguiças, APARM - APA das Reentrâncias Maranhenses e 

APAFRP - APA Foz do Rio das Preguiças/Pequenos Lençóis/Região 

Lagunar Adjacente. (B) APARM: TU - Turiaçú, PR - Porto Rico, GUI - 

Guimarães, CU - Cururupu, CM - Cândido Mendes, CE - Cedral, CA - 
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Figure 3 - Análise de Componentes Principais (PCA) das métricas nas dimensões 

ecológica (A), tecnológica (B) e de conservação (C) das APAs no litoral 

do estado do Maranhão, Litoral Amazônico Brasileiro. APARM - APA 

das Reentrâncias Maranhenses: TU - Turiaçú, PR - Porto Rico, GUI - 

Guimarães, CU - Cururupu, CM - Cândido Mendes, CE - Cedral, CA - 

Carutapera, AP - Apicum Açú, AL - Alcântara. APAUA -  APA de 

Upaon-Açú/Miritiba/Alto do Rio Preguiças: SJR - São José de Ribamar, 

RA - Raposa, PL - Paço Lumiar, PC - Primeira Cruz, IC - Icatú, HC - 

Humberto de Campos. APAFRP - APA Foz do Rio das 

Preguiças/Pequenos Lençóis/Região Lagunar Adjacente: TUT - Tutóia, 

BAR - Barreirinhas. Métricas: RE - Riqueza de Espécies, SXE - Sexo da 

Espécie, POE - Período de Ocorrência da Espécie, EVE - Estágio de Vida 

da Espécie, PPA - Percebe Poluição e/ou Alterações Ambientais na Área 

de Pesca, PDE - Pesca Direcionada para Espécie, APU - Arte de Pesca 

Utilizada, AVE - Autonomia de Viagem das Embarcações, NE - Número 

de Embarcações, PCAP - Profundidade de Captura das Artes de Pesca, 

DCP - Distância da Costa para Pesca, EF - Existência de Fiscalização, 

CCAPA - Conselho Consultivo da APA, APRC - Áreas Prioritárias para 
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1 INTRODUÇÃO 

As Áreas Naturais Protegidas (ANPs) são usadas como estratégias essenciais na 

preservação e na conservação dos recursos e serviços ecossistêmicos, estando essas áreas 

integradas às paisagens terrestres e marinhas (BORRINI-FEYERABEND et al., 2017). Para a 

União Internacional para a Conservação da Natureza (IUCN, 2008) uma ANP compreende “... 

um espaço geográfico definido, reconhecido, com objetivo específico e manejado através de 

meios eficazes, sejam jurídicos ou de outra natureza, para alcançar a conservação da natureza 

no longo prazo, com serviços ecossistêmicos e valores culturais associados”. Essa definição é  

direcionada para a inclusão de áreas de gestão de habitat/espécies, paisagens terrestres ou 

marinhas protegidas ou ainda áreas protegidas com uso sustentável dos recursos naturais 

(IUCN, 2008).  

Nas últimas décadas, a criação de Áreas Marinhas Protegidas (AMPs), com base no 

Sistema Nacional de Áreas Protegidas, decreto nº 5.758 de 13/04/2006 (BRASIL, 2011), têm 

se tornado um bom exemplo de como ANPs podem fornecer proteção, integridade, função e 

estrutura dos ecossistemas, melhor compreensão dos sistemas marinhos, manutenção da 

produtividade (e.g., função de berçário, áreas de alimentação e recursos pesqueiros) e 

conscientização sobre seus benefícios para a sociedade (ROLIM et al., 2017; 

PEÑAHERRERA-PALMA et al., 2020; PELLETIER, 2020; BARBOSA-FILHO et al., 2021; 

MOTTA et al., 2021, 2023). Além disso, o estabelecimento dessas AMPs também surgiu com 

o objetivo de atingir compromissos nacionais e principalmente globais de preservação e 

conservação estabelecidos na Convenção das Nações Unidas sobre as Mudanças Climáticas  

(CNUMC) (ONU, 2015). 

Como desdobramento da CNUMC, a Convenção da Diversidade Biológica (CDB, 2018), 

através das metas 11 e 12 (objetivos 2020 de Aichi), enfatiza a conservação da biodiversidade, 

protegendo ecossistemas, espécies e a diversidade genética, e os Objetivos do Desenvolvimento 

Sustentável (ODS) da Agenda 2030, especificamente objetivo 14 (ONU, 2015), destaca como 

meta a conservação e uso sustentável dos oceanos, dos mares, e dos recursos marinhos quanto 

ao desenvolvimento sustentável. Assim, muitas AMPs já são realidades em países como 

Canadá, Nova Zelândia, Itália e Espanha, mas há um número crescente a serem implantadas em 

outras regiões do planeta para tentar reduzir os efeitos negativos da pesca artesanal, industrial 

ou ainda de um deficiente gerenciamento pesqueiro tradicional (MICELI et al., 2009).  

Em março de 2018 o governo federal brasileiro, através dos decretos nº 9.312 e nº 9.313 

(BRASIL, 2018a, b), criou as AMPs de São Pedro e São Paulo, em Pernambuco, a de Trindade 

e Martim Vaz, em Vitória (ES), com respectivamente quatro e seis milhões de hectares, 
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aumentando a cobertura de 1,5% para aproximadamente 25% da Zona Econômica Exclusiva 

(ZEE) Brasileira, cumprindo com a meta 11 de Aichi (CDB, 2018) na proteção de suas áreas 

marinhas e costeiras de cada país até o ano de 2020. No entanto, apesar do aumento percentual 

das áreas de proteção para vários ambientes costeiros há muitas áreas importantes que não 

foram contempladas (e.g., recifes tropicais na costa amazônica, montes submarinos no litoral 

brasileiro ou áreas urbanas costeiras importantes) (SOARES e LUCAS, 2018).  

Para o Ministério do Meio Ambiente - MMA (BRASIL, 2011), as ANPs devem ser 

apoiadas por um sistema de práticas de manejo sustentável dos recursos naturais, integrado com 

a gestão das bacias hidrográficas, e assim áreas protegidas costeiras e/ou marinhas devem ser 

criadas e geridas visando compatibilizar a conservação da diversidade biológica com a 

recuperação dos estoques pesqueiros. Nesse sentido, o Sistema Nacional de Unidades de 

Conservação - SNUC (MMA, 2006) constitui dentro das unidades de uso sustentável, as Áreas 

de Proteção Ambiental (APAs), que são definidas como áreas em geral extensa, com certo  grau 

de ocupação humana, dotada de atributos abióticos, bióticos, estéticos ou culturais 

especialmente importantes para a qualidade de vida e o bem-estar das populações humanas, e 

tem como objetivos básicos proteger a diversidade biológica, disciplinar o processo de 

ocupação e assegurar a sustentabilidade do uso dos recursos naturais.    

No Brasil existem atualmente 190 Unidades de Conservação (UCs) em áreas marinhas e 

723 em ambientes costeiros continental (MMA, 2022), o que corresponde a 26,5% e 39% de 

suas áreas protegidas, respectivamente. O estado do Maranhão possui 6 UCs criadas a partir de 

leis ou decretos federais e/ou estaduais (IMESC, 2020) e que podem ser enquadradas na 

categoria de AMPs, tais como as APAs das Reentrâncias Maranhenses (Decreto nº 11.901 de 

11/06/1991), da Foz do Rio das Preguiças/Pequenos Lençóis/Região Lagunar Adjacente 

(Decreto nº 11.899 de 11/06/1991) e de Upaon-Açú/Miritiba/Alto do Rio Preguiças (Decreto 

nº 12.428 de 05/06/1992) e os Parques Estaduais Marinhos do Parcel de Manuel Luis (Decreto 

nº 11.902 de 11/06/1991), Banco do Tarol (Lei nº 10.171 de 12/12/2014) e Banco do Álvaro 

(Lei nº 10.172 de 12/12/2014) (IMESC, 2020).  

 De um modo geral, a configuração espacial para o estabelecimento das ANPs recebe 

poucas contribuições públicas e muitas vezes nem evidências científicas consideráveis 

(VILLAR e JOYEUX, 2021). Na ausência de critérios científicos, haverá falta de proteção para 

os ecossistemas e as espécies mais vulneráveis, como espécies endêmicas. Dessa forma, é 

necessário fortalecer a pesquisa nas áreas de gestão, conservação e uso sustentável da 

biodiversidade por meio de conhecimento científico e tecnológico específico sobre cada APA, 

favorecendo assim a inserção dessa área no contexto regional (ICMBio, 2018a). De acordo com 
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o SNUC, estudos técnicos e consultas públicas são etapas obrigatórias para orientar o 

estabelecimento de áreas protegidas (BRASIL, 2011).   

O Litoral Amazônico Brasileiro (LAB), que compreende os estados do Amapá, Pará e 

Maranhão, é considerado um dos centros de pesca mais importantes do mundo pela 

biodiversidade e riqueza de espécies (DULVY et al., 2014; MARCENIUK et al., 2020), com 

muitas ANPs classificadas em diferentes categorias (e.g., Parna, Rebio, Resex, APA) ao longo 

de sua extensão (MMA, 2022). A elasmofauna atual do LAB é composta de 69 espécies, 

pertencentes a 20 famílias e nove ordens, das quais 11 espécies são endêmicas da Pluma 

Amazônica-Orinoco (MARCENIUK et al., 2013, 2019).  

A existência de muitos ambientes marinhos com alta produtividade e locais propícios para 

uso durante o ciclo de vida de inúmeras espécies de peixes favorece o estabelecimento das 

APAs no litoral maranhense (ALMEIDA et al., 2006; ALMEIDA, 2008; ALMEIDA et al., 

2011; NUNES et al., 2013), sendo por essa razão considerada áreas de hotspot global para 

conservação devido à grande riqueza, diversidade e endemismo para algumas espécies 

(MARCENIUK et al., 2013; DULVY et al., 2014, MARCENIUK et al., 2020). Pesquisas 

exploratórias realizadas na região em décadas passadas detectaram altos valores de biomassa 

para os elasmobrânquios (SUDENE, 1976; LESSA, 1986), mas ao longo do tempo tubarões e 

raias têm sofrido de forma intensa com a constante explotação e a captura incidental na pesca 

artesanal e industrial (ALMEIDA e CARNEIRO, 1999; MARCENIUK, et al., 2019; 

ALMEIDA e VIEIRA, 2000), sobretudo pelas baixas taxas de crescimento, lenta maturação e 

longos períodos de gestação de algumas espécies (VOOREN e KLIPPEL, 2005; GADIG et al., 

2023), levando-as a um declínio populacional mais abrupto, o que dificulta a recuperação de 

populações sobreexplotadas, ou ainda a vias de extinção (LESSA et al., 2016; FEITOSA et al., 

2018, 2020) ou a serem classificadas em alguma das categorias de status de conservação 

estabelecidas pelo ICMBio (2018b) ou pela IUCN (2021).  

Atualmente, o estado do Maranhão possui 27% das espécies de raias e 25% das espécies 

de tubarões encontradas no litoral brasileiro (MARCENIUK et al., 2019), distribuídas 

principalmente nas famílias Carcharinidae e Dasyatidae (WOSNICK et al., 2019). A 

elasmofauna maranhense existente ao longo do litoral configura um dos principais indicadores 

biológicos para mensurar a eficácia dessas APAs, visto que existe riqueza de espécies em 

diferentes fases do ciclo de vida (neonatos, juvenis e adultos) (ALMEIDA et al., 2006) e uma 

grande diversidade de ecossistemas responsáveis pela manutenção do equilíbrio ecológico dos 

habitats da costa maranhense (IMESC, 2020). Assim, nossa hipótese é verificar se as APAs no 
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litoral do estado do Maranhão, Litoral Amazônico Brasileiro,  protegem a diversidade local, 

tendo os elasmobrânquios como modelo, sobretudo as espécies ameaçadas. 

Para esse propósito, esta tese apresenta quatro capítulos em forma de artigos ou 

manuscritos, formatados de acordo com as normas de publicação de cada revista, onde o 

primeiro artigo versa sobre “Research trends on elasmobranchs from the Brazilian Amazon 

Coast: a four-decade review”, publicado no mês de novembro de 2021 na revista Biota 

Neotropica (https://doi.org/10.1590/1676-0611-BN-2021-1218). Este artigo de revisão 

apresenta um panorama sobre as tendências de pesquisas com enfoque nos elasmobrânquios do 

Litoral Amazônico Brasileiro ao longo de quatro décadas, evidenciando as principais áreas 

estudadas, as espécies e as lacunas de conhecimento existentes para os elasmobrânquios da 

região. 

O segundo artigo, “Fisher ethnotaxonomy for elasmobranchs captured along the 

Brazilian Amazon Coast”, publicado no mês de fevereiro de 2022 na revista Ethnobiology 

Letters (https://doi.org/10.14237/ebl.13.1.2022.1819), apresenta uma lista dos nomes populares 

de raias e tubarões utilizados pelas comunidades tradicionais inseridas no Litoral Amazônico 

Brasileiro, identificando os padrões etnotaxonômicos aplicados na nomeação e classificação de 

espécies capturadas pelas frotas artesanais locais. 

O terceiro artigo, “Impacts of artisanal captures on elasmobranchs in the Brazilian 

Amazon Coast”, manuscrito que em breve será submetido a revista Fisheries Research, 

evidencia a estrutura da frota pesqueira, as artes de pescas mais predatórias e as espécies de 

elasmobrânquios mais vulneráveis em pescarias artesanais no Litoral Amazônico Brasileiro.    

O quarto artigo, “Avaliação da eficácia das Áreas de Proteção Ambiental para a 

conservação dos elasmobrânquios no Litoral Amazônico Brasileiro”, manuscrito que em 

breve também será submetido (revista em definição), objetivou avaliar a eficácia de três APAs 

existentes no litoral do estado do Maranhão, Litoral Amazônico Brasileiro, para fins de 

conservação da elasmofauna local, utilizando questões sobre métricas nas dimensões 

biológicas, tecnológicas e de conservação. 
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1.2 OBJETIVOS 

 

1.2.1 OBJETIVO GERAL 

 

Verificar a eficácia das Áreas de Proteção Ambiental na conservação dos 

elasmobrânquios do litoral amazônico. 

 

1.2.2 OBJETIVOS ESPECÍFICOS 

 

▪ Conhecer as lacunas de conhecimento e áreas de estudo já realizadas com as raias e 

tubarões no litoral amazônico; 

▪ Compreender a nomenclatura usual utilizada para raias e tubarões pelos pescadores 

artesanais; 

▪ Conhecer a estrutura pesqueira e as principais artes de pesca utilizadas na captura dos 

elasmobrânquios; 

▪ Avaliar como as Unidades de Conservação têm sido eficazes para a proteção dos 

elasmobrânquios amazônicos. 
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BRITO, R.M.S., FERREIRA, L.J.S., DUAILIBE, I.C.F.S., DIAS, H.N., ALMEIDA, Z.S., NUNES, 

J.L.S. Research trends on elasmobranchs from the Brazilian Amazon Coast: a four-decade review. Biota 

Neotropica 21(4): e20211218. https://doi.org/10.1590/1676-0611-BN-2021-1218  

Abstract: Elasmobranchs exhibit the biggest population declines among vertebrates, being 

considered one of the groups with the highest risk of extinction. The Brazilian Amazon Coast 

(BAC) is considered a priority area for elasmobranch conservation, as many species are 

endemic to the region, and most of them are threatened with extinction. The present study made 

a scientometric analysis using the IRAMUTEQ method (Interface de R pour les Analyses 

Multidimensionnelles de Textes et de Questionnaires) to evaluate the trends of research with 

elasmobranchs in BAC in the last four decades. Ten research trends were identified, 

highlighting “Biodiversity”, “Reproduction”, “Trophic Ecology” and “Conservation”. 

However, most of the publications found are aimed at understanding the diversity and 

abundance of species in the region, with the number of studies focused on reproduction, feeding 

and other aspects of the biology and ecology of elasmobranchs in the BAC being less 

expressive. Although the research area “Conservation” stood out in the search, the amount of 

relevant information so that management and conservation measures can be implemented is 

still low. Lastly, despite following the global trend of studies with elasmobranchs between 2000 

and 2010, investigations into the BAC need to advance, especially considering the poor level 

of basic information on most species (Biology and population dynamics) and the incomplete 

knowledge of specific composition of elasmobranch species in the entire area, aspects relevant 

to conservation and more applied studies that rely on more recent methodologies and 

technologies. 

https://doi.org/10.1590/1676-0611-BN-2021-1218
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Keywords: IRAMUTEQ, qualitative research, Biodiversity, Chondrichthyes, extinction, 

conservation, scientometric analysis. 

Tendências de pesquisa sobre elasmobrânquios na Costa Amazônica Brasileira: uma 

revisão de quatro décadas 

Resumo: Elasmobrânquios apresentam os maiores declínios populacionais entre os 

vertebrados, sendo considerado um dos grupos com maior risco de extinção. O Litoral 

Amazônico Brasileiro (BAC) é considerado uma área prioritária para conservação de 

elasmobrânquios, pois várias espécies são endêmicas da região, e a maioria delas estão 

ameaçadas de extinção. O presente estudo fez uma análise cientométrica aplicando o método 

IRAMUTEQ (Interface de R pour les Analyses Multidimensionnelles de Textes et de 

Questionnaires) para avaliar as tendências de pesquisas com elasmobrânquios no BAC nas 

últimas quatro décadas. Dez tendências de pesquisa foram identificadas, destacando-se 

“Biodiversidade”, “Reprodução”, “Ecologia trófica” e “Conservação”. Entretanto, a maioria 

das publicações encontradas é voltada para o conhecimento da diversidade e abundância das 

espécies na região, sendo o número de estudos voltados para a reprodução, alimentação e outros 

aspectos da biologia e ecologia de elasmobrânquios do BAC menos expressivo. Apesar da área 

de investigação “Conservação” ter se destacado na busca, a quantidade de informações 

relevantes para que medidas de manejo e conservação possam ser implementadas ainda é baixa. 

Por fim, apesar de seguir a tendência mundial de estudos com elasmobrânquios entre 2000 a 

2010, as investigações sobre o BAC precisam avançar, especialmente considerando o baixo 

nível de informações básicas sobre a maioria das espécies (biologia e dinâmica populacional) e 

o conhecimento incompleto da composição específica das espécies de elasmobrânquios em toda 

a área, aspectos relevantes para a conservação e estudos mais aplicados e que contem com 

metodologias e tecnologias mais recentes. 

Palavras-chave: IRAMUTEQ, pesquisa qualitativa, Biodiversidade, Chondrichthyes, extinção, 

conservação, análise cientométrica. 

Introduction 

Elasmobranchs are cartilaginous fish represented by sharks and batoids with about 1,200 

species currently described (Weigmann 2016) distributed in tropical, subtropical, temperate, 

and cold waters. Species can be found from coastal regions to great depths across the planet 

(Compagno et al. 2005, Last et al. 2016, Nelson et al. 2016). Due to their high position in the 

aquatic food webs, sharks and batoids are important for ecosystem balance through lower-
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trophic level population control (Heithaus et al. 2010). They also contribute to food security in 

underdeveloped and developing countries, as well as generate income for traditional 

communities through fishing and tourism (Rigby et al. 2019). However, elasmobranchs suffer 

intense anthropic pressure, mainly due to overexploitation, bycatch, habitat loss, climate 

change, and pollution (Dulvy et al. 2017, Pacoureau et al. 2021). Due to their biological 

characteristics, such as low growth rates, late maturation, low fertility, and long gestation 

periods with small litters, sharks and batoids exhibit low population recovery potential (Vooren 

& Klippel 2005). 

Brazil has one of the largest coastal zones on the planet, with approximately 8.500 km in length, 

of which 2.975 km are part of the Brazilian Amazon Coast (BAC), composed by the states of 

Amapá, Pará, and Maranhão (Pereira et al. 2009, Brazil 2018). The BAC is one of the most 

important fishing centers in the country due to its high productivity (Stride et al. 1992, Lessa et 

al. 1999a, Marceniuk et al. 2019). In 2011, BAC's fishing productivity was 138,864 tons, 

representing 25% of the national production (553,670 tons) (Brazil 2011). The BAC is also a 

global hotspot for maintaining and preserving elasmobranch stocks, mainly due to the high 

irreplaceable values of endemic species calculated for the region (Dulvy et al. 2014). Currently, 

34 species of sharks and 36 species of batoids are found within the BAC (Marceniuk et al. 

2019), highlighting endemic species at high risk of extinction, such as the Daggernose shark, 

Isogomphodon oxyrhynchus (Müller & Henle, 1839), and the Wingfin stingray, Fontitrygon 

geijskesi (Boeseman, 1948) (Wosnick et al. 2019), both occurring mainly on the Amazon Coast 

and listed respectively as Critically Endangered (CR) and Not Evaluated (NE) by the Chico 

Mendes Institute for Biodiversity Conservation (ICMBio 2018).  

Understanding elasmobranchs' population dynamics in the region is imperative for management 

plans and conservation policies aiming at the recovery of Amazonian stocks and sustainability 

of local fisheries (Lessa et al. 2016). Therefore, the assessment of research trends helps to 

understand the evolution of scientific knowledge, the rise of new technologies, and to track new 

challenges for conservation. Globally, the most significant research trend in the last 15 years 

has been growth rate estimates and basic biometric data (Awruch et al. 2018), both relevant to 

demographic analysis, population status assessment, and stock assessments. Considering only 

South America, the main research trends were impacts of fishing, reproductive aspects, and 

taxonomy (Awruch et al. 2018). In Brazil, the activities proposed by the National Action Plan 

for the Conservation of Endangered Marine Sharks and Rays (PAN-tubarões) (ICMBio 2021) 

were based on information available from published studies and reports, and rely on specific 

actions aiming to improve fisheries management in the country to minimize the impacts on 
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threatened species and raise awareness on fishers and civil society on the importance of 

elasmobranch conservation. Despite the great amount of information for BAC fauna, studies 

focused on elasmobranchs are still scarce, and inventories are outdated, posing an extra 

challenge for the implementation of management measures appropriate to the current scenario. 

As management/conservation strategies depend on the knowledge available, the present study 

aimed to survey available data to detect temporal research trends and to identify the knowledge 

gaps as a way to guide future studies and decision-making at the regional level. 

Material and methods 

Past data from Bibliometric Indicators (IBs) were compiled from “white literature” (79%) 

obtained from indexing and reference databases using the keywords “Chondrichthyes”, 

“Elasmobranch” “Amazon”. The search also considered “gray literature” (21%), represented 

by publications with restricted distribution or without an editorial board, among them scientific-

technical reports, academic monographs, and Master thesis (e.g., Almeida et al. 1998, Paz & 

Almeida 2003, Santos 2004). Studies from other countries that are part the Amazon coast were 

disregarded, to direct regional management and future studies focusing on the Brazilian 

territory. A total of 110 studies were selected (Supplementary material). 

Data were analyzed using the software IRAMUTEQ (Interface de R pour les Analyses 

Multidimensionnelles de Textes et de Questionnaires) (Kami et al. 2016), to support data 

processing and statistical analysis through encoding and compartmentalization of literature, 

leading to the visual and graphical representation of essential information contained in the text 

(Camargo & Justo 2013). The software creates a dictionary of words through Chi-square tests 

(χ2), revealing the associative strength between words and their respective class. The associative 

strength is considered to be significant when the test is greater than 3.84, representing p<0.0001 

(Souza et al. 2018). 

The analyzes of studies carried out with elasmobranchs within the BAC in the last four decades 

(1976-2020) was carried out in three stages: the definition of the textual corpus, established by 

compiling the 110 abstracts of the documents considered; the establishment of the Initial 

Context Units (ICU), and the establishment of the Elementary Context Units (UCE) (i.e., text 

fragments that are scaled by the software itself according to the size of the textual corpus and 

that are obtained from the ICUs). The units were set considering each document category (e.g., 

scientific articles, scientific-technical reports, or texts) and according to the scope of each study. 
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Next, a Descending Hierarchical Classification (DHC) was applied, compiling the data in a 

dendrogram that illustrates the similarities and differences between the word classes. This 

analysis aims to obtain UCE classes that, at the same time, have similar vocabulary, and 

vocabulary different from the UCE of other classes (Camargo & Justo 2013). A Similitude 

Analysis to detect co-occurrences and connections between the words, and a Word Cloud to 

simplify the vocabulary distribution through graphical representations based on word grouping 

with the highest number of repetitions were also used. 

Results 

1. Overall distribution and research trends 

A total of 10 research trends were identified in the 110 studies considered. For some studies, 

more than one research trend was identified, totaling 134 entries for the textual analysis. The 

scope Biodiversity was the most significant (43.3%; n = 58), followed by Reproduction (14.9%; 

n = 20), Diet and Feeding Ecology (11.2%; n = 15), Conservation (10.4%; n = 14), 

Morphometry (5.2%; n = 7); Genetics (4.5%; n = 6), Fisher Ecological Knowledge (4.5%; n = 

6), Age and Growth (3.0%; n = 4), Biochemistry (1.5%; n = 2), and Accidents with Fishers 

(1.5%; n = 2). This pattern indicates that Biodiversity, Reproduction, Diet and Feeding Ecology 

and Conservation were the most relevant research trends in the past four decades (Figure 1). 
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Figure 1. Research trends with focus on the scope of the literature published in the past four 

decades. Data is presented in number of trends (n = 10). 

More specifically, in the first temporal window (1970-1980), most studies published (n = 8) 

were on Biodiversity, followed by Reproduction (n = 4), and Morphometry (n = 1). As for the 

second temporal window (1990), the same research trend was observed, with studies on 

Biodiversity (n = 10), Reproduction (n = 4) and Diet/Feeding Ecology (n = 3) being the most 

prevalent. One study on Morphometry was also retrieved, as well as two studies on Age and 

Growth. Considering the third temporal window (2000-2009), more research areas were 

covered, with a prevalence of studies on Biodiversity (n = 20), followed by Diet and Feeding 

Ecology (n = 11), Reproduction (n = 8), and Morphometry (n = 4). The remaining portion 

referred to Age and Growth (n = 2), Conservation (n = 2), and Genetics (n = 1). Lastly, for the 

fourth temporal window (2010-2020), studies on all research areas, except Age and Growth 

were performed, with the prevalence of Biodiversity (n = 20) and Conservation (n = 12), 

followed by Fisher Ecological Knowledge (n = 6), Genetics (n = 5), Reproduction (n = 4), 

Accidents with Fishermen (n = 2), Biochemistry (n = 2), and lastly Morphometry and 

Diet/Feeding Ecology (one study each). 

2. Descending Hierarchical Classification (DHC)  

The corpus used in the DHC was categorized into 450 Text Segments (ECU), 15.572 

occurrences (i.e., repeated words), 2.634 stemmed words (i.e., reduced forms that unite all the 

inflections of a verb), and 2.161 active forms (i.e., significant words). Of the 450 ECU, 381 

were actively used, with a recovery rate of 84.67%, that is, the ECU that was used for DHC, 

and which continued under analysis. A percentage of use of 70% or more is necessary as if the 

retention is lower, the corpus is not adequate for this type of analysis, or that its content is very 

diverse, not allowing hierarchize the textual content (Souza et al. 2018).  

The corpus was divided into two subcorpus and the dendrogram generated five classes based 

on similar vocabulary and the grouping of statistically significant words. Subcorpus 1 was 

divided into two distinct clusters:  Class 1 + Class 5, and Class 3 + Class 4. Both clusters were 

formed from the classification of text segments according to their respective vocabularies and 

divided based on the frequency of reduced forms (words already lemmatized), obtaining ECU 

classes that present similar vocabulary to each other, and vocabulary different from UCE from 

other classes. In the cluster 1-5, the words with the greatest statistical association were: 

“Brazil”, “Maranhão”, “shark”, “tropical”, “coast”, “occurrence”, “elasmobranch” (19.2%; 
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class 1), and "catch", "longline", "net", "vessel" and "artisanal" (23.1%; class 5). This cluster 

indicates that 42.3% of the research carried out with elasmobranchs from the BAC were based 

on data from artisanal fisheries (Figure 2). In the cluster 3-4, the words with the greatest 

statistical association were: “knowledge”, “population”, “elasmobranch”, “decline”, “research” 

(18.4%; class 3), and “extinction”, “market”, “list”, “endanger”, “threaten”, “country”, “trade” 

e “identification” (14.2%; class 4). According to this cluster, 32.6% of research conducted with 

elasmobranchs from the BAC collected data relevant to threatened species 

management/conservation, based mostly on information available from commercial fisheries 

and local trade markets (Figure 2). Lastly, Subcorpus 2 was composed by a single Class (2), in 

which the words with the greatest statistical association were “female”, “male”, “embryo”, 

“size”, “adult”, “juvenile” and “pregnant”. This set of words indicates that 25.2% of the 

research carried out with elasmobranchs on the BAC aimed to elucidate basic reproductive 

aspects of species commonly caught by the artisanal fleet of the region (Figure 2).  

 

Figure 2. Dendrogram of the Descending Hierarchical Classification (DHC) of the words with 

the highest number of repetitions. *Reclassified as Hypanus guttatus. 
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3. Similitude analysis 

Trough the Similarity Analysis it was possible to identify the connection between words 

distinguishing common parts from specificities in terms of significant words in the text. Thus, 

the tree of maximum similarity showed a high degree of connectedness between the words: 

“shark”, “Maranhão”, “Brazil”, “coast”, “female” and “male”. The highest occurrence was 

registered for the word “shark” (120), followed by the words - “Maranhão” (88), “Brazil” (87), 

“coast” (86), “female” (71) and “male” (60) (Figure 3). Moreover, there was a strong 

connection between the words - “species”, “fish”, “shark”, Maranhão” and “coast”, evidenced 

by the thickness of the connecting lines between them (Figure 3). These results also corroborate 

the research trends evidenced by class 2, represented by the strong connection between the 

words “female” and “male”, both being directly correlated with the words - “embryo”, “adult”, 

“juvenile”, “size” and “sexual” (Figure 3 and Figure 4). 

In addition, the central block presents a set of the words most frequently associated in the 

literature analyzed, highlighting “fishery”, “specimen”, “capture”, “elasmobranch”, “study”, 

“Rhizoprionodon porosus”, “Carcharhinus leucas”, “Carcharhinus porosus”, “Isogomphodon 

oxyrhynchus”, “Sphyrna tiburo”, “Dasyatis guttata” (reclassified as Hypanus guttatus) and 

“Aetobatus narinari” (Figure 3). More specifically, it was possible to identify research trends 

at the species level, indicating which elasmobranchs were the main focus of investigations 

within the BAC so far. However, conclusions must be drawn with caution since most studies in 

the region rely on artisanal fishing, thus, it is likely that the most studied species are the result 

of opportunistic sampling, rather than preference for scientific investigations or priorities for 

conservation (Figure 3 and Figure 4). 
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Figure 3. Connectedness of the most recurrent words in the literature analyzed based on the 

Similitude Analysis. Thicker lines represent more connectivity between words, and larger 

words represent greater occurrence. 

4. Word cloud 

The Word Cloud analysis allowed to group the words according to their frequency, 

corroborating both the DHC and the Similarity Analysis and reinforcing the research trends 

“Biodiversity” (e.g., elasmobranch, shark and study), “Reproduction” (e.g., female, male and 

reproductive) and “Conservation” (e.g., management, endanger, threat, and extinction) for the 

elasmobranchs of the BAC (Figure 4). 
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Figure 4. Word cloud with the most frequent words of the textual corpus. The size of the word 

indicates its frequency of occurrence, with larger words being the most representative. 

Discussion  

The analyzes performed in the present study showed a greater concentration of research trends 

within the fields of Biodiversity, Reproductive Biology, Feeding Ecology and Conservation, 

with different approaches over 44 years that will be discussed briefly next. Furthermore, 

considering the historical importance of the studies performed in the BAC for the Brazilian 

elasmobranch research scenario, and the status of the region as a global hotspot for 

elasmobranch conservation, our discussion will revisit some important milestones. 

Studies on the diversity and abundance of species that occur in the region were predominant in 

relation to other areas of investigation during the entire temporal window evaluated in the 

present study. Even though it has been carried out since the 70s, studies on elasmobranch 

biodiversity reached its peak in the 2000s, and continue to be the main research trend in the 

region. In the global context of research trends with cartilaginous fish (Awruch et al. 2018), the 

topic biodiversity is not evident, but rather diluted into different subcategories within the 

identified clusters (i.e., population dynamics and spatial ecology). This indicates that at the 

BAC, the main research trend is different from that observed at the global level, being less 
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applied and more focused on basic survey that have ceased to be a trend in other parts of the 

globe in recent decades. However, considering the challenges for elasmobranch research and 

conservation in Brazil, the need for baseline studies such as those prevalent in the BAC is 

understandable, especially in a scenario of lack of public investment for research and 

biodiversity conservation (Magnusson et al. 2018). 

As for the second main research trend (i.e., Reproduction) there was a temporal constancy in 

the publications, with a peak in the 2000s. However, considering the diversity of species found 

in the region and the importance of reproduction data for management measures, the region still 

lack data for most species. Considering the global research scenario, the BAC follows the same 

trend, however, to a lesser extent. Interestingly, reproduction studies at the global level also 

peaked in the 2000s (i.e., 2002-2006), however, there was a very significant drop from 2011 

onwards, indicating that this is no longer a global research trend (Awruch et al. 2018). In Brazil, 

and consequently also in the BAC, reproduction and diet studies are predominant (personal 

communication from the authors). Collecting basic biological data is imperative to guide 

conservation measures (Stroud & Thompson 2019) and also to pave the way for future studies 

using non-lethal methodologies (Awruch et al. 2008). However, few advances have been 

observed in this regard, since in the BAC, to date, reproduction data of studied species have not 

translated into guidelines for proper management. Thus, it is imperative that this topic continues 

to be investigated, but also be directed to policy makers in order to bring subsidies for species 

conservation. 

Similar trend was observed to the topic “Feeding Ecology”, with a peak in the 2000s that is also 

observed at the global scenario (Awruch et al., 2018). Despite being a traditional research area, 

it was only in the 1990s that the first study of diet for elasmobranchs was published in the BAC. 

In addition, the number of publications is negligible, configuring a large knowledge gap 

regarding trophic interactions and feeding patterns for most species that occur in the region. 

Moreover, to date, molecular studies (i.e., DNA barcoding of the stomach) that do not require 

the sampling effort of traditional studies (i.e., stomach content analysis) have not been carried 

out in the region, going against the global trend of elasmobranch feeding ecology. Thus, it is 

clear that, even identified as a research trend, more studies on this topic should be carried out, 

aiming to increase knowledge about the natural history of the species found in the BAC. 

Lastly, although Conservation has stood out as a research trend at BAC, the amount of relevant 

information so that management and conservation measures can be implemented is still 

incipient. As noted for the global trend (Awruch et al., 2018), it was only from 2010 onwards 
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that the topic “Conservation” started to represent a significant portion of published studies, 

indicating that BAC, despite generating few data towards conservation, follows the global 

trend. Interestingly, despite housing a large number of Conservation Units (i.e., Maranhão state) 

(IMESC 2020), and “Marine Protected Areas” being is a very relevant subtopic in the 

“Conservation cluster” of the global scenario, so far, no investigation on the importance of BAC 

marine protected areas for elasmobranchs was carried out, configuring a large knowledge gap 

about the effectiveness of this management strategy for sharks and batoids conservation. 

Furthermore, considering the identified subtopics in the global scenario (e.g., taxonomy, 

phylogeny, paleobiology, genetics, physiology, and parasites) (Awruch et al. 2018), the BAC 

is a region that still lacks studies, especially those that rely on more advanced methodologies 

and techniques. Furthermore, even though artisanal fishing is the main threat to elasmobranchs 

in the region, few studies focused on fisher's experiences and knowledge have been carried out, 

pointing to a historical neglect of traditional ecological knowledge.  

