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INTRODUÇÃO 

Na reunião de 14 de outubro de 2022, a Comissão Permanente de Assuntos Parlamentares, 

Ambiente e Desenvolvimento Sustentável procedeu ao relato e emissão de parecer, na 

sequência do solicitado por Sua Excelência o Presidente da Assembleia Legislativa da Região 

Autónoma dos Açores, sobre o Projeto de Decreto Legislativo Regional n.º 59/XII – “Incentivo 

à recolha, depósito e valorização do lixo marinho”. 

 

ENQUADRAMENTO JURÍDICO  

A apresentação do presente Projeto de Decreto Legislativo Regional, subscrito pela 

Representação Parlamentar do PAN, decorre da faculdade legal atribuída aos Deputados, nos 

termos da alínea d) do n.º 1 do artigo 31.º do Estatuto Político-Administrativo da Região 

Autónoma dos Açores (Lei n.º 39/80, de 5 de agosto, alterada pelas Leis n.os 9/87, de 26 de 

março, 61/98, de 27 de agosto, e 2/2009, de 12 de janeiro), em conjugação com o disposto no 

artigo 114.º do Regimento da Assembleia Legislativa da Região Autónoma dos Açores. 

O Projeto de Decreto Legislativo Regional em análise cumpre todos os requisitos exigidos pelo 

artigo 119.º do Regimento da Assembleia Legislativa da Região Autónoma dos Açores (Resolução 

da Assembleia Legislativa da Região Autónoma dos Açores n.º 15/2003/A, de 26 de novembro, 

alterada pela Resolução da Assembleia Legislativa da Região Autónoma dos Açores n.º 

3/2009/A, de 14 de janeiro). 

Assim, nos termos do disposto na alínea a) do artigo 42.º do Regimento, compete à respetiva 

comissão especializada permanente apreciar e elaborar o correspondente relatório sobre a 

presente iniciativa.  

Por último, nos termos da Resolução da Assembleia Legislativa da Região Autónoma dos Açores 

n.º 1/2021/A, de 6 de janeiro, alterada pela Resolução n.º 49/2021/A, de 11 de agosto e pela 

Resolução n.º 52/2021 de 25 de outubro de 2021, a matéria em apreço incide sobre Ambiente, 

sendo por isso a Comissão Permanente de Assuntos Parlamentares, Ambiente e 

Desenvolvimento Sustentável competente para proceder à sua análise. 
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APRECIAÇÃO NA GENERALIDADE  E ESPECIALIDADE  

A presente iniciativa legislativa, conforme plasmado no seu artigo 1.º, visa a criação de um 

sistema de incentivo à recolha e depósito de lixo marinho e devolução de artes de pesca em fim 

de vida, utilizadas na pesca comercial, a ser aplicado em toda a Região Autónoma dos Açores, 

sem prejuízo de proceder-se à seleção dos portos e núcleos de pesca com maior tráfego para 

implementação dos depósitos.  

Determina igualmente que: 

- As embarcações de pesca comercial, local, costeira e de largo, devem estar registadas nos 

portos e núcleos de pesca da Região Autónoma dos Açores, exercendo a atividade em 

conformidade com o previsto no Decreto Legislativo Regional n.º 29/2010/A, de 09 de 

novembro, Quadro Legal da Pesca Açoriana, alterado e republicado pelo Decreto Legislativo 

Regional n.º 31/2012/A, de 6 de julho, e Decreto Legislativo Regional n.º 11/2020/A, de 13 de 

abril. 

- A atividade das marítimo-turísticas deve estar licenciada pela direção regional com 

competência na área dos transportes marítimos, salvo a pesca turística, cuja licença é concedida 

pela direção regional com competência na área das pescas, nos termos previstos pelo Decreto 

Legislativo Regional n.º 23/2007/A de 23 de outubro de 2007. 

 

Em sede de exposição de motivos o proponente refere que “O Oceano abrange cerca de 70% da 

superfície terrestre, com uma vasta biodiversidade e serviços de ecossistemas, altamente 

sensíveis a variações ambientais, e com um papel fulcral na agenda da mitigação das alterações 

climáticas. 

Acontece que cerca de 80% do lixo marinho é constituído por plástico, em que os artigos de 

plástico de utilização única representam 50% e os artigos relacionados com a pesca 27% do total 

de lixo marinho. Acresce a significância percentual das artes de pesca, cujo componente 

principal é o plástico, que são comercializadas e não são recolhidas para o tratamento aquando 

do seu fim de vida útil. Configurando, por isso, um grave problema no âmbito do lixo marinho, 

com grande impacto ambiental nos ecossistemas marinhos, na biodiversidade, na saúde 

humana e, concomitantemente, com danos para os setores da economia azul, em especial a 

pesca e o turismo.  
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A poluição marinha e a contaminação do Oceano, sem possibilidade de delimitação de fronteiras 

físicas é um fator facilitador da disseminação, positiva e negativa, das externalidades do capital 

azul. Sendo incontestável a dispersão pelo meio marinho de artigos de plástico de grande 

dimensão, como por exemplo as redes de pesca, e fragmentos ou microplásticos, com o impacto 

que daí advém.  

Por isso, as capturas acidentais, sobrepesca, bem como os resíduos produzidos e libertados ou 

esquecidos pelas embarcações de pesca comercial, e artes de pesca deixadas à deriva, acentuam 

a poluição marinha e exponenciam os danos provocados e as dificuldades de regeneração dos 

ecossistemas, claudicando com os serviços prestados pelo ecossistema marinho.  

Devendo destacar-se o predador silencioso do Oceano, ou seja, as redes de pesca fantasma, 

que, de acordo com a FAO e o programa das Nações Unidas para o Ambiente, constituem cerca 

de 10% dos detritos plásticos presentes no Oceano, pois estima-se que todos os anos sejam 

largadas e perdidas no Oceano cerca de 640 mil toneladas de redes e armadilhas de pesca 

fantasma, causando a morte a milhares de peixes e mamíferos marinhos, libertando poluentes 

acumulados, transformando-se em microplástico que constituem verdadeiros “hotspots” de 

contaminação.  

Tendo em conta o impacto destrutivo do plástico na vida marinha e na própria saúde humana e 

ponderando a subsistência de todos aqueles que dependem dos seus ecossistemas, é 

fundamental criar mecanismos para a mitigação das suas repercussões devastadoras. Estes 

mecanismos visam a implementação de programas que devem primar pela inclusão dos agentes 

humanos que vivem dos recursos marinhos costeiros e globais ou que simplesmente os usem 

de forma pontual ou lúdica, desde pescadores e armadores, marinheiros, operadores marítimo-

turísticos, mergulhadores, entre outros.  

Para tal, é determinante o desenvolvimento de projetos-piloto que tenham como principais 

objetivos: a aplicação de boas práticas para a prevenção e redução do lixo marinho, incluindo 

artes de pesca perdidas ou descartadas; criação ou adaptação de instalações portuárias de 

receção e armazenamento, interligados com os sistemas municipais de recolha e gestão de 

resíduos; marcação de equipamentos de pesca para que possam ser rastreados se perdidos ou 

abandonados no mar; e desenvolvimento de soluções de gestão para aproveitamento do lixo 

marinho, criando oportunidades de reciclagem e reaproveitamento, primando pelo princípio da 

abordagem circular e sustentável da economia com enfoque na reutilização, regeneração e 

reciclagem.  
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As várias iniciativas-piloto nacionais para a criação de repositórios de materiais passíveis de 

reutilização após recuperação, assim como, a implementação de vários projetos internacionais 

que nos mostram o valor comercial da reciclagem em consonância com a estratégia para a 

BioDiversidade para 2030 da União Europeia, demostram que é necessária uma reflexão 

aprofundada sobre a envolvente natural, em linha de conta com a componente social, 

patrimonial, ambiental e cultural.  

A promoção de boas práticas ao nível de aproveitamento e reabilitação de materiais 

provenientes de lixo marinho, que projetos europeus como a OCEANETS demostram ao produzir 

vestuário a partir do desperdício de velhas artes de pesca, levam-nos a crer que é possível 

envolver instituições de gestão regional e local, sectores da economia ligados ao mar, entidades 

educativas e a sociedade civil numa mesma missão: salvaguardar e disponibilizar materiais de 

artes antigas ou descartadas, possibilitando a reabilitação de materiais contemporâneos com 

detalhes de valor patrimonial; divulgar saberes e artes locais tradicionais; sensibilizar, de forma 

inter-geracional, a sociedade para uma economia de recursos e proteção ambiental, limitando 

o desperdício e promovendo a circularidade; apoiar projetos locais inovadores com impacto à 

escala global.  

Assim, a produção e tratamento de resíduos derivados do petróleo e a poluição marinha 

configuram o casamento perfeito das principais problemáticas constantes na agenda da 

geoestratégia mundial para o ambiente, conforme, por exemplo, consta no ponto 14 - Conservar 

e usar de forma sustentável os oceanos, os mares e os recursos marinhos numa perspetiva de 

desenvolvimento sustentável - da Agenda 2030 para o Desenvolvimento Sustentável, adotada 

pelas Nações Unidas.  

Por seu turno, e no alinhamento com as políticas internacionais, a União Europeia tem 

procurado implementar mecanismos de eficaz e eficiente gestão de resíduos como meio 

determinante para a prevenção de todos os tipos de lixo, incluindo o lixo marinho. 

Reconhecendo essa necessidade, o quadro legal comunitário tem procurado implementar 

instrumentos com soluções regulamentares para a problemática do lixo marinho, através das 

Diretivas 2008/98/CE, 2000/59/CE, 2000/60/CE e 2008/56/CE, e o Regulamento (CE) n.º 

1224/2009 do Conselho. Tendo, inclusive, este último Regulamento definido os requisitos de 

marcação aplicáveis às artes de pesca.  

Não obstante, o estatuído no artigo 13.º, n.º 1, alínea d) da Diretiva (UE) 2019/904, impõe a 

necessidade de os Estados-Membros comunicarem os dados relativos às artes de pesca que 
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contêm plástico colocadas no mercado e aos resíduos de artes de pesca recolhidos no Estado-

Membro.  

Os resíduos de plástico estão sujeitos às medidas e metas gerais da União Europeia em matéria 

de gestão dos mesmos, assumindo os objetivos de reciclagem dos resíduos de embalagens de 

plástico, conforme prevê a Diretiva 94/62/CE do Parlamento Europeu e do Conselho e, ainda, o 

objetivo constante na Estratégia Europeia para os Plásticos - todas as embalagens de plástico, 

colocadas no mercado da União, sejam reutilizáveis ou recicláveis.  

Concomitantemente, a «Estratégia Nacional para o Mar 2021-2030», prevista na Resolução do 

Conselho de Ministros n.º 68/2021, de 04 de junho de 2021, assume a urgência de reduzir o lixo 

marinho gerado pelas atividades marítimas. A ENM está alinhada com a «Agenda 2030 das 

Nações Unidas», com o «Pacto Ecológico Europeu», com a «Política Marítima Integrada da União 

Europeia», a «Política Comum de Pescas» e com as recentes «Estratégia de Biodiversidade da 

UE 2030», e «Missão Estrela-do-Mar 2030: Recuperar o nosso Oceano e Águas».  

Nesse sentido, existem diversos projetos nacionais cuja missão se prende com a recolha de lixo 

marinho produzido pelo setor das pescas, como por exemplo o «Projecto E-Redes», Projeto «À 

Pesca do Plástico», ou o projecto «A Pesca por um Mar sem lixo».  

Ademais, o Decreto Legislativo Regional n.º 6/2016/A, que procedeu à aprovação do «Plano 

Estratégico de Prevenção e Gestão de Resíduos dos Açores», embora sujeito a revisão, em 

conjugação com o «Plano de Ação para o Lixo Marinho nos Açores», vulgo PALMA, e o projeto 

«LixAZ» desenvolvido no âmbito deste, visam a definição de objetivos estratégicos para 

prevenção e gestão de resíduos.  

Por fim, é evidente a necessidade de melhorar a eficiência na gestão de resíduos a bordo das 

embarcações de pesca e nos portos e núcleos de pesca da Região, bem como a urgência em 

sensibilizar todos os utilizadores do mar, sobretudo os atores laborais e comerciais do setor da 

pesca para a importância da adoção ou manutenção de boas práticas ambientais a fim de evitar-

se o emaranhamento em resíduos de plástico, especialmente em artes de pesca descartadas, a 

pesca fantasma, que facilita uma captura interminável de peixes e outros animais que afundam 

ou são perdidos no mar, a ingestão de lixo marinho pelos animais, o cobrimento do fundo do 

mar com lixo marinho, com todos os danos ecológicos que daí advêm, com reflexos na saúde do 

planeta e dos que nele habitam.” 
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PROCESSO EM ANÁLISE  

Diligências efetuadas: 

Na reunião da Comissão ocorrida a 23 de junho de 2022 o Deputado Pedro Neves procedeu à 

apresentação da iniciativa.  

Na mesma reunião, a Comissão deliberou ouvir presencialmente ou com recurso a meios 

telemáticos os Secretários Regionais com competência na matéria, designadamente o 

Secretário Regional do Mar e das Pescas e o Secretário Regional do Ambiente e Alterações 

Climáticas, bem como o Presidente do IMAR – Instituto do Mar, o Presidente da AOMA - 

Associação de Operadores Marítimos dos Açores, o Diretor da 

Okeanos ‐ Instituto de Investigação em Ciências do Mar, o Presidente da Federação das Pescas 

dos Açores e o Presidente da Cooperativa Porto de Abrigo. 

No entanto, por indisponibilidade do Presidente da AOMA de efetuar a audição, na data e hora 

previamente agendada, e uma vez que a Comissão e os serviços apenas foram informados na 

hora prevista, foi entendido pelo proponente e pelos restantes elementos da Comissão que não 

haveria necessidade do reagendamento desta audição para nova data. 

A Comissão deliberou igualmente solicitar parecer escrito às Associações de Ambiente dos 

Açores, designadamente: Associação Amigos dos Açores; Azulinvade - Associação Ambiental; 

SPEA – Sociedade Portuguesa para o Estudo das Aves; AZORICA – Associação de Defesa 

Ambiental; Associação “Os Montanheiros”; Gê-Questa – Associação de Defesa do Ambiente; 

Quercus – Núcleo Regional de São Miguel; OMA – Observatório do Mar dos Açores; Associação 

Asas do Mar – Instituto de Ornitologia Marinha dos Açores; ACT – Açores;  

Até à emissão do presente Relatório, deu entrada nos serviços desta Assembleia Legislativa o 

parecer da Associação Amigos dos Açores – Associação Ecológica.  

Foram entregues pelo representante da OKEANOS, a pedido da Comissão, artigos científicos 

sobre a temática do lixo marinho, os quais se anexam ao presente relatório.    

DA APRESENTAÇÃO DA INICIATIVA: 

O Deputado Pedro Neves iniciou a sua intervenção por referir que a presente iniciativa assenta 

em dois objetivos, nomeadamente a proteção ambiental, em que as artes de pesca, a nível 

mundial, representam 27% do plástico do lixo marinho nos oceanos, realçando existir uma 

limitação de quem poderá intervir, sendo possível os pescadores profissionais ou até mesmo os 
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pescadores lúdicos, assim como as empresas marítimo-turísticas. Destacou “este ser um dos 

objetivos, que haja reutilização, que haja economia circular a funcionar, porque esta iniciativa 

disse que façam a recolha das redes antigas, pode haver uma reutilização ou mesmo o próprio 

governo até pode fazer uma substituição que haja redes biodegradáveis e com localizador (…) e 

sabendo à partida que quando os pescadores vão à faina, e que cada vez mais há a queixa que 

dizem que vão à faina e retornam completamente vazios, isto é uma oportunidade (…) dentro do 

prejuízo que seja mais reduzido ao trazer plástico para terra(…)”.  

 

Destacou que a iniciativa não é uma ideia nova, dando um exemplo de uma empresa italiana, 

que paga aos pescadores para a recolha de lixo marinho, tendo estes deixado a atividade da 

pesca, porque obtém maior lucro com a recolha de lixo marinho.  

 

De seguida o Presidente da Comissão abriu as inscrições para perguntas e esclarecimentos ao 

proponente, tendo-se inscrito a Deputada Salomé Matos.  

 

A Deputada Salomé Matos referiu que a iniciativa apresentada merece a atenção uma vez que 

a “responsabilidade da preservação dos oceanos é de todos nós, talvez também um pouco maior 

daqueles que vivem dos recursos marinhos”.  

 

DA AUDIÇÃO AO PRESIDENTE DA FEDERAÇÃO DAS PESCAS DOS AÇORES, OCORRIDA A 22 DE JULHO DE 2022 

O Presidente da Federação de Pescas dos Açores, o Senhor Gualberto Rita iniciou a sua 

intervenção por referir que no que diz respeito ao lixo marinho, seja no mar, seja mesmo em 

terra, é uma questão que as comunidades piscatórias, as associações de pesca, os armadores e 

os pescadores, estão muito sensíveis, tendo já havido inclusivamente projetos, os quais a 

Federação das Pescas e outras associações integraram, referindo que uns tiveram mais sucesso 

do que outros, todos sempre no sentido de sensibilizar os pescadores da importância que isto é 

para, também para a nossa atividade, como também para a imagem do setor das pescas nos 

Açores.  