As for specific information on BAC elasmobranchs, the first published studies date from 1976 

and 1978 with a focus on exploring fishery resources in general. These studies, carried out by 

the Northeast Development Agency (SUDENE) and the Superintendence of Fisheries 

Promotion (SUDEPE), aimed to boost commercial fishing in the area, in addition to 

characterizing the profile of the artisanal fleet in the Maranhão State (SUDEPE 1976) and on 

the BAC continental shelf (SUDENE 1976), as well as to access the regional production chain 

(Emerenciano 1978). In this context, SUDENE carried out exploratory/experimental fishing 

campaigns and detected a great diversity and abundance of fish species with potential 

commercial value, including elasmobranchs. This suggested sustainable potential was based on 

the abundance of juveniles caught in coastal waters, highlighting Galeocerdo cuvier (Péron & 

Lesueur, 1822), Ginglymostoma cirratum (Bonnaterre, 1788), Carcharhinus spp., and Sphyrna 

spp. (SUDEPE 1976, Emerenciano 1978). The expectation was that juveniles were part of a 

larger stock in the high seas (SUDENE 1976). During this period, oceanic motorized fishing 

(back then with only a few adapted boats) began to explore deeper regions, with reports of large 

volumes of adults of G. cuvier, Carcharhinus leucas (Müller & Henle, 1839), C. limbatus 

(Müller & Henle, 1839) and C. obscurus (Lesueur, 1818) (SUDENE 1976). Such capture 

volumes strengthened the idea that shark fishing could be quite profitable.  

It was in the 1980s that studies on elasmobranch abundance began to stand out, indicating that 

research groups realize that the artisanal fishing landing could be an opportunity to investigate 

this group of vertebrates with increasing commercial interest. The same occurred worldwide, 

but at a faster rate. Researchers from several countries began to focus their efforts on 
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understanding the impacts of fishing through data from commercial landings (Thorson 1987), 

in addition to investing efforts in assessing regional diversity and abundance, so that temporal 

analyzes of fish stocks could be carried out (Wosnick et al. 2020a). 

At the BAC, the first inventory registered 1.732 individuals of 22 species (belonging to former 

13 shark and 9 batoid orders) (Lessa 1986). For sharks, the families Carcharhinidae and 

Sphyrnidae represented 77.4% and 18% (respectively) of the total captured, with higher 

occurrence of C. porosus (Ranzani, 1839) (43%) and S. tiburo (Linnaeus, 1758) (9.4%). For 

batoids, the catch in number was lower (4.6%). This inventory was very important as it 

expanded our knowledge on BAC diversity, being the first record of C. porosus, C. acronotus 

(Poey, 1860), Hypanus guttatus (Bloch & Schneider, 1801) (in figure 3 as former Dasyatis 

guttata) and F. geijskesi in the region. During this period, the suggested sustainable potential 

for shark capture was 23.500 tonnes/year (65%) of a total of 36.000 tonnes/year for fish in 

general (SUDENE 1984, Stride 1988) given the high biomass detected (Lessa 1986). This 

condition would depend on a series of factors to achieve this productivity, such as the gear used 

in the captures (e.g., gillnets and longlines, bait used and hook size). Concomitantly, Martins-

Juras et al. (1987) published a list of estuarine fish from the state of Maranhão, with 

elasmobranchs representing 16.7% of the region's species richness. Studies on reproductive 

aspects also started in the 80s, generating relevant data for C. porosus (Lessa 1986-87), I. 

oxyrhynchus (Lessa 1987), and Rhizoprionodon lalandii (Müller & Henle, 1839) (Lessa 1988). 

Addressing fertility, growth rates, sexual maturation size, and minimum/maximum catch sizes 

is essential to ensure fisheries management and population recruitment (Lessa 1986, Awruch et 

al. 2018). However, in Brazil, management and conservation plans were not yet discussed at 

that time, as the impacts of fishing were not yet observed. 

In the 90s, diversity studies were complemented by investigations about the population 

dynamics bringing new information on habitat use, population estimates, and basic biology data 

such as morphometry, diet, and age and growth (Almeida 1991, Batista & Silva 1995, Lessa & 

Almeida 1997, Lessa & Almeida 1998, Lessa & Santana 1998, Lessa et al. 1999a, Lessa et al. 

1999b).  The species list was once again updated, with the first report for Urotrygon spp. (Stride 

et al. 1992). During this period, the high productivity of shark fishing in the dry period has been 

reported, and guidelines for reducing juvenile catches through the use of larger meshes have 

been suggested (Stride et al. 1992). In fact, the use of smaller meshes was very harmful, 

particularly for C. porosus (Lessa et al. 1999a), a small-sized shark that uses the BAC as a 

nursery area (Lessa et al. 1999b).  
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While commercial fishing continued to benefit from the bycatch of Rhizoprionodon porosus 

(Poey, 1861) and C. porosus (Almeida & Carneiro 1999), studies on the reproductive aspects 

of Sphyrna tiburo (Silva & Lessa 1991, Lessa & Silva 1992, Menni & Lessa 1998), S. tudes 

(Valenciennes, 1822), S. lewini (Griffith & Smith, 1834) (Stride et al. 1992, Menni & Lessa 

1998, Almeida et al. 2011), C. acronotus (Menni & Lessa 1998, Almeida et al. 2011) and C. 

limbatus (Stride et al. 1992, Menni & Lessa 1998, Almeida et al. 2011) were initiated. At the 

same time, in the global scenario, the first conservation measures were proposed (i.e., IPOA-

Sharks, FAO), pointing to a growing concern of the international community regarding the 

sustainability of elasmobranch fishing. 

In the early 2000s, the global research trends further diversified, with new technologies and 

methodologies being used (e.g., genetics and physiology). Additionally, studies of taxonomy 

and anatomy stood out, aiming at updating the group's phylogeny. In contrast, in South America 

(from 2002 to 2006), studies on reproductive biology and age and growth still prevail (Awruch 

et al. 2018). At the BAC, the 2000s were the most representative, with 46.2% of the total of 

studies being published in this period. The studies still focused on species diversity (Almeida 

& Vieira 2000, Alencar et al. 2001, Nunes et al. 2005) and reproductive aspects (Machado et 

al. 2000, Santos et al. 2000, Motta et al. 2009) but also diet (Silva & Almeida 2001, Costa & 

Almeida 2003) and aspects increasingly related to conservation (Almeida et al. 2006). The 

REVIZEE Program has also generated results causing an incalculable increase in the 

information available for elasmobranchs across the country, including the BAC. It was also in 

this decade that oceanic species were first described in the region, among them Prionace glauca 

(Linnaeus, 1758), Isurus oxyrhincus (Rafinesque, 1810), I. paucus (Guitart, 1966), Alopias 

superciliosus (Lowe, 1841), A. vulpinus (Bonnaterre, 1788), Pseudocarcharias kamoharai 

(Matsubara, 1936) and Mitsukurina owstoni (Jordan, 1898) (Asano-Filho et al. 2007, Almeida 

et al. 2008, Holanda & Asano-Filho 2008).  

Also, it was in the 2000s that papers related to shark fishing as bycatch, the trade of threatened 

species, and industrial fisheries began to be published (Pinheiro & Frédou 2004, Lessa et al. 

2006, Oliveira et al. 2007). More specifically, incidental capture in fisheries targeting 

Scomberomorus brasiliensis Collette, Russo & Zavala-Camin, 1978, Cynoscion acoupa 

(Lacepède, 1801), and C. leiarchus (Cuvier, 1830) also impacted elasmobranch populations 

mainly due to the low selectivity of fishing apparatus and large volumes of neonates and 

juveniles caught (Almeida et al. 2006).  It was during this period that the Brazilian academic 

community established measures to deal with the reported declines, most of them resumed in 

the National Action Plan for the Conservation and Management of Elasmobranch stocks in 
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Brazil (SBEEL 2005). Governmental measures also emerge, highlighting the Normative 

Instructions of the Ministry of the Environment (MMA) nº 05 (21/05/2004), nº 52 (08/11/2005), 

nº 166 (18/07/2007), nº 05 (MPA/MMA 15/04/2011), nº 14 (MPA/MMA 26/12/2012), nº 29 

(MAPA 23/09/2015), and Ordinances nº 125 (04/12/2014), nº 445 (17/12/2014), nº 163 

(08/06/2015), and nº 73 (26/03/2018). 

In the last decade (2010 to 2020), new methodologies have emerged, with studies focused on 

spatial ecology (Feitosa et al. 2020), and the impacts of environmental pollution on BAC 

elasmobranchs (Chaves 2019, Wosnick et al. 2021a, Wosnick et al. 2021b). Social demands 

and food safety issues also stood out, with studies aiming to assess accidents with marine 

stingrays involving artisanal fishers (Dias et al. 2016, Carvalho et al. 2019) and the potential 

risks of shark meat consumption to human health (Souza-Araujo et al. 2021, with data collected 

in 2017). Furthermore, the use of molecular techniques enabled the identification of endangered 

species such as G. cirratum (VU), Sphyrna mokarran (Rüppell, 1837) (EN), Mustelus canis 

(Mitchill, 1815) (EN), S. tiburo (CR), C. porosus (CR), S. lewini (CR), S. tudes (CR) and I. 

oxyrhynchus (CR) being sold in the region (Feitosa et al. 2018). Besides, molecular studies 

aiming to assess the commercialization of batoids also indicated that threatened species were 

sold indiscriminately (Rodrigues-Filho et al. 2020).  More recently, studies on population 

genetics and conservation physiology started, aiming to evaluate the effects of fishing on the 

genotypic and phenotypic diversity of species threatened with extinction in the region. 

Given the absence of official fisheries statistics programs in the country, alternative approaches 

such as access to traditional knowledge from fishing communities (Martins et al. 2018) and 

participatory monitoring of landings or of catches are becoming more and more popular 

(Aragão et al. 2019, Shiffman et al. 2020, Giareta et al. 2021). In fact, management measures 

based on traditional knowledge, the socioeconomic and cultural demands of fishing 

communities, and the inclusion of fishers in research activities have proved to be promising 

tools for the conservation of threatened elasmobranchs (Martins et al. 2018, Wosnick et al. 

2020b, Giareta et al. 2021). Moreover, data recently obtained with artisanal fishers at BAC 

brought important discoveries on spatial ecology and physiological tolerance of Amazonian 

species (Feitosa et al. 2016, Feitosa et al. 2019, Feitosa & Nunes 2020), emphasizing the 

importance of traditional knowledge not only for fisheries data access but also to guide future 

studies based on non-lethal methodologies (e.g., eDNA, Telemetry, BRUV's) (Awruch et al. 

2018, Rigby et al. 2019; Shiffman et al. 2020). 
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Conclusion 

The Brazilian Amazon Coast is a priority area for elasmobranch conservation at a global level. 

So, it is imperative that previous published data be easily available to stakeholders and decision-

makers as a subsidy for the management of Amazonian species. Papers focused on basic 

reproductive aspects, which are extremely relevant data for adequate fisheries management, 

were a trend between the 1970s and 1990s, and along with data on diversity and abundance 

were the most common/traditional studies with BAC elasmobranchs. Along with the global 

trend to guide threatened species conservation, from the 1980s onwards, there was an increasing 

interest to collect fisheries data, in addition to assessing the local production chain and the 

commercial potential of elasmobranch fishing. From the 1990s, the impacts of commercial 

fishing in the region began to be quantified, indicating that elasmobranch fishing could not be 

as sustainable as initially proposed.  

The panorama of studies presented here can assist researchers and managers, directing their 

efforts towards knowledge gaps that hinder decision-making and the effective conservation of 

threatened species. Much remains to be done, as the BAC is home to endemic species at high 

risk of extinction and also species listed as DD, for which information for proper risk 

assessment are not available. Moreover, the overall level of basic biology on species described 

in the region is low. Thus, future studies must consider research areas still neglected (i.e., 

fisheries management, spatial ecology, conservation physiology, local ecological knowledge, 

and applied conservation), specific demands for the creation of recovery plans (i.e., survival 

rates, sublethal effects of capture and alternative options to mitigate incidental capture and 

associated mortality) and also in generating basic biology data for species found in the region. 

Even though many data needed for proper conservation are lacking, it is imperative that the 

region starts to mobilize efforts to implement management measures, as waiting until the 

necessary data are available may be too late for some species, as is the case of I. oxyrhynchus, 

S. tudes, C. porosus and many others. 

Lastly, as the REVIZEE Program was one of the reasons for the improvement in the available 

information on BAC elasmobranchs, it is imperative that initiatives as REVIZEE be promoted. 

Furthermore, current knowledge of most commonly employed fishing modalities (i.e., trawling 

and gillnetting) cannot be overestimated as the information is either scarce or out-of-date as 

most information was collected several decades ago, thus emphasizing the importance of 

resuming monitoring programs. 
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Abstract 

The diversity of popular names used in fish nomenclature off the Brazilian coast makes it 

difficult to identify species, as many names have their origins in indigenous languages, mainly 

Tupi-Guarani. This study sought to understand and update the list of main popular names and 

assess some ethnotaxonomic patterns employed by artisanal fishers from the Brazilian Amazon 

Coast in naming elasmobranchs. Interviews with 314 fishermen from 17 coastal municipalities 

were carried out employing a semi-structured form, banners and photographic records of local 

elasmobranch species, addressing characteristics applied to species identification. A total of 

130 ethnospecies were identified (113 names in Portuguese and 17 of Tupi-Guarani origin) for 

the identification of 22 and 18 species of sharks and rays, respectively. The highest degree of 

homonyms occurs interspecifically for the Dasyatidae, Mobulidae, Pristidae, Urotrygonidae, 

Carcharhinidae, Sphyrnidae and Triakidae families. Sphyrna tiburo and Hypanus guttatus 

comprised the taxa with the highest diversity of common names. Morphological characteristics 

such as shape, colors, texture and size of certain body parts are the ethnotaxonomic patterns 

most applied in shark and ray identification. We conclude that the use of common names for 

elasmofauna facilitates communication between fishers and that the scientific approach to this 

local ecological knowledge is fundamental for the management and sustainability of fisheries 

in the long term. 

Keywords: Ethnobiology; Ethnospecies; Local Ecological Knowledge; Chondrichthyes. 

Introduction 

Traditional communities inhabiting coastal Brazilian regions attribute a great diversity of 

popular names to marine fish and other nature elements (Freire and Carvalho-Filho, 2009; 

Barbosa-Filho et al., 2021). The diversity of names employed by fishers and fish consumers is 
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due to multiple factors, including country size, regional disparities, colonization processes, and 

the complexities of Brazilian culture (Amorim, 2005; Freire and Pauly, 2005; Rodrigues, 2016; 

Mourão and Barbosa-Filho, 2018). Many of the popular plant and animal names in Brazil have 

their origins in Tupi-Guarani linguistics (Barbosa, 1951). Since its colonization, the Portuguese 

language spoken in Brazil has been marked by the Tupi linguistic trunk, which is manifested in 

the names of places, landscape landmarks, animals, plants, and food (Dietrich and Noll, 2016a). 

This stems from the relations established during the colonial period between the Portuguese 

and Tupi-Guarani natives inhabiting the Brazilian coast, especially the Tupinambá people, 

whose loans and cultural exchanges were historically documented through linguistic contacts 

and the absorption of numerous Amerindian words in the Portuguese language spoken in Brazil 

(Dietrich, 2016). 

 In the first half of the 16th century, Tupinambá was widely spoken in Brazilian coastal 

zones and estuarine areas, as well as in some inland areas (Rodrigues, 2016). Its dispersion 

followed the migratory flows of indigenous people and was adopted in Jesuit missions between 

the 16th and 17th centuries, while other languages of Tupi origin were spoken in other regions 

of the country (Dietrich and Noll, 2016b). However, Tupinambá fell into disuse with the 

genocide of Tupinambá natives due to epidemics and the catechization process and subsequent 

religious assimilation (Rodrigues, 2016). From the 19th century, the term "Tupi" refers to a 

complex linguistic combination, comprising Tupinambá, on which most colonial languages are 

based on, the Brasilic language used in Jesuit missions, the language spoken in São Paulo on 

the Piratininga plateau – the first colonizing nucleus towards the Southeast, and the Amazonian 

language used in settlements of indigenous people of different ethnic origins in the Grão-Pará 

Jesuit missions (Dietrich, 2016). "Tupi" has also been applied as a generic term since the 16th 

century to designate indigenous populations along the Brazilian coast (Rodrigues, 2016). With 

the intensified contact between the Portuguese and Brazilian natives, both were learning to use 

each other's language, mixing, exchanging, and building a common language that has 

influenced the current language spoken in Brazil.  

 The growing need to include traditional communities and natural resources users in 

biodiversity management and conservation has shown traditional ecological knowledge to be a 

promising tool (Barbosa-Filho et al., 2021; Ferreira-Araujo et al., 2021; Giareta et al., 2021; 

Rodrigues et al., 2021; Silva et al., 2021). For example, ethnotaxonomy can be applied to 

improve and adapt management plans, as the use of inclusive language increases the chances 

of traditional communities understanding what is being proposed and for which species. 

Ethnotaxonomy translations can also fill knowledge gaps regarding target-species biology and 
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ecology, particularly in underdeveloped/developing data-poor countries such as Brazil (Mourão 

and Barbosa-Filho, 2018; Ladislau et al., 2021). Concerning artisanal fisheries, traditional 

fisher knowledge is of great value, as fishing is very spread out and landings are difficult to 

monitor. In Brazil, elasmobranch fishing is a traditional activity, with several coastal 

communities engaged in the capture and trade of sharks and rays (Carvalho et al., 2018; Martins 

et al., 2018; Barbosa-Filho et al., 2019; Aragão et al., 2019; Barbosa-Filho et al., 2021). 

Although not entirely a subsistence activity, elasmobranch fishing guarantees the financial gain 

of many families under socio-economic vulnerability conditions, as well as food security in 

many regions of the country (Nunes et al., 2005; Pinto et al., 2015; Dias et al., 2016; Martins et 

al., 2018; Viana and Souza, 2019; Araujo et al., 2020). The point of concern is that sharks and 

rays are now among the most threatened vertebrates worldwide, with population declines that 

seriously compromise their sustainable use (Dulvy et al., 2021; Pacoureau et al., 2021). The 

situation is critical in Brazil, as official fisheries statistics are absent since 2011, and legislation 

towards elasmobranch conservation is rarely met, mainly due to a lack of enforcement and 

incentive programs aiming at reducing elasmobranch catches. Moreover, the vast majority of 

species captured incidentally are retained and traded, posing additional pressure to 

elasmobranchs throughout the Brazilian Exclusive Economic Zone. 

 The Brazilian Amazon coast (BAC) is listed as a global conservation hotspot, mainly 

due to the significant number of local endemic species threatened with extinction (Dulvy et al., 

2014). The region has a large artisanal fleet that captures elasmobranchs throughout the year, 

capturing mostly juveniles and pregnant females (Lessa and Silva, 1992; Lessa et al., 1999; 

Almeida et al., 2000; Gonçalves, 2004; Nunes et al., 2016; Araujo et al., 2020). Members of 

fishing communities are mostly citizens suffering great social vulnerability, marginalization 

and being deprived of access to basic health, education, and adequate living conditions. The 

management of endangered species in the Brazilian Amazon region is very challenging, and 

human dimensions are constantly overlooked in decision-making processes. In order to improve 

shark and ray management in the region, traditional communities should be not only considered 

in decision-making processes, but also their knowledge and demands in conservation planning. 

This includes access to regional ethnotaxonomy, especially considering the barriers imposed 

by poor access to basic education and the complexity of the language used in legal/punitive 

measures (e.g., list of banned species). 

In this context, the present study aims to update the list of popular names of sharks and 

rays used by traditional communities inserted in the BAC and identify ethnotaxonomic patterns 

applied in the identification and classification of captured species marketed by local artisanal 
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fleets as a way to reduce the linguistic distance between academia, policy makers and fisheries 

resource users. 

Material and Methods 

 Study Area 

The data were collected along the coast of the state of Maranhão, which extends from the mouth 

of the Gurupi River to the mouth of the Parnaíba River, approximately 640 km in length 

(IMESC, 2020). This coastline comprises three Environmental Protection Areas (EPA) with 35 

municipalities, an estimated population of over two million inhabitants, and is part of the BAC 

(IBGE, 2020) (Fig. 1). 

 

Fig. 1. Delimitation of Environmental Protection Areas and the 17 municipalities that make up 

the study area on the coast of the state of Maranhão, located on the Brazilian Amazon Coast. 

The western coast comprises the Reentrâncias Maranhenses Environmental Protection 

Area (EPA). This area is characterized by an expressive set of islands, peninsulas, and bays, cut 

by rivers, streams and tidal channels filled with clay and silt that favor mangrove development 

(Castro et al., 2019) with high fishing resource productivity, representing a source of food and 
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work for most coastal and riverside populations, especially low-income communities (IMESC, 

2020). The central part comprises the Golfão Maranhense, an estuarine complex formed by 

three bays, several river discharges sites and the island of Maranhão (Castro et al., 2019), as 

well as the Upaon Açu - Miritiba - Alto do Rio Preguiças EPA. The latter displays paramount 

importance concerning the region's high commercial value fishing resources, such as Acoupa 

weakfish Cynoscion acoupa (Lacepède, 1801) and Serra Spanish mackerel Scomberomorus 

brasiliensis Collette, Russo & Zavala-Camin, 1978 (IMESC, 2020). The eastern coast 

comprises the Foz do Rio das Preguiças - Pequenos Lençóis - Adjacent Lagoon Region EPA 

(IMESC, 2020), marked by a straight coastline, tidal terraces, fixed and mobile dunes, 

mangroves, beaches, bays, islands, coves and the Parnaíba River delta (El-Robrini et al., 2018) 

(Fig. 1). 

Data collection and analysis 

Monthly interviews were carried out with artisanal fishers from December 2019 to 

October 2020 in the main Alcântara, Apicum Açú, Barreirinhas, Cândido Mendes, Carutapera, 

Cedral, Cururupu, Guimarães, Humberto de Campos, Icatú, Paço do Lumiar, Porto Rico, 

Primeira Cruz, Raposa, São José de Ribamar, Turiaçú and Tutóia ports (Fig. 1). The interviews 

took place over three days with a daily effort of eight hours at each location, when the 

interviewees were performing fishing gear maintenance, vessel repairs or following fish 

landings.  

The interviews took place individually through a semi-structured form, visually 

stimulated by banners (Fig. 2) and photographic records of local elasmobranchs (see Wosnick 

et al., 2019), focusing on their common names and external characteristics used for species 

identification. During the interviews, fishers were also asked about the species that were caught 

in abundance in the past and that have disappeared, species currently hardly caught at all and 

species not recorded for the region. The obtained information was compared with available 

literature (Martins-Jura et al., 1987; Stride et al., 1992; Nunes et al., 2005; Almeida, 2008; 

Almeida et al., 2011; Nunes et al., 2011; Marceniuk et al., 2020). In addition, an additional 

search on local fauna records from the 17th century was carried out to understand the origins, 

historical records and diversity of popular names applied to elasmobranchs. 
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Fig. 2. Interviews and data collection in the municipalities of Carutapera (A) - West Coast, 

Tutóia (B) - East Coast and Raposa (C) - Golfão Maranhense, in the state of Maranhão. 

Data were quantitatively analyzed to obtain the total common names and relative 

frequencies (Fr) of citations for each species, as well as the total percentage of each common 

name cited in relation to all species identified by fishers. 

Linguistic considerations 

In the present study, common names were considered non-scientific nomenclature employed 

by fishing communities and fish consumers for the identification of morphological entities and, 

therefore of no official taxonomic nature. Synonymy was considered as the use of different 

common names applied to the same species (Minelli, 1999), while homonymy was considered 

when at least two distinct species were associated with the same common name (Papavero, 

1994). Polysemy cases were associated with generalized naming conditions regarding initial 

species identification (e.g., “arraia” or “cação”) (Martins 2015). The richness of common names 

was evaluated by the sum of synonyms and homonyms (Minelli 1999). The observed variation 

was subtle in many cases, but details were also considered as a possible variation of diachronic 

origin, which consists of slightly modified forms due to divergences over time (e.g., “arraia-

lixa” or “raia-lixa”), or of diatopic origin, slightly different nominal forms for the same species 

as a result of regionalisms (e.g., “cação-junteiro”, “juntão”, “junteiro” or “tubarão-junteiro”). 

 

A 

B C 



67 

 

Results 

A total of 314 artisanal fishers from 17 municipalities were interviewed (  18,47 ± 8,68 

fishers/municipality), numbering a minimum of five fishers from Primeira Cruz and a 

maximum of 35 fishers from Cândido Mendes. All fishers were men and most were from the 

state of Maranhão (90%; n = 282), mainly residing in the municipalities of Cururupu, Cândido 

Mendes and Turiaçú, while other fishers (10%; n = 32) were from other states, such as Ceará, 

Pará and Piauí. Fishers’ age ranged from 20 to 83 years old (  47 years) and time acting as 

fishers ranged from two to 72 years (  30 years). 

All fishers identify elasmobranchs as “leather fish”, informally classifying them in the 

“sharks or cação family” or “ray family”. A total of 14 taxonomic families were recorded (five 

shark and nine ray families), comprising 40 species (22 sharks and 18 rays), resulting in 130 

common names and an average of 3.25 names per species (Fig. 3; Table 1 and Table 2). 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Hierarchical diagram of shark and ray families with their common names associated to 

their respective scientific names cited by artisanal fishers on the coast of the state of Maranhão, 

located on the Brazilian Amazon Coast. 

Leather Fishes 

Family 
Family 

boneta 

C. falciformis 

tubarão-lombo- 
preto 

C. acronotus 

cação-flamengo 

sacuri-  
branco 

tubarão-flamengo 

C. leucas 

tubarão-cabeça-
chata 

tubarão-boca- 
redonda 

tubarão-galha- 
preta 

C. limbatus 

sacuri-da-galha- 
preta 

C. longimanus 

tubarão-galha- 
branca 

cação-fidalgo 

C. obscurus 

tubarão-fidalgo 

fidalgo 

C. perezi 

cação-azul 

cabeça-  
de-cesto 

C. plumbeus 

cação-abudo 

cação-galhudo 

barriga-d’água 

cação- 
baía 

cação- 
baiacu 

C. porosus 

cação-junteiro 

juntão 

junteiro tubarão-junteiro 

G. cuvier 

tubarão-tigre 

cação-tigre 

tintureira cacam 

jaguara 

guajará 

cara-de-pato 

I. oxyrhynchus 

cação-bicudo 

cação- 
quati 

cação- 
tapogi 

R. lalandii 

cação-frango 

figuinho 

R. porosus 

cação-figuinho 

figuinho 
rabo- 
seco 

G. cirratum 

cação- 
lixa 

barroso 

tubarão- 
lixa 

arumaru 

guaromaru 

lambaru urumaru 

Isurus 
oxyrinchus 

mako 

S. lewini panã-branco 

cação- 
rudela S. media 

S. mokarran 

panã-preto 

rudela 

rodela 

cação-rudela 

sirizeira 

S. tiburo cação-martelo 

cornudo 

tubarão-martelo 

panã-  
preto 

panãpanã 

S. tudes 

cação-  
rudela 

panã-  
amarela 

M. canis 

cação- 
canejo 

sebastião 

tubarão- 
canejo 

tubarão- 
sebastião 

tubarão- 
sebastião 

M. higmani 
cação-canejo 

sebastião 

tubarão-canejo 

cação-diabo 

ethnobiological taxon 

biological taxon 
S. schmardae 

F. geijskesi 

raia-morcego 

carapirá 

arraia-morcego 

jabebyretê 

raia-bicuda 

H. guttatus 

arraia-prego 

raia-lixa 

arraia-lixa 

arraia-bicuda jabubira 

raia-jarabuibura 

jabybúra 

A. narinari 

raia-pintada 

raia-chita 
arraia-pintada 

H. berthalutzae 

raia-prego 

H. marianae 

raia-  
amarela 

raia-  
olhuda 

H. say 

arraia- 
amarela 

raia-da-
pedra 

raia- 
pedra 

P. violacea 

raia-prego 

cação-espadarte raia-serra 

P. pristis 

P. pectinata 

peixe-serra 

araguaguá araoába 

N. brasiliensis 

raia-elétrica 

raia-treme-treme 

G. micrura 

arraia-bate 

raia-manteiga 

raia-bate 

R. bonasus 

arraia-jamburana 

arraia-jamborana 

raia-boi 

jaburana 

M. birostris 

M. hypostoma 

arraia-gaveta 

raia-gaveta 

raia-jamanta 

jamanta 

U. microphthalmum 

U. venezuelae 

arraia-de-fogo 

foguinho 

raia-de-fogo 

P. percellens 

cação-viola 

raia-viola 
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Ethnospecies were named in both Portuguese and Tupi-Guarani. Most common names 

were in Portuguese (87%; n = 113; 61 for sharks and 52 for rays) (Table 1) compared to Tupi-

Guarani (13%; n = 17, nine for sharks and eight of rays) (Fig. 4 and Table 2). 

 

Fig. 4. Percentage of common names with Portuguese and Tupi-Guarani origin applied to the 

identification of ethnospecies by artisanal fishers on the coast of the State of Maranhão, located 

on the Brazilian Amazon Coast. 

Both simple names (e.g., “boneta”) and compound names (e.g., “tubarão-lombo-preto”) 

are noted among the cited common names in Portuguese. Compound names usually contain the 

prefixes “Cação”, “Tubarão”, “Sacuri”, “Panã”, “Raia” and “Arraia” as polysemic forms for 

designating a group (shark or ray) or the initial name of a given species (e.g., “cação-rudela”) 

(Table 1). For rays belonging to the Pristidae and Rhinobatidae families, the use of the term 

“cação” was predominant (e.g., “cação-viola” for Pseudobatos percellens and “cação-

espadarte” for Pristis pristis and/or Pristis pectinata) (Table 1). Interestingly, 65% of fishers (n 

= 205) reported that they had never caught or seen a “cação-espadarte” (i.e., sawfish, Pristidae) 

(Table 1).  

Common names derive from a series of morphological, ecological, behavioral, or 

physiological characteristics (Table 1). The fishers name, identify and classify sharks and rays 

mostly based on morphological attributes (56%; n = 175), such as body shape and color, body 

part size and texture, at 50%, 25%, 15% and 10% of citations, respectively (e.g., “sacuri-

branco”, Carcharhinus acronotus and “raia-bicuda”, Hypanus guttatus). Fishers also use 

ecological attributes (18%; n = 57), such as the type of consumed food and habitat or type of 

substrate where the species is usually found (e.g., “raia-pedra”, Hypanus say). Behavioral 
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attributes (15%; n = 47) such as the ability to produce sounds underwater, strength, and 

endurance (e.g., “tubarão-boca-redonda”, Carcharhinus leucas), and physiological attributes 

(11%; n = 35), such as the ability to produce electrical discharges and inoculate venom (e.g., 

“raia-elétrica”, Narcine brasiliensis e “raia-de-fogo”, Urotrygon microphthalmum), are also 

applied (Table 1). 

Historical documents (Prazeres, 1891; Carvalho, 1964; D’Abbeville, 2008) also indicate 

the description of some elasmobranchs based morphological characteristics, as in the case of 

Galeocerdo cuvier, Ginglymostoma cirratum, Sphyrna tiburo, Aetobatus narinari and Hypanus 

guttatus (Table 3). 

Regarding linguistic considerations, homonyms occur most frequently among species 

belonging to the same ray families (62%), such as Dasyatidae (Hypanus berthalutzae and 

Pteroplatytrygon violacea), Mobulidae (Mobula birostris and Mobula hypostoma), Pristidae 

(P. pristis and P. pectinata) and Urotrygonidae (Urotrygon microphthalmum and Urotrygon 

venezuelae) (Table 1). Homonyms between species from different families, however, are also 

noted, such as Potamotrygonidae (Styracura schmardae) and Urotrygonidae (U. 

microphthalmum and U. venezuelae) (Table 1). Regarding sharks, homonymy is most frequent 

(38%) for Carcharhinidae (Rhizoprionodon lalandii and Rhizoprionodon porosus), Sphyrnidae 

(Sphyrna lewini, Sphyrna mokarran, Sphyrna tiburo and Sphyrna tudes) and Triakidae 

(Mustelus canis and Mustelus higmani) (Table 1). 

Concerning synonymy, averages of 3.18 and 3.33 names per species were identified for 

sharks and rays, respectively (Table 4 and Table 5). Regarding sharks, Sphyrna tiburo 

(Linnaeus, 1758) was given the greatest diversity of common names (n = 8), displaying the 

highest relative frequency (11.43%) and citations (6.15%) (Table 1, Table 2 and Table 4). 

Carcharhinus falciformis, C. longimanus, Isurus oxyrinchus and Sphyrna media, on the other 

hand, were all identified by a single common name throughout the entire study area (Table 1 

and Table 4). For rays, Hypanus guttatus (Bloch & Schneider, 1801) was given the highest 

number of common names (n = 9), displaying the highest relative frequency (15%) and citations 

(6.92%) (Table 1, Table 2 and Table 5). Interestingly, P. violacea and H. berthalutzae were 

both recognized by the same common name (“raia-prego”) (Table 1 and Table 5). 
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Table 1 - Families, Species and Common Names in Portuguese of the ethnospecies cited by artisanal fishers from the Brazilian Amazon Coast 

associated with ethnotaxonomic characteristics. 

Family Species Common names  Ethnotaxonomic features 

Carcharhinidae 

Carcharhinus 

acronotus (Poey, 

1860) 

cação-flamengo, sacuri-

branco or tubarão-

flamengo. 

“When young, this shark has a soft and very tasty 

meat..., it is small, when bigger it reaches up to one 

meter and has a black dot on the tip of its nose” 

(Morphological ethnotaxonomy – body size and 

head color). 

Carcharhinus 

falciformis (Müller & 

Henle, 1839) 

tubarão-lombo-preto. - - - - - 

Carcharhinus leucas 

(Müller & Henle, 

1839) 

tubarão-cabeça-chata or 

tubarão-boca-redonda. 

“This shark snores a lot under the boat, it makes a 

lot of noise” (Behavioral Ethnotaxonomy). 

“It has a lot of strength and is too angry..., it takes a 

long time to die in the fishing net, it is very 

resistant” (Behavioral and physiological 

ethnotaxonomy). 

“This animal's head is flattened to the tip of its nose 

and its mouth is huge” (Morphological 

ethnotaxonomy – head shape). 

Carcharhinus limbatus 

(Müller & Henle, 

1839) 

sacuri-da-galha-preta or 

tubarão-da-galha-preta. 
- - - - - 

Carcharhinus 

longimanus (Poey, 

1861) 

tubarão-galha-branca. - - - - - 



71 

 

Carcharhinus 

obscurus (Lesueur, 

1818) 

cação-fidalgo, fidalgo or 

tubarão-fidalgo. 
- - - - - 

Carcharhinus perezi 

(Poey, 1876) 

cabeça-de-cesto or 

cação-azul. 
- - - - - 

Carcharhinus 

plumbeus (Nardo, 

1827) 

cação-abudo, barriga-

d’água, cação-baía, 

cação-galhudo or cação-

baiacu. 

- - - - - 

Carcharhinus porosus 

(Ranzani, 1839) 

cação-junteiro, juntão, 

junteiro or tubarão-

junteiro. 

- - - - - 

Galeocerdo cuvier 

(Péron & Lesueur, 

1822) 

cação-tigre, tintureira or 

tubarão-tigre. 

“This shark is easy to identify because it has spots 

on its body” (Morphological ethnotaxonomy – 

body color). 

Isogomphodon 

oxyrhynchus (Müller 

& Henle, 1839) 

cara-de-pato, cação-

bicudo, cação-quati or 

cação-tapogi. 

“This shark has a head that thins and flattens up to 

the nose” (Morphological ethnotaxonomy – head 

shape). 

Rhizoprionodon 

lalandii (Müller & 

Henle, 1839) 

cação-frango or figuinho. - - - - - 

Rhizoprionodon 

porosus (Poey, 1861) 

cação-figuinho, figuinho 

or rabo-seco. 
- - - - - 

Ginglymostomatidae 

Ginglymostoma 

cirratum (Bonnaterre, 

1788) 

barroso, cação-lixa or 

tubarão-lixa. 

“Where there is mud, you can throw a net, because 

this shark likes muddy environments” (Ecological 

Ethnotaxonomy – Habitat). 

“The skin of this shark is like sandpaper” 

(Morphological ethnotaxonomy – body texture). 
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Lamnidae 
Isurus oxyrinchus 

Rafinesque, 1810 
mako - - - - - 

Sphyrnidae 

Sphyrna lewini 

(Griffith & Smith, 

1834) 

cação-rudela or panã-

branco. 

“This panã (shark) is easy to find when we are out 

there, it lives in the high seas” (Ethnotaxonomy 

ecological – habitat). 

Sphyrna media 

Springer, 1940 
boneta. - - - - - 

Sphyrna mokarran 

(Rüppell, 1837) 
panã-preto or rudela. - - - - - 

Sphyrna tiburo 

(Linnaeus, 1758) 

cação-martelo, cação-

rudela, cornudo, rodela, 

sirizeira or tubarão-

martelo. 

- - - - - 

Sphyrna tudes 

(Valenciennes, 1822) 

cação-rudela or panã-

amarela. 

“This shark has a hammer-shaped head and is 

yellow on the underside of its head” 

(Morphological ethnotaxonomy – head shape and 

color). 

Triakidae 

Mustelus canis 

(Mitchill, 1815) 

cação-canejo, sebastião, 

tubarão-canejo or 

tubarão-sebastião. 

- - - - - 

Mustelus higmani 

Springer & Lowe, 

1963 

cação-canejo, cação-

diabo, sebastião, tubarão-

canejo or tubarão-

sebastião. 

- - - - - 

Aetobatidae 
Aetobatus narinari 

(Euphrasen, 1790) 

arraia-pintada, raia-

pintada or raia-chita. 

“This stingray is called a spotted stingray because 

its entire top body has white spots and it is easy to 

know when it is this species” (Morphological 

ethnotaxonomy – body color). 
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“When it's sururu time, this ray shoals into the 

mouth of the river to eat this shellfish” (Behavioral 

and ecological ethnotaxonomy). 

Dasyatidae 

Fontitrygon geijskesi 

(Boeseman, 1948) 

arraia-morcego, raia-

morcego or carapirá. 

“This ray has very large fins, even more so when 

you consider the big ones” (Morphological 

ethnotaxonomy – body size and shape). 

Hypanus berthalutzae 

Petean, Naylor & Lima 

2020 

raia-prego. - - - - - 

Hypanus guttatus 

(Bloch & Schneider, 

1801) 

arraia-bicuda, arraia-

prego, arraia-lixa, raia-

lixa or raia-bicuda. 

“The sea of Maranhão was made for this ray, just 

cast a net from end to end of this coast and you 

catch this fish, there are too many” (Ecological 

ethnotaxonomy - habitat).  

“Its skin is like sandpaper, even more so when you 

consider the big ones... you can even scrape the hull 

of the boat” (Morphological ethnotaxonomy – body 

texture). 

Hypanus marianae 

(Gomes, Rosa & 

Gadig, 2000) 

raia-amarela or raia-

olhuda 

“This ray is called this because it has very large 

eyes that sticks out of its head” (Morphological 

ethnotaxonomy – shape of the eyes on the head). 

Hypanus say (Lesueur, 

1817) 

arraia-amarela, raia-da-

pedra or raia-pedra. 

“This stingray likes stony bottoms, that's why it’s 

called the stone ray” (Ecological Ethnotaxonomy – 

Habitat). 

Pteroplatytrygon 

violacea (Bonaparte, 

1832) 

raia-prego - - - - - 

Gymnuridae 

Gymnura micrura 

(Bloch & Schneider, 

1801) 

arraia-baté, raia-baté or 

raia-manteiga. 

“This stingray is yellow on the underside of its 

body; it really looks like butter” (Morphological 

ethnotaxonomy – body color). 
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Mobulidae 

Mobula birostris 

(Walbaum, 1792) 

arraia-gaveta, raia-

gaveta, raia-jamanta or 

jamanta. 

“This ray has some white spots near the head, the 

other manta rays don’t” (Morphological 

ethnotaxonomy – body color). 

“We know that this ray is in the water when it is 

above the water hitting its big fins or when it gets 

caught in the net; in that case, it drags the boat for 

many meters; it's a loss, we have to cut the nets and 

lose everything” (Morphological ethnotaxonomy – 

body size and shape). 

Mobula hypostoma 

(Bancroft, 1831) 

arraia-gaveta, raia-

gaveta, raia-jamanta or 

jamanta. 

- - - - - 

Myliobatidae 
Rhinoptera bonasus 

(Mitchill, 1815) 

arraia-jamburana, arraia-

jamborana, jaburana or 

raia-boi. 

“This ray has a head similar to that of an ox, even 

the eyes look very much like an ox’s” 

(Morphological ethnotaxonomy – head shape). 

Narcinidae 
Narcine brasiliensis 

(Olfers, 1831) 

raia-elétrica or raia-

treme-treme. 

“I want to get away from this animal, fish from 

hell, it gives a huge shock, and it hurts” 

(Physiological ethnotaxonomy – act of shocking). 

Pristidae 
Pristis pristis 

(Linnaeus, 1758) 

cação-espadarte, raia-

serra or peixe-serra. 

“This fish is easy to identify because of the katana 

sword, but they have not appeared in these waters 

for a long time” (Morphological ethnotaxonomy – 

body shape). 

“I only hear about this animal, but I've never seen 

it, I want to see it... my father caught a lot in the 

past” (Common citation). 

“About three years ago, one appeared here at half a 

meter in size, which caused a lot of confusion 

because many people did not know this animal, 

including an old fisher who had never seen it” 
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(Report of a fisher in the municipality of Cedral-

MA). 

Pristis pectinata 

(Latham, 1794) 

cação-espadarte, raia-

serra or peixe-serra. 

“There is a beach called Espadarte Beach, because 

we used to go there just to kill these animals years 

ago, often just to get the katana to sell” (Report of a 

fisherman over 80 years old from the municipality 

of Barreirinhas- BAD). 

Potamotrygonidae 
Styracura schmardae 

(Werner 1904) 

arraia-de-fogo, foguinho 

or raia-de-fogo. 

“Another animal that I want to stay away from, it 

even walks in the mud and runs after us to hurt you 

with its sting” (Behavioral Ethnotaxonomy). 

Rhinobatidae 

Pseudobatos 

percellens (Walbaum, 

1792) 

cação-viola or raia-viola. 
“This ray has a body like a guitar” (Morphological 

ethnotaxonomy – body shape). 

Urotrygonidae  

Urotrygon 

microphthalmum 

Delsman, 1941 

arraia-de-fogo, foguinho 

or raia-de-fogo. 

“The sting of this stingray hurts so much, even 

more when we are removing the nets, then it takes 

advantage of it” (Physiological Ethnotaxonomy). 

Urotrygon venezuelae 

Schultz, 1949 

arraia-de-fogo, foguinho 

or raia-de-fogo. 
- - - - - 
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Table 2 - Families, Species and Common Names in Tupi-Guarani of the ethnospecies cited by artisanal fishers from the Brazilian Amazon 

Coast associated and their respective meanings.  

Family Species Common names Meaning 

Carcharhinidae 
Galeocerdo cuvier (Péron 

& Lesueur, 1822) 
cacam, jaguara or guajará. Big fish, huge size. 

Ginglymostomatidae 
Ginglymostoma cirratum 

(Bonnaterre, 1788) 

arumaru, guaromaru, 

lambaru or urumaru.  
- - - - - 

Sphyrnidae 
Sphyrna tiburo (Linnaeus, 

1758) 
panãpanã or panã. - - - - - 

Dasyatidae 
Hypanus guttatus (Bloch & 

Schneider, 1801) 

jabubira, jabebyretê, 

jabybúra or raia-jarabuibura. 
Swollen, lumpy or blistered skin. 

Pristidae 

Pristis pristis (Linnaeus, 

1758)  
araguaguá or araoába. - - - - - 

Pristis pectinata (Latham, 

1794) 
araguaguá or araoába. - - - - - 
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Table 3 - Families and species identified in Maranhão waters in the 17th century (historical documents). 

Family Species Morphological description 

Carcharhinidae 

Galeocerdo cuvier 

(Péron & Lesueur, 

1822) 

“A dangerous fish of the sea”, it only serves to do harm, especially to shipwrecked 

people and bathers, comparable to the jaguar, and can reach six meters or more in 

length; we only use the liver for the oil... (Carvalho, 1964). 

Ginglymostomatidae 

Ginglymostoma 

cirratum 

(Bonnaterre, 1788) 

Body short, subcylindrical, somewhat tapered and long in the posterior region. An 

obtuse, rather small muzzle is noted, as well as the eyes, which are located in the 

upper third of the head. Size ranging between 1 and 4 meters weighing over 150 

kilos... (Carvalho, 1964). 

Sphyrnidae 
Sphyrna tiburo 

(Linnaeus, 1758) 

This fish has a semicircular cephalic contour and the nostrils are close to the eyes, 

very characteristic for having a small, flattened and spatulate head (Carvalho, 1964). 

Aetobatidae 
Aetobatus narinari 

(Euphrasen, 1790) 

Flatfish similar to stingrays. It is six feet long by six feet wide. The tail is a fathom 

long, and in the center, as in the previous one, a tip, but longer, about a foot long, 

and equally dangerous. This fish is all spotted white and black (D’Abbeville, 2008). 

Dasyatidae 

Hypanus guttatus 

(Bloch & 

Schneider, 1801) 

The young are entirely smooth; adults have a series of spines along the midline of 

the body, up to the caudal dart; some over the shoulder, with a rough upper body 

(Carvalho, 1964). 

Another flatfish, similar to the stingray, but much larger. It is two fathoms long by 

two fathoms wide and a foot thick. It has a tail an arm and a half long, in the center 

of which there is a point, in the shape of a dart, much larger than a finger, and 

whose wound is very dangerous, to the point that it is often necessary to cut off the 

offended part (D. 'Abbeville, 2008). 
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Table 4 - List of shark species with the number of synonyms, relative frequency (Fr%) and 

percentage of citations by artisanal fishers from the Brazilian Amazon Coast. 

Nº Shark 
Common 

names 
Fr% % Citations 

1 Sphyrna tiburo (Linnaeus, 1758) 8 11.43 6.15 

2 Ginglymostoma cirratum (Bonnaterre, 1788) 7 10.00 5.38 

3 Galeocerdo cuvier (Péron & Lesueur, 1822) 6 8.57 4.62 

4 Carcharhinus plumbeus (Nardo, 1827) 5 7.14 3.85 

5 Mustelus higmani Springer & Lowe, 1963 5 7.14 3.85 

6 Isogomphodon oxyrhynchus (Müller & Henle, 

1839) 

4 5.71 3.08 

7 Mustelus canis (Mitchill, 1815) 4 5.71 3.08 

8 Carcharhinus porosus (Ranzani, 1839) 4 5.71 3.08 

9 Carcharhinus acronotus (Poey, 1860) 3 4.29 2.31 

10 Carcharhinus obscurus (Lesueur, 1818) 3 4.29 2.31 

11 Rhizoprionodon porosus (Poey, 1861) 3 4.29 2.31 

12 Carcharhinus leucas (Müller & Henle, 1839) 2 2.86 1.54 

13 Carcharhinus perezi (Poey, 1876) 2 2.86 1.54 

14 Rhizoprionodon lalandii (Müller & Henle, 1839) 2 2.86 1.54 

15 Sphyrna lewini (Griffith & Smith, 1834) 2 2.86 1.54 

16 Sphyrna mokarran (Rüppell, 1837) 2 2.86 1.54 

17 Sphyrna tudes (Valenciennes, 1822) 2 2.86 1.54 

18 Carcharhinus limbatus (Müller & Henle, 1839) 2 2.86 1.54 

19 Carcharhinus falciformis (Müller & Henle, 1839) 1 1.43 0.77 

20 Carcharhinus longimanus (Poey, 1861) 1 1.43 0.77 

21 Isurus oxyrinchus Rafinesque, 1810 1 1.43 0.77 

22 Sphyrna media Springer, 1940 1 1.43 0.77 

TOTAL 70 100.00  
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Table 5 - List of ray species with the number of synonyms, relative frequency (Fr%) and 

percentage of citations by artisanal fishers from the Brazilian Amazon Coast. 

Nº Ray 
Common 

names 
Fr% 

% 

Citations 

1 Hypanus guttatus (Bloch & Schneider, 1801) 9 15.00 6.92 

2 Pristis pristis (Linnaeus, 1758) 5 8.33 3.85 

3 Pristis pectinata (Latham, 1794) 5 8.33 3.85 

4 Mobula birostris (Walbaum, 1792) 4 6.67 3.08 

5 Mobula hypostoma (Bancroft, 1831) 4 6.67 3.08 

6 Rhinoptera bonasus (Mitchill, 1815) 4 6.67 3.08 

7 Fontitrygon geijskesi (Boeseman, 1948) 3 5.00 2.31 

8 Hypanus say (Lesueur, 1817) 3 5.00 2.31 

9 Gymnura micrura (Bloch & Schneider, 1801) 3 5.00 2.31 

10 Urotrygon microphthalmum Delsman, 1941 3 5.00 2.31 

11 Urotrygon venezuelae Schultz, 1949 3 5.00 2.31 

12 Aetobatus narinari (Euphrasen, 1790) 3 5.00 2.31 

13 Styracura schmardae (Werner 1904) 3 5.00 2.31 

14 Hypanus marianae (Gomes, Rosa & Gadig, 2000) 2 3.33 1.54 

15 Narcine brasiliensis (Olfers, 1831) 2 3.33 1.54 

16 Pseudobatos percellens (Walbaum, 1792) 2 3.33 1.54 

17 Pteroplatytrygon violacea (Bonaparte, 1832) 1 1.67 0.77 

18 Hypanus berthalutzae Petean, Naylor & Lima 

2020 

1 1.67 0.77 

TOTAL 60 100.00  

 

4. Discussion  

The richness of common names (n = 130) in Portuguese or in Tupi-Guarani used by 

artisanal fishers does not necessarily correspond to the number of biological shark or ray 

species, since these common names are usually associated with polysemy, homonyms or 

synonyms cases when naming ethnospecies. 

The polysemy observed in the studied area is high and is generally applied when fishers 

generically identify fish as “Cação”, “Panã”, “Raia” or “Arraia” or classifying them in the 

“shark” or “ray” family. These denominations do not correctly define biological species but 

may reveal the biological diversity that exists in the region. In the northeastern coast of Brazil, 

generic or polytypic taxa are usually associated with the high species richness observed in some 

localities (Previero et al., 2013; Barbosa-Filho et al., 2021) or categories of greater economic 

or sociocultural importance in local fishing communities (Mourão and Montenegro, 2006; 

Silvano and Begossi, 2012; Pinto et al., 2015). This was verified in the present study, given the 
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high richness of elasmobranch species in the study area and the relevance of marine fish as a 

source of subsistence and income on the coast of Maranhão. 

Homonyms are more frequent in rays (62%), mainly due to the phenotypic similarity 

usually observed between different species belonging to the same family. An example of this 

are the manta rays M. birostris and M. hypostoma, which are locally identified as “arraia-

gaveta”, “raia-gaveta”, “raia-jamanta” or simply “jamanta”. Concerning sharks, although a 

lower homonym frequency is observed (38%), a high morphological similarity between 

different species is also noted, such as between M. canis and M. higmani known as “cação-

canejo”, “Sebastião”, “tubarão-canejo” or “tubarão-Sebastião”, as well as between R. lalandii 

and R. porosus identified by “figuinho”, in addition to “cação-frango” and “cação rabo-seco”, 

respectively. This same morphological similarity pattern was observed by Carvalho et al. (2018) 

when studying the ethnotaxonomy of sharks in the state of Rio Grande do Norte, Brazil, where 

R. lalandii and R. porosus have also been recognized as “cação-frango” and “cação rabo-seco”. 

This perception and recognition of biological groupings by humans is based on similarities and 

differences shared between organisms, but the skills required to recognize this variability must 

be developed (Barbosa-Filho et al., 2021). 

The synonymy observed in sharks, with an average of 3.18 common names per species, 

was lower than that observed by Barbosa-Filho et al. (2021) regarding the ethnotaxonomy of 

sharks by fishers in the municipalities of Ilhéus, Una and Canavieiras, in the state of Bahia, 

Brazil, which averaged f 4.8 common names per species. These authors indicated 13 common 

names for S. tiburo, higher than for the same species in our study (n = 8). These differences in 

common names are often justified by geographic variations, linguistic differences, or person to 

person changes (Freire and Pauly, 2005; Freire and Carvalho-Filho, 2009; Last et al., 2016; 

Carvalho et al., 2018). However, when analyzing the popular knowledge of artisanal fishers 

concerning 22 shark species, Carvalho et al. (2018) also identified an average of 3.17 common 

names per species. For stingrays, the highest number of common names for H. guttatus (n = 9; 

five in Portuguese and four in Tupi-Guarani) may be associated with the use of ethnotaxonomic 

characteristics in their identification (e.g., stingray) and their high occurrence along the study 

area (as reported by some fishers: “... just cast the net from one end of the coast to the other and 

you catch this fish”), favoring its availability and commercial value accessible to local 

consumers. 

The national average for Brazil is of six common names for each biological species, but 

some fish species are known by more than 30 common names, in addition to higher-level 
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taxonomic groups that include different families, genera, and species that are referred to by a 

single common name (Freire and Pauly, 2005), as in the case of rays (“raia” or “arraia” in 

Brazilian Portuguese). For taxa displaying high synonymy, the insertion of “notes” is 

recommended for reviews, catalogs and other publications, to avoid naming errors (Papavero, 

1994). 

Many common fish names reflect fisher local ecological knowledge (Mourão and 

Barbosa-Filho, 2018). All artisanal fishers who participated in this study have fishing as their 

main activity and demonstrate knowledge concerning the biology of the fish they often catch. 

This is reflected in the length of experience in the fishing profession (  30 years), where the 

use of natural aquatic resources is the result of life experience and knowledge. These social 

actors have empirical knowledge that must be respected regarding their behavior in relation to 

the environment when obtaining resources (Mourão and Nordi, 2002) with a wealth of 

information on the biology, ecology and etimology of different groups of animals (Silvano and 

Begossi, 2012; Mourão and Barbosa-Filho, 2018). This knowledge is paramount regarding the 

relational composition of social existence, being transmitted orally and through experience to 

descendants over time in the construction of identity bonds across generations (Aragão et al., 

2019; Aragão, 2021).  

The association of ethnotaxonomic characteristics favors the existence of many common 

names in Portuguese (87%) for shark and ray identification. Morphological aspects are the most 

considered for naming species, highlighting the size or shape of the body, or the texture and 

colors of body parts, which are usually associated with a word (noun or adjective) to designate 

the species. An apt example is the “cação-bicudo” or “cara-de-pato” (transliteration Portuguese 

to English = “beaked shark” or “duckface shark”, respectively) Daggernose shark I. 

oxyrhynchus, which, according to fishers, is named after the shape of its head: “This shark has 

a head that thins and flattens up to the beak”. The Sharpsnout stingray F. geijskesi receives the 

composite name of “raia-morcego” (“bat stingray”) due to the presence and span of its large 

fins. Barbosa and Nascimento (2008) suggest that the use of common names related to other 

animals, objects or actions should be composed to avoid confusion and thus, aid in informal 

species identification. Thus, the use of nouns and adjectives when establishing compound or 

derivative names is extremely important for the determination of a specific taxon (Papavero, 

1994). 

In some cases, different morphological characteristics are considered in the complete 

naming of the species, as in the case of the “panã-amarelo”/Smalleyer hammerhead (“yellow 
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panã”) S. tudes, in which fishers relate the shape of the head with the characteristic color of the 

animal: “This cação has a hammer-shaped head and is yellow on the underside of the head and 

the rest of the body”. In other situations, body shape can confuse fishers as to the difference 

between some species of rays and sharks, as verified in the statement that the “raia-viola”/Chola 

guitarfish P. percellens and the “raias-serras”/Sawfishes P. pristis or P. pectinata are usually 

as “cação-viola” and “cações-espadartes”, respectively, attributing these names due to their 

similarity with cações (sharks). 

The color pattern is the second most applied morphological aspect in species 

identification, such as in the “sacuri-branco”/Blacknose shark C. acronotus (“with a black 

marking on the tip of the nose”) and the Tiger shark G. cuvier (“with markings along the body”), 

or the “raia-manteiga”/Smooth butterfly ray G. micrura (“yellowish color on the underside of 

the body”), the “raia-pintada”/Whitespotted eagle ray A. narinari (“all the upper part of this 

species has white spots”), and the “manta ray”/Giant ray M. birostris (“with some white spots 

near the head”). Colors play a major role in descriptions and are important for the identification 

of the vast majority of plant or animal organisms (Papavero, 1994). In fact, this physical feature 

stands out to the eye, being frequently used in the construction of popular and vernacular 

denominations (Martins, 2015; Mourão and Barbosa-Filho, 2018). 

The size and texture of the body are morphological aspects evidenced in species such as 

the “sacuri-branco”/Blacknose shark C. acronotus (“...it is small, when large it reaches one 

meter...”) and in the Longnose stingray H. guttatus (“its leather is sandpaper..., you can even 

scrape the hull of the boat”). Names in Tupi-Guarani also reveal the same aspects, such as 

“jaguara”, “cacam” or “guajará” (“large fish, of enormous size”, referring to the Tiger shark G. 

cuvier) or “jabubira”, “jabebyretê”, “jabybúra” or “ray-jarabuibura” (“swelled, lumpy or 

blistered skin”, referring to the stingray H. guttatus). However, these and other names in the 

Tupi-Guarani language used to identify sharks and rays, such as “arumaru”, “guaromaru”, 

“lambaru” or “urumaru” (G. cirratum), “panãpanã” or “panã” (S. tiburo) and “araguaguá” or 

“araoába” (P. pristis and P. pectinata) are no longer used by fishers in the region. These names 

are generally used by fishers aged between 50 and 80 years due to contact with older fisher 

generations (e.g., parents and grandparents). A loss of cultural values through applied names is 

verified, due to the lack of interest of young people in fishing. For Pinto et al. (2015), this lack 

of interest occurs due to the lack of investment in storing, processing and marketing fish, in 

addition to low values and the search for new employment opportunities. 
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Morphological characteristics were also widely applied in early descriptions of the local 

aquatic fauna in colonial periods, as observed for the “tubarão-lixa”/Nurse shark G. cirratum 

("...the hide of this dogfish is like sandpaper" or "...obtuse snout, somewhat small, the same is 

noted for the eyes, located in the upper third of the head...”), the hammerhead shark/Bonnethead 

S. tiburo (“... semicircular cephalic contour and the nostrils are close to the eyes...”), the spotted 

ray/Whitespotted eagle ray A. narinari (“...this fish is all spotted white and black”) and the 

“raia-bicuda”/Longnose stingray (beaked ray) H. guttatus (“...the adults have a series of spines 

on the midline of the body, to the tail dart..."). 

The ecological criteria used by fishers reveal much of the habitat of some species, such 

as Nurse shark G. cirratum (“it likes muddy environments”), the “panã-branco”/Scalloped 

hammerhead S. lewini (“it is found out there, in high seas”) and the “raia-pedra”/Bluntnose 

stingray (“rock ray”) H. say (“its likes stony bottoms”). The behavioral and physiological 

criteria reported by fishers indicate certain peculiar characteristics of some species, as observed 

for the “tubarão-boca-redonda”/Bull shark (“roundmouth shark”) C. leucas, which emits 

sounds, making a lot of noise under the boat and is highly resistant when caught, even tearing 

nets or breaking longlines, the “electric ray”/Brazilian electric ray N. brasiliensis, capable of 

producing painful electrical discharges that leave fisher body parts numb for long periods of 

time, and the “raias-de-fogo” (“fire rays”) Chupare stingray S. schmardae and Smalleyed round 

stingray U. microphthalmum that can leave irreparable injuries when piercing the human legs, 

arms or hands with their stinger (see Junior et al., 2013; Dias et al., 2016; and Carvalho et al., 

2019). 

These ethnotaxonomic fish identification patterns are also reported in other 

ethnobiological studies (Mourão and Nordi, 2002, 2003; Pinto et al., 2016; Mourão and 

Barbosa-Filho, 2018), but morphological criteria are generally the most employed in 

elasmobranch identification and naming (Carvalho et al., 2018; Pinto et al., 2016; Barbosa-

Filho et al., 2021). 

All the ethnospecies mentioned by the interviewed fishers match those mentioned in the 

preexisting literature (Spix and Martius, 1829; Barbosa, 1951; Carvalho, 1964; Martins-Jura et 

al., 1987; Stride et al., 1992; Papavero et al., 2000; Nunes et al., 2005; Almeida, 2006; Araujo 

and Gonçalves, 2006; Fortes and Galvão, 2006; Nunes and Santos, 2006; Silva and Paz, 2006; 

Almeida, 2008; D’Abbeville, 2008; Almeida et al., 2011; Nunes et al., 2011; ICMBIO, 2018; 

Marceniuk et al., 2020), with the exception of the “raia-morcego”/Sharpsnout stingray F. 

geijskesi, which was also identified by the name “Carapirá” in the municipality of Carutapera. 
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However, some fisher reports (65%; n = 205) indicate that they had never caught or seen a P. 

pristis or P. pectinata sawfish specimen throughout their years of fishing experience (e.g., “I 

only hear about this animal, but I've never seen it, I’d like to see it...”). The few reports (34.72%) 

concerning species of Pristidae function as historical records of the distribution of their 

populations, indicating occurrence and capture sites of these animals, since the information is 

brought by the oldest fishers in the region and indicate a long time since the last time these 

animals were seend (“...but it has been a long time since they appears in these waters”; “About 

three years ago one appeared here, half a meter in size...”). Fishers from Batoque Beach in the 

state of Ceará, northeastern Brazil, reported that the sawfish P. pristis has not been observed in 

the region for over 40 years (Pinto et al., 2015). In general, fisher reports indicate how much 

these species have been suffering population declines over the years. Feitosa et al. (2017) 

recorded 23 sawfish catches in the region Maranhão Amazon coast between 1984 and 2016, 

and demonstrated that the degradation of these species habitat through mangrove deforestation, 

pollution and strong artisanal fishing pressures are the main factors responsible for the observed 

declines. 

The high diversity of common names used in Brazil to designate fish species is a 

challenge for adequate collection of fish landing data (Freire and Pauly 2003). In this sense, the 

designation of a certain species by several popular names, as well as the use of the same epithet 

to refer to different species, makes it difficult to record species-specific fish in existing landing 

monitoring systems, a fact that limits the possibilities for assessing the impact of fisheries on 

fishery resource populations (Freire and Pauly 2005). For example, the ethnocategory “cação” 

is used to designate a multitude of scientific species from different shark families, and this 

category is usually used in regional fisheries monitoring systems in Brazil to group all locally 

caught shark species (Freire and Pauly 2005; Barbosa-Filho et al. 2021). Such a procedure is 

not very useful in terms of fisheries management, as it makes a basic assessment of the 

population dynamics of the different fishing resources exploited over time unfeasible (Freire 

and Pauly, 2003), a fact that strongly restricts the possibilities of the Brazilian State to 

adequately manage the fishing for elasmobranchs. 

It is verified that, in Brazil, it is usual to group the fishing landings of elasmobranchs 

under the generic categories “cações” and “arraias” in several official documents such as 

evaluations of landings carried out by the public authorities, as well as in research reports and 

scientific articles (Barbosa-Filho et al. 2021; Medeiros et al. 2022). It is possible that the 

challenges inherent in the taxonomic identification of elasmobranch species, the fact that sharks 

are normally landed eviscerated and headless, and the possible negligence of researchers and 
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fisheries managers in carrying out a thorough job of identifying the landed elasmobranch 

species, culminate for this scenario. Given this context, for a more adequate management of the 

elasmobranch fishery in the country, it is essential to link academic knowledge from scientists 

and fisheries managers with those related to the ethnotaxonomy developed by fishermen for the 

construction of a landing data collection system more judicious and fruitful, that is, that seek to 

carry out the species-specific identification of the captured animals. 

Conclusion 

The diversity of common names used to identify different shark and ray species from the 

Brazilian Amazon Coast is a consequence of the high miscegenation rates that took place 

between indigenous and white populations during the colonization process. This linguistic 

richness is easily observed by homonyms and synonyms that reflect a series of ethnotaxonomic 

characteristics employed for species identification. The use of these common names facilitates 

traditional fishing community communication with consumers and civil society. On the other 

hand, this is one of the main difficulties regarding correct species identification. Thus, constant 

updates concerning common names should take place, in order to standardize species 

nomenclature in the region. Finally, fisher knowledge regarding shark and ray names can 

contribute to basic information on elasmobranchs captured throughout the coast of Maranhão 

and species-specific recognition in fishing landing monitoring systems, generating subsidies for 

the development of conservation and management plans for these fishery resources. 
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Impacts of artisanal captures on elasmobranchs in the Brazilian Amazon Coast 

Abstract 

This study focused on identifying the most commonly used artisanal fishing gear to catch 

elasmobranchs in the Brazilian Amazon Coast, evaluating the most harmful equipment to 

elasmobranch populations. We conducted interviews with 314 fishermen in 17 coastal 

municipalities using a semi-structured questionnaires addressing the structure of vessels, 

fishing gear and the elasmobranchs caught in the region. Six fishing gear types were identified 

with a predominance of gillnets and longlines for the capture of elasmofauna throughout the 

coast. The ray species with the highest frequency of captures cited by fishers were Hypanus 

guttatus, Aetobatus narinari, Rhinoptera bonasus, Fontitrygon geijskesi, Gymnura micrura, 

Mobula hypostoma, Mobula birostris and Pseudobatos percellens. In sharks, they were 

Carcharhinus acronotus, Sphyrna tudes, Carcharhinus leucas, Ginglymostoma cirratum, 

Rhizoprionodon porosus, Carcharhinus porosus and Galeocerdo cuvier. However, all 35 

species identified, are susceptible to gillnets and longlines. It is necessary to formulate 

conservation measures and specific management plans for fishing gear, capture areas and the 

most vulnerable species in order to reduce the impacts of captures on population stocks, 

especially for species considered threatened of extinction.  

Keywords: Sharks, Rays, Condrichthyes, Fishing, Gillnet, Longline. 

 

Resumo 

Este estudo teve como objetivo identificar os equipamentos de pesca artesanal mais utilizados 

para a captura de elasmobrânquios no Litoral Amazônico Brasileiro, avaliando os equipamentos 

mais nocivos às populações de elasmobrânquios. Realizamos entrevistas com 314 pescadores 

de 17 municípios litorâneos por meio de questionários semiestruturados abordando a estrutura 

das embarcações, das artes de pesca e dos elasmobrânquios capturados na região. Foram 

identificados seis tipos de artes de pesca com predominância das redes de emalhe e espinheis 

na captura da elasmofauna em todo litoral. As espécies de raias com maiores frequências de 

capturas citadas pelos pescadores foram Hypanus guttatus, Aetobatus narinari, Rhinoptera 

bonasus, Fontitrygon geijskesi, Gymnura micrura, Mobula hypostoma, Mobula birostris e 

Pseudobatos percellens. Nos tubarões foram Carcharhinus acronotus, Sphyrna tudes, 

Carcharhinus leucas, Ginglymostoma cirratum, Rhizoprionodon porosus, Carcharhinus 

porosus e Galeocerdo cuvier. Entretanto, todas as 35 espécies, são suscetíveis às redes de 

emalhe e os espinheis. Faz-se necessária a formulação de medidas de conservação e planos de 

manejo específicos para as artes de pesca, áreas de captura e espécies mais vulneráveis com a 
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finalidade de reduzir os impactos das capturas sobre os estoques populacionais, especialmente, 

para as espécies consideradas ameaçadas de extinção. 

Palavras-chave: Tubarões, Raias, Condrichthyes, Pesca, Rede de Emalhe, Espinhel.    

1. Introduction 

Fishing is an important activity that ensures food security, nutrition, livelihoods, cultural 

traditions, employment, and economic benefits for traditional communities and society (FAO, 

2021). However, directional or accidental captures put strong pressure on elasmobranch 

species, mainly on threatened (Barausse et al., 2014; Frédou et al., 2015; Haque et al., 2021), 

that are often unable to support high catch rates due to their biological characteristics (Vooren 

and Klippel, 2005). Over the past few decades, elasmobranch overexploitation, coupled with 

habitat loss and degradation, climate change, and pollution have resulted in drastic population 

declines and, in some cases, extinction from nature (i.e., Gymnura tentaculata and Glyphis 

gangeticus in the northern Indian Ocean) (Lessa et al., 2016; Santana et al., 2020; Dulvy et al., 

2021; Pacoureau et al., 2021). 

Currently, more than a third of all shark and ray species (35.6%; n = 64) in the Western 

Atlantic Ocean are threatened with extinction (Talwar et al., 2022). Globally, estimates indicate 

that 387 species (35%) are heavily threatened by overfishing (Dulvy et al., 2021), with more 

vulnerable species inhabiting tropical and subtropical regions, such as the Brazilian Amazon 

Coast (BAC). The BAC encompasses the states of Amapá, Pará, and Maranhão, north and 

northeastern regions of Brazil, and is considered one of the main Brazilian fishing centers due 

to its high productivity (Almeida, 2008; Almeida et al., 2011b; Nunes et al., 2011; Marceniuk 

et al., 2019, 2020), and high habitat heterogeneity. High productivity and habitat heterogeneity 

result from a wide, continuous mangrove area (ICMBio, 2018), several estuarine complexes 

(ANA, 2020), dynamic regimes of macrotidal amplitudes (Palmeira-Nunes and Nunes, 2020), 

and humid tropical climate with the direct influence of the Intertropical Convergence Zone - 

resulting in high temperatures and rainfall throughout the year (Valverde and Marengo, 2014). 

These conditions favour the occurrence of 70 elasmobranch species (34 sharks and 36 rays) 

(Marceniuk et al., 2019). 

In face of the year-round abundance and diversity, fishing for elasmobranchs have 

occurred steadily and intensively over at least four decades (Coelho et al., 2021; Lessa and 

Feitosa, 2021), with the use of a range of fishing gears, vessels, and technologies adapted to the 

extensive continental shelf and depths of up to 200m (Fabre and Batista, 1992; Almeida et al., 
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2006a, b; Monteles et al., 2010; Silva et al., 2019). In addition, the BCA is also considered 

global hotspot for elasmobranch conservation, mainly due to the high level of endemism and 

species richness of the region (Marceniuk et al., 2013; Dulvy et al., 2014; Wosnick et al., 

2019a). Within the endemic species, we can highlight some facing high risk of extinction, such 

as the Daggernose shark, Carcharhinus oxyrhynchus (Müller & Henle, 1839), the Wingfin ray, 

Fontitrygon geijskesi (Boeseman, 1948) and Fontitrygon collarensis (Santos, Gomes and 

Charvet-Almeida, 2004) (Lessa et al., 2016; Wosnick et al., 2019b; IUCN, 2021; Lessa and 

Feitosa, 2021). 