 

Referiu ainda o prémio atribuído à pesca do atum, por ser uma pesca de lixo zero, tendo-se 

iniciado pelas embarcações de maiores dimensões, que possuem ecopontos a bordo, com 

seleção de lixo abordo, e sem atirar lixo ao mar, e recolhendo o máximo de lixo possível.  
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Destacou que estas ações são mais fáceis de fazer em embarcações de maiores dimensões do 

que por exemplo, nas embarcações de boca aberta, pelo seu espaço limitado, referindo que 

acima de tudo o mais importante é serem os pescadores sensíveis à questão dos plásticos.  

 

Referiu também ser importante o tratamento do lixo em terra, nomeadamente a existência de 

ecopontos em vários portos de pesca, tendo já verificado algum efeito, mas realçou que para 

funcionar a 100% seria necessário ações de divulgação e de sensibilização. 

 

 

Referiu que relativamente à marcação das artes de pesca que são colocadas no mar, informou 

já terem sido contactados pelo Air Center, no sentido da colocação de equipamentos em certas 

artes de pesca, para posterior localização em caso de perca, para a sua recuperação. Realçou 

que foi indicado ter mais efeito nas redes de emalhar, por estarem mais à superfície.  Referiu 

que considera que é relativamente ao palangre de fundo que existem mais artes pedidas, e com 

maior impacto para o ambiente e para o fundo do mar.  

 

Relativamente ao ponto três do artigo 4.º, e relativamente ao preço por quilo a retribuir ao 

armador, considerou interessante que os pescadores possam contribuir com a recolha do lixo e 

ter uma recompensa para tal.  

 

 Referiu que a Federação de Pescas trabalhou num projeto com a Fibrenamics, que consistia na 

recolha de todos os monofilamentos, recolhidos em terra e no mar, destacando que no porto 

da Ribeira Quente, Ponta Delgada, Rabo de Peixe e em São Mateus na Terceira são portos de 

pesca nos quais se arranjam muitos aparelhos, realçando que desconhece se está a ser feita a 

devida reciclagem, mas é de opinião que os monofilamentos deviam ser reaproveitados, por 

exemplo para derreter e fazer caixas para os armadores.  

 

 Informou que o projeto da Fibrenamics não continuou, por falta de condições financeiras, mas 

considera que era uma mais-valia, uma vez que pescador recolhe com proveito posterior, não 

sendo considerado qualquer tipo de pagamento, e disse que vê com agrado o pagamento por 

quilo, questionando apenas como funcionaria e qual seria a entidade que recolheria os 

monofilamentos, para posterior pagamento aos pescadores.  
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Realçou que as embarcações mais pequenas não possuem espaço a bordo, sendo necessário 

adequar os portos de pesca, mesmo os “portinhos” para que embarcações que não são de pesca 

profissional, possam também recolher o material.  

 

De seguida o Presidente da Comissão abriu as inscrições para perguntas, tomaram da palavra os 

seguintes deputados: Deputado Pedro Neves, o Deputado Pedro Pinto, Deputada Salomé Matos 

e a Deputada Joana Pombo Tavares.  

 

O Deputado Pedro Neves informou que a iniciativa possui dois objetivos, primeiro retirar o lixo 

do nosso oceano, e por outro, beneficiar os pescadores que dentro de uma faina, dentro de uma 

pesca, e que não havendo peixe como antigamente, poderiam ter uma compensação monetária 

pela recolha do lixo marinho.  

 

Em resposta à questão colocada, informou estar a considerar um preço em média do que estava 

na lota diária, sendo o despacho da responsabilidade do governo, atualizando se necessário.   

Relativamente ao GPS seria também facultativo, e não sendo a favor do palangre de fundo, 

reconhece que as dificuldades das pressões atmosféricas dentro de água, que fazem com que 

as frequências rádio não consigam passar, sendo, no entanto, esta medida seria uma ajuda para 

o próprio pescador dono da rede.  

 

Questionou o Senhor Gualberto Rita se estariam os pescadores abertos a este tipo de ajuda, 

sendo que a ação altruísta teria um retorno financeiro, pois ao retirarem as redes do mar 

estariam a promover a economia circular. Referiu também que as redes de pesca biodegradáveis 

são extremamente caras, realçando que poderia o Governo Regional a “ajudar e podia dar mais 

um passo para retirar o plástico do oceano e ajudar os pescadores com uma comparticipação, 

porque nós sabemos que essas redes são muito, muito caras”, realçando que o Senhor 

Presidente avançou que os pescadores estão disponíveis e sensíveis para o impacto do lixo no 

mar.  

 

Em reposta o Senhor Gualberto Rita informou que, em respeito à matéria em análise, quer a 

Federação, associações e pescadores, todos se encontram disponíveis para contribuir para o que 

for necessário,   
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O Deputado Pedro Pinto realçou que o lixo no mar é cada vez maior, e tendo em conta que os 

pescadores estão no mar para realizar uma atividade económica - a apanha de peixe – 

questionou sobre a compatibilidade para realizar a atividade económica e simultaneamente 

recolher e trazer a bordo lixo que é apanhado a flutuar.  

 

O Presidente da Federação de Pescas dos Açores, em resposta ao Deputado Pedro Pinto, referiu 

que embarcações de maiores dimensões, como as embarcações de atum, terão mais espaço 

para a recolha do lixo marinho, para depois deixar em terra, realçando que, anteriormente 

muitas das embarcações passavam por lixo sem o recolher, “e isto já não acontece com tanta 

frequência”. 

 

Realçou que a medida de pagamento por quilo de lixo poderá ser uma boa iniciativa uma vez 

que os pescadores não estariam apenas a contribuir para o ambiente, mas também estariam a 

tirar alguma contrapartida financeira. 

Destacou que a disponibilidade de lugar estará condicionada pela dimensão do lixo recolhido, 

que se for de grandes dimensões, dificilmente será recolhido pelas embarcações de menores 

dimensões, sendo que numa embarcação maior, dependerá do período da faina e da quantidade 

desta.  

 

A Deputada Salomé Matos, referindo-se ao artigo 6.º da proposta em análise, e no apoio que 

poderá existir para a adaptação das embarcações à recolha do lixo marinho, questionou como 

poderá ser a sua concretização, se é referente à “recolha, à extração do mar, de melhorar 

condições em embarcações mais pequenas para terem capacidade de conseguirem transportar 

esse lixo”, que tipo de auxílio seria necessário para a adaptação das embarcações à recolha do 

lixo marinho. 

 

Em reposta, o Senhor Gualberto Rita referiu que na pesca do atum e no Programa de Observação 

dos Açores – POPA – é atribuído às embarcações do atum no final do ano, um prémio não 

monetário, entregue a cada embarcação um certificado que atesta que a embarcação é amiga 

do ambiente, destacando que pequenas iniciativas como a referida, deram já bons resultados, 

considerando que poderá ser replicada para outras embarcações. Realçou que o armador e o 

pescador têm de compreender o efeito das suas ações, “e isto não está a acontecer neste 

momento”, considerando que o pagamento da recompensa “vai ter efeitos muito positivos para 

aquilo que é o objetivo que é não deixar o lixo no mar”.  
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No seu direito de réplica, a Deputada Salomé Matos questionou se todas as embarcações, com 

a limitação do tamanho, têm condições para aderir e para poder recolher o lixo, e se considera 

que a adaptação não é propriamente física.  

 

Em resposta o Senhor Presidente da Federação das Pescas esclareceu que as embarcações mais 

pequenas não possuem equipamentos para poder proceder à recolha do lixo, sendo que as 

embarcações maiores possuem gruas, sendo mais fácil a sua colocação para dentro da 

embarcação.  

 

Informou ter já havido a possibilidade de atribuição de uma marca “que poderia ser no pescado 

açoriano de lixo zero” como já existe na pesca do atum, valorizando não só o pescado, mas 

também a profissão do pescador.  

 

A Deputada Joana Pombo Tavares realçou que a própria vida do pescador nos Açores tem 

mudado, assim como a própria faina, estando os pescadores mais sensíveis por verem o impacto 

que o lixo marinho tem diretamente na sua atividade. Referindo-se à questão colocada pelo 

Senhor Gualberto Rita, nomeadamente à operacionalização, questionou-o se, após a recolha do 

material, se poderá ser a Lotaçor a fazer a verificação e a pesagem desse material, e se tendo 

em conta o ponto cinco da iniciativa refere que a pesagem é inserida numa plataforma 

eletrónica, se considera que este procedimento poderá também ser feito através da Lotaçor.  

 

Em resposta, o Senhor Gualberto Rita considerou que a Lotaçor será a entidade mais adequada 

para os procedimentos referidos, uma vez que na maior parte das ilhas gere a lota, posto de 

recolha ou também o porto de pesca, possuindo os equipamentos para o fazer. Referiu ainda 

que deveria ser a Lotaçor a entidade que tem mais capacidade de recolher o lixo em terra, como 

também de fazer essa gestão, ou esse pagamento, ou essa pesagem, referindo existir ainda 

muito lixo em terra, nomeadamente os monofilamentos, tendo já existido um estudo pela 

Direção Regional “do Ambiente ou do Mar” para a quantificação dos monofilamentos. Alertou 

que a presente iniciativa deveria abordar não só o lixo recolhido no mar, mas também o 

recolhido em terra, através da Lotaçor.  

 

De seguida o Presidente da Comissão abriu as inscrições para uma segunda ronda de perguntas, 

tomaram da palavra os seguintes deputados: o Deputado Pedro Pinto e o Deputado Pedro 

Neves.  
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O Deputado Pedro Pinto questionou, tendo em conta o estudo que indicou, sobre o montante 

de lixo recolhido anualmente, na região e em que ano foi efetuado.   

Em resposta, o Senhor Gualberto Rita referiu “estar a falar provavelmente entre uma tonelada 

a duas toneladas deste lixo”, total de lixo em terra, de monofilamentos, cabos, e, as ceras 

utilizadas para fazer o palangre, tendo o estudo sido efetuado em 2019.   

 

O Deputado Pedro Neves referiu estar disponível para alterar a iniciativa em análise.  

 

O Senhor Gualberto Rita realçou ser pertinente conhecer o fim que está a ser dado ao lixo, aos 

monofilamentos, uma vez não se tratar de um “plástico qualquer”, podendo ter o seu retorno 

para a atividade da pesca.  

 

De seguida o Presidente da Comissão abriu as inscrições para uma terceira ronda de perguntas, 

tomaram da palavra o Deputado Pedro Pinto.  

 

O Deputado Pedro Pinto questionou, tendo em conta existir estatística da quantidade de 

aparelhos de pesca, adquiridos anualmente, questionou sobre quantos milhares ou centenas de 

milhares são gastos por ano a adquirir aparelhos e boias, realçando que, apesar de não saber o 

que é recolhido do mar, poderá saber-se o que é comprado anualmente, conseguindo aferir o 

que é perdido anualmente, o que fica para trás e/ou que fica danificado.   

 

Em resposta o Presidente da Federação das Pescas referiu desconhecer os valores pedidos, não 

havendo valores em relação às compras. Disse desconhecer se já existiu algum levantamento a 

esse respeito.  

 

DA AUDIÇÃO DO REPRESENTANTE DA COOPERATIVA PORTO DE ABRIGO, OCORRIDA A 22 DE JULHO DE 2022 

O Senhor Liberato Fernandes, em representação do Presidente da Cooperativa Porto de Abrigo, 

acompanhado pelos Senhores José António e Martiniano Fortes, que integram a delegação, 

realçou ser importante a iniciativa que se apresenta, para a redução do lixo marinho.  

Relativamente ao setor da pesca, destacou que tem havido preocupação, pelos arrais e pelas 

companhas em reduzir o lixo marinho, considerando serem problemas que “implicam 

interiorização (…) mudanças comportamentais que geralmente são geracionais”, considerando 
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ter havido passos importantes, mas havendo ainda muito a fazer, nomeadamente na área 

pedagógica, que poderia ser feita também pelas entidades governamentais.  

Realçou a importância de disponibilização de meios, dando exemplo da falta de condições no 

Porto de Ponta Delgada, o qual possui uma grande afluência de pescadores, considerando que 

por si só a pedagogia não atuará sozinha caso não haja meios instalados nos portos de chegada 

das embarcações.  

Realçou como ponto importante para reflecção o “efeito perverso dos prémios”, podendo haver 

a leitura de que “apanhar lixo dá tanto resultado, ou mais resultado do que apanhar peixe”, 

realçando a importância da entidade inspetiva que poderá ter igualmente função educativa. 

Destacou os dados que referem que até o ano 2050 a quantidade de lixo marinho ultrapassará 

a biomassa de pesca, sendo “uma catástrofe”, pelo que se torna necessário atuar em curto 

prazo.  

Realçou também a importância das medidas para salvaguardar os recursos marinhos, 

destacando que à data, três espécies encontram-se com captura fechada – duas espécies de 

tunídeos e uma espécie de profundidade – e outra apresenta 80% de quota capturada – o 

imperador – realçando que ao sétimo mês do ano, estas espécies já não podem ser capturadas, 

originando efeitos nos rendimentos dos pescadores.  

 

De seguida o Presidente da Comissão abriu as inscrições para perguntas, tomaram da palavra os 

seguintes deputados: Deputado Pedro Neves e o Deputado Pedro Pinto.  

 

O Deputado Pedro Neves referiu que a recolha de lixo é já efetuada por algumas embarcações, 

referindo que o presente diploma apenas coloca preço à ação, havendo um preço por quilo de 

lixo marinho, seja ele qual for – redes marinhas, pneus, plásticos – como recompensa monetária. 

Questionou o Senhor Liberato Fernandes se, considera que os pescadores se encontram 

disponíveis, se terão uma boa abertura, para esta recolha do lixo que é facultativa, tendo uma 

retribuição monetária para a fazer.  

Concorda que poderá haver uma parte perversa nesta compensação, referindo-se às 

declarações do Senhor Liberato, mas considera que é uma obrigação nossa, como seres 

humanos, retirar o lixo do mar. 

 

 Em resposta, o Senhor Liberato Fernando referiu existir dois tipos de frotas, sendo 25% 

referente a embarcações de maiores dimensões e estas com maior facilidade de efetuarem a 

recolha de lixo, por possuírem melhores condições a bordo, sendo que as embarcações de pesca 
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local possuem pouco lugar, sendo que muitas das vezes, as próprias artes de pescas ocupam 

todo o espaço da embarcação.  

Realçou chamar a atenção para os efeitos perversos, mas “o princípio da boa-fé é que deve 

perdurar”, realçando que pode ser um complemento de rendimento que pode ser estimulante 

para proceder à recolha.  

Referiu que poderá ser uma questão a refletir o facto de poder haver contribuição para a 

segurança social, ou seja, esta compensação fazer parte do rendimento efetivo, considerando 

que se prevê uma redução da pensão, consequência da redução das capturas, da escassez de 

recursos.  

 

 O Senhor Martiniano Fortes referiu a falta de recolha de resíduos que se encontram no porto 

de Ponta Delgada, nomeadamente pneus, cabos e óleos, assim como o mau comportamento 

cívico. 

 

O Senhor José António referiu ter já estado a bordo de embarcações que rebocaram lixo 

marinho, nomeadamente boias, mas realçou que seria importante que todos os pescadores da 

embarcação tenham a retribuição financeira da ação em que toda a embarcação teve, e não 

apenas o dono da mesma.  

 

O Deputado Pedro Pinto realçou compreender que o pagamento dos resíduos que trazem, seja 

considerado como rendimento, para efeitos dos cálculos da reforma, questionando qual será a 

entidade que consideram estar mais qualificada para efetuar a verificação e pesagem do lixo 

que for recolhido, assim como o pagamento referente.  

Em resposta, o senhor Liberato Fernandes referiu existir uma regressão na ação, uma vez que 

considera que a presente situação, a recolha de lixo, já esteve melhor. Considerou ainda 

importante o “poder do exemplo, e o exemplo do poder político, porque se há uma cultura de 

deixei passar, deixei fazer (…) é difícil que um setor com as carências que o setor das pescas tem 

(…), se quem manda não se preocupa nada com isso, porque me hei-de eu preocupar”.  

 

O Senhor Liberato Fernandes referiu ainda o problema da transparência dos ganhos, por 

exemplo de um reboque de um achado, e que a legislação possa “acautelar que chegue a todos”, 

que não seja um ganho apenas do armador, mas sim de toda a companha.  
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DA AUDIÇÃO AO PRESIDENTE DO IMAR, OCORRIDA A 22 DE JULHO DE 2022 

 

O Presidente do IMAR, Doutor João Gonçalves, iniciou a sua intervenção por referir que 

considera a iniciativa interessante e que reflete uma das maiores preocupações que temos nos 

dias de hoje com os lixos marinhos, com a poluição marinha, sobretudo pelos lixos e plásticos.  

 

Considerou ainda que, para além dos pontos positivos, existem alguns insuficientes, 

nomeadamente os subsídios aos armadores, realçando que serão os pescadores que estão no 

mar, que deverão produzir menos resíduos e que terão de alterar os seus comportamentos e 

para tal é necessário garantir que o subsídio chegue ao pescador.  