In the absence of fisheries monitoring and statistics for the BAC, elasmobranchs 

threatened with extinction (e.g., Pristis pristis and Carcharhinus porosus) are landed, being 

found in markets for local consumption (Feitosa et al., 2018; Martins et al., 2018; Rodrigues-

Filho et al., 2020; Martins et al., 2021). As a strategy to reduce overfishing, the Brazilian 

government prohibit the capture of species listed as Vulnerable, Endangered, or Critically 

Endangered according to the Red List (e.g., Normative Instructions and Ordinances - IN 5 

MMA 21/05/2004; IN 52 MMA 08/05/2005; IN 5 MPA/MMA 15/04/2011; MMA nº 445 

17/12/2014; MMA nº 148 07/06/2022; GM/MMA nº 300 14/12/2022; MMA nº 354 

27/01/2023), including several species that occur within the BAC. Additional recommendations 

for conservation are also provided in the National Plan of Action for the Conservation of 

Endangered Marine Sharks and Rays (PAN-tubarões) (ICMBio, 2016). Such measures, 

although important, have hardly contributed to elasmobranch conservation. Enforcement of 

current legislation and the development of additional measures seem necessary. Among them, 

co-participatory management stands out by supporting the inclusion of fishers and traditional 

knowledge to inform public policies and generate management measures that take into 

consideration the human dimensions of commercial fishing, thus optimizing its applicability 

and chances of success (Booth et al., 2019).  

The current study aimed to gather current information on the dynamics of artisanal 

elasmobranch fisheries across the BAC, using the traditional knowledge of artisanal fishers to 

characterize the most used gear and vessels types, as well as the most captured species and other 

aspects relevant to fisheries management and conservation of endemic and endangered 

elasmobranch species in this important global hotspot. 

2. Material and methods 

2.1. Study Area 
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The data were collected along the coast of the state of Maranhão easternmost part of the 

BAC. The coastline extends for approximately 640 km in length, from the mouth of the Gurupi 

River to the mouth of the Parnaíba River (IMESC, 2020). This coastline comprised three 

Environmental Protection Areas (EPAs) with 35 cities, an estimated population of over two 

million inhabitants (IBGE, 2020) (Fig. 1).  

 

Fig. 1. Delimitation of the three environmental protection area and the 17 municipalities comprised the 

study area in the State of Maranhão, Brazilian Amazon Coast (BAC). CA - Carutapera, CM - Cândido 

Mendes, TU - Turiaçú, AP - Apicum Açú, CU - Cururupu, PR - Porto Rico, CE - Cedral, GUI - 

Guimarães, AL - Alcântara, RA - Raposa, PL - Paço Lumiar, SJR - São José de Ribamar, IC - Icatú, HC 

- Humberto de Campos, PC - Primeira Cruz, BAR - Barreirinhas, TUT - Tutóia. 

The study was carried in three EPAs with different physiographic characteristics (Fig. 1). 

The western coast comprised the Reentrâncias Maranhenses EPA (area 1), an area characterized 

by set of islands, peninsulas, and bays, cut by rivers, streams and tidal channels filled with clay 

and silt, favoring mangrove development (Castro et al., 2019) (Fig. 1). Area 1 has a high fishing 

productivity, representing an important source of food and income for coastal communities 

(IMESC, 2020). The central region comprised the Golfão Maranhense (area 2), an estuarine 

complex formed by three bays, several river discharge sites and an archipelago, with emphasis 

on the island of Maranhão, where the capital of the state is located, as well as the Upaon Açu - 
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Miritiba - Alto do Rio Preguiças EPA (Castro et al., 2019) (Fig. 1). The latter is of paramount 

importance concerning highly profitable fishing resources (IMESC, 2020). The eastern coast 

comprised the Foz do Rio das Preguiças - Pequenos Lençóis - Adjacent Lagoon Region EPA 

(area 3) (IMESC, 2020), characterized by a straight coastline, tidal terraces, fixed and mobile 

dunes, mangroves, beaches, bays, islands, coves and the Parnaíba River delta that provides 

hydrological connectivity between adjacent ecosystems, contributing to migration and 

recruitment of estuarine species (El-Robrini et al., 2018) (Fig. 1). 

2.2. Data collection and analysis 

From December 2019 to October 2020, monthly interviews were carried out with 

artisanal fishers in the main ports of the following municipalities: Alcântara, Apicum Açú, 

Barreirinhas, Cândido Mendes, Carutapera, Cedral, Cururupu, Guimarães, Humberto de 

Campos, Icatú, Paço do Lumiar, Puerto Rico, Primeira Cruz, Raposa, São José de Ribamar, 

Turiaçú and Tutóia (Fig. 1). The interviews took place over three-day periods, with a daily 

effort of eight hours at each location. Each was interviewed individually following a semi-

structured questionnaire focusing on fisher's socioeconomic profiles, vessel characteristics, 

crew, fishing locations and the main fishing gear used for the capture of elasmobranchs. Most 

interviews were performed at the time fishers were carrying out maintenance of fishing gear, 

repairing boats, or monitoring landings. 

To explore the relationship between species, study sites, and fishing gear used, three-

variable scatter plots were used. The proportion of each species that was caught with each 

fishing gear in each area was then calculated. The graphs were made using the R software, 

version 4.2.0 (R Core Team, 2022) using the “ggplot2” package (Wickham et al., 2016). Mirro 

(https://miro.com/app/dashboard/) and RawGraphs (https://rawgraphs.io/) software were also 

used to generate the Venn diagram, allowing the visualization of common species that are 

captured in all study areas and the establishment of correlations between the captured species 

and their risk status, according to the Chico Mendes Institute for Biodiversity Conservation 

(ICMBio, 2018) and The International Union for Conservation of Nature's Red List of 

Threatened Species (IUCN, 2021). 

2.3. Ethical statement 

This research followed the guidelines set by the Declaration of Helsinki and Tokyo for 

humans and was approved by the Human Ethics Committee of the Federal University of 

Maranhão (UFMA - nº 3717163 - CAAE 25628919.9.0000.5087), Brazilian Institute for the 

https://miro.com/app/dashboard/
https://rawgraphs.io/
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Environment and Renewable Natural Resources (IBAMA; SISBIO - nº 60306-1) and the State 

Secretariat for the Environment and Natural Resources (Superintendence of Biodiversity and 

Protected Areas; SEMA-MA - nº 00397/2019). All interviewees signed a Free and Informed 

Consent Term (FICT). 

3. Results 

3.1 Fishery profile 

A total of 314 artisanal fishers from 17 municipalities were interviewed (  18.47 ± 8.68 

fishers/municipality), with a minimum of five fishers from Primeira Cruz and a maximum of 

35 fishers from Cândido Mendes. All fishers identified as male and most were born in Maranhão 

(90%; n = 282), mainly residing in the municipalities of Cururupu, Cândido Mendes and 

Turiaçú. The remaining while fishers (10%; n = 32) were from other states, such as Ceará, Pará 

and Piauí. Fisher age ranged from 20 to 83 years old (  47 years) and fishing experience from 

two to 72 years (  30 years). 

The vessels used for shark and ray fishing varied from four to 15 meters in length, with 

power engines is between four and six cylinders (60 to 90 HP). The travel autonomy for smaller 

vessels varied between 3 and 5 days at sea, while for larger vessels between 10 and 15 meters, 

it varied from 10 to 20 days, depending on tides and fish occurrence and abundance in the 

fishing site. Crews consisted of five to eight fishers per vessel. These vessels, built in wood, are 

usually equipped with life jackets, drinking water tanks, fire extinguisher, flashlights or 

reflectors, compasses, radios, Global Positioning System (GPS), probes to measure depth and 

identify schools of fish and isothermal chambers or ice-cooled urns capable of storing three to 

five tons of fish. Some vessels have storage capacity of up to 10 tons, and generally sail towards 

the open sea, along the edge of the continental shelf (Fig. 1). 

Six fishing gears used to capture elasmobranchs were identified, with a predominance of 

drift gillnets (71.97%; n = 226) (Fig. 2A, 2B and 2C) in all areas, followed by longlines 

(12.73%; n = 40) (Fig. 2D and 2E), zangaria (Fixed gillnet) (8.28%; n = 26), blockage (Barriers) 

(3.18%; n = 10) (Fig. 2F), beach trawl (Beach seine) (2.22%; n = 7) (Fig. 2G) and “Curral” 

(Weir’s fishery) (1.59%; n = 5) (Fig. 2H). Beach seine in areas 1 and 2, and covering 

mechanisms (Barriers and Weirs fishery) in area 3 were not identified as sources of 

elasmobranch capture (Fig. 3; Supplementary Tables 1 and 2). 
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Fig. 2. Fishing gear used by artisanal fishers in the capture of elasmobranchs on the State of Maranhão 

(BAC). Gillnet: Surface (A), Midwater (B) and Bottom (C); Longline: Surface (D) and Bottom (E); 

Barriers: Taping (F), Beach Seine (G); and Weirs: “Curral” (H). 

3.2. Rays   

Three orders, nine families and 15 species of rays were identified in the captures 

employing different fishing gear types along the coast (Supplementary table 1), with the highest 

richness in area 2 (n = 15), followed by area 1 (n = 14) and area 3 (n = 13) (Fig. 3A and Fig. 
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4A). Aetobatus narinari (Euphrasen, 1790), Fontitrygon geijskesi (Boeseman, 1948), Hypanus 

guttatus (Bloch & Schneider, 1801), Hypanus marianae (Gomes, Rosa & Gadig, 2000), 

Hypanus say (Lesueur, 1817), Pteroplatytrygon violacea (Bonaparte, 1832), Gymnura micrura 

(Bloch & Schneider, 1801), Mobula birostris (Walbaum, 1792), Mobula hypostoma (Bancroft, 

1831), Pristis pristis (Linnaeus, 1758), Pseudobatos percellens (Walbaum, 1792), Rhinoptera 

bonasus (Mitchill, 1815) and Narcine brasiliensis (Olfers, 1831) were captured in all areas 

studied (Fig. 3A and 4A). Hypanus berthalutzae Petean, Naylor & Lima 2020 and Urotrygon 

microphthalmum Delsman 1941 were captured only in area 2, and areas 1 and 2, respectively 

(Fig. 3A and 4A).  

Fishers reported a higher frequency of capture for H. guttatus (11.7%; n = 314), followed 

by A. narinari (11.6%; n = 311), R. bonasus (10.9%; n = 291), F. geijskesi (10.6%; n = 283), 

G. micrura (9.9%; n = 265), M. hypostoma (9.3%; n = 248), M. birostris (8.7%; n = 232) and 

P. percellens (8.6%; n = 231) (Fig. 4A). Ninety-two percent of reports (n = 1984) were of from 

juveniles and adults, and gillnets and longlines were reported as the gear types the that capture 

the greatest diversity of rays in all areas (Fig. 3A).  

In fact, for gillnets, all 15 species were captured, with a predominance of H. guttatus, P. 

percellens and P. violacea (Fig. 3A). As for longlines, 14 species were captured, with a 

predominance of G. micrura, M. birostris and F. geijskesi (Fig. 3A). Moreover, by analyzing 

the correlation between captured rays and fishing gear type, it becomes evident that fixed 

gillnets (“Zangaria”) are also very representative, with at least 13 species being commonly 

caught, highlighting A. narinari, H. guttatus and R. bonasus (Fig. 3A). For barriers 

(“Tapagem”), 11 species were reported as common catch, highlighting G. micrura, U. 

microphthalmum and M. birostris (Fig. 3A). For beach seine, nine species were commonly 

observed, highlighting F. geijskesi, A. narinari and P. percellens (Fig. 3A). Lastly, for Weirs 

(“Curral”) 14 species are also captured, with a predominance of P. violacea, M. birostris and 

F. geijskesi (Fig. 3A) (Supplementary table 1). 

3.3. Sharks 

Two orders, four families, and 20 species of sharks were identified in commercial 

captures employing different fishing gears (Supplementary table 2), with the highest species 

richness in area 2 (n = 20), followed by area 3 (n = 15) and area 1 (n = 14) (Fig. 3B and Fig. 

4B).  
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Carcharhinus acronotus (Poey, 1860), C. leucas (Müller & Henle, 1839), C. limbatus 

(Müller & Henle, 1839), C. obscurus (Lesueur, 1818), C. porosus (Ranzani, 1839), Galeocerdo 

cuvier (Péron & Lesueur, 1822), Carcharhinus oxyrhynchus (Müller & Henle, 1839), 

Rhizoprionodon porosus (Poey, 1861), Sphyrna tiburo (Linnaeus, 1758), S. tudes 

(Valenciennes, 1822), and Ginglymostoma cirratum (Bonnaterre, 1788) were caught in all areas 

(Fig. 3B and 4B). Mustelus higmani (Springer & Lowe 1963) and Rhizoprionodon lalandii 

(Müller & Henle, 1839) were caught only in area 2, while S. lewini (Griffith & Smith, 1834), 

S. media Springer 1940, S. mokarran (Rüppell, 1837) in areas 1 and 2; and C. falciformis 

(Müller & Henle, 1839), C. perezi (Poey, 1876), C. plumbeus (Nardo, 1827) and M. canis 

(Mitchill, 1815) in areas 2 and 3 (Fig. 3B and Fig. 4B). 

The highest frequencies of captures reported by fishers were for C. acronotus (12%; n = 

281), S. tudes (11.9%; n = 279), C. leucas (11.6%; n = 270), G. cirratum (11.3%; n = 264), G. 

cuvier (11%; n = 258), R. porosus (9.7%; n = 226) and C. porosus (8.5%; n = 200) (Fig. 4B), 

with a predominance (94%; n = 1678) of juveniles and adults. All the above-mentioned species, 

along with C. oxyrhynchus (6.1%; n = 143), were captured by all identified gears.  

Similar to rays, gillnets and longlines were the fishing gears that capture the greatest 

diversity of species in all areas (Fig. 3B). More specifically, all species were captured in 

gillnets, with a predominance of S. tiburo, R. porosus and C. leucas (Fig. 3B). As for longlines, 

19 species were caught, highlighting C. plumbeus, C. acronotus and S. tudes (Fig. 3B). 

Moreover, eleven sharks were also caught in fixed gillnets (“Zangaria”), highlighting S. lewini, 

G. cirratum and C. leucas (Fig. 3B). Ten species were caught with barriers (“Tapagem”), 

highlighting G. cirratum, S. tudes and R. porosus (Fig. 3B). For beach seine, nine species were 

reported, with a predominance of S. tudes, M. canis and C. porosus (Fig. 3B). At weirs fishery 

(Curral), nine species were reported, highlighting G. cuvier, C. leucas and G. cirratum (Fig. 

3B) (Supplementary table 2). 
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Fig. 3. (A) Proportion of rays captured by each fishing gear type and studied areas. Anar - Aetobatus 

narinari, Fgei - Fontitrygon geijskesi, Gmic - Gymnura micrura, Hber - Hypanus berthalutzae, Hgut - 

Hypanus guttatus, Hmar - Hypanus marianae, Hsay - Hypanus say, Mbir - Mobula birostris, Mhyp - 

Mobula hypostoma, Nbra - Narcine brasiliensis, Pper - Pseudobatos percellens, Ppri - Pristis pristis, 

Pvio - Pteroplatytrygon violacea, Rbon - Rhinoptera bonasus and Umic - Urotrygon microphthalmum. 

(B) Proportion of sharks captured by each fishing gear type and studied areas. Cacro - Carcharhinus 

acronotus, Cfal - Carcharhinus falciformis, Cleu - Carcharhinus leucas, Clim - Carcharhinus limbatus, 

Cobs - Carcharhinus obscurus, Cper - Carcharhinus perezi, Cplu - Carcharhinus plumbeus, Cpor - 

Carcharhinus porosus, Gcir - Ginglymostoma cirratum, Gcuv - Galeocerdo cuvier, Coxy - 

Carcharhinus oxyrhynchus, Mcan - Mustelus canis, Mhig - Mustelus higmani, Rlal - Rhizoprionodon 

lalandii, Rpor - Rhizoprionodon porosus, Slew - Sphyrna lewini, Smed - Sphyrna media, Smok - Sphyrna 

mokarran, Stib - Sphyrna tiburo and Stud - Sphyrna tudes. Area 1 - Reentrâncias Maranhenses, Area 2 

- Golfão Maranhense and Area 3 - Foz do Rio das Preguiças.  



104 

 

  

  

Fig. 4. (A) Venn Diagram highlighting the rays captured in each area according to the fishers report. 

Area 1 - Reentrâncias Maranhenses, Area 2 - Golfão Maranhense and Area 3 - Foz do Rio das Preguiças; 

Anar - Aetobatus narinari, Fgei - Fontitrygon geijskesi, Hber - Hypanus berthalutzae, Hgut - Hypanus 

guttatus, Hmar - Hypanus marianae, Hsay - Hypanus say, Pvio - Pteroplatytrygon violacea, Gmic - 

Gymnura micrura, Mbir - Mobula birostris, Mhyp - Mobula hypostoma, Umic - Urotrygon 

microphthalmum, Ppri - Pristis pristis, Pper - Pseudobatos percellens, Rbon - Rhinoptera bonasus and 

A 

B 
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Nbra - Narcine brasiliensis. (B) Venn Diagram highlighting the sharks captured in each area according 

to the fishers report. Cacro - Carcharhinus acronotus, Cfal - Carcharhinus falciformis, Cleu - 

Carcharhinus leucas, Clim - Carcharhinus limbatus, Cobs - Carcharhinus obscurus, Cper - 

Carcharhinus perezi, Cplu - Carcharhinus plumbeus, Cpor - Carcharhinus porosus, Gcuv - Galeocerdo 

cuvier, Gcir - Ginglymostoma cirratum, Coxy - Carcharhinus oxyrhynchus, Mcan - Mustelus canis, 

Mhig - Mustelus higmani, Rlal - Rhizoprionodon lalandii, Rpor - Rhizoprionodon porosus, Slew - 

Sphyrna lewini, Smed - Sphyrna media, Smok - Sphyrna mokarran, Stib - Sphyrna tiburo and Stud - 

Sphyrna tudes. 

3.4. Risk of extinction 

Of the fifteen species of rays commonly captured in the study region, 66.6% (n = 10) are 

threatened with extinction according to the IUCN (2021): two are listed as Vulnerable (VU), 

five as Endangered (EN), and three as Critically Endangered (CR). Forty percent of species (n 

= 6) are also listed as threatened according to the Brazilian Ministry of Environment ordinance 

nº 148 (MMA 07/06/2022) (Brazil, 2022) and nº 300 (GM/MMA 14/12/2022) (Brazil, 2022): 

five listed as VU, and one as CR. Moreover, six species are currently listed as Data Deficient 

(DD - e.g., A. narinari and F. geijskesi) in the Brazilian list by ICMBio (2018) (Fig. 5A). Of 

the twenty shark species that are commonly caught and sold in the region, 90% (n = 18) are 

threatened according to the IUCN criteria (2021): six are listed as VU, six as EN and six as CR. 

In the Brazilian Red List, 75% (n = 15) are listed as threatened by ICMBio (2018), ordinance 

nº 300 (GM/MMA 14/12/2022) (Brazil, 2022) or nº 354 (MMA 27/01/2023) (Brazil, 2023):  

four as VU, two as EN and nine as CR. One species is listed as DD (R. porosus) in the Brazilian 

list by ICMBio (2018) (Fig. 5B). 

Of the six species of rays listed as DD according to the Brazilian legislation, half is 

currently classified as threatened by the IUCN. Additionally, all rays listed as VU in the 

Brazilian red list, are currently placed in higher risk categories in the IUCN red list. Both CR 

and NT rays (P. pristis and G. micrura, respectively) are placed in the same category in both 

the Brazilian and IUCN assessment (Fig. 5A). As for the sharks assessed, all sharks listed as 

CR in the Brazilian assessment, are also listed as CR in the global red list, with the exception 

of C. plumbeus and S. tiburo (both listed as EN globally, but CR in Brazil). In the case of species 

listed as EN in the Brazilian list, M. canis is placed in a lower risk category (NT) according to 

the IUCN. Except for G. cuvier, all species listed as NT in the Brazilian list are placed in higher 

risk categories in the global assessment. Moreover, both DD and LC species listed in the 

Brazilian assessment (R. porosus and M. higmani, respectively) are listed in higher risk 

categories in the global red list (Fig. 5B). 
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Fig. 5. (A) Risk of extinction of rays captured in the studied areas according to ICMBio and IUCN. CR 

- Critically Endangered, EN - Endangered, VU - Vulnerable, NT - Near Threatened, LC - Least Concern, 

DD - Data Deficient, NE - Not Evaluated; Anar - Aetobatus narinari, Fgei - Fontitrygon geijskesi, Hber 

- Hypanus berthalutzae, Hgut - Hypanus guttatus, Hmar - Hypanus marianae, Hsay - Hypanus say, Pvio 
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- Pteroplatytrygon violacea, Gmic - Gymnura micrura, Mbir - Mobula birostris, Mhyp - Mobula 

hypostoma, Umic - Urotrygon microphthalmum, Ppri - Pristis pristis, Pper - Pseudobatos percellens, 

Rbon - Rhinoptera bonasus e Nbra - Narcine brasiliensis. (B) Risk of extinction of sharks captured in 

the studied areas according to ICMBio and IUCN. Cacro - Carcharhinus acronotus, Cfal - 

Carcharhinus falciformis, Cleu - Carcharhinus leucas, Clim - Carcharhinus limbatus, Cobs - 

Carcharhinus obscurus, Cper - Carcharhinus perezi, Cplu - Carcharhinus plumbeus, Cpor - 

Carcharhinus porosus, Gcuv - Galeocerdo cuvier, Gcir - Ginglymostoma cirratum, Coxy - 

Carcharhinus oxyrhynchus, Mcan - Mustelus canis, Mhig - Mustelus higmani, Rlal - Rhizoprionodon 

lalandii, Rpor - Rhizoprionodon porosus, Slew - Sphyrna lewini, Smed - Sphyrna media, Smok - Sphyrna 

mokarran, Stib - Sphyrna tiburo e Stud - Sphyrna tudes. 

4. Discussion  

According to the results, the fleets that capture elasmobranchs operate with six fishing 

gear types, all rudimentary and handcrafted by fishers. The use of each gear depends on the 

target species and the volume of catches per fishery. However, as a greater diversity of fishing 

gear has been identified in the region (n = 10) (Almeida, 2008; Monteles et al., 2010), it is 

possible to infer that not all fisheries carried out in the region interact with elasmobranchs. The 

number and types of artisanal vessels is high (Almeida et al., 2006b; Almeida, 2008; Monteles 

et al., 2010), especially in regions with high fish production flow (e.g., municipalities of 

Carutapera, Cândido Mendes, Apicum-Açu, Cedral, Cururupu, Raposa and Tutóia). Almeida 

(2008) highlighted that the municipalities of Cururupu, São Luís and Tutóia have the largest 

fishing fleet along the coast of Maranhão (760, 610 and 640 registered vessels, respectively). 

In the municipality of Apicum-Açú (area 1), more than 80 vessels were observed, while 

carrying out maintenance, going out to fish or unloading the fish in several trucks destined for 

other municipalities in the state of Maranhão or neighboring states. 

Advances in technolog devices was noticed for most artisanal vessels, including the use 

of GPS, probes to locate schools of fish, powerful engines, and a larger capacity for storing fish 

(Fabre and Batista, 1992; Almeida et al., 2006a, 2006b; Almeida, 2008). Such upgrades, despite 

contributing to greater financial gain for traditional communities, can also increase the pressure 

on exploited populations (Barausse et al., 2014; Martins et al., 2018), leading to biological and 

ecological alterations in response to fishing (Nóbrega, 2021). In fact, declines in coastal 

elasmobranch species were noticed by all interviewed fishers, as all reported that is now 

necessary to navigate further and further from the coast to capture fish of high commercial 

value. That being said, although traditional knowledge does not bring as detailed data as official 

fisheries statistics, this source of information is a valuable tool to detect population declines 
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and other negative impacts caused by overfishing (Martins et al., 2018; Aragão et al., 2019; 

Giareta et al., 2021; Haque et al., 2022), especially in locations of difficult access, like some of 

the regions investigated in the present study. 

The predominance of gillnets in all study areas might be explained by its cost-benefit. 

The type of gillnet used depends on the target species, abundance, and time of the year (Haque 

et al., 2022). Seidu et al. (2022) state that fishers who cast gillnets in oceanic waters usually 

target pelagic species such as sharks (e.g., S. mokarran and G. cuvier), tuna and billfishes. When 

these gillnets are used in coastal habitats, the target species are demersal fish such as rays and 

anchovies. Aragão et al. (2019) highlight that animal length varies according to the distance 

from the coast (smaller fish closer and larger fish further away), especially in the case of sharks. 

However, all elasmobranchs mentioned by fishers are captured at distinct life stages, with a 

predominance of juveniles and adults when employing gillnets (Menni & Lessa, 1998; Almeida 

et al., 2006a; Almeida 2008; Almeida et al., 2011a; Nunes et al., 2011). Moreover, Stride et al. 

(1992) point out that gillnets are less selective than longlines, but tend to capture larger sharks 

and rays. In this sense, some fishers report that large-sized M. birostris and M. hypostoma cause 

damage when entangled in the fishing nets, being able to pull the vessel around until breaking 

the main support cables, in some cases causing total loss (Feitosa et al., 2017).    

Previous studies have shown that elasmobranchs are commonly caught on longlines of 

elasmobranch along the BAC (Alencar et al., 2001; Almeida et al., 2006a; Asano-Filho et al., 

2007; Frédou et al., 2015). In this study, artisanal fishers confirmed that several sharks and rays 

are caught in longlines (e.g., F. geijskesi, S. mokarran and S. lewini). Viana and Souza (2019) 

report that the predominance of large fish on longlines is associated with line resistance and 

hook selectivity, with large H. guttatus, G. cirratum, R. porosus, S. tudes, M. canis, C. porosus, 

C. limbatus and C. leucas captured by bottom longlines the state of Amapá. Similar patterns 

were observed in Guatemala (Hacohen-Domené et al., 2020) and Bangladesh (Haque et al., 

2022), with elasmobranch captures mostly carried out by longliners. Our results also points out 

the impacts of longlines for the BAC populations, due to the high volumes of capture normally 

associated with this type of fishing gear coupled with the lack of inspection and official fishing 

statistics in Brazil for over a decade, thus posing extra challenges to proper management and 

conservation of elasmobranchs in this global hotspot. 

Although cited only by a few fishers (2.22%; n = 7), beach trawls are also non-selective 

gears used on shallow and sandy shores (Monteles et al. al., 2010), with the capability of 

capturing elasmobranchs (nine species recorded). Fishers stated that such fishing gear captures 
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mainly neonates and juveniles, especially of G. micrura, H. guttatus and R. porosus. Moreover, 

there are records of G. micrura as bycatch in beach seines performed on Carimã beach targeting 

the pitcaya shrimp (Xiphopenaeus kroyeri) (Sousa, 2014). Similar cases were reported by 

Yokota and Lessa (2006) and Lessa et al. (2015) who recorded the capture of G. micrura, H. 

guttatus, A. narinari, R. bonasus and P. percellens in beach trawls in Caiçara do Norte, state of 

Rio Grande do Norte, Brazil. Thus, although of less importance, beach seine is also a source of 

elasmobranch capture along the BAC, and since most of sharks and rays captured by this fishing 

gear are disentangle while still alive (personal communication), awareness programs with 

fishers to encourage release would be beneficial to reduce the impacts of bycatch on endangered 

elasmobranch species, such as P. percellens and others.  

In shallow areas and estuarine areas with great influence, fishers commonly set with semi-

fixed traps, such as zangaria (fixed gillnet), tapagem (barriers) and currais (Weir’s fishery), 

resulting in in the capture of small-sized coastal species. These fishing gears of low selectivity, 

and could have a negative a impact on marine and estuarine biodiversity when poorly used 

(Almeida, 2008; Monteles et al., 2010). Among elasmobranchs, rays are more susceptible to 

capture on these fishing gears, especially currais (Weir’s fishery - 14 out of 15 identified species 

for the region). Susceptibility seems to be related to habit use and life stages as these areas can 

provide higher food availability and protection against predators to a myriad of species (Yokota 

and Lessa, 2006; Heupel et al., 2007; Almeida, 2008). The capture per unit of effort of currais 

reflects the true abundance of each species that inhabits the coastal zone, as this capture method 

offers no attraction (Fonteles-Filho and Espínola, 2001). Our data corroborates previous studies 

performed in the region, in which a predominance of H. guttatus, F. geijskesi, G. micrura, A. 

narinari, R. bonasus, N. brasiliensis, P. pristis¸ P. percellens, U. microphthalmum and M. 

hypostoma; as well as C. porosus, R. porosus, C. oxyrhynchus, S. tudes, S. lewini and S. tiburo 

was noted for both tapagem e curral (Martins-Juras et al., 1987; Nunes et al., 2005; Piorski et 

al., 2009; Monteles et al., 2010). We emphasize that the catch patterns over the decades remain 

relatively stable in the region, however the volume of individuals captured seems to have 

decreased, highlighting the impacts of these fishing gears, especially for smaller individuals of 

coastal species.  

Studies carried out in different geographic areas showed differences in catch composition 

of elasmobranchs attributed to distinct fishing gears (Haque et al., 2021, 2022; Sekey et al., 

2022). In contrast, the results of the present study indicated less variation in catch composition, 

despite the type of fishing gear in used. In fact, most fishers (79.3%) pointed out that some 

elasmobranchs (e.g., C. acronotus and H. guttatus) are constantly caught, regardless of weather 
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conditions, seasonality or fishing gear used, corroborating previous data on artisanal catches 

within the region (Aragão et al., 2019), especially for H. guttatus. The abundance of this 

stingray along the Brazilian Amazon Coast might be explained by shallow, tropical waters with 

sandy or muddy bottoms and high prey abundance (Nunes et al., 2005; Wosnick et al., 2019a). 

The BAC offers unique opportunities for further studies aiming to generate data for 

management and conservation of H. guttatus as the species is heavily exploited in the region 

and might become threatened in a near future. 

Both coastal and oceanic elasmobranchs were captured along the coast (Almeida et al., 

2006a; Almeida et al., 2011a), with predominance of Carcharhinidae and Dasyatidae species. 

According to our results, most species were caught as bycatch, corroborating previous data 

indicat 65 to 90% of bycatch in the region (Marceniuk et al., 2019). Although incidental 

captures are predominant, vessels targeting small-sized sharks (e.g., C. acronotus) by 

employing gillnets called “caiçoeiras” were also identified. Moreover, activities of a large 

vessel from the state of Bahia (northeast Brazil, outside the boundaries of BAC) were also 

reported, targeting large-sized stingrays, including the Critically Endangered F. geijskesi 

(IUCN, 2021), and the Near Threatened H. guttatus (IUCN, 2021), with a catch volume 

estimated at around five tons per fishing campaign.  

As for conservation status, all species identified in the present study have been 

experiencing population declines over the past few decades (Wosnick et al., 2019b; Coelho et 

al., 2021; Lessa and Feitosa, 2021), and some species such, as P. pristis and C. oxyrhynchus, 

are currently listed as Critically Endangered, with populations severely fragmented. Population 

declines are so severe in the region that only older fishers reported expressive catches of both 

species (34.71% for P. pristis, and 45.22% for C. oxyrhynchus). In a recent study developed in 

the region, 86.4% of interviewed fishers recognized overfishing as the main cause of 

elasmobranch population declines (Martins et al., 2018). Moreover, many species belonging to 

the BAC are endemic, configuring alarming irreplaceability rates that need to be urgently 

addressed in public policies, as captures, even if rare for some species, still occur. More efficient 

interventions to reduce fishing pressure on local populations, especially foee Critically 

Endangered species, such as C. oxyrhynchus and C. porosus (Lessa et al., 2016; Santana et al., 

2020; Lessa and Feitosa, 2021), are needed. Both species continue to be caught, mainly on 

gillnets and longlines, and C. porosus remains highly appreciated by consumers and reported 

as one of the most traded elasmobranch species in Maranhão (Feitosa et al., 2018). The 

reduction in catches of both species and of other sharks investigated in the present study (S. 

lewini, S. tudes, S. media, R. porosus) are a strong indicator of population declines, reinforcing 
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the importance of fishery governmental and scientific monitoring, as well as expansion of 

traditional knowledge studies as an alternative fisheries statistic in Brazil. The same was 

identified for ray species, including A. narinari, R. bonasus, F. geijskesi, and even the once 

abundant, H. guttatus. Moreover, future research could benefit from collaboration with the 

artisanal fishery sector to generate crucial information for updating and develop assessments 

and management plans, as six out of the eight rays commonly captured by local fleets are listed 

as DD in the Brazilian red list. 

It is important to mention that no policies aiming at monitor elasmobranch stocks and 

landings, nor regulating elasmobranch fishing, are currently in place in the region. Although 

there are federal laws that prohibit the capture and trade of endangered species, the lack of 

enforcement in the region makes these measures ineffective, allowing the unrestrained capture 

and landing of endemic and non-endemic species at high risk of extinction the BAC. 

Considering the low effectiveness of current legal measures, alternatives that can support 

management and are necessary. To achieve this, a co-participatory management model required 

to reduce the distance and conflicts between policy makers, conservationists and traditional 

communities (Giareta et al., 2021). Furthermore, fisheries management can benefit from 

investigations carried out by researchers and university students, aiming to cover the gaps left 

by the absence of fisheries statistics for more than a decade in Brazil. Lastly, awareness 

programs carried out with artisanal fishers and other members of the fishing communities, are 

crucial to reduce the impacts of incidental capture through conservation initiatives, such as 

compensatory measures (e.g., release of threatened/endemic species, or species with little or no 

commercial value). 

5. Conclusion 

The structure of the elasmobranch fishery along the BCA, although mainly composed of 

artisanal vessels and rudimentary fishing gear, strongly impacts elasmobranch populations. 

Many of the vessels now rely on powerful engines, higher storage capacity, autonomy to 

navigate long distances, and advanced technology, increasing productivity but at the cost of 

severe population declines. Several elasmobranchs are caught by different gear types along the 

BAC, with a significant percentage of threatened and endemic species. We highlight the 

captures of H. guttatus, which despite not being listed as threatened, has shown alarming 

population declines, and the common captures of F. geijskesi, C. porosus, C. oxyrhynchus, and 

Sphyrna spp. all listed as Critically Endangered by the IUCN. We also highlight uprising 

research opportunities, as species listed as DD are also commonly caught in the BAC 
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elasmobranch fishery. Both gillnets and longlines are the main threat to elasmobranchs in the 

region, corroborating global data on the most harmful fishing gear for coastal and oceanic 

sharks and rays. As for the other fishing gears identified in the present study, fixed nets and 

barriers also constitute a threat to elasmobranchs, particularly due to their impact on early life 

stages or small-sized species. Thus, more inclusive conservation strategies are necessary, to 

reduce the distance between conservation livelihoods ensuring elasmobranch population 

recovery along with food and economic security for coastal and traditional communities.  
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Avaliação da eficácia das Áreas de Proteção Ambiental para a conservação dos 

elasmobrânquios no Litoral Amazônico Brasileiro 

Abstract  

Environmental Protection Areas (EPAs) are established to protect biodiversity, regulate human 

occupation, and ensure sustainable use of natural resources within a given region. This study 

aimed to assess the efficacy of three existing EPAs along the coast of Maranhão state, EPA of 

Reentrâncias Maranhenses, EPA of Upaon-Açú/Miritiba/Alto do Rio Preguiças and Upaon-

Açú/Miritiba/Alto do Rio Preguiças, in the Brazilian Amazon region, for the conservation of 

elasmobranchs. Semi-structured interviews with 314 fishermen from 17 coastal municipalities 

were used, covering metrics in the ecological, technological and conservation dimensions. The 

results indicate that the EPA of Upaon-Açú/Miritiba/Alto do Rio Preguiças exhibits the most 

favorable conditions for ray and shark conservation. We concluded that all existing EPAs along 

the coast of Maranhão in the Brazilian Amazon region are ineffective in conserving 

elasmobranchs due to the intense and non-selective fishing practices within priority 

conservation areas. Tailored conservation measures and management plans are imperative to 

alleviate the pressure on ray and shark populations, particularly for threatened species. 