 

Verifica-se que o lixo marinho é também proveniente da pesca, sento igualmente originado por 

outras frotas que não dos Açores, realçando que existem campanhas de limpeza de resíduos 

aquáticos, nomeadamente na cidade da Horta, sempre com recolha de grande quantidade de 

resíduos, desde apetrechos de pesca, das redes de baterias, garrafas em quantidades industriais.  

Destacou que deveria haver um conhecimento mais avançado, nomeadamente sobre a 

importância de se conhecer a realidade da pesca nos Açores e qual é a quantidade de artes de 

pesca que se perdem, sendo dados que apenas se obtém a partir dos observadores do POPA, 

não existindo para as restantes frotas, sendo estes dados muito importantes para a 

sustentabilidade da pesca nos Açores, sendo que para tal obrigaria  a um processo de registo de 

todas as artes que são autorizadas e as que se vão perdendo. 

 

De seguida o Presidente da Comissão abriu as inscrições para perguntas, tomaram da palavra os 

seguintes deputados: Deputado Pedro Neves, Deputado José Contente, Deputado Pedro Pinto 

e a Deputada Salomé Matos.    

 

O Deputado Pedro Neves referiu que a compensação monetária tem que ser entendida não 

como um subsídio, mas como um incentivo que é atribuído aliado à pedagogia que se pretende 

para a pesca, e para o retorno dos plásticos que existem no oceano. Referiu que é indicado que 

o incentivo é dado ao armador e não ao pescador, como entidade patronal e dona da 

embarcação em si, e que tem obrigação tanto da contribuição pela (quota) feita das várias 

espécies na própria lota, assim como teria no caso do lixo marinho, “mais uma espécie que o 

armador tem a obrigação de contribuir de forma monetária de dar aos pescadores”, realçando 

que “mas é algo que vamos ter em conta (…) e nós vamos fazer essa análise”. Questionou o 
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Presidente do IMAR se considera que o incentivo irá aumentar a quantidade de lixo que será 

recolhido no mar dos Açores pelas embarcações. 

   

O Presidente do IMAR, em resposta referiu que os “incentivos têm esse mérito de fazer, ajudar 

a mudar o comportamento das pessoas. Se não houver incentivo nenhum, podem pura e 

simplesmente deitar para o mar. O incentivo de trazer para terra pode ajudar a mudar esses 

comportamentos. Portanto, aí, penso que é positivo esse aspeto, a questão era haver um 

mecanismo de isso passar para os pescadores também. O meu receio nisto é os pescadores de 

facto não se sentirem depois envolvidos no processo.” 

 

O Deputado José Contente questionou se considera que muito lixo produzido é produzido em 

terra, não integrando o presente diploma esta situação, realçando o projeto ECOBLUE, no 

sentido de haver um aproveitamento do lixo produzido em terra e ele ser minimamente 

reutilizado para outras situações. Questionou ainda se não deveria existir um incentivo para o 

lixo que se encontra em terra, para que seja também valorizado impedindo de o mesmo ter 

como destino final o mar.  

 

Em resposta, o Doutor João Gonçalves referiu concordar que o grande problema dos lixos no 

mar começa de facto em terra, sabendo que grande parte que está no mar é produzido em terra.  

Destacou que “se tivermos mecanismos de recolha seletiva eficiente em terra e depois os 

diferentes mecanismos de reciclagens e de economia circular ligada a esses resíduos, é um 

problema que depois fica, e sobretudo aqui em zonas insulares como os Açores, nós de facto 

estamos limitados no espaço terrestre, e, portanto, é um problema que também convém 

acautelar, realçando que o país e a região se encontram um pouco longe das metas gerais da 

recolha seletiva que a União Europeia impõe.    

 

Destacou que o controle em terra é importante, assim como o mecanismo de tentativa de 

alteração de comportamento dos pescadores, quer em terra, quer durante a sua atividade 

piscatória, e consequentemente é necessário depois ter as condições para que o resíduo plástico 

possa ter o devido encaminhamento para o seu destino final, que no caso dos Açores será a 

exportação para o continente. Realçou que os portos de pesca poderiam ter uma maior 

quantidade de pontos de recolha destes artigos, mais perto das embarcações.   
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O Deputado Pedro Pinto questionou se considera que “o lixo que é encontrado a flutuar no nosso 

Arquipélago provém maioritariamente ou exclusivamente do lixo produzido nas ilhas, ou haverá 

já alguma parte significativa e sendo significativa, se poderá quantificar essa dimensão de lixo 

que venha a flutuar nas correntes e venha parar ou esteja em transito pelas nossas águas e passe 

aqui pelas costas das diversas ilhas dos Açores”. 

 

Questionou ainda se, no entendimento do Doutor João Gonçalves, qual seria a melhor entidade 

em terra para processar a aferição das quantidades recolhidas, e depois em sequência fazer o 

processamento dos resíduos nos termos da proposta.  

 

O presidente do IMAR, relativamente à primeira questão, respondeu que, o estudo que está a 

ser feito pelo POPA, a bordo da frota de pesca do atum na Região, incide sobre os lixos que estão 

à superfície, referindo que dois terços, talvez mais, é lixo nitidamente com origem externa, 

sendo, portanto, lixos / plásticos, produzidos fora da Região.  

 

Referiu que na Praia do Porto Pim, no Faial, um dos itens muito comuns são alcatruzes de 

plástico, que é uma arte de pesca utilizada para a pesca de polvo no Continente e em Marrocos, 

não existindo nos Açores, referindo haver também muito lixo de origem americana, 

questionando se a proposta considera a totalidade das artes de pesca ou se apenas as regionais, 

até porque há parte significativa do lixo que são pedaços de redes de arrasto, não havendo 

também esta arte de pesca na Região.    

 

Destacou que os plásticos flutuantes causam problemas ambientais sobretudo megafauna - 

tubarões, baleias, peixes de grandes dimensões, tartarugas – que ficam enredados nas artes de 

pesca, causando problemas. Referiu ainda que, durante as observações do POPA, existem dados 

de tartarugas, assim como de outras espécies, de ocorrências de, pelo menos uma dezena, por 

ano.  

 

Relativamente à questão da entidade responsável pelo processamento dos resíduos, “teriam de 

ser em cada ilha as unidades que tiverem licenciadas pelos processos de gestão ambiental para 

fazer isso. Portanto, não sei se os cadernos de encargos que essas entidades têm com os 

Municípios preveem também a recolha de lixos de origem marinha, ou não. Mas era uma 

questão a ver, mas nitidamente teria de ser essas entidades a recolher porque eles recebem lixos 

das diferentes categorias para depois processar, e, portanto, não me parece que haja aí uma 
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grande dificuldade de eles incorporarem esses plásticos na sua atividade e os outros resíduos 

também. “ 

No seu direito de réplica, o Deputado Pedro Pinto, esclareceu que a sua questão seria qual seria 

a entidade mais bem qualificadas para processar a aferição das quantidades e processamento 

dos pagamentos aos pescadores.  

 

Em resposta, o Doutor João Gonçalves referiu que deveriam ser entidades que se encontram 

mais habilitadas para lidar com este tipo de processamentos, realçando que as Associações de 

Pescadores, ou até mesmo Federações, poderiam ser envolvidas, ou até mesmo as autoridades 

portuárias.  

 

A Deputada Salomé Matos realçou que parte do lixo marinho poderá ser de maior porte, sendo 

também já referido pela Federação de Pescas dos Açores poder haver algum constrangimento, 

ma vez que embarcações mais pequenas poderiam ter dificuldade no armazenamento destes 

artigos de maior porte, questionou sobre como deveria ser feito para que seja evitado que o lixo 

de maior porte, mais perigoso, fique abandonado no mar e não seja trazido para terra.  

Questionou também, e tendo em conta que referiu ser necessário consciencializar os 

pescadores, e as pessoas que trabalham e vivem do mar para colaborar em todo este processo, 

qual seria a melhor forma de chegar a estes elementos.  

 

O Presidente do IMAR, e relativamente à primeira questão, destacou que realmente por vezes 

poderá tratar-se de uma arte de pesca, linhas ou sacos de plástico a flutuar à superfície e que 

podem caber em qualquer embarcação, podendo ser também de maiores dimensões, 

considerando que poderá na presente iniciativa “haver um mecanismo, por exemplo, de envolver 

a Marinha, porque é uma Autoridade que tem meios navais aqui na Região. De ela ser informada, 

e até no âmbito das suas atribuições poder recolher esses itens maiores que lhe forem 

comunicados. Portanto, poderá não ser logo, mas mais cedo ou mais tarde. Eles têm, é a Marinha 

que tem a responsabilidade dos programas de combate à poluição nos Açores, para as marés 

negras. Mas, se calhar poderiam ser envolvidos no sentido de terem um mecanismo de 

receberem esses avisos de ocorrências de itens de grande dimensão. Podem também constituir 

problemas para a navegação, perigos. De serem eles depois a recolher. Podia ser interessante 

envolver a própria Marinha, eles têm o programa “Mar Limpo” também, ligado à questão dos 

resíduos das marés negras. Mas, se calhar eles podiam ser um parceiro porque tem meios navais 

e podem recolher itens de maior dimensão. Podia ser uma adição muito interessante para esses 
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programas. Serão menos frequentes, mas quando acontecem, de facto até podem constituir 

perigos para a navegação.” 

 Relativamente à segunda questão, para além das Associações, considerou ser interessante 

também envolver as organizações ligadas à venda do pescado, referindo que “é uma falta 

também que está aqui, penso eu, não me recordo na proposta de ver mencionada a Lotaçor. 

Pode ser de facto uma entidade, como lida diariamente com os pescadores, eles têm de entregar 

o pescado na lota para entrar no circuito de primeira venda, de estar de alguma forma envolvidos 

neste mecanismo de registo, e mesmo estas campanhas que se podem implementar e chamar a 

atenção para os pescadores para esta necessidade de não deitarem os lixos fora. Portanto, acho 

que era extremamente importante”. 

Realçou que, acrescentaria forma de existir algum mecanismo que possibilitasse o registo das 

ares de pesca nos Açores, havendo o reporte anual, por parte do pescador, a quantidade de 

artes de pesca perdidas, considerando que isso valorizava ecologicamente a pesca nos Açores.  

 

No seu direito de réplica, a Deputada Salomé Matos solicitou esclarecimentos sobre, quando o 

Doutor João Gonçalves refere a Lotaçor, se seria para a pesagem, mas também para “funcionar 

como ponto de devolução, ou de depósito, a emissão do talão de prémio, que toda a iniciativa 

prevê e que não identifica propriamente neste momento, à partida, quem faria o (lançamento 

de artes) em plataforma eletrónica. Deveria estar concentrado numa entidade, para facilitar a 

operacionalidade do sistema.”  

 

O Presidente do IMAR realçou que a Lotaçor possui já vários softwares, nomeadamente de 

primeira venda, e por isso já possui sistema de pesagens, considerando que seria apenas um 

item novo que teriam de criar. Realçou que poderia estar envolvida até nas campanhas de 

sensibilização da produção de resíduos, para pescadores assim como poderia estar envolvida na 

mensagem da importância da diminuição da pegada da emissão de resíduos, seja da pesca, seja 

das próprias atividades que decorrem no mar, da atividade humana no mar.  

 

De seguida o Presidente da Comissão abriu as inscrições para uma segunda ronda de perguntas 

e tomou da palavra o Deputado Pedro Neves.  

 

O Deputado Pedro Neves realçou que no artigo 13.º encontra-se referido a valorização dos 

resíduos, concordando que deverá existir uma “ponte entre o Governo Regional e as entidades 

públicas ou privadas, com, ou sem fins lucrativos”, sendo que a literacia se encontra plasmada 
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no artigo 14.º, para todas as pessoas, sejam banhistas, seja o cidadão comum. Realçou 

concordar com a elaboração de um estudo relativo à perda das artes de pesca, referindo que 

apenas se encontra plasmado na presente iniciativa a sua inventariação desde o momento que 

é recolhido, questionando se não seria melhor introduzi-lo no presente diploma ou se considera 

que deverá haver um diploma unicamente para que se faça este estudo e faça essa 

monotorização.  

 

Em resposta, o Doutor João Gonçalves referiu não ter resposta de qual seria a melhor forma, se 

fazer uma legislação especifica para esse assunto, ou se incorporar no presente diploma, 

destacando que quanto menos legislação avulsa houvesse, melhor, realçando que um processo 

de registo teria de envolver a Direção Regional das Pescas nessa atividade.  

 

DA AUDIÇÃO AO REPRESENTANTE DA OKEANOS, OCORRIDA A 28 DE JULHO DE 2022 

O Doutor Gui Menezes, em representação da OKEANOS, iniciou a sua intervenção por referir na 

temática de lixo marinho, o especialista na OKEANOS é o investigador Christopher Pham, com 

trabalho efetuado nesta área de investigação estando ausente para trabalho de campo e não 

poder acompanhar a audição.  

Referiu ser de saudar todas as iniciativas que se debrucem pela problemática do lixo marinho, 

sendo necessário mais trabalho nesta área para aumentar o conhecimento da sua problemática, 

nomeadamente nos Açores.  

 

Realçou ver “com alguma relutância que se pague para os pescadores recolherem o lixo no mar”, 

considerando que deverá ser uma atitude de cidadania, acrescentando que os pescadores 

atualmente encontram-se muito mais despertos para este problema.  

Destacou as muitas campanhas de voluntariado que têm ocorrido nos Açores, muitas iniciativas 

que têm ocorrido para a recolha do lixo marinho, para o seu estudo e da sua caracterização, 

havendo igualmente campanhas na comunidade piscatória.  

 

Considerou que poderá ser um problema que se por um lado haja campanhas voluntárias, que 

haja pagamentos em outras ações semelhantes, receando que possam perturbar as iniciativas 

voluntárias.  
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Tecnicamente referiu que o presente diploma em análise poderá acarretar problemas logísticos 

para a sua implementação, realçando ser um projeto piloto e sendo avaliado após a sua 

implementação.  

 

Destacou os pontos positivos da iniciativa, nomeadamente:  

- Permitirá um rastreamento das tipologias de lixo marinho, das suas quantidades; 

- Contribuirá para uma melhor organização na recolha dos lixos marinhos, nos vários portos da 

Região; 

- Sinalização de artes de pescas perdidas; 

Referiu já existirem estudos efetuados, nomeadamente um programa lançado no âmbito do 

Programa de Observação da Pesca dos Açores – POPA – com artigo publico em 2018, de 

Chambault et al., com participação de muitos investigadores do OKEANOS, com base na 

informação dos observadores a bordo dos atuneiros, entre 2015 e 2017, nos Açores e na 

Madeira. Deste estudo referiu que, de dois mil quatrocentos e seis transeptos visuais, apenas 

foram registados quatrocentos e oitenta e dois itens [objetos de lixo no mar], 48% dos quais 

plásticos genéricos, 21% embalagens plásticas e 18% artes de pesca. A média de avistamentos 

de lixo marinho, por transepto, era 0,19%, correspondendo entre zero a três itens por transepto, 

sendo que os transeptos eram efetuados com base de 15 minutos de observação.  

 

Dos transeptos observados, 84 % não continham lixo marinho, 13% apenas tinham apenas um 

item e 3% continham mais que um item, sendo que 93% do lixo marinho observado possuía mais 

que 5 centímetros, e os restantes 7 % classificados entre os 2,5 a 5 centímetros. Destacou que 

o estudo referiu como densidade estimada de 0,72 itens por quilómetro quadrado, o que é 

reduzido, sendo necessário ajustar também alguns problemas estatísticos, mas concluindo o 

estudo também que grande parte do lixo marinho tem origem fora da região, grande parte 

proveniente da atividade da pesca.   

 

O Doutor Gui Menezes referiu que o preâmbulo da iniciativa se baseia em notícias e alguns 

trabalhos do mundo, mas de uma forma genérica, realçando que a realidade nos Açores é 

diferente, em que o lixo flutuante não é “assim tanto como isso. Aquele que chega às praias já 

é diferente”., considerando que, tendo em conta o propósito da iniciativa, considera que a 

quantidade que os pescadores trarão para terra será reduzida.  
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Relativamente ao lixo que dá à costa, e referindo-se a um estudo de 2019,no qual envolveu 

várias entidades, foram amostradas quarenta e duas praias nas nove ilhas dos Açores, com trinta 

e um mil, quatrocentos e trinta e nove itens, com densidade média de 0,62 itens macro [sendo 

este tipo de lixo que a presente iniciativa se incide], com 87% eram plásticos com 67% 

classificados de fragmentos plásticos, seguido de papel e cartão  e vidro, ambas as categorias 

com 3%, sendo 7% os outros itens (metais, madeira, roupa, borrachas entre outros).  

Informou ainda que nos plásticos, 37% eram os fragmentos entre 2,5 e os 5 centímetros, 26 % 

fragmentos entre 2,1 a 2,5 centímetros.  

 

Realçou que os itens com tamanho superior a 50 centímetros, sendo por isso as de maiores 

dimensões, representaram apenas 3% do lixo recolhido.  

 

Com base no que apresentou, referiu que o que se “espera que os pescadores recolham será 

muito pouco”, considerando como positivo da iniciativa, que mesmo o pouco lixo marinho 

recolhido será organizado em terra, com caracterização do mesmo e envolvimento das câmaras 

municipais, como responsáveis dos resíduos. 