Keywords: Conservation Units, Tropical environment, South America, Rays, Sharks. 

Resumo 

As Áreas de Proteção Ambiental (APAs) são estabelecidas para proteger a biodiversidade, 

regular a ocupação humana e garantir o uso sustentável dos recursos naturais dentro de uma 

determinada região. Este estudo teve como objetivo avaliar a eficácia de três APAs existentes 

ao longo do litoral do estado do Maranhão, APA das Reentrâncias Maranhense, APA de Upaon-

Açú/Miritiba/Alto do Rio Preguiças e APA Foz do Rio das Preguiças/Pequenos Lençóis/Região 

Lagunar Adjacente, na região amazônica brasileira, para a conservação de elasmobrânquios. 

Foram utilizadas entrevistas semiestruturadas com 314 pescadores de 17 municípios costeiros, 

abrangendo métricas nas dimensões ecológica, tecnológica e de conservação. Os resultados 

indicam que a APA de Upaon-Açú/Miritiba/Alto do Rio Preguiças apresenta as condições mais 

favoráveis para a conservação de raias e tubarões. Concluímos que todas as APAs existentes ao 

longo da costa do Maranhão na região amazônica brasileira são ineficazes na conservação dos 

elasmobrânquios devido às práticas de pesca intensas e não seletivas dentro das áreas 

prioritárias de conservação. Medidas de conservação e planos de gestão adaptados são 
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imperativos para aliviar a pressão sobre as populações de raias e tubarões, especialmente para 

espécies ameaçadas.  

Palavras-chave: Unidades de Conservação, Ambiente tropical, América do Sul, Raias, 

Tubarões. 

1. Introdução 

As áreas protegidas configuram um instrumento legal para promover a conservação de 

ecossistemas, espécies e serviços ecossistêmicos frente ao avanço da ocupação urbana e de 

alterações antrópicas na fauna e flora (Borrini-Feyerabend, 2017). Para reduzir os impactos 

dessas mudanças, iniciativas internacionais, tais como as Metas de Aichi (2011-2020), visam o 

comprometimento das nações para a expansão da cobertura de territórios especialmente 

protegidos, com o objetivo de atingir indicadores mais efetivos de conservação da 

biodiversidade (CDB, 2018). 

Nesse sentido, através do Sistema Nacional de Unidades de Conservação da Natureza – 

SNUC, Lei Federal nº 9985/2000 (Brasil, 2011), a legislação brasileira estabelece critérios para 

a criação, gestão e categorização de territórios intitulados Unidades de Conservação (UCs). 

Assim, o desenvolvimento de UCs é priorizado em áreas com a presença de importantes 

recursos hídricos, remanescentes florestais, espécies endêmicas ou em perigo de extinção, com 

atributos físicos, ecológicos e culturais especiais, ou ainda uso por comunidades tradicionais 

(Brasil, 2022a). 

No Brasil existem atualmente 190  UCs em áreas marinhas e 723 em ambientes costeiros 

(MMA, 2022), correspondendo a 26,5% e 39% do total nacional de áreas protegidas, 

respectivamente. No Litoral Amazônico Brasileiro (LAB), extensão litorânea que compreende 

os estados do Amapá, Pará e Maranhão, devido grande heterogeneidade de habitats (ICMBio, 

2018a), existem mais de trinta UCs federais e estaduais de proteção integral e uso sustentável 

(MMA, 2022). Dentre estas, destacam-se as Reservas Extrativistas (RESEX) que promovem a 

conservação do modo de vida de comunidades tradicionais costeiras e as Áreas de Proteção 

Ambiental (APAs) que compreendem áreas mais extensas com certo grau de ocupação humana 

e usos diversos com objetivos de proteger a diversidade biológica, disciplinar o processo de 

ocupação e assegurar a sustentabilidade do uso dos recursos naturais (MMA, 2022). 

No limite oriental do LAB, as APAs são quase a totalidade do litoral do estado do 

Maranhão, incluindo: APA das Reentrâncias Maranhenses, APA de Upaon-Açú/Miritiba/Alto 
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do Rio Preguiças e APA da Foz do Rio das Preguiças/Pequenos Lençóis/Região Lagunar 

Adjacente (IMESC, 2020). Sob gestão estadual, estas APAs se extendem por mais de 40.000 

km2 costeiros e marinhos, proporcionando alta disponibilidade de alimento, abrigo e proteção 

para inúmeras espécies de peixes (Almeida, 2008; Marceniuk et al., 2013, 2020). As regiões 

das Reentrâncias Maranhenses também são consideradas zonas úmidas de importância 

biológica mundial, reconhecidas como Sítios Ramsar dos Estuários Amazônicos e Manguezais 

(Nunes et al., 2011; Amazon, 2018, 2021). Adicionalmente, o LAB é listado como um hotspot 

global para a conservação de elasmobrânquios devido à grande riqueza, diversidade e índice de 

endemismo de espécies (Dulvy et al., 2014; Sherman, 2023). 

No entanto, por serem UCs de uso sustentável, observa-se que nessas APAs a atividade 

extrativista pesqueira é intensa devido a ampla variedade de recursos marinhos disponíveis,  

associada a utilização de diversos aparatos de pescas artesanais por comunidades tradicionais 

ou empresas do setor pesqueiro da região e de estados vizinhos (Asano-Filho et al., 2004; 

Nunes, 2005; Asano-Filho et al., 2007; Frédou et al., 2015; Marceniuk et al., 2019, 2020).  

No que tange à biomassa de espécies marinhas capturadas historicamente pela pesca 

artesanal (SUDENE, 1976; SUDEPE, 1976; Barthem, 1985), destacam-se espécies de raias e 

tubarões (Lessa, 1986; Stride et al., 1992; Almeida, 2008; Marceniuk et al., 2013), comumente 

chamadas de “arraias” ou “cações” (Coelho et al., 2022). A constante explotação resultou em 

alarmantes declínios populacionais não apenas na região (Wosnick et al., 2019), mas também 

em nível global (Dulvy et al., 2021). Estes declínios populacionais são ainda mais preocupantes 

visto que características de vida de muitos elasmobrânquios, como baixas taxas de crescimento, 

lenta maturação e longos períodos de gestação (Vooren e Klippel, 2005; Gadig et al., 2023), 

dificultam a recuperação de estoques e elevam o risco de extinção (Dulvy et al., 2021).  

Um dos desafios para o manejo adequado das espécies de raias e tubarões é a ausência de 

dados atualizados sobre a situação dos estoques, resultando em lacunas de conhecimento 

necessário para avaliar o status de conservação atual da maioria das espécies, bem como propor 

medidas de manejo mais adequadas (Wosnick et al., 2019). Adicionalmente, o manejo 

inadequado de raias a tubarões na região teve como resultado a piora do status de conservação 

para muitas espécies endêmicas ou que contam apenas com populações remanescentes 

severamente fragmentadas, como é o caso raia-espadarte Pristis pristis (Linnaeus, 1758) 

(Feitosa et al., 2017) e dos tubarões-quati Carcharhinus oxyrhynchus (Müller & Henle, 1839) 

(Lessa et al., 2016; Rodrigues-Filho et al., 2023) e tubarões-junteiros Carcharhinus porosus 

(Ranzani, 1839) (Santana et al., 2020).  
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Os elasmobrânquios presentes nas APAs no litoral do estado do Maranhão configuram 

um dos principais indicadores para mensurar a eficácia dessas áreas de conservação, devido alta 

riqueza e abundância de espécies em diversos estágios de desenvolvimento (Almeida et al., 

2006a, 2011), caracterizando assim essas regiões como áreas prioritárias para a conservação 

(Lessa, 1999; IBGE, 2011; Lessa e Feitosa, 2021). Além da riqueza de espécies, o litoral do 

estado do Maranhão também apresenta uma grande diversidade de ecossistemas responsáveis 

pela manutenção do equilíbrio ecológico dos habitats (Bezerra et al., 2022; Ward et al., 2023). 

Entretanto, como mensurar a eficácia de uma APA? Como verificar se todos os objetivos 

propostos para uma APA estão sendo alcançados, principalmente quanto ao uso sustentável da 

sua biodiversidade?  

O uso de ferramentas de análise e monitoramento da gestão, a partir de um “check list”, 

é uma abordagem muito útil quando existem planos de manejo estabelecidos para uma área 

protegida (ver Métodos de Avaliação Rápida e a Priorização da Gestão de Unidades de 

Conservação - RAPPAM ou Sistema de Análise e Monitoramento de Gestão - SAMGE) 

(IBAMA, 2007; Brasil, 2022a). Isso ocorre, a partir de informações sobre contextos de 

importância biológica e socioeconômica, insumos como recursos humanos e financeiros, 

processos de planejamento, pesquisa e avaliação, e resultados esperados e/ou alcançados, sendo 

possível avaliar a efetividade de uma UC para a conservação de uma espécie ou grupo. No 

entanto, na ausência de ferramentas de avaliação, o uso de indicadores, índices ou métricas tem-

se mostrado uma estratégia promissora capaz de identificar diferentes graus de alterações 

ambientais, ecológicas, sociais ou distúrbios em um curto intervalo de tempo (Carvalho et al., 

2021; Casatti e Ortigossa, 2021; Filgueira et al., 2021; Guimarães et al., 2022; Nunes et al., 

2022). Esses indicadores ou métricas podem ser entendidos como recursos que tornam uma 

tendência ou fenômeno mais perceptível (Hammond et al., 1995). Assim, é possível agregar e 

quantificar informações sobre fenômenos complexos para melhorar o processo de comunicação 

e fundamentar as tomadas de decisão na busca do resultado desejado (Ramos, 2002; Masson et 

al., 2021). De acordo com Bellen (2007), os indicadores ou métricas condensam informações 

obtidas pela agregação de dados, sendo necessários no nível mais alto de tomada de decisão, 

uma vez que são mais fáceis de entender e de serem utilizados no processo decisório. 

Nesse sentido, o presente estudo buscou avaliar a eficácia das APAs no litoral do estado 

do Maranhão, Litoral Amazônico Brasileiro, para a conservação da fauna de elasmobrânquios 

utilizando métricas de dimensões ecológicas, tecnológicas e de conservação com base na 

captura das espécies de raias e tubarões pela frota pesqueira artesanal atuante na região. 
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2. Material e métodos 

2.1. Área de Estudo 

O estudo foi realizado ao longo do litoral do estado do Maranhão (Figura 1), inserido no 

Litoral Amazônico Brasileiro, que consiste na extensão entre a foz do rio Gurupi até a foz do 

rio Parnaíba, com aproximadamente 640 km de extensão (IMESC, 2020), e contendo três APAs 

com diferentes características fisiográficas (Figura 1). A pesca artesanal corresponde a principal 

atividade econômica, com destaque para espécies de alto valor comercial como a pescada 

amarela Cynoscion acoupa (Lacepède, 1801); a corvina Cynoscion microlepidotus (Cuvier, 

1830); a pescada gó Macrodon ancylodon (Bloch & Schneider, 1801); o bandeirado Bagre 

bagre (Linnaeus, 1766) e; o peixe serra Scomberomorus brasiliensis Collette, Russo & Zavala-

Camin, 1978 (Ferreira et al., 2021; Freire et al., 2021; IMESC, 2021). Ainda, a pesca artesanal 

é praticada em todos os 35 municípios, com população estimada em mais de dois milhões de 

habitantes (IBGE, 2020).  

 

Figura 1. Delimitação das três Áreas de Proteção Ambiental e dos 17 municípios que compõem a área 

de estudo no litoral do estado do Maranhão, Litoral Amazônico Brasileiro. CA - Carutapera, CM - 

Cândido Mendes, TU - Turiaçú, AP - Apicum Açú, CU - Cururupu, PR - Porto Rico, CE - Cedral, GUI 
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- Guimarães, AL - Alcântara, RA - Raposa, PL - Paço Lumiar, SJR - São José de Ribamar, IC - Icatú, 

HC - Humberto de Campos, PC - Primeira Cruz, BAR - Barreirinhas e TUT - Tutóia. 

O litoral ocidental maranhense compreende a APA das Reentrâncias Maranhenses 

(APARM) (Decreto Estadual nº 11.901 de 11/06/1991), que ocupa uma área de 

aproximadamente 2.681.911,2 km² com população estimada de 280.417 habitantes (8.07 

hab/km2), caracterizada por uma extensa e importante faixa de manguezais intercalada por ilhas, 

rios, canais de maré e profundos estuários (El-Robrini et al., 2018; Castro et al., 2019) com alta 

produtividade pesqueira que favorece alimento e trabalho para comunidades ribeirinhas 

(IMESC, 2020, 2021) (Figura 1).  

A APA de Upaon-Açú/Miritiba/Alto do Rio Preguiças (APAUA) (Decreto Estadual nº 

12.428 de 05/06/1992), estende-se da parte central do litoral maranhense, o Golfão Maranhense, 

até a Baía de Tubarão e, pelo continente, até o município de Barreirinhas, contornando o Parque 

Nacional dos Lençóis Maranhenses, compreendendo uma área de aproximadamente 1.535.310 

km² com população de 1.910.821 habitantes (174.74 hab/km2). É caracterizada pelo complexo 

estuarino das Baías de São José e de Tubarão, além de vários locais de descarga de rios e um 

arquipélago, com destaque para a ilha do Maranhão (Castro et al., 2019), com grande valor 

quanto aos recursos pesqueiros altamente rentáveis (IMESC, 2021) (Figura 1).  

O litoral oriental abrange a APA Foz do Rio das Preguiças/Pequenos Lençóis/Região 

Lagunar Adjacente (APAFRP) (Decreto Estadual nº 11.899 de 11/06/1991), área aproximada 

de 269.684,3 km² com 194.631 hab. (13.12 hab/km2), caracterizada por relevos planos, cordões 

de dunas fixas e móveis, manguezais abundantes, praias, ilhas sedimentares, enseadas e 

sistemas deltaicos estuarinos e lagunares, que proporcionam conectividade hidrológica entre 

ecossistemas adjacentes e contribuindo para a migração e recrutamento de espécies estuarinas 

(El-Robrini et al., 2018; IMESC, 2020) (Figura 1). 

2.2. Amostragem e análise de dados 

Os dados foram obtidos através de entrevistas mensais, de dezembro de 2019 a outubro 

de 2020, com pescadores artesanais nos principais portos de pesca dos municípios que 

compõem as APAs (Figura 1). As entrevistas ocorreram ao longo de três dias com um esforço 

diário de oito horas em cada localidade. Os municípios visitados nas APAs foram selecionados 

de acordo com a contribuição histórica para a pesca artesanal do estado (Almeida et al., 2006a; 

Almeida, 2008; IMESC, 2021), sendo estes: Alcântara, Apicum-Açu, Cândido Mendes, 

Carutapera, Cedral, Cururupu, Guimarães, Porto Rico e Turiaçu na APARM; Icatú, Humberto 
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de Campos, Paço do Lumiar, Primeira Cruz, Raposa e São José de Ribamar na APAUA; e 

Barreirinhas e Tutóia para a APAFRP.  

Cada pescador foi entrevistado por meio de um formulário semiestruturado contendo 

perguntas abertas e fechadas sobre dimensões ecológicas, tecnológicas e de conservação 

relacionadas aos elasmobrânquios, ao município e APA em que estão inseridos, com valores 

estipulados variando de zero a dez de acordo com o nível de precisão das respostas (Quadro 1 

no material suplementar).  

Na dimensão ecológica, buscou-se avaliar algumas condições biológicas, sazonalidade e 

estado de conservação das espécies exploradas, além de impactos ambientais que podem afetar 

o ciclo de vida das espécies. Um total de nove métricas foram utilizadas: status de ameaça, grau 

de endemismo, riqueza, sexo, período de ocorrência, estágio de vida da espécie e percepção de 

poluição e alterações ambientais na área de pesca (Quadro 1 no material suplementar). O status 

de ameaça foi estabelecido de acordo com as categorias do ICMBio (2018b), IUCN (2021) e 

portarias nº 148 (MMA 07/06/2022) (Brasil, 2022b), nº 300 (GM/MMA 13/12/2022) (Brasil, 

2022c) e nº 354 (MMA 27/01/2023) (Brasil, 2023) do Ministério do Meio Ambiente. O grau 

de endemismo, associado a extensão de ocorrência da espécie (global, atlântica, atlântica 

ocidental ou região amazônica), e a riqueza de espécies foram estabelecidos a partir da análise 

das respostas dos pescadores de cada APA. Nessa etapa, como cada entrevistado relatou várias 

espécies de raias e tubarões capturadas, consideramos as espécies de maiores categorias para o 

grau de endemismo e o status de ameaça (Vulnerável - VU, Em perigo - EN ou Criticamente 

em perigo - CR). 

Na dimensão tecnológica, procurou-se avaliar a pressão da pesca através da estrutura 

pesqueira utilizada, sendo analisado seis métricas: ocorrência de pesca direcionada para 

elasmobrânquios, arte de pesca utilizada na captura, autonomia de viagem e número de 

embarcações, profundidade de captura para cada arte de pesca e distância de navegação da costa 

até o local de pesca (Quadro 1 no material suplementar).  

Na dimensão de conservação, buscou-se avaliar medidas institucionais que possam 

promover a sustentabilidade da pesca. Um total de seis métricas foram utilizadas: existência de 

fiscalização pelos órgãos competentes federais, estaduais ou municipais, conhecimento dos 

pescadores sobre leis da pesca, uso de arte de pesca proibida, conselho consultivo, planos de 

manejo e áreas prioritárias para pesca (Quadro 1 no material suplementar). Nessa etapa, sites 

oficiais foram consultados, tais como do Instituto Brasileiro do Meio Ambiente e dos Recursos 
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Naturais Renováveis (IBAMA) (https://www.gov.br/ibama/pt-br) e da Secretaria Estadual de 

Meio Ambiente e Recursos Naturais do Estado do Maranhão (SEMA-MA) 

(https://www.sema.ma.gov.br/), para verificar a existência de conselhos consultivos, planos de 

manejo e áreas prioritárias de conservação para elasmobrânquios nas respectivas APAs. 

Os dados coletados foram quantificados e categorizados em planilhas no excel para 

facilitar a análise e interpretação. Deste modo, cada pescador entrevistado obteve uma 

pontuação individual para cada uma das questões. A média do valor atribuído de cada questão 

representou o conhecimento dos pescadores em cada um dos municípios que compõem a APA. 

Assim, o resultado para cada APA foi obtido somando-se as médias das métricas de cada 

município nas suas respectivas dimensões e, em seguida, uma nova média foi calculada pelo 

número total de municípios que compõe a APA (Tabela 1 no material suplementar). Dessa 

forma, a APA que apresentou o menor valor na média do somatório de suas métricas foi 

considerada a de menor eficácia na conservação de elasmobrânquios. Também foi possível 

obter a média do somatório das métricas de cada município, visando verificar qual o município 

com menor e maior eficácia em cada APA (Tabela 1 no material suplementar). 

A fim de facilitar a visualização destas informações foram confeccionados gráficos de 

barras simples com os intervalos do erro padrão. Esta medida de dispersão das médias é 

importante para observarmos a amplitude esperada do coeficiente, sobretudo quando temos um 

conjunto de múltiplas amostras (Hair et al., 2009). Os gráficos de barras foram criados 

utilizando o software R Studio - versão 2022.07.2 (R Core Team, 2022) por meio dos pacotes 

“dplyr” (Wickham et al., 2023), “ggplot2” (Wickham et al., 2016) e “ggpubr” (Kassambara et 

al., 2020). Também foi realizada uma Análise de Componentes Principais (PCA), que utilizou 

os valores médios das métricas de cada município, para verificar quais métricas representam 

melhor cada dimensão nas APAs. Além disso, o teste não paramétrico de Kruskal Wallis foi 

utilizado para conferir a existência de diferenças estatísticas entre as dimensões entre as APAs 

e o teste posteriori de Dunn com ajuste no valor da probabilidade pelo método de Bonferroni 

(Tabelas 2 e 3 no material suplementar). As análises estatísticas foram realizadas utilizando o 

software R Studio - versão 2022.07.2 (R Core Team, 2022), a PCA foi realizada utilizando o 

pacote Vegan (Oksanen et al., 2022), FactoMineR (Lê et al., 2008) e Factoextra (Kassambara 

e Mundt, 2020). 

Os pescadores artesanais entrevistados assinaram um Termo de Consentimento Livre e 

Esclarecido (TCLE) e esta pesquisa foi aprovada pelo Comitê de Ética Humana da 

Universidade Federal do Maranhão (UFMA - nº 3717163 - CAAE 25628919.9.0000.5087), 

https://www.gov.br/ibama/pt-br
https://www.sema.ma.gov.br/
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SEMA-MA (Superintendência de Biodiversidade e Unidades de Conservação - nº 00397/2019) 

e IBAMA (SISBIO - nº 60306-1).  

3. Resultados 

3.1 Perfil dos pescadores e caracterização da pesca artesanal 

Um total de 314 pescadores artesanais foram entrevistados em 17 municípios (  18.47 ± 

8.68 pescadores/município), correspondendo a 191 na APARM, 65 na APAUA e 58 na 

APAFRP, com mínimo de cinco pescadores entrevistados em Primeira Cruz e máximo de 35 

pescadores em Cândido Mendes. A maioria dos pescadores artesanais são nascidos no estado 

do Maranhão (90%; n = 282) e todos são do sexo masculino. 

A idade dos pescadores variou de 20 a 83 anos (  47 anos) e o tempo de envolvimento 

em atividade pesqueira de dois a 72 anos (  30 anos). Para a pesca de raias e tubarões, os 

pescadores utilizam vários petrechos, como redes de emalhe e de arrasto, tarrafas, muzuás 

(covos), espinheis, mecanismos de tapagem, zangarias ou currais, embarcações construídas em 

madeira (e.g., bianas, pargueiros e lagosteiros – ver Almeida et al., 2006b), com tripulação 

composta de cinco a oito pescadores, motores de potência 60 a 90 HP e extensão de quatro a 

15 metros de comprimento. As  embarcações são dotadas de vários instrumentos que ajudam 

na navegação, na identificação dos cardumes, além de câmaras isotérmicas ou urnas 

refrigeradas com capacidade para armazenar de três até dez toneladas de pescado.  

3.2 Análise das métricas 

Na análise da média das dimensões entre as APAs, a APAUA apresentou o maior valor, 

seguida pela APARM e APAFRP, com valores respectivos de 2.40, 2.34 e 2.01 (Figura 2A). Já 

entre os municípios que compõem as APAs, Alcântara (APARM), Paço do Lumiar (APAUA) 

e Barreirinhas (APAFRP) foram os mais eficazes em cada APA na conservação de 

elasmobrânquios, com valores respectivos de 3.23, 3.17 e 2.19 (Figuras 2B, 2C e 2D). Já os 

municípios de Cedral (APARM), Raposa (APAUA) e Tutóia (APAFRP), com valores 

respectivos de 1.89, 1.88 e 1.84, apresentam menor eficácia na conservação das raias e tubarões 

(Figuras 2B, 2C e 2D). 
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Figura 2. Valores médios das métricas nas dimensões ecológicas, tecnológicas e de conservação entre 

as APAs e entre os municípios que compõem as APAs no litoral do estado do Maranhão, Litoral 
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Amazônico Brasileiro. (A) Valores entre as três APAs: APAUA -  APA de Upaon-Açú/Miritiba/Alto 

do Rio Preguiças, APARM - APA das Reentrâncias Maranhenses e APAFRP - APA Foz do Rio das 

Preguiças/Pequenos Lençóis/Região Lagunar Adjacente. (B) APARM: TU - Turiaçú, PR - Porto Rico, 

GUI - Guimarães, CU - Cururupu, CM - Cândido Mendes, CE - Cedral, CA - Carutapera, AP - Apicum 

Açú, AL - Alcântara. (C) APAUA: SJR - São José de Ribamar, RA - Raposa, PL - Paço Lumiar, PC - 

Primeira Cruz, IC - Icatú, HC - Humberto de Campos. (D) APAFRP: TUT - Tutóia, BAR - Barreirinhas. 

3.2.1  Dimensão Ecológica  

Na análise das métricas da dimensão ecológica, notou-se que a captura de espécies 

protegidas pela legislação nacional ou internacional ocorre em todas as APAs avaliadas, como 

as raias-pintadas Aetobatus narinari (Euphrasen, 1790), raias-morcego Fontitrygon geijskesi 

(Boeseman, 1948), raias-jamantas Mobula birostris (Walbaum, 1792) e os tubarões-junteiros 

C. porosus, tubarões-quati C. oxyrhynchus (endêmica na região amazônica) e cações-panãs-

amarelas Sphyrna tudes (Valenciennes, 1822) (Figura 1 no material suplementar).  

Um total de 35 espécies de elasmobrânquios foram identificados a partir dos relatos dos 

pescadores, sendo 15 espécies de raias e 20 espécies de tubarões (Tabela 4 no material 

suplementar). As raias estão distribuídas em três ordens (Myliobatiformes, Rhinopristidiformes 

e Torpediformes) e nove famílias (Aetobatidae, Dasyatidae, Gymnuridae, Mobulidae, 

Narcinidae, Pristidae, Rhinobatidae, Rhinopteridae e Urotrygonidae), enquanto os tubarões em 

duas ordens (Carchariniformes e Orectolobiformes) e quatro famílias (Carcharinidae, 

Ginglymostomidae, Sphyrnidae e Triakidae), com maior riqueza de espécies na APAUA (n = 

35), seguida pela APARM e APAFRP, ambas com 28 espécies (Tabela 4 no material 

suplementar).  

Quanto ao sexo das espécies capturadas, os pescadores indicaram maior facilidade de 

identificar machos devido à presença de cláspers, representando 82% (n = 53) na APAUA, 73% 

(n = 138) na APARM e 69% (n = 40) na APAFRP. O percentual de identificação das fêmeas 

foi menor, correspondendo a 19% em todas as APAs: APARM (n = 35), APAUA (n = 12) e 

APAFRP (n = 11). Somente 12% (n = 07) dos pescadores na APAFRP e 9% (n = 18) na 

APARM alegaram não saber diferenciar machos e fêmeas.  

Em relação ao período de ocorrência das espécies, a maioria dos pescadores na APAUA 

(72%; n = 47), APARM (66%; n = 125) e APAFRP (55%; n = 32) relatou que determinadas 

espécies são capturadas o ano todo, a exemplo da raia-bicuda Hypanus guttatus (Bloch & 

Schneider, 1801) e do tubarão-junteiro C. porosus. Ainda de acordo com os pescadores, a 
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maioria das espécies de raias e tubarões são capturadas no estágio adulto (particularmente para 

espécies de grande porte) (APAUA 95%; n = 62, APAFRP 88%; n = 51 e APARM 77%; n = 

146), mas filhotes ou juvenis também são capturados com certa frequência (APARM 13%; n = 

25, APAFRP 12%; n = 07 e APAUA 5%; n = 03).    

Quanto a percepção da poluição ou alterações ambientais nas áreas de pesca, os 

pescadores de todas as APAs destacam a presença de resíduos plásticos (65%; n = 203), 

diminuição de peixes ao longo dos anos (11%; n = 34), aparecimento de peixes mortos (3%; n 

= 10), e supressão de áreas de manguezal (2%; n = 08), ao passo que os demais (19%; n = 59) 

não notaram nenhuma das percepções citadas.  

Na PCA, as métricas que melhor representaram a dimensão ecológica no primeiro eixo 

(40,3%) foram Estágio de Vida da Espécie (EVE) e Percepção de Poluição e/ou Alterações 

Ambientais na Área de Pesca (PPA), enquanto para o segundo eixo (24,9%) foram Período de 

Ocorrência da Espécie (POE) e Riqueza de Espécies (RE) (Figura 3A e Tabelas 2 e 3 no material 

suplementar). Além disso, os municípios Cururupu, Porto Rico e Apicum Açu (APARM) estão 

mais associados às métricas EVE e PPA, enquanto os municípios Paço do Lumiar, Humberto 

de Campos e Primeira Cruz (APAUA) estão mais associados a métrica RE (Figura 3A).  

3.2.2  Dimensão Tecnológica  

Na análise das métricas na dimensão tecnológica, os pescadores em todas as APAs 

(100%; n = 314) evidenciam que não existe pesca direcionada para os elasmobrânquios, mas 

que diferentes espécies de raias e tubarões são capturadas em todas as pescarias realizadas. 

Existe uma variedade de artes de pesca utilizadas nas APAs, mas notou-se uma preferência 

entre os pescadores (94%; n = 295) por redes de emalhe de deriva com distâncias entre nós 

opostos de cinco a 20 cm e espinheis com anzóis circulares de tamanhos 8/O a 16/O, alternando 

a utilização desses petrechos de acordo com as espécies-alvo e o fluxo de marés. Esses 

petrechos são lançados entre as profundidades de 10 e 20 metros (49%; n = 154), entre cinco e 

10 metros (30%; n = 95), até cinco metros (18%; n = 55) ou mais de 20 metros (3%; n = 10).   

Em todas as APAs, as viagens de pesca têm duração entre 10 e 20 dias, com maior período 

relatado pelos pescadores na APARM (87%; n = 166), seguido da APAFRP (67%; n = 39) e 

APAUA (66%; n = 43). A maioria das embarcações navegam em direção ao mar aberto até o 

limite de 50 km na APARM (82%; n = 156), APAUA (72%; n = 47) e APAFRP (52%; n = 30). 

Não foi possível obter o número de embarcações existente em cada APA, mas de acordo com 
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os pescadores, há estimativas de que existam mais de 300 embarcações operando em cada uma 

das APAs. 

A PCA indicou que no primeiro eixo (38,4%) da dimensão tecnológica se destacaram as 

métricas Autonomia de Viagens das Embarcações (AVE), Número de Embarcações (NE), 

Profundidade de Captura das Artes de Pesca (PCAP) e Pesca Direcionada para Espécie (PDE) 

(Figura 3B). Enquanto no segundo eixo (22,5%) foram as Artes de Pesca Utilizadas (APU) e 

de forma oposta, a Distância da Costa para Pesca (DCP) (Figura 3B e Tabelas 2 e 3 no material 

suplementar). Um total de quatro municípios na APAUA (Paço do Lumiar, Primeira Cruz, 

Humberto de Campos e São José de Ribamar) e dois na APARM (Alcântara e Porto Rico), 

apresentaram maior associação com as métricas destacadas pelo primeiro eixo, à medida que 

os demais municípios não apresentaram relação com as métricas da dimensão tecnológica 

(Figura 3B).  

3.2.3  Dimensão Conservação  

Nas métricas da dimensão conservação, 95% (n = 183) dos pescadores na APARM e 

100% (n = 65) na APAUA relatam que não existe fiscalização dos órgãos competentes sobre o 

desenvolvimento de suas atividades diárias (e.g., espécies que capturam, estrutura de suas 

embarcações e tipos de petrechos que utilizam) e que também não conhecem leis que 

regulamentam ou proíbem a pesca das espécies. Nessas duas APAs, não há conselhos 

consultivos, planos de manejo e, como fator agravante, as regiões de pesca utilizadas são 

consideradas áreas prioritárias para a conservação dos elasmobrânquios (IBGE, 2011; Maretti 

et al., 2019). Entretanto, 38% (n = 22) dos pescadores na APAFRP relataram a ocorrência de 

fiscalizações pelos técnicos do IBAMA ou SEMA-MA, mas 62% (n = 36) afirmam que tais 

fiscalizações não ocorrem. Nesta APA, há um conselho consultivo instituído através da portaria 

nº 78 de julho 2018 (SEMA, 2018) e as áreas de pesca não são consideradas prioritárias para a 

conservação das raias e tubarões (IBGE, 2011). Quanto ao conhecimento sobre leis da pesca, 

os pescadores também relatam que desconhecem ações protetivas para elasmobrânquios, assim 

como planos de manejos específico para a região. 

A dimensão de conservação teve a quantidade de métricas reduzida após a organização 

dos dados, a fim de melhorar a visualização na PCA (Tabelas 1, 2 e 3 no material suplementar). 

Desse modo, o primeiro eixo se apresentou responsável por 87,5% da análise, de forma que as 

métricas mais representativas são a existência de Conselho Consultivo na APA (CCAPA) e a 

Existência de Fiscalização (EF). Assim, a APARM (Apicum Açu e Carutapera) e APAFRP 
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(Tutóia e Barreirinhas) tiveram maior relação com as métricas dessa dimensão visto que ambas 

têm relatos de fiscalização dos órgãos competentes e a última possui conselho consultivo. Vale 

ressaltar que os demais municípios estão representados na PCA por um único ponto porque 

estão associados apenas a métrica Áreas Prioritárias para Conservação (APRC), a qual se 

apresentou diretamente oposta a presença de conselho consultivo (Figura 3C).  

O teste não paramétrico de Kruskal Wallis demonstrou que apenas a dimensão 

conservação apresentou diferença significativa (H = 8,6686; p-value = 0,01311) entre as APAs, 

ao passo que o teste post-hoc de Dunn indicou que a diferença ocorreu entre a APAFRP e 

APAUA (p = 0,0101).  

 

A 

B 
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Figura 3. Análise de Componentes Principais (PCA) das métricas nas dimensões ecológica (A), 

tecnológica (B) e de conservação (C) das APAs no litoral do estado do Maranhão, Litoral Amazônico 

Brasileiro. APARM - APA das Reentrâncias Maranhenses: TU - Turiaçú, PR - Porto Rico, GUI - 

Guimarães, CU - Cururupu, CM - Cândido Mendes, CE - Cedral, CA - Carutapera, AP - Apicum Açú, 

AL - Alcântara. APAUA -  APA de Upaon-Açú/Miritiba/Alto do Rio Preguiças: SJR - São José de 

Ribamar, RA - Raposa, PL - Paço Lumiar, PC - Primeira Cruz, IC - Icatú, HC - Humberto de Campos. 

APAFRP - APA Foz do Rio das Preguiças/Pequenos Lençóis/Região Lagunar Adjacente: TUT - Tutóia, 

BAR - Barreirinhas. Métricas: RE - Riqueza de Espécies, SXE - Sexo da Espécie, POE - Período de 

Ocorrência da Espécie, EVE - Estágio de Vida da Espécie, PPA - Percebe Poluição e/ou Alterações 

Ambientais na Área de Pesca, PDE - Pesca Direcionada para Espécie, APU - Arte de Pesca Utilizada, 

AVE - Autonomia de Viagem das Embarcações, NE - Número de Embarcações, PCAP - Profundidade 

de Captura das Artes de Pesca, DCP - Distância da Costa para Pesca, EF - Existência de Fiscalização, 

CCAPA - Conselho Consultivo da APA, APRC - Áreas Prioritárias para Conservação. 

4. Discussão  

Com base nos resultados gerados pelas métricas das três dimensões, verificamos que a 

APAUA é a mais eficaz e a APAFRP é a menos eficaz na conservação dos elasmobrânquios no 

litoral do estado do Maranhão, Litoral Amazônico Brasileiro. Apesar disso, consideramos que 

nenhuma das três APAs são eficazes tanto para a conservação dos elasmobrânquios, quanto 

para o cumprimento de sua finalidade. Isso se deve principalmente pelo fato de que as frotas 

pesqueiras exercem forte pressão nas espécies de raias e tubarões encontrados nas APAs e 

muitos dos instrumentos de formalização estão distantes do esperado, principalmente para as 

espécies endêmicas e criticamente ameaçadas na região (Feitosa et al., 2018; Martins et al., 

2018a; Rodrigues-Filho et al., 2020; Martins et al., 2021).  