 

Informou que, o MAR2020 possuía iniciativas no sentido de remorar os pescadores pela pesca 

de lixo, mas num contexto de que deixavam mesmo de efetuar a pesca e passavam a pescar lixo 

marinho e serem recompensados por tal, julgando ser possível continuar a realizar estas 

iniciativas com o agora MAR2030.  

 

Relativamente à iniciativa em análise considera ainda que haverá problemas no sentido da 

fraude, do controlo e fiscalização nos portos e portinhos, tendo em conta a dispersão nas 

diferentes ilhas, questionando quem pesará o lixo.  

 

Relativamente ao artigo 6.º e aos equipamentos nos portos referiu que em alguns portos, os 

equipamentos são da responsabilidade da Lotaçor, em outros da Direção Regional das Pescas e 

outros ainda da Autoridade Portuária, havendo a necessidade da inclusão das outras entidades 

na iniciativa.  

 

Relativamente ao financiamento, refere que deverá estar incluída a Direção Regional das Pescas, 

ou até mesmo a própria Secretaria Regional do Mar e Pescas, considerando que não deverá 
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constar apenas a Secretaria Regional do Ambiente e Alterações Climáticas, considerando ainda 

que o diploma deverá referir a Federação de Pesca dos Açores, ou associações de pescas locais.  

Relativamente ao artigo 11.º - Repositório de artes de pesca – considerou importante esclarecer 

quem será a entidade responsável pelas condições das artes de pesca e a sua possível 

reutilização, realçando que esta informação poderá estar na regulamentação.  

 

Relativamente às artes de pesca biodegradáveis, informou existirem de momento muito poucas 

alternativas, referindo ainda que a identificação das artes com chip é possível em algumas delas, 

e positiva, tendo já acontecido anteriormente com os covos e redes de emalhar.  

Destacou terem existido muitas iniciativas e projetos de investigação, até porque a Região tem 

obrigações de registo, quantificação e estudo do problema do lixo marinho, para apoiar a agora 

Direção de Políticas Marítimas, nomeadamente o POPA, OCEANLIT [sensibilização para a 

diminuição da gestão de resíduos e recolha de lixo marinho], CLEAN UP AZORES [ensaio de um 

sistema de arrasto de lixo marinho], MARES CIRCULARES [promovia a sustentabilidade e 

incentiva à economia circular e a sensibilização e formação para a gestão dos resíduos], LIXO 

ZERO NO MAR DOS AÇORES [sinalizava  os pontos de separação de lixo nos portos, portinhos e 

núcleos de pesca], “Estação Costeira” para avisos, através da VHS, aos pescadores que estão no 

mar, e que alertavam para as questões do lixo no mar.  

 

Referiu ter existido, também, iniciativas com a Direção Regional das Pescas, no sentido de 

desenvolver um protótipo de um cinzeiro para as embarcações de pesca, reciclável, assim como 

abordava a aquisição de contentores de separação de resíduos a bordo das embarcações.  

Relativamente ao artigo 14.º - Literacia – realçou ter já havido muitas iniciativas sobre esta 

questão, destacando como importante estar no diploma em análise, para reforçar, destacando 

que deverá o diploma garantir que, em todos os cursos de formação profissional – Certificação 

de Pescadores, Arraste de Pesca Local, Arraste de Pesca e Condução de motores – inclua 

matérias de sensibilização ambiental, à literacia dos oceanos, à literacia para questão de 

resíduos marinho.  

 

Referindo-se a um artigo que aguarda publicação, Doutor Gui Menezes destacou que, com base 

nas recolhas de informações dos pescadores no POPA, na pesca do atum, de salto e vara, a 

produção de lixo é mínima – 0,5 quilos de nylon por safra para toda a frota, sendo uma pesca 

“limpa”. 
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Informou ainda que decorre um projeto da OKEANOS com uma empresa terceirense, Nieta 

Atelier, financiado pelo EEA Grants, e que prevê o reaproveitamento de plástico proveniente do 

lixo marinho, mas também cabos já não utilizados pelas empresas com grande desperdício de 

cabos – como a Transinsular – para a produção de fibras têxteis.  

 

De seguida o Presidente da Comissão abriu as inscrições para perguntas, tomaram da palavra os 

seguintes deputados: Deputado Marco Costa, Deputado Pedro Pinto, Deputada Joana Pombo 

Tavares   

O Deputado Marco Costa realçou que o assunto colocado em agenda política pelo PAN é um 

assunto pertinente, havendo a necessidade de esclarecer se muitas das medidas que estão 

atualmente implementadas são as mais corretas e se todas elas contribuem para o equilíbrio 

que se ambiciona.  

 

 Referindo que existem poucas praias, mas muitas áreas de calhau rolado, questionou se os 

dados apresentados nos estudos referidos pelo Doutor Gui Menezes, refletirão os mesmos 

valores ou terão valores superiores de concentrações de lixo marinho.  

 

Destacou uma notícia com de dados provenientes da cidade da Horta que revelava que algum 

do lixo marinho encontrado tinha proveniente do continente americano, tendo a “noção clara 

que não somos poluidores, mas estamos envolvidos na globalização da poluição dos oceanos, e 

temos que dar também o nosso contributo”.  

 

Relativamente à literacia e da sensibilização, questionou se considera existir diferença entre as 

atividades de observação / contemplação, nomeadamente com as empresas marítimo-

turísticas, e a atividade piscatória.  

  

Em resposta ao Deputado Marco Costa o Doutor Gui Menezes, e relativamente às empresas 

marítimo-turísticas e à sua menção no diploma, referiu ter ficado na “dúvida” se as mesmas 

seriam também ressarcidas financeiramente ao trazer lixo marinho para terra, que atualmente 

já o fazem de forma voluntária.  

 

Informou ainda que, do conhecimento que tem, do setor da pesca em todas as ilhas dos Açores, 

considera que todos os pescadores e armadores estão sensibilizados, e recolhem de forma 
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voluntária o lixo marinho, reaproveitando-o muitas das vezes. Acrescentou que não distinguiria 

a sensibilização entre as duas atividades referidas.  

 

Realçou que a perca das artes de pesca podem ser realmente um problema, ainda mais tendo 

em conta o tipo do fundo marinho, havendo para algumas artes de pesca, portarias que regulam 

a sua utilização de forma que permita a sua recuperação, nomeadamente a sua utilização apenas 

até os 30 metros de profundidade de forma a serem recuperadas por mergulhadores. 

Relativamente às praias de calhau rolado, informou haver também estudo para este tipo de 

substrato, sendo, no entanto, mais difícil de quantificar, não conseguindo adiantar a sua 

quantificação.  

 

Realçou que dos estudos efetuados atestam que grande parte do lixo marinho detetado nos 

Açores é proveniente de outros locais e muito pouco produzido localmente, sendo que o 

problema maior nos Açores é o dos microplásticos que são resultado da degradação dos 

plásticos provenientes de outros locais.  

 

O Deputado Marco Costa referiu que, do que tem sido a sua observação, verifica que junto das 

instalações das empresas marítimo-turísticas existe lixo marinho recolhido pelas embarcações, 

mesmo sendo de reduzido tamanho, trazido para terra.  

 

Destacou ainda a informação fornecida, no sentido de que, a própria regulamentação 

condiciona a utilização das artes de pescas, considerando se não poderá essa regulamentação 

ser aprofundada para que haja um “tratado compromisso”.  

 

Em resposta o Doutor Gui Menezes acrescentou como exemplo a regulamentação dos covos, 

que limita o tipo de componentes plásticas, assim como acontece nas redes de emalhar, 

podendo ainda haver espaço para aprofundar os regimes, para melhorar e evitar a perca das 

artes de pesca.  

 

O Deputado Pedro Pinto questionou se, ao ser introduzia a questão financeira, esta possa 

introduzir uma entropia ou até prejudicar a atitude de cidadania nas ações de limpeza de lixo 

marinho voluntárias.  
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Em resposta, o Doutor Gui Menezes referiu que receia que ao introduzir a compensação 

financeira, que se “desvirtue muito daquilo que são as ações de cidadania que ocorrem, e alias 

que isto é uma responsabilidade de todos os cidadãos. Realçou ainda que deverão ser criadas 

as condições, para que o lixo quando chegue a terra possa ser triado, catalogado, registado, 

estudado e devidamente tratado e reciclado.  

 

Em réplica, o Deputado Pedro Pinto, e tendo em conta os dados científicos já partilhados, 

questionou se considera que haveria alguma vantagem, de alguma entidade, fosse ela pública 

ou privada, que fosse responsável pela recolha do lixo flutuante, uma vez identificado pelas 

embarcações ou se considera que a densidade é tão baixa que não é justificável.  

 Em resposta, o Doutor Gui Menezes, e ao avaliar as densidades apresentadas nos artigos 

científicos, considerou não se justificar a criação de qualquer entidade, sendo que para tal os 

“custos seriam incomportáveis, os Açores têm um milhão de quilómetros quadrados, seria muito 

pouco exequível”.  

 

A Deputada Joana Pombo Tavares e tendo em conta a questão já colocada pelo Doutor Gui 

Menezes, nomeadamente sobre quem será o responsável pela pesagem, questionou se poderá 

ser a Lotaçor a entidade responsável pela pesagem do lixo marinho, sendo também a titular da 

plataforma eletrónica para posterior pagamento ao pescador. Realçou também a importância 

da triagem, havendo a necessidade de que seja efetuada por alguém qualificado para tal.  

Destacou o importante trabalho sobre microplásticos a ser desenvolvido pela Universidade dos 

Açores, nomeadamente em aves marinhas e em tartarugas marinhas.  

 

Em resposta, o Doutor Gui Menezes realçou que os microplásticos apresentam-se como um 

problema mais complicado, havendo uma grande amostragem, por exemplo em cagarros que 

são coletados mortos, fazendo análise do conteúdo estomacal, com presença de pequenos 

fragmentos plásticos.  

 

Relativamente à questão colocada sobre a Lotaçor, referiu que apesar da sua dispersão em todas 

as ilhas e com contacto com todo os pescadores, possui uma “vocação muito própria”, não 

considerando ser possível mais esta função tendo em conta todo o trabalho que possui, e ainda 

atendendo às regras de higiene e de manuseamento alimentar, obrigatória para as certificações, 

seria necessário a criação de uma logística própria para esta função do lixo marinho. Realçou 
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que seria ainda necessária a formação de técnicos e trabalhadores para poder executar esta 

logística.  

DA AUDIÇÃO AO SECRETÁRIO REGIONAL DO MAR E DAS PESCAS, OCORRIDA A 28 DE JULHO DE 2022: 

O Senhor Secretário Regional do Mar e das Pescas iniciou a sua intervenção por referir que da 

parte da sua secretaria é do entendimento que a proposta em análise é de extrema importância 

no combate à poluição marinha da Região.  

Referiu ainda que, até ao momento apenas existe um Projeto de Gestão de Espaços Naturais 

Protegidos Costeiros em arquipélagos oceânicos afetados pelo lixo marinho, no qual a Direção 

Regional das Pescas e Direção Regional de Políticas Marítimas são beneficiários.  

Destacou ser necessário articular algumas competências, nomeadamente da Direção Regional 

de Políticas Marítimas, como entidade com competência na Região Autónoma dos Açores, na 

monitorização do lixo marinho nas diversas vertentes. Destacou ainda ser necessário algum 

aperfeiçoamento do diploma, nomeadamente no report dos dados obtidos após a retirada do 

lixo, sendo necessário e importante ter informação sobre a tipologia dos resíduos, de forma a 

dar cumprimento ao estipulado na Decisão (UE) 2017 /848 da Comissão de 17 de maio de 2017.   

Referiu ainda que, tendo em conta a intervenção da Direção Regional das Pescas, e no artigo 

6.º, número três, deverá especificar as classes, e relativamente no artigo 14.º, considera que 

poderá ser incluído a Direção Regional das Pescas, uma vez que tem também um importante 

papel junto dos profissionais da pesca.  

 

De seguida o Presidente da Comissão abriu as inscrições para perguntas, tomou da palavra o 

Deputado Pedro Neves  

 

O Deputado Pedro Neves informou que tendo em conta as sugestões efetuadas pelo Senhor 

Secretário Regional, as incluirá na iniciativa, de forma a melhorá-la.  

 

DA AUDIÇÃO AO SECRETÁRIO REGIONAL DO AMBIENTE E ALTERAÇÕES CLIMÁTICAS, OCORRIDA A 23 DE 

SETEMBRO DE 2022: 

 
O Senhor Secretário Regional do Ambiente e das Alterações Climáticas iniciou a sua intervenção 

por saudar a iniciativa da Representação Parlamentar do PAN, uma vez que a problemática do 
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lixo marinho e dos seus impactes devastadores nos ecossistemas é preocupante e deve merecer 

uma atenção prioritária.  

 

Informou ter participado na ação voluntária de limpeza da zona costeira, na zona das Praínhas, 

no âmbito do Dia Internacional da Limpeza Costeira 2022, em que em zona de difícil acesso 

foram recolhidas mais de três toneladas de resíduos em 400 metros de extensão.  

Realçou, no entanto, que, grande parte das competências na referida proposta estão referidas 

para a Secretaria Regional do Ambiente e Alterações Climáticas, mas serão da responsabilidade 

da Secretaria Regional do Mar e Pescas através da sua Direção Regional de Políticas Marítimas 

e também da Direção Regional das Pescas.  

Acrescentou ainda que, de acordo com o que se encontra definido no Regime Geral de 

Prevenção e Gestão de Resíduos, aprovado pelo Decreto Legislativo Regional n.º 29/2011/A, de 

16 de novembro, nomeadamente nos artigos 12.º e artigo 13.º que definem o “princípio da 

responsabilidade pela gestão de resíduos” e o “princípio do poluidor-pagador”, respetivamente, 

a gestão dos resíduos é da responsabilidade do respetivo produtor, sendo que os custos deverão 

ser suportados pelo produtor inicial ou pelos “detentores atuais”, exceto apenas quando for em 

quantidades superiores a 1100 Litros ou 250 quilos, sendo aí a gestão dos resíduos da 

responsabilidade dos municípios.  

 

Informou que, o PEPGRA define linhas orientadoras para a gestão de resíduos, na qual a tutela 

deverá definir linhas de ação, sendo neste caso concreto efetuar a caracterização dos resíduos 

marinhos, sendo que a responsabilidade do correto encaminhamento ser sempre do produtor 

como responsável de o encaminhar corretamente para um Centro de Processamento de 

Resíduos ou então para Operadores de Gestão Licenciados.  

Assim, referiu que, no âmbito dos pescadores, poderá a tutela – Secretaria Regional do Mar e 

Pescas - decidir substituir-se aos produtores de resíduos de cada setor e definir mecanismos e 

sistemas de apoio.  

 

Destacou que a Secretaria Regional do Ambiente e Alterações Climáticas poderá colaborar, 

dentro do que são as suas competências, nomeadamente na definição de linhas de ação e na 

sensibilização ambiental, não tendo, porém, competência para o que se encontra definido na 

iniciativa. 

 



ASSEMBLEIA LEGISLATIVA DA REGIÃO AUTÓNOMA DOS AÇORES 
 
 
 

 
______________________________________________________________________________________________ 

CAPADS|30 

Considerou importante a atenção da autossustentabilidade dos sistemas ao longo do tempo, 

referindo que, enquanto projeto piloto, os custos poderão ser suportados pela tutela, mas 

passando a sistema deverá prever a sua sustentabilidade, seja pela criação de uma ecotaxa ou 

outra via.  

 

Referiu também que, para uma implementação de um projeto piloto a este nível, os prazos de 

implementação poderão ser curtos, sendo que três meses é curto para a implementação de um 

sistema inovador na área do lixo marinho.  

 

De seguida o Presidente da Comissão abriu as inscrições para perguntas, tomaram da palavra os 

seguintes deputados: Deputada Salomé Matos, Deputada Joana Pombo Tavares, Deputado 

Pedro Pinto.  

 

A Deputada Salomé Matos questionou se a recolha do lixo que é produzido pelas próprias 

embarcações, assim como o que é encontrado no mar, se não deveria ter por base um exercício 

de cidadania, e até que ponto a atribuição de um incentivo monetário para este fim, poderá 

colocar constrangimentos às campanhas e ações de limpezas que decorrem de forma voluntária.  

 

Em resposta, o Senhor Secretário Regional referiu que o princípio deverá ser de que “o melhor 

resíduo é aquele que não é produzido”, havendo um conjunto de boas práticas, sendo que 

haverá sempre produção de resíduos mesmo na atividade de pesca, sendo que o melhor será  

os mesmos serem produzidos em menores quantidades e também mais bem geridos, de forma 

que não se tornem lixo marinho.  

 

Relativamente à questão colocada sobre os incentivos e se estes poderão desmobilizar as ações 

que são levadas a cabo, respondeu serem “suposições”, referindo que, poderá a tutela se 

substituir ou criar condições ao produtor de resíduos para que este possa cumprir com a 

legislação, percebendo os produtores de resíduos que as boas praticas são determinantes e 

“poderão fazer toda a diferença”.  

 

Realçou ainda que, a atribuição de um apoio deverá ser muito bem regulamentada, com regras 

muito definidas para garantir o sucesso da implementação de um sistema desta natureza, e 

deverá “se ter a noção do que fazer a seguir”, uma vez que um sistema destes deverá ter 

sustentabilidade.  
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Referiu ainda que, o sistema piloto poderá ser complementar às ações de voluntariado, sendo 

um “sistema de difícil implementação”, em termos logísticos, financeiro e até mesmo de 

fiscalização ao sistema.  

 

A Deputada Joana Pombo Tavares questionou sobre quem seria a entidade mais adequada para 

a recolha e a valorização dos resíduos, já em terra, tendo em conta o artigo 9.º refere que as 

“recolhas de resíduos serão depositadas e contabilizadas na recolha seletiva”, sabendo que estes 

resíduos poderão contaminar outros resíduos, como sugere que seja efetuada a recolha.  

Relativamente ao artigo 11.º e na criação do repositório de artes de pesca, refere no ponto um, 

que será criada uma rede intermunicipal para artes de pesca em fim de vida, questionando de 

como poderá ser implementada esta rede. 

 

Em resposta, o Senhor Secretário Regional referiu que, sobre as questões colocadas, uma das 

razões que referiu anteriormente é o prazo para a implementação deste projeto piloto que é 

curto, uma vez que nada destes procedimentos existem, sendo necessário a criação de espaços 

específicos, tem de haver espaços próprios para a criação do repositório. E dada a complexidade 

de um sistema como este que se apresenta, referiu não ter reposta para as questões colocadas, 

havendo a necessidade de criação de um espaço para triagem, de forma a se conhecer o que é 

possível reciclar ou não, qual o sistema a adaptar – colocar os recicláveis nos ecopontos já 

existentes podendo haver risco de contaminação. Referiu que se desconhece, no entanto, que, 

a criação de um sistema desta natureza poderá ou não influenciar as pessoas para a adesão das 

campanhas de separação, considerando que deverão ser complementares.  

 

O Deputado Pedro Pinto, referindo-se à limpeza costeira enunciada pelo Senhor Secretário 

Regional, que em quatrocentos metros recolheu três toneladas de lixo e referindo o princípio 

do poluidor- pagador, questionou sobre como aplicar este mesmo princípio, às três toneladas 

retiradas da ação de limpeza.  

 

Em resposta, o Senhor Secretário Regional respondeu ser uma tarefa difícil, referindo que os 

“meios de fiscalização não são robustos o suficiente para conseguir fazer uma avaliação 

contínua, daí que tenha referido que parte do sucesso da gestão deve partir de boas práticas e 

da capacidade dos produtores, neste caso dos pescadores, de perceberem que é imperativo 
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saber tratar o mar de uma forma sustentável, porque se o mar é que lhes dá o sustento, piorar 

as condições do seu sustento não é uma solução”.  

 

Relativamente ao lixo que já se encontra na orla costeira, referiu ser muito difícil distinguir o 

que foi produzido na Região, no entanto referiu que parte dos resíduos possuem indicação das 

próprias embarcações, sendo necessário executar um trabalho posterior à recolha. Referiu ainda 

que, se por um lado existem materiais que caem ao mar de forma involuntária, por outro não 

se pode deixar que lixo produzido localmente vá parar ao mar, considerando que não existem 

todos os meios para a fiscalização, havendo sempre necessidade de reforçar a fiscalização.  

 

No seu direito de réplica, o Deputado Pedro Pinto referiu discordar com o princípio poluidor-

pagador, por considerar que é discricionário na sua aplicação, sendo que a resposta dada pelo 

Senhor Secretário Regional comprovou isso mesmo, em que “na impossibilidade de aferir quem 

foram os autores da poluição, da orla costeira, na qual foram ontem retiradas as três toneladas 

de lixo, (…) o princípio não se vai aplicar, e corre-se o risco de  havendo algum objeto que 

identifique alguma embarcação ir atrás da embarcação e eventualmente aplicar o princípio do 

poluidor-pagador, mas às  outras embarcações que eventualmente também possam ter 

contribuído para a poluição, mas que pela falta de marcas, de identificações é impossível 

identificar”.  Realçou ainda o lixo proveniente de outras origens, sendo também impossível 

aplicar o princípio referido.  

 

Reforçou que a sua discordância com o princípio é no sentido de que se alguém, mesmo que 

advertidamente comete um ato de poluição e é apanhado, incorre de coimas que são elevadas, 

mas se alguém que “passe pelos pingos da chuva” e polui não lhe é aplicado o princípio.  

Referindo que a responsabilidade da gestão do lixo é do seu produtor, até ao fim da cadeira do 

tratamento do resíduo, sendo que na maioria dos casos o que faz é entregar a um intermediário, 

licenciado, para recolha e processamento de resíduos, sendo que o princípio do poluidor-

pagador imputa as responsabilidades ao produtor dos resíduos, mas “não imputa uma co-

responsabilidade aos agentes intermediários que fazem o processamento desses resíduos”. 

Considerou ainda que, “é pela existência do princípio do poluidor-pagador que se calhar aparece 

lixo nas praias, exatamente porque o produtor do resíduo é responsabilizado pelo seu 

tratamento até ao fim, e se calhar uma boa maneira de não ter essa responsabilidade é, sem 

que ninguém veja, despejar o lixo no mar”.    
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Questionou se, os princípios que são usados em boa-fé, e que surgem para que se crie melhores 

condições para as populações e para que possam criar mentalidades em questões ambientais, 

não estarão também eles na origem de alguma poluição.  

 

Em resposta, o Senhor Secretário Regional realçou que não se poderá colocar em causa 

princípios que são fundamentais, analisando apenas uma parte do problema, referindo que se 

não nos regêssemos pelo princípio do poluidor- pagador, nenhum resíduo seria encaminhado 

até ao seu destino final, ou caberia a terceiros a total responsabilidade de o fazer, sendo 

insustentável, sendo fundamental esse princípio assim como o princípio da responsabilidade da 

gestão.  

Realçou que apenas uma pequena fração dos resíduos que são produzidos são, deliberadamente 

ou não, deixados no mar, sendo que sem o princípio do poluidor-pagador seria “completamente 

caótico”.    

 

Realçou que, quando existe capacidade de fiscalização, e sendo possível a identificação, é 

possível criar um exemplo que pode ser responsabilizado por isso, do ponto de vista 

contraordenacional, assim como acontece em terra.  Destacou que “somos todos cidadãos e 

partimos do princípio de que toda a gente tem responsabilidade, nomeadamente 

responsabilidade ambiental e por regra as pessoas não devem abandonar resíduos, e no mar é 

igual”.   

 

O Presidente da Comissão abriu as inscrições para uma segunda ronda de perguntas e tomaram 

da palavra a Deputada Joana Pombo Tavares e o Deputado Pedro Pinto.   

A Deputada Joana Pombo Tavares questionou se, tendo em conta todas as questões que foram 

abordadas durante a audição, o Senhor Secretário Regional considera que a presente iniciativa 

necessita de uma revisão.  

 

Em resposta, o Senhor Secretário Regional referiu que, independentemente de o Parlamento 

aprovar a presente iniciativa, considera haver trabalho a fazer para melhorar a proposta, no 

sentido de poder aprová-la, nomeadamente a adequação orgânica, sendo também importante 

que o proponente possa esclarecer o que prevê em termos de regulamentação, havendo muitas 

questões que necessitam, para além de um maior prazo de implementação, que seja definido 

como se vai implementar o sistema.  
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O Deputado Pedro Pinto agradeceu o esclarecimento do Senhor Secretário Regional, referindo 

que a sua intervenção teve como principal objetivo de reflexão e suscitar debate sobre os 

princípios que regem a nossa vivência.  

POSIÇÃO DOS PARTIDOS  

O Grupo Parlamentar do PS emitiu parecer de abstenção com reserva de posição para plenário, 

relativamente à presente iniciativa. 

O Grupo Parlamentar do PSD emitiu parecer de abstenção com reserva de posição para 

plenário, relativamente à presente iniciativa. 

O Grupo Parlamentar do BE emitiu parecer de abstenção com reserva de posição para plenário, 

relativamente à presente iniciativa. 

O Grupo Parlamentar do PPM não emitiu parecer, relativamente à presente iniciativa. 

A Representação Parlamentar do PAN emitiu parecer favorável, relativamente à presente 

iniciativa. 

 

CONCLUSÕES E PARECER  

Com base na apreciação efetuada, a Comissão Permanente de Assuntos Parlamentares, 

Ambiente e Desenvolvimento Sustentável deliberou, por maioria, com os votos a favor do PAN, 

e com as abstenções com reserva de posição para Plenário do PS, PSD e BE, emitir parecer 

favorável, relativamente ao Projeto de Decreto Legislativo Regional n.º 59/XII – “Incentivo à 

recolha, depósito e valorização do lixo marinho”. 
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Vila do Porto, 14 de outubro de 2022. 

 

A Relatora, 

 

    (Joana Pombo Tavares) 

 

O presente relatório foi aprovado por unanimidade. 

 

O Presidente 

 
 

            (José Gabriel Eduardo) 
 

Anexo: parecer mencionado no presente relatório. 
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Assunto: Parecer sobre Projeto de Decreto Legislativo Regional n.º 59/XII – “Incentivo à recolha, depósito e 

valorização do lixo marinho” 

 

 

 

 

Ex.mo Sr. Presidente da Comissão de Assuntos Parlamentares, Ambiente e Desenvolvimento Sustentável 

No âmbito da consulta acerca da iniciativa referida em epígrafe, os Amigos dos Açores – Associação Ecológica, 

agradecendo o Vosso contacto, vêm emitir parecer. 

Reconhece-se a problemática do lixo marinho e da necessidade de estratégias para o combater, bem como de 

sensibilização e informação pública que possa inverter a atual situação de degradação das condições marinhas. 

Julgamos ser importante, acima de tudo, que qualquer agente social ou económico deva ter conhecimento de que a 

gestão de resíduos é uma obrigação decorrente da atividade desenvolvida. 

É nosso entendimento que a prioridade deve ser dada à prevenção da produção de lixo marinho, nomeadamente 

através de campanhas de informação e sensibilização da população, em geral, e da comunidade estudantil, em 

particular. 

Não podemos, contudo, descurar que a recolha e encaminhamento para reutilização ou reciclagem de resíduos do 

oceano é uma componente fundamental da estratégia global de combate a esta calamidade, quer essa recolhe seja 

efetuada no âmbito de ações voluntárias, quer seja efetuada por sectores profissionais de atividade diretamente 

ligados ao mar. 

É certo que uma percentagem considerável do lixo marinho produzido resulta da própria atividade piscatória, mas a 

maior parte decorre da atividade humana e do modo de vida atual. 

A iniciativa apresentada propõe três mecanismos de combate à proliferação do lixo marinho:  

E/2375/2022 Proc.º 105/59/XII 04/08/2022  
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a) Um sistema de incentivo à recolha e depósito de lixo marinho e devolução de artes de pesca, mediante a 

atribuição de um prémio monetário entregue ao armador; 

b) Reutilização e substituição de artes de pesca, através do encaminhamento para repositórios de artes de 

pesca, para posterior aquisição e reutilização, mas também através da implementação de mecanismos de 

rastreio; 

c) Comunicação e sensibilização. 

No que diz respeito ao primeiro mecanismo proposto, afigura-se-nos que a atribuição de um prémio monetário não 

privilegia a responsabilização, bem como poderá constituir um precedente para outras áreas económicas, 

principalmente do sector primário, as quais poderão solicitar mecanismos similares. 

Acresce que o pagamento de metade do valor do prémio fixado no nº 3 do artigo 4º do Projeto pela aquisição de 

artes de pesca depositadas para reutilização (nº 3 do artigo 11º do Projeto) poderá ocasionar dificuldades de 

implementação e controle. 

Não obstante, damos o benefício da dúvida à proposta apresentada, uma vez que a mesma pretende ser um projeto 

piloto (nº 1 do artigo 3º), sujeito a reavaliação e ajustamentos após um primeiro período de vigência. 

Quanto ao segundo mecanismo proposto, a reutilização de artes de pesca é uma boa medida, quer porque 

combaterá o seu abandono, quer porque terá um efeito benéfico na aquisição de mais utensílios de pesca, muitos 

deles constituídos por componentes de plástico. 

O mesmo se diga do rastreio dos equipamentos de pesca e da criação de incentivos para a aquisição de artes de 

pesca biodegradáveis. Boas medidas que devem ser saudadas. 

No que concerne ao terceiro mecanismo proposto, concordamos com a implementação de campanhas de 

comunicação e sensibilização, as quais, na nossa opinião, até deverão ser privilegiadas relativamente a outras 

medidas. 

Assim, porque o Projeto apresentado vai genericamente de encontro às preocupações e estratégias que nos 

parecem ser adequadas para o combate à proliferação do lixo marinho, damos o nosso parecer positivo à iniciativa 

proposta, mesmo reconhecendo que a mesma poderá e deverá ser avaliada e ajustada após um período inicial de 

implementação prática, particularmente ao nível da atribuição de um prémio monetário entregue ao armador. 

Com os nossos cumprimentos, 

O Presidente da Direção 

 
Diogo Caetano 
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a b s t r a c t

Marine litter is an emerging problem for the world’s ocean health but little is known on its distribution and

abundance on seamounts and how it affects deep-sea ecosystems. The scientific underwater laboratory set up

on Condor seamount offered an ideal case study for the first documentation of litter distribution on a shallow

seamount with historical fishing. A total of 48 video transects deployed on the summit (n¼45) and the

northern flank (n¼3) covered an area of 0.031 and 0.025 km2, respectively, revealing 55 litter items. Litter

density on the summit was 1439 litter items km�2, whilst on the deeper northern flank, estimates indicate

densities of 397 litter items km�2. Lost fishing line was the dominant litter item encountered on both areas

(73% of total litter on the summit and 50% on northern flank), all being entirely or partly entangled in the

locally abundant gorgonians Dentomuricea cf. meteor and Viminella flagellum. Other items included lost

weights, anchors and glass bottles. The predominance of lost fishing gear identifies the source of litter on

Condor seamount as exclusively ocean-based and related to fishing activities. Abundance of litter on the

Condor seamount was much lower than that reported from other locations closer to populated areas.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The deep-sea realm is generally perceived as a vast under-
water area isolated from anthropogenic influences. However,
there is an increasing amount of data suggesting the deep sea is
not protected from human activities (Ramirez-Llodra et al., 2011;
Thiel, 2003). In addition to the most well known anthropogenic
practices such as fishing or oil and gas exploitation (Santos et al.,
2012), recent studies suggest marine litter to be abundant in the
deep sea with unknown consequences to its inhabitants (Keller
et al., 2010; Miyake et al., 2011; Mordecai et al., 2011; Ramirez-
Llodra et al., accepted; Wei et al., 2012).

Marine litter, defined as ‘‘any persistent manufactured or
processed solid material discarded, disposed of or abandoned in
the marine environment’’ (UNEP, 2009), comes from a wide
variety of sources. The discharging can be either from ocean or
land-based sources, including shipping (merchant, public, leisure),
oil platforms installation and operation, fishing, open ocean
dumping, waste from dump sites on the coastline or on river
banks and littering of beaches (UNEP, 2009). Litter supply
and deposition on the ocean floor is guided by a complex
set of interactions between human activities, hydrography and

geomorphology (Galgani et al., 2000). For example, canyons have
been suggested to act as pathways for litter transfer from coastal
regions to the deep-sea floor (Galgani et al., 1996; Mordecai et al.,
2011; Ramirez-Llodra et al., accepted). Litter accumulation in the
Arctic could be a result of large scale currents, such as the North-
Atlantic drift and the West Spitsbergen current, transporting litter
from the north-east Atlantic, down to the seafloor by strong
winds (Bergmann and Klages, 2012; Kukulka et al., 2012).

Seamounts are ‘‘undersea mountains’’ that are typically located far
from coastal urban areas. They are areas with enhanced productivity
considered as hotspots for biodiversity (Morato et al., 2010a; Pitcher
et al., 2007). Some seamounts are fragile ecosystems threatened by
intense fishing pressure, resulting in overexploitation of fish stocks
but also in the destruction of habitat-building organisms by fishing
gear (Pitcher et al., 2010). No studies have looked at the occurrence
and distribution of marine litter on seamounts. Thus, the objective of
the study was to investigate the distribution and abundance of litter
on Condor seamount, a traditional fishing ground recently closed to
fishing for research purposes (Morato et al., 2010b).

2. Materials and methods

2.1. Study site

Condor seamount is located 17 km southwest of Faial Island,
Azores Archipelago (Portugal). The area has been used by local
fisherman for decades, using handlines and bottom longline
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mostly down to 600 m (Menezes et al., 2013), and was recently
closed to fishing for research purposes (year 2010; Morato et al.,
2010b). It is a linear underwater volcano with a length of 35 km
and 2–6 km wide, with a total surface area of 447 km2 (Fig. 1). It is
a shallow seamount with a moderately flat summit, reaching
184 m at the most western side, and with sloping flanks extend-
ing down to 1000–1700 m (Tempera et al., 2012a). The summit
(defined as the top area with a depth o300 m and slope
generally o51) has a total area of 6.85 km2 (Fernando Tempera,
unpublished data). The seamount is a rich area hosting dense
coral gardens, sponge aggregations as well as many fish species of
commercial interest.