C 
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Na dimensão tecnológica, observamos que as embarcações artesanais operam com grande 

capacidade de armazenamento e com inovações tecnológicas, como o uso do Sistema de 

Posicionamento Global (GPS) para marcação das áreas de pesca e sonares para medir a 

profundidade e auxiliar na localização dos cardumes. Nesse sentido, quando a produtividade 

nas pescarias é intensa, geralmente as embarcações que navegam até o limite de 50 km da costa 

retornam uma ou duas vezes aos portos de alguns municípios para o escoamento da produção 

(e.g., Apicum Açu - APARM). Há relatos dos pescadores que, em períodos de alta 

produtividade, embarcações de estados vizinhos também atuam na região das APAs (Pará, Piauí 

e Ceara), gerando conflitos, como competição pela área de exploração dos pesqueiros. De 

acordo com Almeida et al. (2006b), as embarcações dos municípios de Raposa e São José de 

Ribamar (ambos na APAUA) e Barreirinhas (APAFRP), são as únicas que navegam ao longo 

de todo litoral com autonomia para 20 dias. Os municípios de Cururupu (APARM), Raposa 

(APAUA) e Tutóia (APAFRP) se destacam na pesca do Maranhão, pois possuem as maiores 

frotas de artesanais com 760, 354 e 640 barcos registrados, respectivamente (Soares et al. 2006; 

Almeida, 2008). Tal perfil, reforça o quanto a estrutura pesqueira da região tem o potencial de  

causar impactos negativos sobre as espécies de valor comercial e a fauna acompanhante 

capturada (Wheeler et al., 2020; Jorgensen et al., 2022).  

Quanto aos petrechos, a utilização das redes de emalhe ou dos espinheis pelos pescadores 

depende da distribuição, período de ocorrência e profundidade de localização das espécies-alvo 

(Haque, 2022; Seidu, 2022). No caso das redes de emalhe, muito utilizadas ao longo do litoral 

amazônico, as espécies-alvo normalmente são C. acoupa e S. brasiliensis (IMESC, 2021) que 

possuem elevado valor no comércio local. Entretanto, essas redes são menos seletivas quando 

comparadas aos espinheis (Mohidin et al., 2021). Como consequência, a captura de 

elasmobrânquios em diferentes estágios de vida é citada por todos os pescadores que utilizam 

esse aparato de pesca.  

Redes de pesca e espinheis alteram a dinâmica populacional das espécies comumente 

capturadas (Barausse et al., 2014; Martins et al., 2018a), levando a mudanças no número de 

indivíduos, biomassa, frequência, estrutura etária e distribuição espacial (Nóbrega, 2021; 

Haque, 2022; Silva et al., 2023). Para Oliver et al. (2015), as artes de pesca, em especial as 

redes de emalhe e os espinheis, têm grande impacto nos estoques de várias espécies de peixes, 

mesmo nas pescarias onde os peixes não são as espécies-alvo, como as raias e tubarões. Fato 

evidente nas pescarias de bycatch observadas pelo litoral, onde os elasmobrânquios capturados 

são descartados ou utilizados de forma comercial (i.e., carne - Araújo et al., 2018; Fernando e 

Stewart, 2021; Saidi et al., 2023; nadadeiras - Martins et al., 2018a).  
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É por essa razão que o declínio dos elasmobrânquios nos oceanos Atlântico Norte, 

Pacífico e Índico é atribuído a pesca excessiva com uso das redes e espinheis (Worm et al., 

2013; Dulvy et al., 2021). As redes de emalhe utilizadas nas APAs não são confeccionadas 

dentro dos padrões estabelecidos pela legislação vigente e possuem grandes extensões (e.g., 

malhão de 100 a 4000 metros de comprimento). De acordo com as Instruções Normativas do 

Ministério do Meio Ambiente (IN/MMA) nº 43 (26/07/2004) e nº 11 (05/07/2011), essa arte de 

pesca deve ser proibida ou ter restrições quanto a sua utilização dentro das APAs. Porém, é 

necessário introduzir ações mitigadoras imediatas, tais como programas integrados de  

monitoramento de embarcações e desembarques ou a criação de Áreas Marinhas Protegidas 

(AMPs) (Barbosa-Filho, 2021; Motta et al., 2023; Santos et al., 2023), para que ocorra redução 

de capturas incidentais de raias e tubarões, mesmo que também ocorra diminuição das capturas-

alvo (Gupta et al., 2020; Suuronen, 2022; Lutz et al., 2023). 

O conjunto dessas métricas da dimensão tecnológica atuam de forma mais intensa na 

APAUA e foram observadas de forma direta nos municípios de Primeira Cruz e, 

principalmente, São José de Ribamar, onde nos desembarques diários raias e tubarões são 

frequentes e abundantes. A pressão da pesca interfere cada vez mais na dinâmica populacional 

de elasmobrânquios na região (Feitosa et al., 2018; Martins et al., 2018a), mas apesar disso, 

raias-bicudas H. guttatus, raias-jamboranas Rhinoptera bonasus (Mitchill, 1815), tubarões-

junteiros C. porosus e cações-rabos-secos Rhizoprionodon porosus (Poey, 1861), ainda são 

encontrados em abundância dentro das APAs, o que pode ser explicado pela abundante oferta 

de alimento e disponibilidade de habitats (Nunes et al., 2005; Restello et al., 2020). 

Nas listas vermelhas nacionais (ICMBio, 2018b; Brasil, 2022b,c), H. guttatus é 

classificada como uma espécie pouco preocupante (LC) e R. bonasus e R. porosus espécies com 

dados insuficientes (DD), de tal modo que o status de conservação dessas espécies pode estar 

sendo subestimado, visto que faltam informações adequadas para uma análise mais realista, 

especialmente considerando os grandes volumes desembarcados das espécies supracitadas na 

região. Pelos critérios da IUCN (2021), a extensão de ocorrência de uma espécie é facilmente 

obtida através da marcação dos pontos de captura ou registros da espécie, mas há uma 

necessidade de conhecer a área de ocupação propriamente dita das espécies que estão 

distribuídas em suas respectivas APAs. Dessa forma, faz-se necessário mais investimentos em 

pesquisas e estudos direcionados aos elasmobrânquios em cada área (Oliveira et al., 2023). 

Ainda, avaliações quantitativas são urgentes e necessárias para avaliar os estoques 

populacionais e definir a real situação em que se encontram os elasmobrânquios na região 

(Jorgensen et al., 2022; Barreto et al., 2023). 
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A ampla riqueza de espécies verificada nas APAs reflete a variedade de ambientes nas 

regiões de pesca (Hacohen-Domené et al., 2020; Saidi et al., 2023), mas já é perceptível a 

ausência de registros para espécies como a raia-prego Hypanus berthalutzae Petean, Naylor & 

Lima 2020, tubarões-sebastião Mustelus higmani Springer & Lowe, 1963 e cações-frango 

Rhizoprionodon lalandii (Müller & Henle, 1839) na APARM e APAFRP. Pescadores com mais 

tempo de profissão relatam a diminuição dos recursos pesqueiros, em especial a dificuldade em 

capturar espécies como o tubarão-quati C. oxyrhynchus ou a raia-espadarte P. pristis nos 

últimos anos (Lessa et al., 2016; Feitosa et al., 2017). Essa última citada por dois pescadores 

no município de Cedral (APARM), que relataram a captura de um pequeno indivíduo ( 150 

cm de comprimento) no ano de 2018, causando surpresa e confusão entre as pessoas que 

estavam na região do porto, principalmente nos pescadores mais jovens que nunca tinham visto 

um exemplar da espécie. A tendência é que outras espécies que são expostas a este ritmo intenso 

de explotação tambem enfrentem declinios populacionais em curto intervalo de tempo (Pollom 

et al., 2021; Talwar et al., 2022; Sherman et al., 2023).    

As métricas ecológicas EVE e POE também justificam a importância dessas APAs para 

a proteção e conservação dos elasmobrânquios amazônicos, visto que a captura de indivíduos 

em todas as fases de vida é constante nas últimas décadas. Tal padrão é uma forte evidencia de 

que a complexidade ambiental da região é vantajosa para raias e tubarões, seja para o parto, 

crescimento (berçários), alimentação ou como refúgios ambientais contra predadores e até 

alterações climáticas (Heupel et al., 2007; Lessa e Feitosa, 2021; Afonso et al., 2022; Leurs et 

al., 2023). Por essas razões, o manejo adequado das APAs deve ser uma prioridade, visto que 

elas englobam uma série de áreas críticas para raias e tubarões endêmicos e ameaçados de 

extinção, sendo necessário o ajuste e controle das atividades extrativistas dentro das APAs.  

Segundo os pescadores, raias e tubarões de grandes tamanhos são considerados 

indivíduos adultos e a identificação dos machos é mais fácil. Entretanto, eles reconhecem o 

período de maturação e reprodução somente nas fêmeas, pois ao eviscerá-las é comum 

encontrar as gônadas “gordas ou grandes” ou ainda filhotes em diferentes estágios de 

desenvolvimento, o que afeta as taxas de recrutamento e renovação dos estoques (Almeida et 

al., 2006a; Silva et al., 2023). Os pescadores ainda destacam que no caso de algumas raias, as 

fêmeas adultas tendem a “abortar” os filhotes quando são capturadas. Nesse contexto, os 

pescadores citam que para algumas espécies a captura ocorre ao longo do ano todo e que, 

quando utilizam redes em profundidades entre 10 e 20 metros ou abaixo de 20 metros, é maior 

a probabilidade de pescar raias e tubarões adultos. Essa informação reforça que indivíduos 
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adultos buscam regiões mais profundas e os mais jovens procuram proteção em águas mais 

rasas devido ao “baixo risco predatório” (Yokota e Lessa, 2006). Diante desse conhecimento 

ecológico local dos pescadores, é possível comprovar a urgência e, conservar e manejar 

populações de elasmobrânquios no LAB (Costa et al., 2022; Silva et al., 2023). Exemplos de 

estratégias para reduzir o impacto pesqueiro são ações de Educação Ambiental (EA), onde 

interações entre pesquisadores, pescadores e outros membros da comunidade local, tem gerado 

resultados positivos na conscientização e sensibilização para práticas conservacionistas, com a 

realização de atividades lúdicas, palestras, confecção e divulgação de materiais didáticos, 

soltura de animais vivos (Giareta et al., 2021; Sampaio et al., 2023) ou a implementação de 

tecnologias (e.g., anzóis apropriados e artes de pesca mais seletivas) que reduzam a captura 

incidental (Gupta et al., 2020; Jorgensen et al., 2022; Suuronen, 2022).   

Quanto a PPA nas áreas, os pescadores relatam muita poluição nas regiões de captura dos 

peixes, destacando sempre encontrar resíduos plásticos (e.g., sacolas e garrafas), principalmente 

quando as redes são retiradas da água. Alguns desses pescadores reportam recolher o lixo e o 

descartam no porto, mas outros, assim que os tiram da rede, jogam novamente na água. Esse 

tipo de resíduo configura um problema mundial nas zonas costeiras (Barletta et al., 2020; 

Andrades et al., 2020; Eriksen et al., 2023), e vem afetando de forma direta ou indireta tanto 

pessoas (Schwabl et al., 2019; Prinz e Korez, 2020; Ragusa et al., 2021) quanto os recursos 

naturais, em especial os peixes (Pegado et al., 2018; Parton et al., 2020; Pegado et al., 2021). 

As principais ações utilizadas para tentar solucionar essa problemática tem se concentrado na 

identificação das fontes de poluição, contínuos trabalhos de EA e monitoramento e limpeza 

constante dos locais com maior concentração desses resíduos (Botero et al., 2021; Videla e 

Araujo, 2021; Ansari e Farzadkia, 2022; Brabo et al., 2022). Infelizmente, em nenhuma das 

APAs verificamos tais ações. 

Com relação ao aparecimento de peixes mortos nas áreas de pesca, alguns pescadores 

destacam a possibilidade ter sido causada por um descarte da pesca proveniente de outras 

embarcações, mas alterações físico-químicas da água não podem ser descartadas (o que não foi 

verificado nesse estudo). Os pescadores também evidenciam que o ambiente de manguezal vem 

sendo degradado cada vez mais ao longo dos anos em virtude da retirada de madeira das árvores 

de mangue e o soterramento de áreas para construção de habitações irregulares, o que foi 

verificado nos municípios de Cedral, Cururupu e Turiaçu (todos na APARM). Pelo Código 

Florestal (Brasil, 2004) e resoluções do Conselho Nacional do Meio Ambiente (CONAMA, 

2012), os manguezais são considerados Áreas de Preservação Permanente (APPs), e essas 

devem ser mantidas intactas, pois constituem um elemento regularizador da biodiversidade, do 
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clima, da composição atmosférica e do ciclo hidrológico de bacias hidrográficas, sendo sua 

integridade indispensável para a manutenção do equilíbrio ambiental (Bezerra et al., 2022; 

Ward et al., 2023). Essa degradação dos habitats naturais, associada a pressão da pesca e a 

poluição aquática são apontadas como as principais causas para diminuição populacional dos 

elasmobrânquios (Dulvy et al., 2021; Jorgensen et al., 2022; Kotas et al., 2023).  

Na dimensão de conservação, as métricas CCAPA e EF retrataram melhor situação na 

APAFRP, visto que é a única com a presença de um Conselho Consultivo (CC) e na qual alguns 

dos pescadores relataram a existência de fiscalização por parte dos órgãos competentes. Porém, 

o CC, desde sua criação em 2018, ainda está na fase de eleição dos seus membros titulares e 

suplentes, com novas eleições para o mandato de conselheiros no intervalo de dois anos, e por 

essa razão até o momento não houve nenhum fórum oficial de gestão participativa para 

contribuir de forma efetiva na implantação e no cumprimento dos objetivos de criação da APA 

(Brasil, 2011). Na APARM e APAUA, os CCs ainda não foram instituídos. Outra importante 

ferramenta de gestão que não existe em nenhuma das APAs é o Plano de Manejo (PM), que de 

acordo com o SNUC (Brasil, 2022a) estabelece o zoneamento e normas que devem presidir o 

uso da área e o manejo dos recursos naturais, assegurando às populações tradicionais residentes 

condições e meios necessários para a satisfação de suas necessidades socioeconômicas e 

culturais. Esse é um dos motivos pelos quais as APAs no litoral Maranhense não podem ser 

enquadradas na categoria de AMPs, pois o primeiro passo para a criação e gestão de uma AMP 

são as definições e apresentações claras de suas metas e objetivos (Rolim et al., 2017; Rigby et 

al., 2019). Cada PM deve ser elaborado no prazo de cinco anos a partir da data de criação de 

uma UC. Mas, até que seja elaborado o PM, todas as atividades desenvolvidas nas APAs devem 

se limitar àquelas destinadas a garantir a integridade dos recursos que a unidade objetiva 

proteger (Brasil, 2022a). No ano de 2014 foi proposto pela SEMA-MA um PM para a APAUA, 

mas esse não foi aprovado e até o momento não foram retomadas as discussões, estudos e 

revisões necessárias para sua implementação.   

De acordo com informações de analistas ambientais da SEMA-MA, as APAs 

estabelecidas no litoral são áreas geograficamente muito extensas, o que dificulta a fiscalização, 

sua delimitação, um planejamento espacial marinho, ordenamento de atividades, além de não 

existir também a gestão participativa efetiva por parte dos atores sociais diretamente envolvidos 

(pescadores, pesquisadores e gestores públicos) e, principalmente, ausência de PM para serem 

implementados. Designar grandes faixas litorâneas como áreas protegidas não garante a 

utilização eficiente dos recursos disponíveis (Martins et al., 2018b), ao passo que em áreas 

menores, torna-se mais fácil a gestão dos recursos de forma integrada e participativa 
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(Heldsinger et al., 2023; Brasil, 2022a), como é o caso das RESEXs de Itapetininga (Decreto 

Federal nº 9.333 de 05/04/2018), de Arapiranga-Tromaí (Decreto Federal nº 9.339 de 

05/04/2018), de Cururupu (Decreto Federal S/N de 02/06/2004) (ambas na APARM) e da Baía 

do Tubarão (Decreto Federal nº 9.340 de 05/04/2018) (APAUA) – todas com PM.   

No que tange a EF relatada por alguns pescadores na APAFRP, é sempre punitiva com 

multas e apreensões das embarcações e petrechos de pesca. Não há um trabalho educativo 

direcionado aos pescadores, por parte dos fiscais do ICMBio ou da SEMA-MA, em que possa 

haver esclarecimento sobre leis que regulamentam as atividades da pesca e a captura de espécies 

que estão ameaçadas de extinção. Diálogos construtivos, gestão participativa e EA direcionada 

aos pescadores têm provocado mudanças de comportamento resultando em melhorias nos 

processos de gestão dentro das UCs, visto que essas ações visam conciliar a conservação 

ambiental e o uso ordenado e sustentável dos recursos naturais (Giareta et al., 2021; Brasil, 

2022a; Suuronen, 2022; Sampaio et al., 2023).  

Para as regiões de pesca consideradas APRC para elasmobrânquios, somente na APAFRP 

as regiões ainda não recebem essa classificação (IBGE, 2011). No entanto, por várias razões já 

relatadas ao longo do nosso estudo e pesquisas já realizadas em todo o litoral (ICMBio, 2016; 

Coelho et al., 2021, 2022), fica claro a importância dessas APAs para a conservação dos 

elasmobrânquios, não somente pelos aspectos ecológicos (proteção da biodiversidade, de 

habitats e de espécies ameaçadas), mas também pelos econômicos e socioculturais, em que haja 

preservação de modos de vida humanos, sustentabilidade da pesca e promoção do turismo, 

educação e pesquisa (Rigby et al., 2019). 

Por fim, as APAs estabelecidas no litoral do estado do Maranhão, foram criadas no início 

da década de 90 sob o contexto de atender metas geopolíticas globais para a preservação e 

conservação da biodiversidade mundial, devido os acordos assinados na ECO-92 (Brasil, 

2022a). Entretanto, não houve o devido planejamento e ordenamento das atividades a serem 

desenvolvidas para que elas cumprissem o seu verdadeiro papel. De modo geral, a configuração 

espacial para o estabelecimento das UCs recebe poucas contribuições públicas e muitas vezes 

faltam evidências científicas consideráveis (Villar e Joyeux, 2021). Na ausência de critérios 

científicos, haverá falta de proteção para os ecossistemas e as espécies mais vulneráveis, como 

espécies endêmicas. Dessa forma, é necessário fortalecer a pesquisa nas áreas de gestão, 

conservação e uso sustentável da biodiversidade por meio de conhecimento científico e 

tecnológico específico sobre cada APA, favorecendo assim a inserção dessas áreas no contexto 

regional (ICMBio, 2018a).  
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5. Conclusão  

É perceptível o quanto as populações de raias e tubarões estão sendo exploradas dentro 

das APAs no litoral do estado do Maranhão, cujo uma das principais funções seria salvaguardar 

a diversidade biológica, em especial as áreas berçários e prioritárias para conservação dos 

elasmobrânquios, além de assegurar o uso sustentável dos recursos naturais nas regiões. Essa 

sobrepesca pode levar ao declínio de diversas espécies de elasmobrânquios causando impactos 

em todo o ecossistema e, principalmente, nas comunidades tradicionais que dependem desses 

recursos. Nesse sentido, as APAs avaliadas no presente estudo, não são eficazes nem para a 

conservação dos elasmobrânquios, nem para o cumprimento da sua finalidade. Além disso, 

consideramos que o conhecimento local dos pescadores pode auxiliar na ausência de estatísticas 

oficiais e programas de monitoramento, tornando-se uma importante ferramenta de informação 

e avaliação para direcionar o manejo sustentável na região. Por fim, são necessárias ações 

imediatas de conservação e planos de manejo, ou avaliações específicas para cada APA no 

intuito de reduzir a pressão sobre os estoques populacionais de raias e tubarões, especialmente 

sobre as espécies endêmicas e/ou ameaçadas.  
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6 CONCLUSÕES  

Esta tese proporcionou conhecer a importância do litoral do estado do Maranhão como 

uma das principais regiões de pesca no Litoral Amazônico Brasileiro, especialmente, por 

proporcionar segurança alimentar e fonte de renda para os pescadores artesanais.  

Nesse sentido, os elasmobrânquios tornaram-se um dos recursos pesqueiros muito 

utilizado em todo litoral maranhense, e por esse motivo, ao longo de décadas vem sofrendo com 

a diminuição dos seus estoques populacionais. Inicialmente, as pesquisas exploratórias focavam 

em metodologias letais para conhecer o potencial dos recursos pesqueiros da região (e.g., 

inventário de espécies), mas com o passar do tempo, novas formas de pesquisas foram sendo 

implementadas, especialmente nos últimos anos, como análises genéticas, fisiologia da 

conservação e conhecimento ecológico local dos pescadores. Essas tendências de pesquisas 

seguem as linhas de estudos globais, mas ainda carecem de recursos financeiros e formação de 

recursos humanos para que sejam efetivadas, pois ainda há muito o que se conhecer, 

principalmente para as espécies endêmicas e também aquelas listadas como dados deficientes 

(DD). Entretanto, as pesquisas em andamento ou já realizadas podem auxiliar os gestores 

públicos na tomada de decisões para o melhor gerenciamento dos recursos pesqueiros.   

O conhecimento ecológico local (CEL) é uma dessas tendências de pesquisa que pode 

ajudar nas tomadas de decisões, pois através dessa estratégia foi possível produzir esta tese, 

conhecendo assim, a nomenclatura utilizada para os peixes ao longo do litoral, a estrutura das 

embarcações, as artes de pesca e as características de vida das espécies de elasmobrânquios. 

Verificamos que existe uma riqueza linguística pelo uso de nomes comuns, com base nas 

características morfofisiológicas, para os tubarões e raias. Essa variedade de nomes é uma 

dificuldade na identificação correta das espécies. No entanto, pode ser importante no 

acompanhamento dos desembarques em regiões portuárias, favorecendo a elaboração de planos 

de manejos sustentáveis para as regiões. 

As embarcações, que contam com melhores instrumentos de navegação, estão operando 

cada vez mais longe da costa em busca de áreas de pesca mais produtivas, impactando cada vez 

mais os estoques populacionais de elasmobrânquios, em especial, as espécies criticamente em 

perigo (CR), tais como o tubarão-quati Carcharhinus oxyrhynchus e a raia-espadarte Pristis 

pristis. Nessa condição, todas as artes de pesca utilizadas ao longo do litoral são predatórias 

sobre os elasmobrânquios, principalmente as redes de emalhe e os espinheis, que geralmente 

são confeccionadas não obedecendo as legislações vigentes. Assim, medidas de conservação se 
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tornam necessárias, visando reduzir a distância entre a conservação e o uso dos recursos 

naturais. 

Todo esse cenário de explotação e impacto sobre os elasmobrânquios ocorre em áreas de 

proteção ambiental (APAs) estabelecidas ao longo do litoral maranhense, cuja a principal 

função seria resguardar a diversidade biológica local. Assim, essas APAs não cumprem a 

finalidade ao que se propõe. Ressalta-se que o litoral do estado do Maranhão, Litoral 

Amazônico Brasileiro, é uma das áreas prioritária para a conservação de elasmobrânquios em 

nível global, sendo extremamente necessário implementar cada vez mais metodologias não 

invasivas e políticas públicas que incentivem ações mitigadoras, como programas de 

monitoramento e planos de manejo, para a proteção e conservação dos elasmobrânquios e 

demais recursos pesqueiros, sobretudo para as espécies ameaçadas. 
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Apêndice A – Questionário aplicado aos pescadores artesanais no litoral do estado do 

Maranhão, Litoral Amazônico Brasileiro. 
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Apêndice B – Termo de Consentimento Livre Esclarecido (TCLE) aplicado aos pescadores 

artesanais no litoral do estado do Maranhão, Litoral Amazônico Brasileiro. 
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Apêndice B (cont.) – Termo de Consentimento Livre Esclarecido (TCLE) aplicado aos 

pescadores artesanais no litoral do estado do Maranhão, Litoral Amazônico Brasileiro. 
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Apêndice C – Material suplementar elaborado para o artigo “Research trends on elasmobranchs 

from the Brazilian Amazon Coast: a four-decade review” publicado na Revista Biota 

Neotropica (Qualis B1). 

 

 
Figure supplementary. Literature on elasmobranchs from the Brazilian Amazon Coast (BAC) selected 

in the present study. Data are presented according to publication type, year of publication and number 

of studies per category. 
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Apêndice D – Material suplementar elaborado para o manuscrito “Impacts of artisanal captures on elasmobranchs in the Brazilian Amazon 

Coast” que será submetido ao periódico Fisheries Research (Qualis A3). 

 

Table 1. List of Orders, Families and Species of rays captured by fishing gear on the coast of the State of Maranhão, Brazilian Amazon Coast. 

Area 1 - Reentrâncias Maranhenses, Area 2 - Golfão Maranhense and Area 3 - Foz do Rio das Preguiças; A - Fixed gillnet (Zangaria), B - 

Barriers (Tapagem), C - Gillnet (Rede de emalhe), D - Longline (Espinhel), E - Beach seine (Arrasto de praia) and F - Weirs fishery (Curral).  

 

Order 

       Family 
Species Initials 

Gear 

Area 1 Area 2 Area 3 

A B C D F A B C D F A C D E 

Myliobatiformes                 

Aetobatidae Aetobatus narinari 

(Euphrasen, 1790) 
Anar X X X X X X X X X X X X X X 

Dasyatidae Fontitrygon geijskesi 

(Boeseman, 1948) 
Fgei X X X X X   X X X X X X X 

 

Hypanus berthalutzae 

Petean, Naylor & Lima 

2020 

Hber        X       

 
Hypanus guttatus (Bloch 

& Schneider, 1801) 
Hgut X X X X X X X X X X X X X X 

 

Hypanus marianae 

(Gomes, Rosa & Gadig, 

2000) 

Hmar X  X X X   X X   X   

 
Hypanus say (Lesueur, 

1817) 
Hsay   X X X   X    X X X 
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Pteroplatytrygon violacea 

(Bonaparte, 1832) 
Pvio   X X X   X    X   

Gymnuridae Gymnura micrura (Bloch 

& Schneider, 1801) 
Gmic X X X X X X  X X X X X X X 

Mobulidae Mobula birostris 

(Walbaum, 1792) 
Mbir X X X X X   X X X  X X X 

 
Mobula hypostoma 

(Bancroft, 1831) 
Mhyp X X X X X X  X X X X X X X 

Rhinopteridae Rhinoptera bonasus 

(Mitchill, 1815) 
Rbon X X X X X X X X X X  X X X 

Urotrygonidae Urotrygon 

microphthalmum 

Delsman, 1941 

Umic X X X  X   X       

Rhinopristidiformes                 

Pristidae Pristis pristis (Linnaeus, 

1758) 
Ppri X X X X X   X X   X X  

Rhinobatidae Pseudobatos percellens 

(Walbaum, 1792) 
Pper X X X X X   X X X X X X X 

Torpediformes                 

Narcinidae Narcine brasiliensis 

(Olfers, 1831) 
Nbra X X X X X   X X  X X X  
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Apêndice D (cont.) – Material suplementar elaborado para o manuscrito “Impacts of artisanal captures on elasmobranchs in the Brazilian 

Amazon Coast” que será submetido ao periódico Fisheries Research (Qualis A3). 

 

Table 2. List of Orders, Families and Species of sharks captured by fishing gear on the coast of the State of Maranhão, Brazilian Amazon 

Coast. Area 1 - Reentrâncias Maranhenses, Area 2 - Golfão Maranhense and Area 3 - Foz do Rio das Preguiças; A - Fixed gillnet (Zangaria), 

B - Barriers (Tapagem), C - Gillnet (Rede de emalhe), D - Longline (Espinhel), E - Beach seine (Arrasto de praia) and F - Weirs fishery 

(Curral). 

Order 

       Family 
Species Initials 

Gear 

Area 1 Area 2 Area 3 

A B C D F A B C D F A C D E 

Carchariniformes                 

Carcharinidae Carcharhinus acronotus 

(Poey, 1860) 
Cacro X X X X X X X X X X X X X X 

 
Carcharhinus falciformis 

(Müller & Henle, 1839) 
Cfal        X X   X   

 
Carcharhinus leucas 

(Müller & Henle, 1839) 
Cleu X X X X X X  X X X X X X X 

 
Carcharhinus limbatus 

(Müller & Henle, 1839) 
Clim X X X X X   X X  X X X  

 
Carcharhinus obscurus 

(Lesueur, 1818) 
Cobs   X     X X   X   

 

Carcharhinus 

oxyrhynchus (Müller & 

Henle, 1839) 

Coxy X X X X X   X X   X X X 
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Carcharhinus perezi 

(Poey, 1876) 
Cper        X X   X   

 
Carcharhinus plumbeus 

(Nardo, 1827) 
Cplu        X X    X  

 
Carcharhinus porosus 

(Ranzani, 1839) 
Cpor X X X X X   X X X  X X X 

 
Galeocerdo cuvier (Péron 

& Lesueur, 1822) 
Gcuv X X X X X   X X X X X X X 

 
Rhizoprionodon lalandii 

(Müller & Henle, 1839) 
Rlal        X X      

 
Rhizoprionodon porosus 

(Poey, 1861) 
Rpor X X  X X  X X X X  X X X 

Sphyrnidae Sphyrna lewini (Griffith & 

Smith, 1834) 
Slew X  X X  X X X X      

 
Sphyrna media Springer, 

1940 
Smed   X     X X      

 
Sphyrna mokarran 

(Rüppell, 1837) 
Smok   X     X X      

 
Sphyrna tiburo (Linnaeus, 

1758) 
Stib X  X X    X X   X X  

 
Sphyrna tudes 

(Valenciennes, 1822) 
Stud X X X X X   X X X X X X X 

Triakidae Mustelus canis (Mitchill, 

1815) 
Mcan        X    X X X 

 
Mustelus higmani 

Springer & Lowe, 1963 
Mhig        X       
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Orectolobiformes                 

Ginglymostomidae Ginglymostoma cirratum 

(Bonnaterre, 1788) 
Gcir X X X X X X X X X X X X X X 
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Apêndice E – Material suplementar elaborado para o manuscrito “Avaliação da eficácia das 

Áreas de Proteção Ambiental para a conservação dos elasmobrânquios no Litoral Amazônico 

Brasileiro”. 

Quadro 1. Dimensões e métricas usadas na pontuação das respostas dos pescadores artesanais 

para avaliar a eficácia das Áreas de Proteção Ambiental (APAs) na conservação dos 

elasmobrânquios no litoral do estado do Maranhão, Litoral Amazônico Brasileiro. Métricas: 

SAE - Status de Ameaça da Espécie, GE - Grau de Endemismo, RE - Riqueza de Espécies, 

SXE - Sexo da Espécie, POE - Período de Ocorrência da Espécie, EVE - Estágio de Vida da 

Espécie, PPA - Percebe Poluição e/ou Alterações Ambientais na Área de Pesca, PDE - Pesca 

Direcionada para Espécie, APU - Arte de Pesca Utilizada, AVE - Autonomia de Viagem das 

Embarcações, NE - Número de Embarcações, PCAP - Profundidade de Captura das Artes de 

Pesca, DCP - Distância da Costa para Pesca, EF - Existência de Fiscalização, CLP - 

Conhecimento sobre Leis da Pesca, UAPP - Uso de Arte de Pesca Proibida, CCAPA - Conselho 

Consultivo da APA, PM - Planos de Manejo, APRC - Áreas Prioritárias para Conservação. 

Dimensões Sigla Métricas 
Valores 

0 2,5 5 7,5 10 

E
co

ló
g
ic

a
 

SAE 

Status de Ameaça da Espécie           

Categoria 1 - Criticamente Em perigo (CR) X      

Categoria 2 - Em perigo (EN)   X    

Categoria 3 - Vulnerável (VU)     X 

GE 

Grau de Endemismo           

Categoria 1 - Amazônica X      

Categoria 2 - Atlântico Ocidental  X     

Categoria 3 - Atlântica   X    

Categoria 4 - Global    X   

Não Avaliado     X 

RE 

Riqueza de Espécies           

Acima de 20 espécies X      

Entre 10 e 20 espécies   X    

Abaixo de 10 espécies     X 

SXE 

Sexo da Espécie           

Fêmea X      

Macho   X    

Não Sabe     X 

POE 

Período de Ocorrência da Espécie           

Ano todo X      

Verão ou Inverno   X    
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Não Sabe     X 

EVE 

Estágio de Vida da Espécie           

Adulto X      

Jovens   X    

Filhote    X   

Não Sabe     X 

PPA 

Percebe Poluição e/ou Alterações 

Ambientais na Área de Pesca 
          

Sim, retirada do manguezal X      

Sim, diminuição do pescado  X     

Sim, aparecimento de plástico   X    

Sim, aparecimento de peixe morto    X   

Não         X 

T
ec

n
o
ló

g
ic

a
 

PDE 

Pesca Direcionada para Espécie           

Bycatch X      

Não   X    

Sim     X 

APU 

Arte de Pesca utilizada           

Três ou mais X      

Dois tipos   X    

Apenas um tipo     X 

AVE 

Autonomia de Viagem das Embarcações           

Acima de 30 dias X      

Entre 20 e 30 dias  X     

Entre 10 e 20 dias   X    

Abaixo de 10 dias    X   

Não sabe     X 

NE 

Número de Embarcações           

Acima de 300 embarcações X      

Entre 200 e 300 embarcações  X     

Entre 100 e 200 embarcações   X    

Abaixo de 100 embarcações    X   

Não Sabe         X 

PCAP 

Profundidade de Captura das Artes de 

Pesca 
          

Acima de 20 metros X      

Entre 10 e 20 metros   X     

Entre 5 e 10 metros    X    

Até 5 metros     X   

Não sabe         X 

DCP Distância da Costa para Pesca           
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Acima de 200 km X      

entre 100 km e 200 km  X     

entre 50 km e 100 km   X    

Até 50 km    X   

Não sabe     X 

C
o
n

se
rv

a
çã

o
 

EF 

Existência de Fiscalização           

Não X      

Sim, os fiscais levam o material de trabalho 

(petrechos e peixes), apreende o barco e 

aplicam multas 

  X    

Sim, os fiscais falam o que está errado e nos 

comprometemos em corrigir 
    X 

CLP 

Conhecimento sobre Leis da Pesca           

Não X      

Sim     X 

UAPP 

Uso de Arte de Pesca Proibida           

Sim X      

Não     X 

CCAPA 

Conselho Consultivo da APA           

Não X      

Sim         X 

PM 

Planos de Manejo           

Não X      

Sim         X 

APRC 

Áreas Prioritárias para Conservação           

Não X      

Sim         X 
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Apêndice E (cont.) – Material suplementar elaborado para o manuscrito “Avaliação da eficácia das Áreas de Proteção Ambiental para a conservação dos 

elasmobrânquios no Litoral Amazônico Brasileiro”. 

Tabela 1. Média das métricas por municípios/APAs utilizadas para avaliar a eficácia das Áreas de Proteção Ambiental na conservação dos 

elasmobrânquios no litoral do estado do Maranhão, Litoral Amazônico Brasileiro. APAs: APARM - APA das Reentrâncias Maranhenses, APAUA -  

APA de Upaon-Açú/Miritiba/Alto do Rio Preguiças e APAFRP - APA Foz do Rio das Preguiças/Pequenos Lençóis/Região Lagunar Adjacente. 