2.2. Sampling

Between 2010 and 2011, 48 dives were conducted on Condor
seamount using two different platforms: the exploratory Remote
Operated Vehicle (ROV) SP (IMAR-DOP/UAc- , rated 300 m) and the
working class ROV Luso (EMEPC, rated 6000 m). ROV SP is
equipped with two cameras; one color camera (570 line/02 Lux
super HAD color) and one black and white camera (430 LINE/ 0.03
Lux). The camera on ROV Luso is a high definition camera (Optical
10� , f¼5.1–51 mm).

The objectives of the dives were to survey benthic habitats and
collect coral samples. The duration of each dive was limited by
weather conditions and bottom current and varied from 7 min to
60 min for ROV SP and between 150 and 540 min for ROV Luso.
45 dives were performed on the summit at depths ranging from
185 to 265 m whilst three dives were conducted on the northern
flank, between 297 and 1092 m (Table 1).

The geographic position of ROV SP and ROV Luso was recorded
by USBL systems (Ultra Short Baseline). The navigational data
were filtered for outliers and smoothed with a moving average to
remove false loops. Overall, the distance covered ranged between
102 and 3583 m per dive (average 420 m) and included only the
portion of the video when the ROV was near the bottom (off-
bottom sequences were excluded from the analysis).

The surveyed area was estimated using the average width of
view of each platform. The width of view was calculated for 449
frames (randomly selected), from 15 different dives for ROV SP

and 141 frames from two dives for ROV Luso using the scaling
lasers projected on the seafloor.

2.3. Video analysis

Video transects were annotated systematically for the pre-
sence of marine litter. Video annotation was conducted with the
Customizable Observation Video Image Recorder – COVER (v0.7.2,
Ifremer; Carré, 2010), allowing data geo-location and description
of items to be recorded simultaneously. Litter items were attrib-
uted to one of the following categories; ‘‘monofilament longline’’,
‘‘multifilament longline’’, ‘‘glass’’, ‘‘plastic’’ and ‘‘other items’’

3. Results and discussion

A total of 55 litter items were encountered within a total area
of 56,430 m2 (or 0.056 km2) (Table 1). Total litter density on
the seamount summit was 1439 items km�2 whilst total litter
density on the northern flank was 397 items km�2 (Table 1). Lost
fishing lines were the primary litter item present on the summit
and flank, representing 73% and 50% of total litter items, respec-
tively (Fig. 2), with monofilament lines being the dominant type.
The remaining litter items consisted of glass bottles (10% on flank
and 11% on summit) and other fishing-related objects (40% on
flank and 16% on summit) such as weights, a hammer and an
anchor (Fig. 3). No plastic items were found.

Litter abundance in the deep sea has been investigated in other
regions using trawl, ROV’s, manned submersibles and side can
sonar (Bergmann and Klages, 2012; Galgani et al. 1995, 1996,
2000; Keller et al., 2010; Mordecai et al., 2011; Ramirez-Llodra
et al., accepted; Stevens et al., 2000; Watters et al., 2010; Wei
et al., 2012), with the deepest litter item found at 7212 m (Miyake
et al., 2011). Although comparisons between areas can reflect
differences in sampling methodologies, the densities reported

Fig. 1. ROV transects conducted on Condor seamount and position of litter items. (For interpretation of the references to color in this figure caption, the reader is referred

to the web version of this article.)
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Table 1
Description of the remote operated vehicles dive transects and litter abundance on the summit and northern flank of Condor seamount. Abundance is presented as items of

litter per 100 m of ROV track, converted to area by assuming a width of view of 3.7 m (average 7SD 0.8 m) for transects made with ROV Luso and 2.3 m (average 7SD

1.1 m) for ROV SP.

Location No. of
transects

Depth range
(m)

Total distance
(km)

Total area covered
(km2)

Number of litter
items

Litter items
100 m�1

Litter items
km�2

Summit 45 185–265 13.3 0.0370.01 45 0.3 1439

Northern

flank

3 297–1092 6.8 0.0370.01 10 0.1 397

Total 48 185–1092 20.1 0.0670.02 55 0.3 975

Fig. 2. Proportion of litter items found on the (A) summit and (B) northern flank of Condor seamount (n refers to the total number of litter items).

Fig. 3. Litter items on Condor seamount and interactions with local fauna. (A) close up of a Dentomuricea cf. meteor entangled within a longline; (B) glass bottle next to

Dentomuricea cf. meteor; (C) lost wooden box used by fisherman to hook their longlines; and (D) several Dentomuricea cf. meteor partially damaged.
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here were below the ones reported for deep-water areas adjacent
to populated areas, such as the Lisbon canyon (Mordecai et al.,
2011), with densities of 6600 litter items km�2. In contrast to the
dominance of fishing gear on Condor seamount, litter items in
Lisbon canyons were almost exclusively of terrestrial origin with
plastic being the dominant litter type. Surveys conducted with
the manned submersible Cyana in the north Mediterranean Sea
(Galgani et al., 1996), reported densities of up to 11.2 items
100 m�1 of transect, which are also much higher than our
estimates (0.3 items 100 m�1). Litter densities on Condor sea-
mount, a commercial fishing ground, were also much lower than
surveys in areas where recreational fishing activities are intense,
as off California (Watters et al., 2010). In these areas, litter
densities reached up to 38 items 100 m�1, whereas on Condor
seamount, maximum litter densities on one transect was two
items 100 m�1.

Litter composition identifies commercial bottom fishing as the
principal activity occurring on Condor seamount. Tourism activ-
ities such as game fishing and shark diving are increasing and also
present potential sources of marine litter (Ressurreic- ~ao and
Giacomello, 2013). Other studies have found marine debris
originating from ocean-based activities (fishing, ships, etc.) to be
the most important source in locations far from population
centers (Katsanevakis and Katsarou, 2004; Lee et al., 2006;
Watters et al., 2010). Even though Condor seamount is located
just 17 km from the coast, the deep-waters separating the
seamount from coastal areas probably acting as a barrier, prevent
the deposition of land-based litter on the seamount.

Almost no information exists on the impact of litter on deep-
sea ecosystems. Similar to other studies which report organisms
entangled within litter items (June, 1990; Mordecai et al., 2011)
our images showed fishing lines partly entangled within gorgo-
nians Dentomuricea cf. meteor (Fig. 3a) and Viminella flagellum.
These are the dominant sessile organisms found on the seamount
down to circa 500 m (Tempera et al., 2012a), the most exploited
depths by past operating fisheries (Menezes et al., 2013). Never-
theless, all corals observed where considered alive from their
standing position and coloration but had some occasional broken
parts. Damaged colonies may be more vulnerable to parasitism by
other corals like zoanthids (Carreiro-Silva et al., 2011) and
eventually die, as demonstrated for shallow-water Anthozoans
(Asoh et al., 2004; Bavestrello et al., 1997; Yoshikawa and Asoh,
2004). Another impact of lost fishing gear is through ghost fishing.
However, unlike lost fishing nets (Brown and Macfadyen, 2007)
our observations did not suggest that lost fishing lines continued
to fish after being lost.

The dominant type of litter items in the world’s ocean is plastic
(Derraik, 2002). Plastic accumulates in the marine environment at
an alarming rate with the situation in the deep sea being more
critical since its degradation rate is much lower than in surface
waters (Gregory and Andrady, 2003). Unlike other deep sea sites,
where plastic bags and bottles are the most common plastic items
(Galgani et al., 1995, 2000; June, 1990), these were not observed
on Condor seamount. Monofilament fishing line was the only type
of plastic observed. Although it remains to be determined if the
gorgonians on Condor seamount might survive entanglement,
research efforts in the Azores are concentrating on identifying the
localization of vulnerable marine ecosystems (VMEs) (e.g. Morato
et al., 2008; Santos et al., 1995; Tempera et al., 2012b) to better
manage the distribution of fishing effort on such areas.

The glass component of the litter identified on Condor sea-
mount, is mostly from beer bottles. We estimated an average 160
bottles km�2 on the seamount summit, a component of the
marine debris that could be minimized by developing public
awareness and educational efforts. In the Azores, such work
is currently underway since several years namely through an

EU-Life Project (see www.horta.uac.pt/projectos/macmar/life/
sens.html) and three InterReg MAC (see www.macmar.info).

Quantifying litter solely from ROV images may underestimate
their densities as buried and small litter items are not accounted
(Spengler and Costa, 2008). However, the use of trawls on com-
plex rocky habitats or in areas with large densities of habitat
buildng invertebrates is not appropriate and the increasing
amount of ROV footage collected for other purposes offers an
excellent opportunity to investigate the abundance of litter items
in the deep sea.
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A B S T R A C T

Juvenile oceanic-stage sea turtles are particularly vulnerable to the increasing quantity of plastic coming into the
oceans. In this study, we analysed the gastrointestinal tracts of 24 juvenile oceanic-stage loggerheads (Caretta
caretta) collected off the North Atlantic subtropical gyre, in the Azores region, a key feeding ground for juvenile
loggerheads. Twenty individuals were found to have ingested marine debris (83%), composed exclusively of
plastic items (primarily polyethylene and polypropylene) identified by μ-Fourier Transform Infrared
Spectroscopy. Large microplastics (1–5 mm) represented 25% of the total number of debris and were found in
58% of the individuals sampled. Average number of items was 15.83 ± 6.09 (± SE) per individual, corre-
sponding to a mean dry mass of 1.07 ± 0.41 g. The results of this study demonstrate that plastic pollution acts
as another stressor for this critical life stage of loggerhead turtles in the North Atlantic.

1. Introduction

The amount of plastic entering the world's oceans is estimated to be
4–12 million tons annually (Jambeck et al., 2015), making it the prin-
cipal component of marine debris. With its persistent nature, light
weight, and great dispersal capabilities, plastic has rapidly been re-
cognized as a global environmental threat that severely affects marine
ecosystems (Bergmann et al., 2015).

Ingestion and entanglement in plastic debris has been reported for a
wide variety of organisms, from small zooplankton to baleen whales
(Kühn et al., 2015). So far, > 700 species have been reported to ingest
marine plastics (Gall and Thompson, 2015) and the number of occur-
rences is constantly increasing. In some areas, entire populations are at
risk (e.g. Knowlton et al., 2012; Richards and Beger, 2011) with cas-
cading effects that may eventually result in the disruption of key eco-
system function and services (Newman et al., 2015).

The complex life histories, highly mobile behavior and feeding
ecology of sea turtles makes them particularly vulnerable to plastic

pollution, especially smaller, oceanic-stages (Schuyler et al., 2014a).
Together with the widespread distribution of plastic in the marine en-
vironment, ingestion of and entanglement in plastic debris have in-
evitably become one of the most important threats for sea turtle po-
pulations worldwide, with all seven species reported to be affected
(Nelms et al., 2016). The probability of interactions between sea turtles
and plastic is directly linked to the feeding ecology and habitat use of
the species and/or life stages and to the spatial distribution of plastic in
the marine environment. Therefore, the threats caused by plastic pol-
lution differ significantly between species, populations and life stages
(Schuyler et al., 2014a).

Sea turtles may suffer lethal and sub-lethal effects when a plastic
item is mistaken for food (McCauley and Bjorndal, 1999) or when
debris is mixed with natural prey (Di Beneditto and Awabdi, 2014). The
consequences from the ingestion of anthropogenic items for sea turtles
can be dramatic and includes internal injuries and intestinal blockage,
interference with swimming behavior and buoyancy, or accumulation
of plasticizers or heavy metals and other toxins, such as PCBs (see
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Nelms et al., 2016 for a recent review). Although a global awareness on
the impacts of marine debris in sea turtle populations has increased in
the last decades, intensive monitoring programs are imperative to
quantify the true scale of the problem and provide a baseline necessary
to evaluate the efficacy of upcoming public policies aimed at reducing
plastic input into our oceans.

Loggerhead turtles (Caretta caretta) are the most common sea turtle
species occurring in the Azores, originating mainly from rookeries of
the east coast of North America (Bolten et al., 1998). Following their
journey across the North Atlantic subtropical gyre, juveniles stay
around the Azores ~7–12 years (Bjorndal et al., 2003), feeding pre-
dominantly on planktonic and neustonic organisms (Frick et al., 2009).
Oceanic stage loggerheads in the region show a strong association with
the seamounts that are abundant in the area, probably for feeding and
navigation (Santos et al., 2007).

Throughout their distribution, loggerhead turtles have been re-
ported to ingest debris (Bugoni et al., 2001; Limpus et al., 2001; Tomás
et al., 2002; Parker et al., 2005; Casale et al., 2008; Lazar and Gračan,
2011; Campani et al., 2013; Camedda et al., 2014; Hoarau et al., 2014;
Casale et al., 2016; Nicolau et al., 2016). Their wide distribution across
the Atlantic Ocean and Mediterranean Sea, together with their sus-
ceptibility to ingest marine debris, makes them adequate indicators for
monitoring plastic pollution in the oceans. As a result, loggerheads were
recently proposed as indicator species for Descriptor 10 of the European
Union's Marine Strategy Framework Directive (MSFD) (“indicator
10.2.1”, Galgani et al., 2014).

The objective of this study was to quantify debris ingestion in
oceanic-stage loggerhead turtles in the Azores Archipelago, located at
the fringe of the North Atlantic subtropical gyre which is considered a
hotspot for floating debris (Law et al., 2010). The ingestion of marine
debris by oceanic-stage loggerheads in the North Atlantic was pre-
viously addressed by Frick et al. (2009) when studying their feeding
ecology. However, debris ingestion was not the primary goal and more
data are needed in order to fully assess the current threat of marine
debris for juvenile oceanic-stage loggerhead turtles.

2. Materials and methods

2.1. Study area

The material analysed in this study was collected in an area located
at the northern edge of the North Atlantic Subtropical Gyre, in the
Azores region (Fig. 1). The Azores is a Portuguese archipelago

composed of nine islands situated on the Mid-Atlantic Ridge with an
extensive exclusive economic zone (EEZ) of about 1 million km2

(Fig. 1). The islands are of volcanic origin and are characterized by
narrow shelves and steep slopes. The surrounding waters have an
average depth of 3000 m with only< 1% of the total EEZ being shal-
lower than 600 m (Perán et al., 2016). Seamounts are common features
in the Azores and may occupy 37% of the total area of the EEZ (Morato
et al., 2008, 2013).

2.2. Sample and data collection

The material analysed in the present study was collected between
1996 and 2016 from dead turtles found stranded along the coast,
floating dead, or accidentally caught by surface longline gear (Table 1).
Entire animals, individual organs or contents were either frozen at
−20 °C, or preserved in formaldehyde or ethanol solutions for later
analysis. Before performing the necropsies, individuals were weighed
and measured to the nearest millimetre. After obtaining these mea-
surements, animals were opened and each organ was carefully ex-
amined. The entire gut was divided into three sections (oesophagus,
stomach and intestines) and separated with the help of small strings.
For some individuals, not all organs could be preserved and analysed
(see Table 1). Individual organs were weighed and their contents fil-
tered using a 1 mm sieve. The material was placed in a petri dish/
container with clean water. Each plastic item rose to the surface and
was carefully collected.

All pieces of debris were counted, weighed (dry mass), measured
(maximum length) and described with the highest level of detail pos-
sible. Following the suggestion made by the MSFD “Guidance on
Monitoring of Marine Litter in European Seas” (Galgani et al., 2013),
each item was eventually classified following van Franeker et al. (2011)
into: (1) industrial plastic (pellets) and (2) user plastic (sheet, thread,
foam, fragments, other). In addition, we included another category for
fishing-related plastics (nylons, ropes and conglomerates of fishing
lines). Ultimately, every anthropogenic item was associated with a
colour (white, transparent, yellow, blue, green, black, grey, brown, red,
pink and orange). Multi-coloured items were put into the category
“coloured”. Items 1–5 mm were referred as “large microplastics”, items
between 5.1 and 25 mm as “mesoplastics” and above 25 mm as “mac-
roplastics”. Organic items such as wood and feathers were catalogued
as ‘natural debris’ and were not considered in our general analysis of
debris ingestion, as these items do not likely come from anthropogenic
sources.

2.3. Data analysis

The amount of items ingested (both in terms of number of items and
dry mass) was computed as ‘population averages’ (with standard error
of the mean), which includes both individuals that ingested and did not
ingest plastics, as recommended by Kühn et al. (2015). Because nor-
mality assumptions were not met, Kruskal-Wallis-H tests (non-para-
metric one way analyses of variance) were performed to evaluate the
differences in number and dry mass of plastic items ingested by turtles
between different size classes and types of organs. Sea turtles were
binned in size classes of 10 cm: 1–11; 11.1–21; 21.1–31; 31.1–41;
41.1–51; 51.1–61; 61.1–71 cm (CCL). In addition, for comparisons with
other studies on debris ingestion in loggerheads, turtles were re-
classified into two groups according to size: small (CCL≤ 40 cm) and
large (CCL > 40 cm) juveniles (Camedda et al., 2014; Nicolau et al.,
2016). Spearman's rank correlation coefficient was used to examine the
relationship between loggerhead size classes and maximum debris
length.