Municípios: AL - Alcântara, AP - Apicum Açú, CM - Cândido Mendes, CA - Carutapera, CE - Cedral, CU - Cururupu, GUI - Guimarães, PR - Porto 

Rico, TU - Turiaçu, HC - Humberto de Campos, IC - Icatú, PL - Paço do Lumiar, PC - Primeira Cruz, RA - Raposa, SJR - São José de Ribamar, BAR - 

Barreirinhas, TUT - Tutóia. Métricas: SAE-RA - Status de Ameaça da Espécie para Raias, SAE-TB - Status de Ameaça da Espécie para Tubarões, GE-

RA - Grau de Endemismo para Raias, GE-TB - Grau de Endemismo para Tubarões, RE - Riqueza de Espécies, SXE - Sexo da Espécie, POE - Período 

de Ocorrência da Espécie, EVE - Estágio de Vida da Espécie, PPA - Percebe Poluição e/ou Alterações Ambientais na Área de Pesca, PDE - Pesca 

Direcionada para Espécie, APU - Arte de Pesca Utilizada, AVE - Autonomia de Viagem das Embarcações, NE - Número de Embarcações, PCAP - 

Profundidade de Captura das Artes de Pesca, DCP - Distância da Costa para Pesca, EF - Existência de Fiscalização, CLP - Conhecimento sobre Leis da 

Pesca, UAPP - Uso de Arte de Pesca Proibida, CCAPA - Conselho Consultivo da APA, PM - Planos de Manejo, APRC - Áreas Prioritárias para 

Conservação.  

 Dimensão Métrica   
APARM   APAUA   APAFRP 

AL AP CM CA CE CU GUI PR TU ∑ /  HC IC PL PC RA SJR ∑ /  BAR TUT ∑ /  

E
C

O
L

Ó
G

IC
A

 

SAE-RA 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 2,5 0,0 0,0 0,0 0,4 0,3 2,5 1,4 

SAE-TB 0,0 0,0 0,0 4,1 0,0 0,0 0,0 1,7 1,4 0,8 0,0 0,0 5,0 0,0 0,0 0,0 0,8 0,0 0,0 0,0 

GE-RA 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 

GE-TB 2,5 0,0 2,5 2,0 0,0 0,0 0,0 1,8 1,4 1,1 0,0 2,5 3,9 0,0 0,0 0,0 1,1 2,2 1,6 1,9 

RE 5,0 0,0 5,0 5,0 0,0 0,0 5,0 0,0 0,0 2,2 0,0 5,0 5,0 5,0 0,0 5,0 3,3 0,0 0,0 0,0 
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SXE 5,0 4,8 4,7 5,0 5,0 3,8 5,0 4,2 3,9 4,6 5,0 3,6 5,0 5,0 3,6 3,3 4,3 4,7 4,6 4,7 

POE 3,8 3,3 2,9 1,6 2,3 1,2 2,6 2,4 1,4 2,4 0,0 2,5 0,0 0,0 2,1 2,2 1,1 3,3 2,0 2,7 

EVE 4,1 3,3 0,0 1,3 1,3 0,0 0,5 8,4 0,0 2,1 0,0 0,0 0,0 0,0 0,0 2,5 0,4 1,3 0,0 0,7 

PPA 4,4 7,9 4,6 4,9 4,6 7,4 6,2 10,0 5,0 6,1 5,0 4,6 6,1 5,0 5,0 5,0 5,1 3,8 5,4 4,6 

T
E

C
N

O
L

Ó
G

IC
A

 PDE 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,5 0,0 0,0 0,0 0,1 0,0 0,0 0,0 

APU 0,0 0,0 0,0 1,4 0,0 1,8 0,0 0,0 0,0 0,4 0,0 2,2 0,0 0,0 0,0 0,0 0,4 0,0 0,0 0,0 

AVE 7,5 5,0 5,0 3,6 3,5 3,5 5,0 5,0 5,0 4,8 7,5 5,0 7,3 7,5 5,0 7,2 6,6 3,7 3,0 3,4 

NE 7,5 0,0 0,0 0,0 0,0 0,0 0,0 2,5 0,0 1,1 2,5 5,0 5,0 5,0 0,0 2,5 3,3 0,0 0,0 0,0 

PCAP 7,5 3,3 4,1 3,3 2,5 2,5 6,7 7,2 3,9 4,6 2,5 3,3 6,8 2,5 2,5 4,2 3,6 4,9 2,5 3,7 

DCP 7,5 7,5 6,0 7,2 7,5 7,1 5,8 7,5 7,4 7,1 7,5 2,5 7,5 7,5 7,5 7,5 6,7 7,5 2,7 5,1 

C
O

N
S

E
R

V
A

Ç
Ã

O
 

EF 0,0 1,4 0,0 0,9 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,3 2,5 1,9 

CLP 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

UAPP 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

CCAPA 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 10,0 10,0 10,0 

PM 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

APRC 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 0,0 0,0 0,0 

∑ Ecológicas 3,03 2,42 2,47 2,93 1,74 1,66 2,42 3,44 1,73 2,43 1,39 2,30 3,33 1,94 1,47 2,28 2,12 2,01 2,07 2,04 

∑ Tecnológicas 5,00 2,63 2,52 2,58 2,25 2,48 2,92 3,70 2,72 2,98 3,33 3,00 4,52 3,75 2,50 3,57 3,44 2,68 1,37 2,03 

∑ Conservação 1,67 1,90 1,67 1,82 1,67 1,67 1,67 1,67 1,67 1,71 1,67 1,67 1,67 1,67 1,67 1,67 1,67 1,88 2,08 1,98 

∑ Métricas/3 3,23 2,32 2,22 2,44 1,89 1,94 2,34 2,94 2,04 2,34 2,13 2,32 3,17 2,45 1,88 2,50 2,40 2,19 1,84 2,01 
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Apêndice E (cont.) – Material suplementar elaborado para o manuscrito “Avaliação da eficácia 

das Áreas de Proteção Ambiental para a conservação dos elasmobrânquios no Litoral 

Amazônico Brasileiro”. 

Tabela 2. Autovalores, percentual de variância e percentual cumulativo de variância das 

dimensões ecológica, tecnológica e de conservação das APAs no litoral do estado do Maranhão, 

Litoral Amazônico Brasileiro. 

Dimensão Ecológica 

eigenvalue Variance_percent Cumulative_variance_percent 

2,014 40,288 40,288 

1,243 24,862 65,150 

0,872 17,447 82,597 

0,590 11,804 94,401 

0,280 5,599 100 

Dimensão Tecnológica 

eigenvalue Variance_percent Cumulative_variance_percent 

2,302 38,373 38,373 

1,289 21,486 59,859 

0,978 16,301 76,160 

0,692 11,528 87,688 

0,627 10,451 98,140 

0,112 1,860 100 

Dimensão Conservação 

eigenvalue Variance_percent Cumulative_variance_percent 

2,574 87,517 87,517 

0,370 12,422 99,939 

0,056 0,061 100 
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Apêndice E (cont.) – Material suplementar elaborado para o manuscrito “Avaliação da eficácia 

das Áreas de Proteção Ambiental para a conservação dos elasmobrânquios no Litoral 

Amazônico Brasileiro”. 

Tabela 3. Relação das métricas que melhor representam as dimensões ecológicas, tecnológicas 

e de conservação nas APAs no litoral do estado do Maranhão, Litoral Amazônico Brasileiro, 

bem como os valores de correlação e valor de p de cada métrica nos respectivos eixos principais 

da Análise de Componentes Principais (PCA). MÉTRICA: EVE - Estágio de Vida da Espécie, 

PPA - Percebe Poluição e/ou Alterações Ambientais na Área de Pesca, RE - Riqueza de 

Espécies, POE - Período de Ocorrência da Espécie, SXE - Sexo da Espécie, AVE - Autonomia 

de Viagem das Embarcações, NE - Número de Embarcações, PCAP - Profundidade de Captura 

das Artes de Pesca, PDE - Pesca Direcionada para Espécie, APU - Arte de Pesca Utilizada, 

DCP - Distância da Costa para Pesca, CCAPA - Conselho Consultivo da APA, EF - Existência 

de Fiscalização, APRC - Áreas Prioritárias para Conservação. 

Dimensão Ecológica 

Métrica Correlação p_valor Eixo_PCA 

EVE 0,7527 4,892e-04 1 

PPA 0,8711 5,337e-06 1 

RE -0,5236 3,099e-02 1 

POE -0,5100 3,650e-02 2 

SXE 0,7961 1,320e-04 2 

Dimensão Tecnológica 

Métrica Correlação p_valor Eixo_PCA 

AVE 0,8368 2,809e-05 1 

NE 0,7890 1,666e-04 1 

PCAP 0,6470 4,995e-03 1 

PDE 0,6428 5,388e-03 1 

APU 0,7454 5,932e-04 2 

NE 0,4950 4,334e-02 2 

DCP -0,6955 1,937e-03 2 

Dimensão Conservação 

Métrica Correlação p_valor Eixo_PCA 

CCAPA 0,9737 4,852e-11 1 

EF 0,8544 1,265e-05 1 

APRC -0,9737 4,852e-11 1 
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Apêndice E (cont.) – Material suplementar elaborado para o manuscrito “Avaliação da eficácia 

das Áreas de Proteção Ambiental para a conservação dos elasmobrânquios no Litoral 

Amazônico Brasileiro”. 

Tabela 4. Abundância e riqueza de espécies de elasmobrânquios capturados pelos pescadores 

artesanais nas APAs no litoral do estado do Maranhão, Litoral Amazônico Brasileiro. APARM 

- APA das Reentrâncias Maranhenses, APAUA - APA de Upaon-Açú/Miritiba/Alto do Rio 

Preguiças e APAFRP - APA Foz do Rio das Preguiças/Pequenos Lençóis/Região Lagunar 

Adjacente. 

N ESPÉCIE APARM APAUA APAFRP ∑ APAs 

1 Hypanus guttatus (Bloch & Schneider, 1801)  2861 980 928 4769 

2 Rhinoptera bonasus (Mitchill, 1815)  1530 774 684 2988 

3 Fontitrygon geijskesi (Boeseman, 1948) 1279 630 547 2456 

4 Rhizoprionodon porosus (Poey, 1861) 719 456 577 1752 

5 Carcharhinus porosus (Ranzani, 1839) 684 353 539 1576 

6 Carcharhinus acronotus (Poey, 1860) 914 286 333 1533 

7 Aetobatus narinari (Euphrasen, 1790) 740 286 423 1449 

8 Galeocerdo cuvier (Péron & Lesueur, 1822) 498 144 439 1081 

9 Sphyrna tudes (Valenciennes, 1822) 558 223 277 1058 

10 Gymnura micrura (Bloch & Schneider, 1801) 681 168 121 970 

11 Ginglymostoma cirratum (Bonnaterre, 1788) 465 202 265 932 

12 Carcharhinus leucas (Müller & Henle, 1839) 552 170 108 830 

13 Mobula hypostoma (Bancroft, 1831) 519 99 126 744 

14 Mobula birostris (Walbaum, 1792) 516 60 120 696 

15 Pseudobatos percellens (Walbaum, 1792) 447 117 123 687 

16 Carcharhinus limbatus (Müller & Henle, 1839) 420 63 56 539 

17 Narcine brasiliensis (Olfers, 1831) 459 42 30 531 

18 Carcharhinus oxyrhynchus (Müller & Henle, 1839) 285 118 39 442 

19 Urotrygon microphthalmum Delsman, 1941 315 27 0 342 

20 Pristis pristis (Linnaeus, 1758)  285 43 6 334 

21 Hypanus say (Lesueur, 1817) 33 3 191 227 

22 Sphyrna lewini (Griffith & Smith, 1834) 45 164 0 209 

23 Sphyrna tiburo (Linnaeus, 1758) 108 49 42 199 

24 Mustelus canis (Mitchill, 1815) 0 16 100 116 

25 Hypanus marianae (Gomes, Rosa & Gadig, 2000) 51 36 12 99 

26 Sphyrna media Springer, 1940 45 49 0 94 

27 Sphyrna mokarran (Rüppell, 1837) 45 49 0 94 

28 Pteroplatytrygon violacea (Bonaparte, 1832) 39 10 15 64 

29 Carcharhinus obscurus (Lesueur, 1818) 9 49 3 61 

30 Carcharhinus plumbeus (Nardo, 1827) 0 49 3 52 

31 Rhizoprionodon lalandii (Müller & Henle, 1839) 0 49 0 49 

32 Carcharhinus falciformis (Müller & Henle, 1839) 0 36 12 48 

33 Carcharhinus perezi (Poey, 1876) 0 36 6 42 
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34 Mustelus higmani Springer & Lowe, 1963 0 16 0 16 

35 Hypanus berthalutzae Petean, Naylor & Lima 2020 0 3 0 3 

Total (N) 15102 5855 6125 27082 

Riqueza (S) 28 35 28 ----- 
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Apêndice E (cont.) – Material suplementar elaborado para o manuscrito “Avaliação da eficácia 

das Áreas de Proteção Ambiental para a conservação dos elasmobrânquios no Litoral 

Amazônico Brasileiro”. 

Figura 1. (A) Status de ameaça das raias capturadas nas APAs no litoral do estado do Maranhão, Litoral 

Amazônico Brasileiro, segundo ICMBio (2018) e IUCN (2021). CR - Critically Endangered, EN - 

Endangered, VU - Vulnerable, NT - Near Threatened, LC - Least Concern, DD - Data Deficient, NE - 
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Not Evaluated; Anar - Aetobatus narinari, Fgei - Fontitrygon geijskesi, Hber - Hypanus berthalutzae, 

Hgut - Hypanus guttatus, Hmar - Hypanus marianae, Hsay - Hypanus say, Pvio - Pteroplatytrygon 

violacea, Gmic - Gymnura micrura, Mbir - Mobula birostris, Mhyp - Mobula hypostoma, Umic - 

Urotrygon microphthalmum, Ppri - Pristis pristis, Pper - Pseudobatos percellens, Rbon - Rhinoptera 

bonasus e Nbra - Narcine brasiliensis. (B) Status de ameaça dos tubarões capturados nas APAs no litoral 

do estado do Maranhão, Litoral Amazônico Brasileiro, segundo ICMBio (2018) e IUCN (2021). Cacro 

- Carcharhinus acronotus, Cfal - Carcharhinus falciformis, Cleu - Carcharhinus leucas, Clim - 

Carcharhinus limbatus, Cobs - Carcharhinus obscurus, Cper - Carcharhinus perezi, Cplu - 

Carcharhinus plumbeus, Cpor - Carcharhinus porosus, Gcuv - Galeocerdo cuvier, Gcir - 

Ginglymostoma cirratum, Coxy - Carcharhinus oxyrhynchus, Mcan - Mustelus canis, Mhig - Mustelus 

higmani, Rlal - Rhizoprionodon lalandii, Rpor - Rhizoprionodon porosus, Slew - Sphyrna lewini, Smed 

- Sphyrna media, Smok - Sphyrna mokarran, Stib - Sphyrna tiburo e Stud - Sphyrna tudes. 
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Anexo A – Autorização do Instituto Chico Mendes de Conservação da Biodiversidade 

(ICMBio) para a realização da pesquisa. 
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Anexo B – Autorização da Secretaria de Estado de Meio Ambiente e Recursos Naturais 

(SEMA-MA) para a realização da pesquisa. 
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Anexo C – Autorização da Comissão de Ética no Uso de Animais (CEUA) da Universidade 

Federal do Maranhão (UFMA) para a realização da pesquisa. 
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Anexo D – Normas para publicação de manuscritos no periódico Biota Neotropica. 

 

File formatting 

The manuscripts should be sent in DOC format (Word 97-

2003 Document) or DOCX format (modern Word format) 

using Times New Roman font size 10. Section titles must be 

in font size 12. Boldface, italics, underlines, subscripts and 

superscripts can be used when pertinent, but excessive use 

of these resources should be avoided. In special cases (see 

formulas below), the following fonts can be used: Courier 

New, Symbol, and Wingdings. Manuscripts can contain 

electronic links that the author judges appropriate. These 

must be included using the appropriate resources available 

in the word processors software (e.g. MS Word, 

LibreOffice).  

After submission, manuscripts sent to Biota Neotropica 

must be divided into a file containing the entire text of the 

manuscript, including the main body of the text (first page, 

abstract, introduction, materials, methods, results, 

discussion, acknowledgments, authors' contribution, 

conflicts of interest and references) and, if necessary, a 

table file. The figures will be included separately and 

identified in the system. The authors must revise the files 

they have prepared for submission to carefully check 

whether the figures, graphs, or tables are in the desired 

format.  

 

Main document 

A single file (called Principal.doc) containing the authors' 

name and affiliation, titles, abstracts, and keywords (also 

included in another submission step) in English and in 

another language (Portuguese or Spanish), the full text of the 

manuscript, references, and tables. Figures must NOT be 

included in this file, which must be entered separately in the 

system, as described below. The manuscript should use the 

following format:  

Brief and informative title 

Use a capital letter in the first word and in accordance with 

pre-established grammar or scientific rules.  

Body of the Manuscript  

a. Sections – must not be numbered 

Introduction 

Material and Methods 

Results 

Discussion 

Acknowledgments 

Authors’ Contribution 

Conflicts of Interest 

Ethics 

Data availability - including the URL to the repository 

where the data has been deposited 

References  

b. Special cases 

At the author’s discretion, in the case of “Short 

Communications” and "Inventory", Results and Discussion 

can be combined. Do not use footnotes, include the 

information directly in the text, since it makes reading easier 

and reduces the number of electronic links to the 

manuscript.  

In the case of the "Inventories" category, the list of species, 

environments, descriptions, photos, etc. should be sent 

separately so that they can be organized in accordance with 

specific formats. To facilitate the use of search engines, such 

as XML, the Editorial Board will send the authors specific 

instructions for formatting the list of species cited in the 

manuscript.  

In the "Identification Keys" category, the key itself should 

be sent separately so that it can be adequately formatted. In 

the case of references to material collected, the geographical 

coordinates of the collection area must be included. 

Whenever possible, the coordinates should be in degrees, 

minutes and seconds (for example, 24°32’75” S and 

53°06'31" W). In the case of references to endangered 

species, specify only degrees and minutes.  

c. Numbering subtitles 

The title of each section should be written without 

numbering, in boldface, with only the first letter capitalized 

(Ex. Introduction, Materials and Methods etc.). Only two 

levels of subtitles, below the title of each section, will be 

permitted. Subtitles must be numbered in Arabic numerals 

followed by a period to help identify their order in the final 

format of the manuscript. Ex. Material and Methods; 1. 

Subtitle; 1.1. Sub-subtitle.  

d. Species names 

In the case of species citations, they must comply with the 

respective Nomenclature Codes. In the area of Zoology, all 

the species cited in the paper must be followed by the author 

and date of the original publication of the description, or by 

the author and/or revisor of the species in the case of 

Botany. In the field of Microbiology, specific sources should 

be consulted, such as the International Journal of Systematic 

and Evolutionary Microbiology.  

e. References in the text 

Insert references in accordance with the following standard: 

Silva (1960) or (Silva 1960) 

Silva (1960, 1973) 

Silva (1960a, b) 

Silva & Pereira (1979) or (Silva & Pereira 1979) 

Silva et al. (1990) or (Silva et al. 1990) 

(Silva 1989, Pereira & Carvalho 1993, Araújo et al. 1996, 

Lima 1997)  

Biota Neotropica does not accept references to 

unpublished data that are inaccessible to the reviewers 

or readers. In taxonomic studies, include citations of the 

material examined in accordance with the specific rules 

of the type of organism under study.  

f. Numbers and units 

Present numbers and units as follows: 

- numbers up to nine should be spelled out, unless they are 

followed by units; 

-use a period for the decimal number (10.5 m); 

-use the International System of Units, separating the value 

units by a space (except for percentages, degrees, minutes, 

and seconds); 

-use unit abbreviations whenever possible. Do not use 

spaces to change lines if the unit does not fit on the same 

line.  

http://ijs.microbiologyresearch.org/content/journal/ijsem
http://ijs.microbiologyresearch.org/content/journal/ijsem
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g. Formulas 

Formulas that can be written on a single line, even if it 

requires the use of special fonts (Symbol, Courier New and 

Wingdings), can be included in the text. Ex. a = p.r2 or 

Na2HPO, etc. Any other type of formula or equation will be 

considered a figure and must therefore follow the rules 

established for figures.  

h. Figure and Table citations 

Write words in full (Ex. Figure 1, Table 1)  

i. References 

Adopt the format shown in the following examples, 

including all data requested, in the sequence and with the 

punctuation indicated, without adding items not mentioned: 

FERGUSON, I.B. & BOLLARD, E.G. 1976. The movement 

of calcium in woody stems. Ann. Bot. 40(6):1057-1065. 

SMITH, P.M. 1976. The chemotaxonomy of plants. Edward 

Arnold, London. 

SNEDECOR, G.W. & COCHRAN, W.G. 1980. Statistical 

methods. 7 ed. Iowa State University Press, Ames. 

SUNDERLAND, N. 1973. Pollen and anther culture. In 

Plant tissue and cell culture (H.F. Street, ed.). Blackwell 

Scientific Publications, Oxford, p.205-239. 

BENTHAM, G. 1862. Leguminosae. Dalbergiae. In Flora 

Brasiliensis (C.F.P. Martius & A.G. Eichler, eds). F. 

Fleischer, Lipsiae, v.15, pars 1, p.1-349. 

MANTOVANI, W., ROSSI, L., ROMANIUC NETO, S., 

ASSAD-LUDEWIGS, I.Y., WANDERLEY, M.G.L., 

MELO, M.M.R.F. & TOLEDO, C.B. 1989. Estudo 

fitossociológico de áreas de mata ciliar em Mogi-Guaçu, SP, 

Brasil. In Simpósio sobre mata ciliar (L.M. Barbosa, coord.). 

Fundação Cargil, Campinas, p.235-267. 

STRUFFALDI-DE VUONO, Y. 1985. Fitossociologia do 

estrato arbóreo da floresta da Reserva Biológica do Instituto 

de Botânica de São Paulo, SP. Tese de doutorado, 

Universidade de São Paulo, São Paulo. 

FISHBASE. http://www.fishbase.org/home.htm (last access 

in dd/mmm/aaaa)  

Abbreviate periodical titles in accordance with the "World 

List of Scientific Periodicals" 

(http://library.caltech.edu/reference/abbreviations/) or 

according to the database of the Catálogo Coletivo Nacional 

(CCN -IBICT) (search available at 

http://ccn.ibict.br/busca.jsf).  

All papers published in Biota Neotropica have an 

individual electronic address, which appears on the top left 

area of the PDF, as well as a DOI identification number. 

Therefore, to reference papers published in Biota 

Neotropica follow the example below:  

SANTOS, R.M., SCHLINDWEIN, M.N., VIVIANI, V.R. 

Survey of Bioluminescent Coleoptera in the Atlantic Rain 

Forest of Serra da Paranapiacaba in São Paulo State (Brazil). 

Biota Neotropica. 16(1): e0045. 

http://dx.doi.org/10.1590/1676-0611-BN-2015-0045 (last 

access on dd/mm/yyyy)  

j. Tables 

Tables can be inserted directly into MS Excel software but 

must be saved in a spreadsheet, not workbook format.  

Tables must be numbered sequentially with Arabic 

numerals.  

The legend should be included in this file, contained in a 

single paragraph, and identified by starting the paragraph 

with Table N, where N is the number of the table.  

k. Figures 

Maps, photos, and graphs are considered figures. Figures 

should be numbered sequentially using Arabic numerals.  

In the case of drawings, the texts contained in the figures 

should use sans-serif fonts, such as Arial or Helvetica, for 

better legibility. Figures composed of several others should 

be identified by letters (Ex. Figure 1a, Figure 1b). Use a 

scale bar to indicate size. Figures should not contain 

legends; these must be included in their own file.  

Figure legends should be part of the Principal.rtf or 

Principal.doc text file and included after the references. 

Each legend should be contained in a single paragraph and 

be identified, starting the paragraph with Figure N, where N 

is the number of the figure. Compound figures can or not 

have independent legends.  

Authorship 

After acknowledgments, create the item Authors' 

Contributions, containing information about the contribution 

of each of the authors, which should be described using one 

of the following:  

• Substantial contribution in the concept and design 

of the study;  

• Contribution to data collection  

• Contribution to data analysis and interpretation  

• Contribution to manuscript preparation  

• Contribution to critical revision, adding 

intellectual content  

The contributions of each co-author must be included in the 

system to appear as a note in the published manuscript.  

Conflicts of interest 

Biota Neotropica requires all authors to explain any 

potential sources of conflict of interest. Any interest or 

relationship, financial or otherwise, that could potentially 

influence the author’s objectivity, is considered a potential 

source of conflict of interest. These must be revealed when 

they are either directly or indirectly related to the manuscript 

submitted to the journal. The existence of a conflict of 

interest does not impede publication in this journal, provided 

that it is clearly explained by the authors in a footnote or in 

the acknowledgments.  

The corresponding author is responsible for informing all 

the authors regarding this policy and ensuring that they 

comply with this guideline.  

If the authors have no conflict of interest to declare, they 

must state the following: “The author(s) declare(s) that they 

have no conflict of interest related to the publication of this 

manuscript”.  

 

Ethics 

Biota Neotropica is confident that the authors who submit 

manuscripts have complied with the guidelines established 

by the ethics committees of their respective research 

institutions. Studies involving human beings and/or clinical 

trials must be approved by the Institutional Committee that 

assesses this type of research. This approval, as well as 

information on the nature of this Committee, should be 

included in the Materials and Methods section. In the case of 

http://www.fishbase.org/home.htm
http://library.caltech.edu/reference/abbreviations/
http://ccn.ibict.br/busca.jsf
http://dx.doi.org/10.1590/1676-0611-BN-2015-0045
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human subjects, it is essential to include a declaration that 

prior informed consent was obtained from all the 

participants, or a declaration stating why this was not 

necessary.  

Biota Neotropica uses CrossCheck to identify any sort of 

plagiarism, double submissions, already published articles, 

and possible frauds in research.  

Publication frequency 

Biota Neotropica is a quarterly journal that publishes 4 

issues a year. The online publication is continuous and the 

paper is published as soon as the authors approve the final 

document. An issue is finalized every three months. The 

Editorial Board may decide to publish special editions of the 

journal.  
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Anexo E – Artigo “Research trends on elasmobranchs from the Brazilian Amazon Coast: a 

four-decade review” publicado na Revista Biota Neotropica (Qualis B1) (primeira página). 
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Anexo F – Normas para publicação de manuscritos no periódico Ethnobiology Letters. 

 

Formatting Manuscripts for Submission to Ethnobiology Letters 

Manuscript Format 

1. Manuscripts must be in one of the following 

formats: .docx, .doc, .rtf. 

2. Use Times New Roman font, 12 pt. 

3. Double-space entire manuscript with the exception 

of table and figure contents. 

4. Figures and tables should be embedded within the 

manuscript (after References Cited and before 

Tables) until final submission, when figures should 

be sent as separate high-resolution files (see 

specifications below). 

 

Manuscript Organization 

Peer-reviewed articles (research communications; data, 

methods & taxonomies; perspectives; short topical reviews) 

must follow the following order. You may download a 

manuscript template for peer-reviewed articles here. 

1. Cover page with title and author information 

2. Abstract 

3. Keywords 

4. Main manuscript 

5. Notes (optional) 

6. Acknowledgments (optional) 

7. Ethics declarations 

8. References cited 

9. Figures (optional) 

10. Tables (optional) 

11. Supplementary Files (uploaded separately) 

Articles that are not peer-reviewed (reviews and interviews) 

must follow the following order. You may download a 

manuscript template for review articles here. 

1. Title 

2. Author information 

3. Main manuscript 

4. Notes (optional) 

5. Acknowledgments (optional) 

6. References cited (if needed) 

7. Figures (optional) 

8. Tables (optional). 

See below for more information about formatting each 

section. 

 

Writing Conventions: Spelling, Punctuation, and 

Grammar 

1. Use only commonly recognized acronyms that 

facilitate comprehension by readers. Acronyms 

must be introduced in parentheses at first full 

mention. 

2. Terms, phrases, and living organism names in any 

language other than English should be written in 

italics. Otherwise, all text should follow American 

rules for spelling (e.g., color, NOT colour). 

Exceptions to this are direct quotes and words in the 

titles of cited documents written in regionally 

specific English. 

3. Use US English spelling and grammatical 

conventions, including: punctuation precedes 

closing quotation marks, comma precedes last item 

of a series of three or more, note reference numbers 

are placed inside punctuation (see below). 

4. Bold text is only used in titles and headings. 

Indicate emphasis with italics, not bold or 

underlining. 

5. Indent extended quotations (three or more lines) by 

0.5” on both the left and right margins; do not use 

quotation marks. 

6. Double quotation marks are sometimes used to 

indicate words or phrases that are used in an 

unusual way or to indicate the author’s 

disagreement with the accepted meaning. These are 

sometimes referred to as “scare quotes” or “ironic 

quotes” and should be used sparingly, if at all. They 

should not be used solely for emphasis. American 

usage avoids single quotation marks except to mark 

quotations within quotations, or to denote the 

English gloss of non-English words and phrases. 

7. Use words to indicate values less than or equal to 

ten, unless part of a measurement or a numerical 

series, in which case numerals should be used. 

Numerals should be used for values greater than 

ten. 

8. Reference to centuries and millennia should be 

spelled out (e.g., seventeenth century, the mid-

twentieth century, the third millennium BCE). 

Reference to decades is context dependent (e.g., the 

1890s saw an enormous increase…; during the 

thirties, traffic decreased…). 

9. Percentages should normally be expressed as a 

numeral with the percentage sign (%), unless they 

begin a sentence. For example, “Wood charcoal 

made up 16% of the assemblage” but “Sixteen 

percent of the assemblage consisted of wood 

charcoal.” 

10. Era and radiocarbon time scale abbreviations do not 

use periods (e.g., AD; BC; BP). 

11. When presenting dates, do not use spaces between 

ranges, and write “yrs”, not “years” (e.g., 1200–

2400 cal yrs BP). Use an en dash (–) rather than a 

hyphen to separate dates. 

12. Clarifying statements should follow an em dash 

after the initial statement (e.g., initial statement—

clarifying statement). Do not use en dashes. 

13. Use metric units for all measurements (e.g., cm, m, 

ha, kg). Measurements cited from another work that 

uses Imperial or US customary systems of 

measurement (e.g., inch, foot, yard) are an 

exception to this rule. 

14. Country names should be spelled out in running 

text (e.g., United States) but may be abbreviated in 

tables if accompanied by a key. Mailing addresses 

https://ethnobiology.org/sites/default/files/EBL_Manuscript_Template_Research_Comm_v2016.doc
https://ethnobiology.org/sites/default/files/EBL_Manuscript_Template_Review_v2016.doc
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should include full country names except for the 

United States (USA) and United Kingdom (UK). 

15. Nesting parentheses should be done with square 

brackets. For example: Pine-Bush (Ericameria 

pinifolia [A. Gray] H. M. Hall). 

 

Identification of Living Organisms 

Authors should identify a living organism by its full scientific 

name the first time it is mentioned in the article. 

The most up-to-date nomenclature for plant names can be 

found at TROPICOS or GRIN, which mainly concern 

American taxa, or Kew Gardens’ World Checklist for Plant 

Names, the Index Nominum Genericorum, or the 

International Plant Names Index for other geographic regions. 

Good sources for current nomenclature on animals and birds 

are The International Commission on Zoological 

Nomenclature and the International Ornithological Congress. 

For this journal, full scientific names include genus and 

species. For example, upon the first mention of bobcat in an 

article, the author should write: Lynx rufus. For the common 

house fly, the reference would be: Musca domestica. 

Alternatively, one may place the scientific name after the 

common or vernacular non-English name, as follows: bobcat 

(Lynx rufus) or house fly (Musca domestica). Due to copy 

editing and proofing costs, we no longer include authority 

names with scientific names. 

The one exception to this directive regards archaeological and 

paleontological taxa for which it may be inappropriate to 

claim taxonomic assignments precisely equivalent to modern 

type specimens (i.e. holotypes, hence, genus + species + 

authority) in lieu of supporting genetic analysis. Therefore, to 

allow for and accommodate such taxa, names are acceptable 

as assigned to any given taxonomic rank, i.e. order, family, 

genus, species, etc., according to convention and without 

including the authority for a modern named equivalent. In 

addition, commonly recognized analytical taxa, e.g. 

“Chenopodiaceae-Amaranthaceae” (or “cheno-am”) in pollen 

analytical research, are also acceptable. 

After first mention, a living organism should usually be 

identified by the first initial of the genus and the full species 

term only or by the common English name. For example, after 

mentioning it once, the Madagascar girdled lizard should be 

identified as: Madagascar girdled lizard or Z. 

madagascariensis. Exceptions include lists of species in the 

same genus and multiple genus names starting with the same 

letter. In the latter case, genus names should be abbreviated 

with the minimum number of letters necessary to distinguish 

them. For example, in subsequent references, the neotropical 

ants Acromyrmex coronatus and Atta sexdens should be 

written as Ac. coronatus and At. sexdens, unless they appear 

at the beginning of a sentence. 

Common English names for living organisms should not be 

italicized. Non-English vernacular names for living 

organisms should appear in italics with no initial capital 

(unless at the beginning of a sentence). For example, the 

indigenous name in the Xavante language for red brocket deer 

is pône. Common names for plants and animals should not be 

capitalized unless there is a proper noun in the specific name. 

For example, Douglas-fir and Saskatoon berry versus salal 

berry and western red cedar. Birds are an exception to this 

rule. If the common English name for a bird refers to a single 

taxonomic species, then its name is always capitalized. Thus, 

Bald Eagles vs. eagles. 

 

Capitalization of “Indigenous” as Ethnic Identifier 

Recognizing there are a diversity of opinions as to whether 

the word “indigenous” should be capitalized when used as an 

ethnic identifier (e.g., “Indigenous peoples”), this decision is 

left to the discretion of authors. However, capitalization must 

be consistent throughout the paper and other uses (e.g., 

“indigenous plants”) are not to be capitalized. 

 

Location of Voucher Specimens 

The locations where voucher specimens have been deposited 

for curation should be included in a note or in the 

acknowledgements. 

Parts of the Manuscript 

 

Title 

Titles are flush-left, bold, and in mixed case with all major 

words capitalized (title case). If scientific names appear in the 

title, do not include authority and family information. 

For single book reviews, the title is the reviewed book’s full 

bibliographical reference, including the following 

information, which should be obtained from the book or the 

publisher’s website: Book Title. “By” Author(s). Year. 

Publisher, City. Pages. Translated books must name the 

translator. For edited books, write “Edited by.” For example: 

African Ethnobotany in the Americas. Edited by Robert 

Voeks and John Rashford. 2013. Springer, New York. 429 

pp. 

Beyond Nature and Culture. By Philippe Descola. 

Translated by Janet Lloyd. 2013. University of Chicago 

Press, Chicago. 463 pp. 

For other kinds of single-item reviews (films, exhibitions, 

etc.), the title also contains full bibliographical information. 

In the case of films or videos, specify the medium: film, 

DVD, etc. For example: 

Nanook of the North: A Story of Life and Love in the 

Actual Arctic. Directed and produced by Robert J. 

Flaherty. 1922. Révillon Frères. Film. 

Frida Kahlo's Garden. Curated by Adriana Zavala. 2015. 

New York Botanical Garden, New York. May 16–

November 1. Exhibition. 

Review essays of more than one book, film, or exhibition 

should have unique titles, with full bibliographical 

information listed in alphabetical order, as first-order 

headings, immediately preceding the first paragraph of the 

review. 

 

Authors and Affiliations 

For research papers, all authors should have contributed 

substantially to all of the following: (1) study design or data 

collection, (2) data analysis or interpretation of results, and 

(3) approval of the final manuscript. Other contributors not 

meeting these criteria should be recognized in the 

acknowledgments. 

Author names should be written out with full first and last 

names. Middle initials are separated with periods and spaces. 

http://www.tropicos.org/
http://www.ars-grin.gov/
http://apps.kew.org/wcsp/
http://apps.kew.org/wcsp/
http://botany.si.edu/ing/
http://www.ipni.org/
http://iczn.org/
http://iczn.org/
http://www.worldbirdnames.org/
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Author affiliations and contact information should follow this 

format: 

Author1*, Author2, and Author2 
1Department, Institution, City, Country. 2Department, 

Institution, City, Country. 

*email@address.edu (for corresponding author only). 

 

Abstract 

Peer-reviewed articles (Research Communications; 

Perspectives; Data, Methods & Taxonomies; Short Topical 

Reviews) must include an informative one-paragraph abstract 

that briefly (in fewer than 250 words) summarizes the article. 

The main abstract must be written in English. You have the 

option of submitting an abstract in another language if you 

want to reach a wider audience. If a second language abstract 

is submitted, it should follow the same format as the English 

version. We do not copyedit non-English abstracts. 

 

Keywords 

Immediately following the abstract, provide between four and 

six keyword terms that characterize the content of the 

manuscript for indexing purposes. Capitalize the first word of 

each term and separate terms with commas. Keyword terms 

should be widely recognizable in your field and not repeat 

terms in the article title. Do not use idiosyncratic terms as 

keywords. 

 

Headings 

First-order headings are flush-left, bold, and in mixed case 

with all major words capitalized. Begin the text after the 

heading on the next line and do not indent. Subsequent 

paragraphs in the same section should be indented. For 

example: 

 

This is a First-Order Heading 

Second-order headings are flush-left, in italics, and in mixed 

case with all major words capitalized. Begin the text after the 

heading on the next line and do not indent. Subsequent 

paragraphs in the same section should be indented. For 

example: 

This is a Second-Order Heading 

Notes 

You may use numbered endnotes for brief explanatory or 

digressive text. Do not use notes to reference website URLs; 

these should be cited as bibliographical references listed in 

the References Cited section (see below). If you use software 

to organize these notes, you must convert them to regular text 

and remove any embedded field codes before submission. In-

text references to endnotes are superscript and appear inside 

regular punctuation. For example: 

Sequential note references are placed inside1, not outside, 

regular punctuation2. 

The notes should appear immediately after the main text at 

the end of the manuscript under a separate second-order 

heading (Notes). Notes should appear in plain text (not 

system-generated fields) in the following format: 
1First note. 
2Second note. 

 

 

Acknowledgements 

If you would like to recognize others who contributed to the 

study or paper but did not participate as authors (see criteria 

above), include acknowledgments under a separate second-

order heading (Acknowledgments), located after the main 

text and Notes, but before Ethics Declarations and 

References Cited. 

 

Ethics Declarations 

For research papers, include ethics declarations under a 

separate second-order heading (Declarations), located after 

the main text, Notes, and Acknowledgements, but before 

References Cited. These declarations should reproduce the 

content of your Ethics Declaration, which should accompany 

your submission (see above). Declarations should be written 

in full sentences according to the format: 

Permissions: Write your declaration here. 

Sources of Funding: Write your declaration here. 

Conflicts of Interest: Write your declaration here. 

 

Bibliographical References 

In-Text Citations 

In-text bibliographical citations refer to full citations listed in 

the References Cited. Use in-text bibliographical citations 

and corresponding references for all source material, 

irrespective of type. Links to web pages and other Internet 

sources are not to be inserted in-text, but rather are cited in 

the same manner as other bibliographical sources (see below). 

Do not separate last name and year with a comma: 

This information is considered important for the management 

and conservation of marine habitats (Drews 2005). 

Quotations and other page-specific references use a colon 

after the date with no space between the colon and the page 

number: 

In one of the best descriptions of the protocol I have found, 

paleontologist George Gaylord Simpson (1942:144) noted 

that one first assumes “that the bones of different [taxa] have 

characteristic forms, more or less constant for any one 

[taxon].” 

Two author citations are separated with “and”: 

Compact bone is most often used as an ivory substitute 

(Espinoza and Mann 2000). 

Texts with three or more authors use “et al.” not followed by 

a comma, not italicized: 

Regional approaches comparing faunas from multiple sites 

analyzed by diverse research teams are becoming more 

common today (Barberena et al. 2009; Martinez and 

Gutiérrez 2004; Otaola 2010; Santiago and Vázquez 2011). 

Citations within a single set are listed in alphabetical order. 

Citations by different authors are separated by semi-colons: 

In the early history of zooarchaeology, it was paleontologists 

and zoologists who identified archaeo-logically recovered 

faunal remains to taxon (e.g., Gilmore 1949; Merriam 1928; 

White 1953). 

Citations within parenthetical statements are bracketed: 

Paleontology has had, virtually since it became a distinct 

science (roughly 200 years ago at the hands of Georges 

Cuvier [Rudwick 1976]), a standard protocol for reporting 

identifications. 
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Multiple citations by the same author are separated with a 

comma. Citations by the same author and from the same year 

are distinguished by lower case letters: 

My PhD had taken a regional approach to a valley in the 

northern Rocky Mountains (Driver 1981, 1985a, b; Lyman 

1986). 

Reference to a figure or figures should be included within the 

same parentheses as the citations at the end of the same 

sentence rather than a separate set of parentheses: 

Black cats are mellow, and calico cats are crazy (Brown 1982; 

Mitchell 1993; Smith 2001; Figure 1). 

References Cited 

Works referred to in the text should be listed in a separate 

first-order heading (References Cited), located after the main 

text, Notes, and Ethics Declarations, but before Figures and 

Tables. Names of authors and editors should have the full 

surname with first and middle initials separated with periods 

and spaces. Book and journal titles should be italicized. Do 

not use abbreviations for journal titles. Do not list works that 

are not cited in the text. References cited should be in 

alphabetical order with a hanging indent (see examples 

below). Journal articles must cite the DOI, if available. Web 

resources must include access date (see examples below). 

Examples of References Cited 

Books: 

Barnett, T. 1999. The Emergence of Food Production in 

Ethiopia. Cambridge Monographs in African Archaeology, 

vol. 45. Archeopress, Oxford. 

Schulenberg, T. S., D. F. Stotz, D. L. Lane, J. P. O’Neill, and 

T. A. Parker. 2007. Birds of Peru. Princeton University Press, 

Princeton, NJ. 

Translated Books: 

Hohenstaufen, F. 1943. The Art of Falconry. C. Wood, F. M. 

Fyfe, trans. Stanford University Press, Stanford, CA. 

Edited Books: 

Wilson, D. E., and D. M. Reeder, eds. 2005. Mammal Species 

of the World. A Taxonomic and Geographic Reference, 3rd 

edition. Johns Hopkins University Press, Baltimore, MD. 

Chapters in Edited Books: 

Au, T. K., and L. Romo. 1999. Mechanical Causality in 

Children’s Folkbiology. In Folkbiology, edited by D. C. 

Medin and S. Atran, pp. 355–402. MIT Press, Cambridge, 

MA. 

Journal Articles with DOI: 

Cuerrier, A., N. J. Turner, T. C. Gomes, A. Garibaldi, and A. 

Downing. 2015. Cultural Keystone Places: Conservation and 

Restoration in Cultural Landscapes. Journal of Ethnobiology 

35:427–448. DOI:10.2993/0278-0771-35.3.427. 

Setalaphruk, C., and L. L. Price. 2007. Children’s Traditional 

Ecological Knowledge of Wild Food Resources: A Case 

Study in a Rural Village in Northeast Thailand. Journal of 

Ethnobiology and Ethnomedicine 3:33. DOI:10.1186/1746-

4269-3-33. 

Journal Articles without DOI: 

Hiroshi, K. 2015. The Skin as a Surface of Composition: The 

Use of Animal Body Parts and Plants in Various Practices of 

the Panamanian Emberá. Tipití: Journal of the Society for the 

Anthropology of Lowland South America 13:11–24. 

Available at: 

http://digitalcommons.trinity.edu/tipiti/vol13/iss2/2/. 

Accessed on December 19, 2015. 

Kensinger, K. M. 1981. Food Taboos as Markers of Age 

Categories in Cashinahua. Working Papers in South 

American Indians 3:158–171. 

Published and Unpublished Master’s Theses and Doctoral 

Dissertations: 

Daniels, P. S. 2009. A Gendered Model of Prehistoric 

Resource Depression: A Case Study on the Northwest Coast 

of North America. Doctoral Dissertation, Department of 

Anthropology, University of Washington, Seattle, WA. 

Available from ProQuest Dissertations and Theses database 

(UMI No. 305012620). 

Karst, A. 2005. The Ethnoecology and Reproductive Ecology 

of Bakeapple (Rubus chamaemorus Rosaceae L.) in Southern 
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captions are listed at the end of the manuscript, after 

References Cited and Tables. 

Tables should have single borders across the top, underlining 

column headings, and across the bottom (final row). Do not 

use vertical borders on either side of the table or dividing 

individual cells. Text should be left-justified, in 10 pt. Calibri 

font with single spacing. Top and bottom inside margins of 

cells should be 0.03 inches. Column headings should be in 

bold text. Use portrait or landscape orientation as needed. 

Formatting within tables and cells should not be 

accomplished with such shortcuts as multiple spaces and 

overlays. 

Table legend items should be identified by superscript 

numbers (1, 2, etc.) or symbols (*, †, etc.) within the table, with 

corresponding notes listed in a single column immediately 

below the last row. 

Table Example: 

 

Supplementary Files 

Supplementary files that exceed usual limits, including 

multimedia files as well as large annexes or tables that are not 

essential to your paper, should be submitted separately as 

“Supplementary Files”. These will be published as separate 

files linked to the online version of the paper. Please cite such 

materials within the article text according to the format: 

(Supplementary Figure 1) (Supplementary Table 1) 

(Supplementary Video 1), etc. Please include the following 

text on a separate line after the abstract and keywords: 

“Supplementary Files available at 

ojs.ethnobiology.org/index.php/ebl.” Also, please insert this 

text on a separate line after the bibliography: “Supplementary 

Files are linked to the online version of the paper at 

ojs.ethnobiology.org/index.php/ebl.” 

Copyright Notice  

Authors who publish with this journal agree to the following 

terms: 



235 

 
• Authors retain ownership of the copyright for their 

content and grant Ethnobiology Letters (the 

“Journal”) and the Society of Ethnobiology right of 

first publication. Authors and the Journal agree that 

Ethnobiology Letters will publish the article under 

the terms of the Creative Commons Attribution-

NonCommercial 4.0 International Public License 

(CC BY-NC 4.0), which permits others to use, 

distribute, and reproduce the work non-

commercially, provided the work's authorship and 

initial publication in this journal are properly cited. 

• Authors are able to enter into separate, additional 

contractual arrangements for the non-exclusive 

distribution of the journal's published version of the 

work (e.g., post it to an institutional repository or 

publish it in a book), with an acknowledgement of 

its initial publication in this journal. 

 

For any reuse or redistribution of a work, users must make 

clear the terms of the Creative Commons Attribution-

NonCommercial 4.0 International Public License (CC BY-

NC 4.0). 

In publishing with Ethnobiology Letters corresponding 

authors certify that they are authorized by their co-authors to 

enter into these arrangements. They warrant, on behalf of 

themselves and their co-authors, that the content is original, 

has not been formally published, is not under consideration, 

and does not infringe any existing copyright or any other third 

party rights. They further warrant that the material contains 

no matter that is scandalous, obscene, libelous, or otherwise 

contrary to the law. 

Corresponding authors will be given an opportunity to read 

and correct edited proofs, but if they fail to return such 

corrections by the date set by the editors, production and 

publication may proceed without the authors’ approval of the 

edited proofs. 

Privacy Statement  

The names and email addresses entered in this journal site 

will be used exclusively for the stated purposes of this journal 

and will not be made available for any other purpose or to any 

other party. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0


236 

 

Anexo G – Artigo “Fisher ethnotaxonomy for elasmobranchs captured along the Brazilian 

Amazon Coast” publicado na Revista Ethnobiology Letters (Qualis A4) (primeira página). 
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Anexo H – Normas para publicação de manuscritos no periódico Fisheries Research.

Article structure 

 

Subdivision - numbered sections 

 

Divide your article into clearly defined and numbered 

sections. Subsections should be numbered 1.1 (then 1.1.1, 

1.1.2, ...), 1.2, etc. (the abstract is not included in section 

numbering). Use this numbering also for internal cross-

referencing: do not just refer to 'the text'. Any subsection may 

be given a brief heading. Each heading should appear on its 

own separate line. 

 

Introduction 

State the objectives of the work and provide an adequate 

background, avoiding a detailed literature survey or a 

summary of the results. 

 

Material and methods 

Provide sufficient details to allow the work to be reproduced 

by an independent researcher. Methods that are already 

published should be summarized, and indicated by a 

reference. If quoting directly from a previously published 

method, use quotation marks and also cite the source. Any 

modifications to existing methods should also be described. 

 

Theory/calculation 

A Theory section should extend, not repeat, the background 

to the article already dealt with in the Introduction and lay the 

foundation for further work. In contrast, a Calculation section 

represents a practical development from a theoretical basis. 

 

Results 

Results should be clear and concise. 

 

Discussion 

This should explore the significance of the results of the work, 

not repeat them. A combined Results and Discussion section 

is often appropriate. Avoid extensive citations and discussion 

of published literature. 

 

Conclusions 

The main conclusions of the study may be presented in a short 

Conclusions section, which may stand alone or form a 

subsection of a Discussion or Results and Discussion section. 

 

Appendices 

If there is more than one appendix, they should be identified 

as A, B, etc. Formulae and equations in appendices should be 

given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. Similarly for tables 

and figures: Table A.1; Fig. A.1, etc. 

 

Essential title page information 

 

• Title. Concise and informative. Titles are often used in 

information-retrieval systems. Avoid abbreviations and 

formulae where possible. 

 

• Author names and affiliations. Please clearly indicate the 

given name(s) and family name(s) of each author and check 

that all names are accurately spelled. You can add your name 

between parentheses in your own script behind the English 

transliteration. Present the authors' affiliation addresses 

(where the actual work was done) below the names. Indicate 

all affiliations with a lowercase superscript letter immediately 

after the author's name and in front of the appropriate address. 

Provide the full postal address of each affiliation, including 

the country name and, if available, the e-mail address of each 

author. 

 
• Corresponding author. Clearly indicate who will handle 

correspondence at all stages of refereeing and publication, 

also post-publication. This responsibility includes answering 

any future queries about Methodology and Materials. Ensure 

that the e-mail address is given and that contact details 

are kept up to date by the corresponding author. 

 

• Present/permanent address. If an author has moved since 

the work described in the article was done, or was visiting at 

the time, a 'Present address' (or 'Permanent address') may be 

indicated as a footnote to that author's name. The address at 

which the author actually did the work must be retained as the 

main, affiliation address. Superscript Arabic numerals are 

used for such footnotes. 

 

Highlights 

Highlights are mandatory for this journal as they help increase 

the discoverability of your article via search engines. They 

consist of a short collection of bullet points that capture the 

novel results of your research as well as new methods that 

were used during the study (if any). Please have a look at the 

examples here: example Highlights. 

Highlights should be submitted in a separate editable file in 

the online submission system. Please use 'Highlights' in the 

file name and include 3 to 5 bullet points (maximum 85 

characters, including spaces, per bullet point). 

 

Abstract 

A concise and factual abstract is required. The abstract should 

state briefly the purpose of the research, the principal results 

and major conclusions. An abstract is often presented 

separately from the article, so it must be able to stand alone. 

For this reason, References should be avoided, but if 

essential, then cite the author(s) and year(s). Also, non-

standard or uncommon abbreviations should be avoided, but 

if essential they must be defined at their first mention in the 

abstract itself. 

Graphical abstract 

Although a graphical abstract is optional, its use is 

encouraged as it draws more attention to the online article. 

The graphical abstract should summarize the contents of the 

article in a concise, pictorial form designed to capture the 

attention of a wide readership. Graphical abstracts should be 

submitted as a separate file in the online submission system. 

Image size: Please provide an image with a minimum of 531 
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× 1328 pixels (h × w) or proportionally more. The image 

should be readable at a size of 5 × 13 cm using a regular 

screen resolution of 96 dpi. Preferred file types: TIFF, EPS, 

PDF or MS Office files. You can view Example Graphical 

Abstracts on our information site.  

Authors can make use of Elsevier's Illustration Services to 

ensure the best presentation of their images and in accordance 

with all technical requirements. 

 

Keywords 

Immediately after the abstract, provide a maximum of 5 

keywords, using American spelling and avoiding general and 

plural terms and multiple concepts (avoid, for example, 

"and", "of"). Be sparing with abbreviations: only 

abbreviations firmly established in the field may be eligible. 

These keywords are important because they will be used for 

indexing purposes. 

 

Abbreviations 

Define abbreviations that are not standard in this field in a 

footnote to be placed on the first page of the article. Such 

abbreviations that are unavoidable in the abstract must be 

defined at their first mention there, as well as in the footnote. 

Ensure consistency of abbreviations throughout the article. 

 

Acknowledgements 

Collate acknowledgements in a separate section at the end of 

the article before the references and do not, therefore, include 

them on the title page, as a footnote to the title or otherwise. 

List here those individuals who provided help during the 

research (e.g., providing language help, writing assistance or 

proof reading the article, etc.). 

 

Formatting of funding sources 

List funding sources in this standard way to facilitate 

compliance to funder's requirements: Funding: This work was 

supported by the National Institutes of Health [grant numbers 

xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, 

WA [grant number zzzz]; and the United States Institutes of 

Peace [grant number aaaa]. 

 

It is not necessary to include detailed descriptions on the 

program or type of grants and awards. When 

funding is from a block grant or other resources available to 

a university, college, or other research 

institution, submit the name of the institute or organization 

that provided the funding. 

 

If no funding has been provided for the research, it is 

recommended to include the following sentence: This 

research did not receive any specific grant from funding 

agencies in the public, commercial, or not-for-profit sectors. 

 

Authors and Editors are also, by general agreement, obliged 

to accept the rules governing biological nomenclature, as laid 

down in the International Code of Botanical Nomenclature, 

the International Code of Nomenclature of Bacteria, and the 

International Code of Zoological Nomenclature. All biota 

(crops, plants, insects, birds, mammals, etc.) should be 

identified by their scientific names when the English term is 

first used, with the exception of common domestic animals. 

All biocides and other organic compounds must be identified 

by their Geneva names when first used in the text. Active 

ingredients of all formulations should be likewise identified. 

 

Math formulae 

Please submit math equations as editable text and not as 

images. Present simple formulae in line with normal text 

where possible and use the solidus (/) instead of a horizontal 

line for small fractional terms, e.g., X/Y. In principle, 

variables are to be presented in italics. Powers of e are often 

more conveniently denoted by exp. Number consecutively 

any equations that have to be displayed separately from the 

text (if referred to explicitly in the text). 

 

Footnotes 

Footnotes should be used sparingly. Number them 

consecutively throughout the article. Many word processors 

can build footnotes into the text, and this feature may be used. 

Otherwise, please indicate the position of footnotes in the text 

and list the footnotes themselves separately at the end of the 

article. Do not include footnotes in the Reference list. 

 

Artwork 

Electronic artwork 

General points 

• Make sure you use uniform lettering and sizing of your 

original artwork. 

• Embed the used fonts if the application provides that option. 

• Aim to use the following fonts in your illustrations: Arial, 

Courier, Times New Roman, Symbol, or use fonts that look 

similar. 

• Number the illustrations according to their sequence in the 

text. 

• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Size the illustrations close to the desired dimensions of the 

published version. 

• Submit each illustration as a separate file. 

• Ensure that color images are accessible to all, including 

those with impaired color vision. 

 

A detailed guide on electronic artwork is available. 

You are urged to visit this site; some excerpts from the 

detailed information are given here. 

Formats 

If your electronic artwork is created in a Microsoft Office 

application (Word, PowerPoint, Excel) then please supply 'as 

is' in the native document format. 

Regardless of the application used other than Microsoft 

Office, when your electronic artwork is finalized, please 'Save 

as' or convert the images to one of the following formats (note 

the resolution requirements for line drawings, halftones, and 

line/halftone combinations given below): 

EPS (or PDF): Vector drawings, embed all used fonts. 

TIFF (or JPEG): Color or grayscale photographs (halftones), 

keep to a minimum of 300 dpi. 

TIFF (or JPEG): Bitmapped (pure black & white pixels) line 

drawings, keep to a minimum of 1000 dpi. 
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TIFF (or JPEG): Combinations bitmapped line/half-tone 

(color or grayscale), keep to a minimum of 500 dpi. 

Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, 

BMP, PICT, WPG); these typically have a 

low number of pixels and limited set of colors; 

• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately large for the 

content. 

 

Color artwork 

Please make sure that artwork files are in an acceptable 

format (TIFF (or JPEG), EPS (or PDF) or MS Office files) 

and with the correct resolution. If, together with your 

accepted article, you submit usable color figures then Elsevier 

will ensure, at no additional charge, that these figures will 

appear in color online (e.g., ScienceDirect and other sites) in 

addition to color reproduction in print. Further information on 

the preparation of electronic artwork. 

 

Figure captions 

Ensure that each illustration has a caption. Supply captions 

separately, not attached to the figure. A caption should 

comprise a brief title (not on the figure itself) and a 

description of the illustration. Keep text in the illustrations 

themselves to a minimum but explain all symbols and 

abbreviations used. 

 

Text graphics 

Text graphics may be embedded in the text at the appropriate 

position. If you are working with LaTeX and have such 

features embedded in the text, these can be left. See further 

under Electronic artwork. 

 

Tables 

Please submit tables as editable text and not as images. Tables 

can be placed either next to the relevant text in the article, or 

on separate page(s) at the end. Number tables consecutively 

in accordance with their appearance in the text and place any 

table notes below the table body. Be sparing in the use of 

tables and ensure that the data presented in them do not 

duplicate results described elsewhere in the article. Please 

avoid using vertical rules and shading in table cells. 

 

In the case of publications in any language other than English, 

the original title is to be retained. However, the titles of 

publications in non-Latin alphabets should be transliterated, 

and a notation such as "(in Russian)" or "(in Greek, with 

English abstract)" should be added. 

 

Please ensure that every reference cited in the text is also 

present in the reference list (and vice versa). Any references 

cited in the abstract must be given in full. References 

concerning unpublished data and "personal communications" 

should not be cited in the reference list but may be mentioned 

in the text. MSc or BSc dissertations are not allowed as 

bibliographic references, however, theses from higher 

degrees (e.g. PhD) are allowed. Citation of a reference as "in 

press" implies that the item has been accepted for publication. 

 

Reference links 

Increased discoverability of research and high quality peer 

review are ensured by online links to the sources cited. In 

order to allow us to create links to abstracting and indexing 

services, such as Scopus, CrossRef and PubMed, please 

ensure that data provided in the references are correct. Please 

note that incorrect surnames, journal/book titles, publication 

year and pagination may prevent link creation. When copying 

references, please be careful as they may already contain 

errors. Use of the DOI is highly encouraged. 

 

A DOI is guaranteed never to change, so you can use it as a 

permanent link to any electronic article. An example of a 

citation using DOI for an article not yet in an issue is: 

VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., 

Franke M. (2003). Aseismic continuation of the Lesser 

Antilles slab beneath northeastern Venezuela. Journal of 

Geophysical Research, 

https://doi.org/10.1029/2001JB000884. Please note the 

format of such citations should be in the same style as all 

other references in the paper. 

 

Web references 

As a minimum, the full URL should be given and the date 

when the reference was last accessed. Any further 

information, if known (DOI, author names, dates, reference 

to a source publication, etc.), should also be given. Web 

references can be listed separately (e.g., after the reference 

list) under a different heading if desired, or can be included in 

the reference list. 

 

Data references 

This journal encourages you to cite underlying or relevant 

datasets in your manuscript by citing them in your text and 

including a data reference in your Reference List. Data 

references should include the following elements: author 

name(s), dataset title, data repository, version (where 

available), year, and global persistent identifier. Add [dataset] 

immediately before the reference so we can properly identify 

it as a data reference. The [dataset] identifier will not appear 

in your published article. 

 

Preprint references 

Where a preprint has subsequently become available as a 

peer-reviewed publication, the formal publication should be 

used as the reference. If there are preprints that are central to 

your work or that cover crucial developments in the topic, but 

are not yet formally published, these may be referenced. 

Preprints should be clearly marked as such, for example by 

including the word preprint, or the name of the preprint 

server, as part of the reference. The preprint DOI should also 

be provided. 

 

References in a special issue 

Please ensure that the words 'this issue' are added to any 

references in the list (and any citations in the text) to other 

articles in the same Special Issue.  

 

Reference management software 

https://doi.org/10.1029/2001JB000884
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Most Elsevier journals have their reference template available 

in many of the most popular reference management software 

products. These include all products that support Citation 

Style Language styles, such as Mendeley. Using citation 

plug-ins from these products, authors only need to select the 

appropriate journal template when preparing their article, 

after which citations and bibliographies will be automatically 

formatted in the journal's style. If no template is yet available 

for this journal, 

please follow the format of the sample references and 

citations as shown in this Guide. If you use reference 

management software, please ensure that you remove all field 

codes before submitting the electronic manuscript. More 

information on how to remove field codes from different 

reference management software. 

 

Reference formatting 

There are no strict requirements on reference formatting at 

submission. References can be in any style or format as long 

as the style is consistent. Where applicable, author(s) 

name(s), journal title/book title, chapter title/article title, year 

of publication, volume number/book chapter and the article 

number or pagination must be present. Use of DOI is highly 

encouraged. The reference style used by the journal will be 

applied to the accepted article by Elsevier at the proof stage. 

Note that missing data 

will be highlighted at proof stage for the author to correct. If 

you do wish to format the references yourself they should be 

arranged according to the following examples: 

 

Reference style 

Text: All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless 

there is ambiguity) and the year of publication; 

2. Two authors: both authors' names and the year of 

publication; 

3. Three or more authors: first author's name followed by 'et 

al.' and the year of publication. 

Citations may be made directly (or parenthetically). Groups 

of references can be listed either first alphabetically, then 

chronologically, or vice versa. 

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; 

Allan and Jones, 1999) … Or, as demonstrated (Jones, 1999; 

Allan, 2000)… Kramer et al. (2010) have recently shown …' 

List: References should be arranged first alphabetically and 

then further sorted chronologically if necessary. More than 

one reference from the same author(s) in the same year must 

be identified by the letters 'a', 'b', 'c', etc., placed after the year 

of publication. 

Examples: 

Reference to a journal publication:  

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The 

art of writing a scientific article. J. Sci. Commun. 163, 51–59. 

https://doi.org/10.1016/j.Sc.2010.00372.  

Reference to a journal publication with an article number: 

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The 

art of writing a scientific article. Heliyon. 19, e00205. 

https://doi.org/10.1016/j.heliyon.2018.e00205.  

Reference to a book: 

Strunk Jr., W., White, E.B., 2000. The Elements of Style, 

fourth ed. Longman, New York. 

Reference to a chapter in an edited book: 

Mettam, G.R., Adams, L.B., 2009. How to prepare an 

electronic version of your article, in: Jones, B.S., Smith , R.Z. 

(Eds.), Introduction to the Electronic Age. E-Publishing Inc., 

New York, pp. 281–304. 

Reference to a website: 

Cancer Research UK, 1975. Cancer statistics reports for the 

UK. 

http://www.cancerresearchuk.org/aboutcancer/statistics/canc

erstatsreport/  (accessed 13 March 2003). 

Reference to a dataset: 

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 

2015. Mortality data for Japanese oak wilt disease and 

surrounding forest compositions. Mendeley Data, v1. 

https://doi.org/10.17632/xwj98nb39r.1.  

Reference to software: 

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., 

Kikinzon, E., Harp, D., Manzini, G., Shelef, E., Lipnikov, K., 

Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., 

Jafarov, E., & Molins, S., 2020. Advanced Terrestrial 

Simulator (ATS) v0.88 (Version 0.88). Zenodo. 

https://doi.org/10.5281/zenodo.3727209.  

 

Journal abbreviations source 

Journal names should be abbreviated according to the List of 

Title Word Abbreviations. 

Video 

Elsevier accepts video material and animation sequences to 

support and enhance your scientific research. Authors who 

have video or animation files that they wish to submit with 

their article are strongly encouraged to include links to these 

within the body of the article. This can be done in the same 

way as a figure or table by referring to the video or animation 

content and noting in the body text where it should be placed. 

All submitted files should be properly labeled so that they 

directly relate to the video file's content. In order to ensure 

that your video or animation material is directly usable, please 

provide the file in one of our recommended file formats with 

a preferred maximum size of 150 MB per file, 1 GB in total. 

Video and animation files supplied will be published online 

in the electronic version of your article in Elsevier Web 

products, including ScienceDirect. Please supply 'stills' with 

your files: you can choose any frame from the video or 

animation or make a separate image. These will be used 

instead of standard icons and will personalize the link to your 

video data. For more detailed instructions please visit our 

video instruction pages. Note: since video and animation 

cannot be embedded in the print version of the journal, please 

provide text for both the electronic and the print version for 

the portions of the article that refer to this content. 

 

Data visualization 

Include interactive data visualizations in your publication and 

let your readers interact and engage more closely with your 

research. Follow the instructions here to find out about 

available data visualization options and how to include them 

with your article. 

 

https://doi.org/10.1016/j.Sc.2010.00372
https://doi.org/10.1016/j.heliyon.2018.e00205
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/
https://doi.org/10.17632/xwj98nb39r.1
https://doi.org/10.5281/zenodo.3727209
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Supplementary material 

Supplementary material such as applications, images and 

sound clips, can be published with your article to enhance it. 

Submitted supplementary items are published exactly as they 

are received (Excel or PowerPoint files will appear as such 

online). Please submit your material together with the article 

and supply a concise, descriptive caption for each 

supplementary file. If you wish to make changes to 

supplementary material during any stage of the process, 

please make sure to provide an updated file. Do not annotate 

any corrections on a previous version. Please switch off the 

'Track Changes' option in Microsoft Office files as these will 

appear in the published version. 

 

Research data 

This journal requires and enables you to share data that 

supports your research publication where appropriate, and 

enables you to interlink the data with your published articles. 

Research data refers to the results of observations or 

experimentation that validate research findings. To facilitate 

reproducibility and data reuse, this journal also encourages 

you to share your software, code, models, algorithms, 

protocols, methods and other useful materials related to the 

project. 

 

Below are a number of ways in which you can associate data 

with your article or make a statement about the availability of 

your data when submitting your manuscript. When sharing 

data in one of these ways, you are expected to cite the data in 

your manuscript and reference list. Please refer to the 

"References" section for more information about data 

citation. For more information on depositing, sharing and 

using research data and other relevant research materials, visit 

the research data page. 

 

Data linking 

If you have made your research data available in a data 

repository, you can link your article directly to the dataset. 

Elsevier collaborates with a number of repositories to link 

articles on ScienceDirect with relevant repositories, giving 

readers access to underlying data that gives them a better 

understanding of the research described. 

 

There are different ways to link your datasets to your article. 

When available, you can directly link your dataset to your 

article by providing the relevant information in the 

submission system. For more information, visit the database 

linking page. 

 

For supported data repositories a repository banner will 

automatically appear next to your published article on 

ScienceDirect. 

 

In addition, you can link to relevant data or entities through 

identifiers within the text of your manuscript, using the 

following format: Database: xxxx (e.g., TAIR: AT1G01020; 

CCDC: 734053; PDB: 1XFN). 

 

Data in Brief 

You have the option of converting any or all parts of your 

supplementary or additional raw data into a data article 

published in Data in Brief. A data article is a new kind of 

article that ensures that your data are actively reviewed, 

curated, formatted, indexed, given a DOI and made publicly 

available to all upon publication (watch this video describing 

the benefits of publishing your data in Data in Brief). You are 

encouraged to submit your data article for Data in Brief as an 

additional item directly alongside the revised version of your 

manuscript. If your research article is accepted, your data 

article will automatically be transferred over to Data in Brief 

where it will be editorially reviewed, published open access 

and linked to your research article on ScienceDirect. Please 

note an open access fee is payable for publication in Data in 

Brief. Full details can be found on the Data in Brief website. 

Please use this template to write your Data in Brief data 

article. 

 

MethodsX 

You have the option of converting relevant protocols and 

methods into one or multiple MethodsX articles, a new kind 

of article that describes the details of customized research 

methods. Many researchers spend a significant amount of 

time on developing methods to fit their specific needs or 

setting, but often without getting credit for this part of their 

work. MethodsX, an open access journal, now publishes this 

information in order to make it searchable, peer reviewed, 

citable and reproducible. 

Authors are encouraged to submit their MethodsX article as 

an additional item directly alongside the revised version of 

their manuscript. If your research article is accepted, your 

methods article will automatically be transferred over to 

MethodsX where it will be editorially reviewed. Please note 

an open access fee is payable for publication in MethodsX. 

Full details can be found on the MethodsX website. Please 

use the methods template or protocol template to prepare your 

MethodsX article. 

Data statement 

To foster transparency, we require you to state the availability 

of your data in your submission if your data is unavailable to 

access or unsuitable to post. This may also be a requirement 

of your funding body or institution. You will have the 

opportunity to provide a data statement during the submission 

process. The statement will appear with your published article 

on ScienceDirect. For more information, visit the Data 

Statement page.. 

 

AFTER ACCEPTANCE 

 

Online proof correction 

To ensure a fast publication process of the article, we kindly 

ask authors to provide us with their proof corrections within 

two days. Corresponding authors will receive an e-mail with 

a link to our online proofing system, allowing annotation and 

correction of proofs online. The environment is similar to MS 

Word: in addition to editing text, you can also comment on 

figures/tables and answer questions from the Copy Editor. 

Web-based proofing provides a faster and less error-prone 

process by allowing you to directly type your corrections, 

eliminating the potential introduction of errors. 
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If preferred, you can still choose to annotate and upload your 

edits on the PDF version. All instructions for proofing will be 

given in the e-mail we send to authors, including alternative 

methods to the online version and PDF. 

We will do everything possible to get your article published 

quickly and accurately. Please use this proof only for 

checking the typesetting, editing, completeness and 

correctness of the text, tables and figures. Significant changes 

to the article as accepted for publication will only be 

considered at this stage with permission from the Editor. It is 

important to ensure that all corrections are sent back to us in 

one communication. Please check carefully before replying, 

as inclusion of any subsequent corrections cannot be 

guaranteed. Proofreading is solely your responsibility. 

 

Offprints 

The corresponding author will, at no cost, receive a 

customized Share Link providing 50 days free access to the 

final published version of the article on ScienceDirect. The 

Share Link can be used for sharing the article via any 

communication channel, including email and social media. 

For an extra charge, paper offprints can be ordered via the 

offprint order form which is sent once the article is accepted 

for publication. Both corresponding and co-authors may order 

offprints at any time via Elsevier's Author Services. 

Corresponding authors who have published their article gold 

open access do not receive a Share Link as their final 

published version of the article is available open access on 

ScienceDirect and can be shared through the article DOI link. 

 

Author's Discount 

Contributors to Elsevier journals are entitled to a 30% 

discount on most Elsevier books, if ordered directly from 

Elsevier. 

 

AUTHOR INQUIRIES 

Visit the Elsevier Support Center to find the answers you 

need. Here you will find everything from Frequently Asked 

Questions to ways to get in touch.  

You can also check the status of your submitted article or find 

out when your accepted article will be published. 
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