2.4. Plastic identification

Plastics retrieved from the different organs sampled were

Fig. 1. Schematic of the North Atlantic Subtropical Gyre, the Azores archipelago and its
exclusive economic zone (EEZ) of ~1 million km2. Arrows show the generalized direction
of current flow.
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characterized by micro-Fourier Transform Infrared Spectroscopy (μ-
FTIR) in order to identify common polymers. A composite sample was
selected that represents the main types of debris recovered. This com-
posite of 23 samples (6% of the total number of items) included plastic
fragments, sheets, ropes and pellets.

The μ-FTIR analysis was carried out as described in Frias et al.,
2014, at the Department of Conservation and Restoration (DCR) of the
Universidade Nova de Lisboa. Micro-samples were carefully cut under a
Leica KL 1500 LCD microscope, equipped with a 12× objective and a
Leica® Degilux 1 digital camera, with external illumination by optical
fibres. Samples were compressed in a Thermo diamond anvil compres-
sion cell, and infrared spectra were acquired in a Nicolet® Nexus
spectrophotometer coupled to a Continuμm microscope (15× objec-
tive) with a MCT-A detector cooled by liquid nitrogen. Spectra were
collected in transmission mode, 4000–650 cm−1, with a resolution of
4 cm−1 and 128 scans.

The spectra are shown as acquired, without corrections or any fur-
ther manipulations, except for the occasional removal of the CO2 ab-
sorption at ca. 2300–2400 cm−1. The identification of the polymers
was carried out by searching the extensive polymer spectral database of
the DCR and spectral assignments (not shown here) were made ac-
cording to Hummel (2002).

3. Results

3.1. Incidence of debris ingestion

Out of the 24 loggerhead turtles analysed, debris items were found
in the gastrointestinal tract of 20 individuals (83%). Anthropogenic
items were found in all of the size classes investigated (Fig. 2A), from
the smallest (10–21 cm, CCL) to the largest (61–70 cm, CCL) individuals
(Table 1). Incidence of debris ingestion was more prominent with in-
creasing turtle size, with all of the individuals> 31.1 cm (n = 12)
having ingested debris (Fig. 2A). Debris incidence was higher in the
intestine (71%), followed by stomach (44%) and oesophagus (9%)
(Fig. 2B).

3.2. Quantity of ingested debris

A total of 380 debris items was recovered from all the loggerheads
sampled (ranging between 0 and 139 items per turtle and a dry mass of
0 to 7.01 g of debris per turtle). Average number of items was
15.83 ± 6.09 (± SE) per individual, corresponding to a mean dry
mass of 1.07 ± 0.41 g. There was a significant difference in the dry
mass of debris ingested between size classes (H = 13.06, p < 0.05) but
not for the number of the debris items (Fig. 3A & B). However, when
split into small (≤40 cm) and large (> 40 cm) loggerheads, there were
no significant differences in the number (T= 596.5, p = 0.199) and
dry mass (T = 606.5, p = 0.135) of debris ingested. The average
number of debris and dry mass in the intestines was significantly higher
compared to the oesophagus (H = 9.9, p < 0.05 for number;
H = 8.12, p < 0.05 for dry mass (Fig. 3C &D)).

A serious obstruction of the digestive tract was detected in one in-
dividual. The turtle had a metal hook (type: ANCORA 16–17 used by
the Portuguese and Spanish pelagic longline fleet) perforating the oe-
sophagus. Though this hook was not considered as a debris item (since
it is likely the result of accidental bycatch), its presence caused an ac-
cumulation of debris within the oesophagus (Fig. 4A; 4B). For this in-
dividual, it is likely that the ingestion of marine debris and subsequent
blockage of the oesophagus, restricted feeding and was a principal
factor for its death.

3.3. Debris composition

All 380 debris recovered from the loggerheads were plastic, pre-
dominantly identified as user plastics (mean: 15.75 ± 6.59 items per
turtle), followed by fishing-related plastic (3.00 ± 1.42) and finally by
industrial plastic (0.25 ± 0.25) (Fig. 5A). This corresponded to a mean
dry mass per turtle of 1.14 ± 0.41 g for user plastics; 0.14 ± 0.11 g
for fishing-related plastic and 0.001 ± 0.001 g for industrial plastic
(Fig. 5B).

User plastics were principally plastic fragments (67.6%; n = 213),
followed by the remains of plastic sheets (31.1%; n = 98) and foam

Table 1
Collection and sampling information along with details on plastic ingestion for the 24 loggerhead sea turtles (Caretta caretta) sampled in the Azores.

Tags Year Source CCL (cm) Total n° of debris Total dry mass of debris (g) Oesophagus Stomach Intestines

n° Dry mass (g) n° Dry mass (g) n° Dry mass (g)

T1 1996 Stranded dead 71.0 9 2.11 – – – – 9 2.11
P7549 2000 Bycatch 42.7 19 0.91 – – – – 19 0.91
P8301 2000 Bycatch 50.5 42 0.62 – – – – 42 0.62
P8475 2000 Stranded aliveb 24.3 2 0.09 – – 0 0.00 2 0.09
P8051 2001 Bycatch 32.2 139 5.94 – – – – 139 5.94
P8073 2001 Bycatch 56.0 7 0.14 – – – – 7 0.14
P8567 2004 Bycatch 57.4 55 5.01 0 0.00 14 0.70 41 4.31
P8596 2004 Bycatch 34.7 32 1.36 0 0.00 32 1.36 – –
P9451 2004 – 26.2 0 0.00 – – 0 0.00 – –
P9456 2004 Stranded aliveb 12.0 3 0.03 – – – – 3 0.03
P9453 2006 Stranded dead 9.4 0 0.00 – – – – 0 0.00
P9455 2007 Stranded dead 13.4 7 0.13 – – – – 7 0.13
P9454 2008 Floating dead 16.3 18 0.53 – – 18 0.53 – –
P9644 2009 Floating dead 20.2 1 0.01 – – 0 0.00 1 0.01
N8431 2010 Stranded dead 10.9 9 0.18 – – – – 9 0.18
PA148 2011 – 57.4 4 0.02 0 0.00 0 0.00 4 0.02
HJ4055 2013 – 55.6 2 0.01 0 0.00 2 0.01 0 0.00
PA147a 2013 Stranded dead 60.5 16 7.09 9 2.75 4 3.12 3 1.22
N8546 2016 Stranded dead 12.5 0 0.00 0 0.00 0 0.00 0 0.00
N8548 2016 Stranded dead 10.5 1 0.01 0 0.00 0 0.00 1 0.01
P7364 2016 Stranded dead 10.0 0 0.00 0 0.00 0 0.00 0 0.00
HJ4052 2016 Stranded dead 11.5 1 0.03 0 0.00 1 0.03 0 0.00
HJ4058 2016 Stranded dead 35.5 12 1.53 0 0.00 6 1.53 6 0.00
HJ4056 – – 45.9 1 0.02 0 0.00 1 0.02 0 0.00

a Turtle with hook stuck in the oesophagus.
b Later died.
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(1.3%; n = 4). Fishing-related plastic was composed primarily of syn-
thetic rope (63%; n= 38) and fishing line (37%; n = 22). Industrial
plastic was represented exclusively by pellets (100%; n = 5).

3.4. Maximum length and colour of debris

The maximum length of the debris ranged between 1 mm (plastic
fragment) to a maximum of 310 mm (black rope). However, the ma-
jority (95%) of the items were smaller than 80 mm (Fig. 6) with an
average length of 20.3 ± 1.6 mm (± SE). The mean length of the
debris by organ was higher for the oesophagus (94.4 ± 27.3 mm),
followed by the stomach (24.9 ± 2.6 mm) and finally by the intestines
(16.4 ± 1.6 mm). Overall, there was a positive correlation between
the average length of debris items ingested and the size of the turtles
(Spearman rho = 0.5; p < 0.01) (Fig. 7).

Large microplastics (1–5 mm) represented 25% of the debris re-
covered from the turtles and were found in 58% of the individuals

sampled, mostly in the intestines (94%). Large microplastics were
predominantly fragments (87%), followed by small pieces of sheets
(8%) and pellets (5%).

For individuals in which large microplastics were encountered, the
colour composition of all plastic fragments (large microplastics, meso
and macroplastics; fragments only) suggests that in certain cases (Fig. 8;
e.g. turtle P7549), fragmentation of large items in the gut could have
caused the presence of such small fragments. On the other hand, within
the same individual, we found the presence of large microplastic frag-
ments of certain colours that were not represented by larger fragments
(Fig. 8; e.g. turtle N8431). Throughout all the debris recovered, white
was the predominant colour (45%), followed by transparent (21%).

3.5. Plastic identification

The most common polymers identified in loggerheads were poly-
ethylene (PE - 60%), polypropylene (PP - 20%) and different polymer

Fig. 2. Occurrence of debris in loggerheads (Caretta caretta) (A) of different size classes (CCL) and (B) for different organs.

Fig. 3. (A) Average number and (B) dry mass of debris for different size classes (CCL = curved carapace length); (C) average number and (D) average dry mass of debris recovered from
different organs of loggerhead turtles (Caretta caretta) in the Azores. Error bars indicate standard errors. Oesoph. = oesophagus; Stom. = stomach; Intest. = intestine.
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mixtures (12%). Synthetic polymers identified were PE, PP, copolymer
mixtures between PE and PP [PP + P(E:P)], Rayon (synthetic cellulose
fibre), Poly(vinyl chloride) (PVC), Poly(vinyl acetate) (PVAc), and
Nylon. Two samples were identified as biological samples, whose
spectra showed bands that are identified as biological organic com-
pounds (Fig. 9A). In one particular case, the texture and colour of a
group of items closely resembled transparent plastic sheets, identified
as polyethylene, which were also encountered in abundance within the
same stomach (Fig. 9B).

4. Discussion

The current study demonstrates a high occurrence of plastic inges-
tion in oceanic-stage loggerheads of the North Atlantic. For most of the
individuals sampled in this study, ingestion of debris was not identified
as the direct cause of death. Disregarding significant evidences of sub-
lethal effects of plastic ingestion (e.g. McCauley and Bjorndal, 1999),
debris ingestion is rarely reported as being directly responsible for the
death of sea turtles (Casale et al., 2016). Actually, due to their wide
digestive tract, loggerheads have the ability to defecate most of the
ingested debris (Bugoni et al., 2001; Hoarau et al., 2014). We found
only one loggerhead for which the ingestion of debris most likely
played an important role in its death. The individual had a hook
punctured in the oesophagus, trapping a large amount of plastic debris
and severely blocking the oesophagus. This exemplifies how two dif-
ferent independent stressors (in this case fisheries and plastic pollu-
tion), can act in combination, leading to cumulative impacts of sig-
nificant consequences for loggerhead populations.

Overall, we found that 83% of the sampled individuals had ingested
debris. However, this estimate is conservative since for some of the
individuals we could not sample all of the organs. Analysing the entire

digestive tracts of the two incomplete individuals for which we did not
encounter any debris, could have increased the incidence of debris in-
gestion to a maximum of 91%. Such an elevated occurrence of plastic
debris in loggerhead turtles was unexpected considering that a previous
study looking at diet composition in oceanic-stage loggerhead turtles in
the Azores reported the presence of debris in only 25% of the sampled
individuals (Frick et al., 2009). Such discrepancy with our results is
most likely because the authors were studying the diet, which focuses
on the stomach and not the intestines; the portion of the gut where
debris are most abundant (this study; Bjorndal et al., 1994; Camedda
et al., 2014; Campani et al., 2013; Casale et al., 2016; González Carman
et al., 2014; Guebert-Bartholo et al., 2011; Macedo et al., 2011; Nicolau
et al., 2016; Tomás et al., 2002; Tourinho et al., 2010). Therefore, ex-
amination of the stomach alone ultimately provides an underestimation
of debris ingestion, as first suggested by Bjorndal et al. (1994). In ad-
dition, the inclusion of fecal samples (obtained over a short time
period) by Frick et al. (2009) maybe another important factor ex-
plaining the difference with our results. Debris can remain in the gut for
at least 41 days before being defecated (Hoarau et al., 2014). Therefore,
extended periods of observations in controlled captivity conditions are
important prerequisites for obtaining an accurate assessment of debris
ingestion by turtles when using fecal analysis.

Comparison with other studies of the incidence of debris ingestion is
a major challenge because of differences in the methods, size of the
debris items considered, organs sampled, life history stages, size range
of the individuals sampled, etc. (Nelms et al., 2016). Keeping in mind
such limitations, our findings on the incidence of debris ingestion are in
the high end of the studies looking at Atlantic and Mediterranean log-
gerhead populations (Bugoni et al., 2001 (10%); Tomás et al., 2002
(75.9%); Casale et al., 2008 (48.1%); Lazar and Gračan, 2011 (35.2%);
Campani et al., 2013 (71%); Camedda et al., 2014 (14%); Casale et al.,

Fig. 4. Marine debris recovered from loggerhead sea turtles (Caretta caretta) in the Azores. (A) ANCORA 16–17 hook trapping debris in the oesophagus of a loggerhead (60.5 cm, CCL); (B)
debris accumulated around the hook; (C) debris encountered in the intestine of a loggerhead (30.2 cm, CCL) accidentally caught by pelagic longline gear; (D) debris dominated by plastic
sheets recovered in the intestine of a loggerhead (42.7 cm, CCL) captured by a pelagic longline.
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2016 (80%); Nicolau et al., 2016 (59%)). This is likely because our
study focused on oceanic-stage loggerheads that forage exclusively in
the open ocean and seamounts (Santos et al., 2007). This life-history
stage displays characteristics related to their feeding ecology but most
importantly, their spatial distribution which increases the likelihood of
debris ingestion (Schuyler et al., 2014a). The archipelago is located at
the edge of the North Atlantic subtropical gyre, that loggerhead
hatchlings use to disperse into the open ocean (Bolten, 2003) and that is
known to be an accumulation zone of marine debris (Law et al., 2010).
It has often been hypothesised that it is this association that makes them
particularly vulnerable to plastic pollution (Schuyler et al., 2015). In

addition, contrary to neritic juveniles and adults that feed primarily on
benthic organisms, oceanic juveniles feed on pelagic organisms. In the
Azores, loggerheads are opportunistic carnivores that prey upon a
variety of oceanic and pelagic organisms (Frick et al., 2009) that can
easily be mistaken for plastic (Schuyler et al., 2014b).

Quantities of ingested plastic are difficult to compare with other
studies because of the different metrics used (e.g. number vs. dry mass)
and because some studies compute average values without including
individuals that did not ingest plastic (Kühn et al., 2015). In addition,
there is a general inconsistency in the lower size limit of the debris
considered by different authors which undeniably influences the esti-
mated quantities ingested by sea turtles. For example, Nicolau et al.
(2016) did not include debris smaller than 5 mm, while Tomás et al.
(2002) only considered items longer than 10 mm. These authors argued
that items of these size classes result from fragmentation of larger items
or through incidental ingestion and including them would lead to an
overestimation of debris ingestion. However, we found that for some
individuals, gut contents only included items ≤5 mm. Therefore, dis-
regarding this size class would not only significantly reduce the ob-
served incidence of plastic ingestion but also overlook the ingestion of
industrial plastic (such as pellets). Although our assessment was limited
to large microplastics (1 to 5 mm), including smaller microplastics
(< 1 mm) when monitoring debris ingestion in sea turtles is essential to

Fig. 5. (A) Average number and (B) dry mass of plastic debris ingested by loggerhead
turtles (Caretta caretta) grouped by debris source.

Fig. 6. Size frequency distribution of all the plastic debris recovered from different organs
of loggerhead turtles (Caretta caretta) in the Azores.

Fig. 7. Mean length of debris items recovered from loggerhead turtles (Caretta caretta) of
different size classes (CCL: curved carapace length). Red dashed line is positioned at 5 mm
(i.e. upper size limit of large microplastics); blue dashed line is positioned at 25 mm (i.e.
upper size limit of mesoplastics). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 8. Frequency of different coloured plastic debris (fragments only) recovered from
every loggerhead turtles (Caretta caretta) where large microplastic fragments (1–5 mm)
had been recovered. The debris are subdivided into two different groups based on their
maximum length: large microplastics (1–5 mm) and meso and macroplastics (> 5 mm).
(For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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understand sublethal effects since the large surface area to volume ratio
of microplastics indicate that they adsorb a wide variety of con-
taminants from the surrounding seawater that can leach into the turtle's
tissues upon ingestion (Koelmans, 2015).

White and transparent plastic fragments and sheets were the
dominant items found in the loggerheads sampled. This was similar to
most studies on debris ingestion in sea turtles (e.g., Camedda et al.,
2014; Schuyler et al., 2012; Nicolau et al., 2016). Jellyfish (e.g. Velella
velella and Pelagia noctiluca) are the most important dietary resources
for this life history stage in the Atlantic (Frick et al., 2009) and could
easily be mistaken for white and transparent plastic debris (Fig. 9).
Alternatively, the predominance of white and transparent plastic items
in the gut could also reflect the higher abundance of these debris in the
region (Pham et al., unpublished data).

Loggerhead turtles have been proposed as a potential candidate
indicator species for monitoring indicator 10.2.1 associated to
Descriptor 10 (Marine Litter) of the MSFD: “Trends in the amount and
composition of litter ingested by marine animals.” The results of this
study show that monitoring plastic ingestion by oceanic-stage logger-
heads inhabiting the Azores could be used to assess temporal and spa-
tial trends in plastic pollution within the scope of the MSFD. However,
more research is required to define methodological standards before sea
turtles can be used as an indicator but most importantly to assess the
implication of plastic ingestion for the conservation status of these
endangered animals.

The present study demonstrates that oceanic-stage loggerheads of
the North Atlantic are particularly prone to plastic pollution. Their
association with the North Atlantic subtropical gyre, where floating
debris accumulate, together with characteristics of their feeding
ecology likely increases the incidence of debris ingestion compared to
neritic life stages.

This study suggests that the increasing quantity of plastic debris in
the North Atlantic pose a significant risk for loggerhead populations
that are already under pressure of other anthropogenic threats such as
fishing activities (Wallace et al., 2013).
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Plastic pollution in the marine environment attracts much attention from both researchers and the general pub-
lic. Plastic items and other debris are commonly observed everywhere in the ocean, from the surface down to the
deep ocean floor. In this study, we analysed 45.2 kmof video footage, collected during 56 transects surveying the
seafloor of the Faial-Pico Passage in order to quantify the abundance ofmarine litter and its interactionswith ben-
thic fauna. The footagewas collected by a Remotely Operated Vehicle (ROV) and amanned submersible at depths
ranging between 40 and 525 m. The mean litter density in the passage was 0.26 ± 0.03 items·100 m−1 (±SE)
and was significantly higher between 151 and 250 m compared to other depth strata. Overall, derelict fishing
gear, mostly made of plastic, were the most common objects found on the seafloor, representing 64% of all
items. Although we observed few evidence of direct deleterious effects by the litter, interactions with fauna
were observed in more than half of the items. This study makes an important contribution in quantifying the
abundance of marine litter on the seafloor of the Azores. The location of the Faial-Pico Passage, close to shore,
makes it an appropriate site for long-term monitoring of litter on the seafloor and evaluate the efficiency of up-
coming public policies aimed at reducing litter input into the oceans.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Marine litter is widely recognized as a global environmental prob-
lem that severely affectsmarine ecosystems (Bergmann et al., 2015). Al-
though thewidespreaddistribution and accumulation ofmarine litter in
coastal areas and at the sea surface is well documented (Galgani et al.,
2015), contributions tominimize the knowledge gap on benthicmarine
litter and in the deep sea are still needed. The deep sea is a technically
challenging and expensive ecosystem to sample. Consequently, there
is little information available on the abundance of marine litter, the ef-
fects offishingpressure and the status of benthic communities, especial-
ly for areas of ecological interest. Recently, the European Union has
highlighted the need to assess the environmental status of the seafloor
(descriptor 6 “seafloor integrity” of the Marine Strategy Framework Di-
rective (MSFD)) and to quantify the abundance and impacts of marine
litter on the seafloor and other compartments of the marine environ-
ment (descriptor 10 of the MSFD). Such information is essential to de-
velop and implement adequate management and conservation
measures at both the European and local levels.

Marine litter results from both land and sea-based sources and
once at sea, larger items tend to either fragment or sink, and then ac-
cumulate on the coastline or on the seafloor (Bowmer and Kershaw,
am).
2010). On the other hand, small items remain at the surface or in the
water column for longer periods before being accidentally ingested
by marine animals or colonised by marine organisms, which in case
leads to an increase in their weight and to consequently sink down
the water column (Ivar do Sul and Costa, 2014). Recently, the sea-
floor and especially the deepsea has been considered as a potential
sink for microplastics (Woodall et al., 2014) and long-term research
conducted at the HAUSGARTEN observatory indicates increasing lit-
ter quantities on the deep seafloor (Bergmann and Klages, 2012;
Tekman et al., in press).

Types and sources of marine litter on the seafloor are directly linked
to uses and activities on and offshore, but also to a combination of envi-
ronmental factors such as physiographic settings, wind and current pat-
terns (Pham et al., 2014a; Tubau et al., 2015). Oceanic islands, such as
the Azores Archipelago (NE Atlantic), are located far from large popula-
tion centers and initial studies show that fishing is the main anthropo-
genic activity responsible for the accumulation of marine litter on the
seafloor in the region (Pham et al., 2013; Pham et al., 2014a). However,
surveys on sites located closer to the islands are necessary to fully un-
derstand the scale and source of litter input in this location. Over the
past decade, the use of underwater video platforms has been widely
used to obtain information on the deep seafloor of the Azores, opening
a newwindow of research on this important part of the Azorean territo-
ry (e.g. Gomes-Pereira et al., 2012; Matos et al., 2014; Pham et al., 2013;
Porteiro et al., 2013; Tempera et al., 2014).
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The current research aims at providing data on the quantity of ma-
rine litter on the seafloor, and uses the Faial-Pico Passage in the Azores
as a case-study. It is a well-studied area of the archipelago, with partic-
ular relevance for local integrated marine strategic planning and man-
agement (Afonso et al., 2014). Therefore, there is a need for a
complete assessment of human pressure in the area. Video recordings
of the Faial-Pico Passagewere analysed to document the presence of lit-
ter and their impact on benthic fauna.

2. Materials and methods

2.1. Study site

This study was carried out on the central group of the Azores Archi-
pelago, in the southern side of the passage separating the islands of Faial
and Pico (Fig. 1). It is an area characterized by a steep slope that rises
from amaximumdepth of 800m to aminimumof 30m. The shallowest
mid-passage reef is 8m deep and is recognized as a Site of Conservation
Interest under EU-Natura 2000 Network. Two other nearby sites,
“Monte da Guia” and “Ilhéus da Madalena”, bear the same designation.
The Regional Government of the Azores intends to classify the area as
“Marine Park”, which includes the oldest marine protected area of the
Azores (“Monte da Guia”).

There is a wide range of habitats in the passage such as sandy
beaches, exposed rocky coast, boulder beaches, shallow mid-passage
reefs, islets, caves, boulder fields, and small shallow hydrothermal fields
(mainly gas leaks). Aggregations of cold-water corals were recently dis-
covered in this area (Matos et al., 2014; Tempera et al., 2014).

2.2. Data collection

Underwater video footage was collected during exploratory surveys
(as part of Corazon and CoralFISH research projects) in the southern
section of the passage (Fig. 1). For this purpose, we used the Remotely
Operated Vehicle “ROV-SP” (SeaBotix LBV300S-6; IMAR-DOP/UAç,
rated 300 m) and the “LULA” manned submersible of the Rebikoff-
Niggeler Foundation. The “ROV-SP” was equipped with a 520 line high
Fig. 1. Localization of the 56 dives conducted by “ROV-SP” and the manned submersible “LULA
resolution colour camera, a scaling laser (5 cm) and four lights
(480 lm each), while “LULA” had a high-definition video HDTV
Panasonic HVX 200. The first camera was orientated downwards at an
angle of about 30°. On the “LULA”, the camera was mounted in a for-
ward-looking position inside the submersible. A total of 56 dives were
conducted between 2009 and 2011 at depths ranging between 41 and
524 m (Table S1). Three of these dives were done with “LULA” and the
remaining 54 were conducted by “ROV-SP” (Fig. 1).

In order to only consider the portion of the footage showing the sea-
floor, off bottom and low visibility segments were removed from the
analysis. The “ROV-SP” recorded a total of 19 h of bottom imagery, sur-
veying a distance of 22,229 m (excluding off bottom/low visibility seg-
ments). The duration of each dive was constrained by weather
conditions and bottom currents, varying from 1 min to 61 min. Overall,
the distance covered ranged between 17 and 1357 m per dive (aver-
age = 433 m). The ROV was travelling at a speed ranging between 0.2
and 0.6 m·s−1, at a height of about 2 m from the seafloor.

The “LULA” submersible obtained a total of 8 h of footage, surveying
a distance of 22,945 m. Each dive lasted between 2 and 4 h.

Operational details for each dive is provided in the supplementary
material (Table S1).
2.3. Data analysis

Video recordings collected were visualized thoroughly to detect the
presence of manufactured items, whichwere then allocated to different
categories according to the type of object andmaterial composition. The
main categories established were: derelict fishing gear, glass bottles,
and, others. Derelict fishing gear included longlines, ropes, anchors,
buoys and weights, while “others” included items such as shoes, fabric
or tyres. The material composition of each object was categorised to ei-
ther plastic, glass, metal, textile, rubber or “unknown”. In addition, we
recorded all litter/fauna interactions and when possible, the degree of
colonisation of litter items. Litter/fauna interactions included both pos-
itive (e.g. using litter item as a shelter) and negative (e.g. entanglement)
interactions.
” in the southern section of the Faial-Pico Passage, Azores along with the depth contours.
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All video transectswere sub-divided into 10m segments, considered
as separate sampling units for subsequent analysis (n= 4539). The av-
erage depth for each segmentwas obtained by overlaying the trackwith
the finest scale bathymetry available for the area (Tempera, 2008) using
ArcGIS. Similarly, each segment was associated to a typology of sub-
strate: fine sediment, coarse sediment and hard substrate (Tempera et
al., unpublished data; http://www.emodnet-seabedhabitats.eu/) using
ArcGIS. To investigate the effect of depth on litter density, the mean lit-
ter density for each 100 m depth class (50–150, 151–250, 251–350,
351–450 and 451–550 m) was calculated. Overall, litter abundance
was expressed as items·100 m−1 because the manned submersible
did not have a scaling system. Nevertheless, we also estimated the den-
sity of litter items (numbers·km−2) for the surveys performed by
“ROV-SP”. The surveyed area for “ROV-SP”was estimated using the av-
erage field of view, calculated using the two scaling lasers (2.33m, SD±
0.8) and multiplied by the distance travelled (see Pham et al., 2013 for
details). The laser scale also allowed measuring the size of some litter
items (defined as the maximum length), suggesting that this platform
can typically detect items larger than 8 cm (minimum size recorded).

Since the data did not follow a Gaussian distribution nor had homo-
geneous variances, a non-parametric Kruskal-Wallis test was per-
formed, followed by post-hoc pairwise comparisons (Dunn's test) in
order to investigate differences in litter density between depth classes
or substrate type.

3. Results

3.1. Abundance and distribution of litter

A total of 117 different litter items were recorded throughout the
45.2 kmof surveyed seafloor (Fig. 2). The average litter density through-
out the study areawas 0.26±0.03 items·100m−1 (±SE), ranging from
0 to 30 items·100 m−1. For the surveys performed with “ROV-SP”
Fig. 2. Number of litter items observed in the video transects done in the so
(equipped with a scaling laser), an area of 0.05 km2 was surveyed,
resulting in average litter density of 1490 ± 23 items·km−2.

Significant differences were found in litter density between depth
classes (Kruskal–Wallis test, H = 11.50, p = 0.02). Post-hoc pairwise
comparisons revealed that the average litter density was significantly
higher between 151 and 250 m compared to all other depth zones
(Fig. 3). At this depth class, we observed 38% of all the litter items regis-
tered in the area. Themean litter density for this depth class was 0.44±
0.08 items·100 m−1 (±SE) as opposed to 0.18 ± 0.07 items·100 m−1

in the deepest areas (451–550 m). On the other hand, no differences
were found between litter densities on the different types of substrate
surveyed (H = 0.67, p = 0.72).

3.2. Litter items: type, composition and origin

Overall, derelict fishing gear were the most common items encoun-
tered on the seafloor, representing 64% of all litter items (Fig. 4A). These
included ropes and fishing lines (59.8%), anchors and weights (2.6%)
and buoys (1.7%) (Fig. 4A). Glass bottles (22.2%), mostly beer bottles
were the second most common item encountered. Other items (14%)
were mostly difficult to identify but also included tyres and clothes
(Fig. 5). In terms of material composition, plastic was the most abun-
dant (67.5%), followed by glass (21.4%), metal (5.1%), textile (3.4%)
and rubber (0.9%) (Fig. 4B).

3.3. Fauna/marine litter interaction and colonisation

Interactionswith faunawere observed for 32% of the litter itemswhen
close observations could be made. No interactions were recorded for 58%
of the items, while for 9% of the items, we were unable to determine the
presence or absence of interactions due to the low resolution of the ROV
images. Only in a few cases (4%), itemswere found to directly affect a par-
ticular organism. For example, we observed fishing lines entangled in
uthern section of the Faial-Pico Passage, Azores (cell size = 0.04 km2).

http://www.emodnet-seabedhabitats.eu/
Image of Fig. 2


Fig. 3. Mean litter density (items·100 m−1) for (a) different depth intervals and (b)
different substrate types in the southern section of the Faial-Pico Passage, Azores (bars
represent the standard errors of the mean).
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cold-water corals (Errina dabneyi), and in sponges (Pseudotrachya
hystrix). In these cases, parts of the organism seemed to be broken, indi-
cating direct deleterious effects caused by the item (Fig. 6).

Although there were no additional visual evidences of negative im-
pacts caused by the other items, some objects were in direct contact
(6%) or nearby some organisms (26%). Notably, we observed octopuses
(Octopus vulgaris) in direct contact with glass bottles as well as ropes
and fishing lines interlocked with cold-water corals and sponges but
with no sign of damage.
Fig. 4. (A) Type of litter items and (B) material composing the items observed
Approximately half (52.1%) of the litter items seem to be colonised
by different sessile invertebrates and algal species that could not be
identified. The remaining litter items (35.9%) were free of epibionts,
suggesting that they may have been discarded or lost very recently. It
was not possible to determine the presence of colonisations for 19
items (16.2%).

4. Discussion

This study revealed that litter on the seafloor of the Faial-Pico Pas-
sage is prevalent. However, the quantities observed are likely to be an
underestimation because our sampling method could not detect small
items. In addition, the bottom currents sometimes complicated the de-
tection of some objects that could have been partially buried or heavily
colonised, particularly for images collected by the ROV. This is a limita-
tion common to all studies using exclusively underwater footage for es-
timating quantities of marine litter on the seafloor (Pham et al., 2014a).

The quantities of litter items in the Faial-Pico Passage were not as
high as already reported in some heavily polluted areas such as canyons
located close to large population centers (e.g. Lisbon canyon; Mordecai
et al., 2011) or sheltered bays on continental shelves (e.g. Papua New
Guinea; Smith, 2012) but were similar to areas located offshore (e.g.
Gorringe Bank; Vieira et al., 2015). However, comparison between dif-
ferent areas, sampled with different methods is a daunting and chal-
lenging task with various uncertainties associated to the differences in
resolution or operational details of the different platforms utilised
(Pham et al., 2014a).

Similar litter quantities to the ones herein were reported from the
Condor seamount, a traditional fishing ground located ~20 km away
from the Faial-Pico Passage, surveyedwith the same equipment (0.3 lit-
ter items·100m−1; Pham et al., 2013). Although the Faial-Pico Passage
is located closer to land than the Condor seamount, both locations were
dominated by derelict fishing gear (mainly fishing lines and ropes). This
is not surprising considering that the Faial-Pico Passage is well known
for both professional and recreational fishers to catch a wide variety of
demersal fish species (Diogo and Pereira, 2013). The highest density
of litter items found between 151 and 250 m compared to other depth
strata reflects higher fishing efforts at this depth, coinciding with the
depth distribution of various target species (e.g. Pontinus kuhlii,
Helicolenus dactylopterus, Pagrus pagrus). Being located closer to shore
and nearby important harbours, we expected to find a highest diversity
of anthropogenic debris on the seafloor. The relatively small quantity of
land-based items (e.g. plastic bags, packaging, etc.) may be related to
the strong tidal currents that characterise the study area, and that pre-
vent such items from accumulating in this part of the Faial-Pico Passage.

The distribution and abundance of litter items on the seafloor result
from a complex interaction between a wide range of factors, including
bathymetry of the region, winds and currents, material buoyancy and
the spatial distribution of human activities (Galgani et al., 2015). Glob-
ally, fishing activities are responsible for a significant amount of litter
on the seafloor of the southern section of the Faial-Pico Passage, Azores.

Image of Fig. 3
Image of Fig. 4


Fig. 5. Litter items observed on the seafloor of the southern section of the Faial-Pico Passage (Azores): (A) boot; (B) tyre; C) part of a beer bottle; D) textile and fishing rope. Photo credits:
ImagDOP/UAç.
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entering the marine environment (Galgani et al., 2015). Non-degrad-
able fishing items (mostlymade of plastic) are accidentally lost or delib-
erately discarded into the sea, together with other types of waste
Fig. 6. Marine litter and fauna interactions: (A) Hydrozoa and Caryophillia sp.; (B) Caryophilli
Rebikoff-Niggeler Foundation (A,B & D); ImagDOP/UAç (C).
associated with the activity. Although most items are accidentally lost
while fishers are retrieving their gears, some items are intentionally
discarded. Some fishing lines were found entangled with benthic
a sp.; (C) Pseudotrachya hystrix; (D) Zoanthidae colonising a fishing rope. Photos credits:
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Image of Fig. 6


453Y. Rodríguez, C.K. Pham / Marine Pollution Bulletin 116 (2017) 448–453
organisms, including fragile taxa such as corals and sponges, known to
form extensive aggregations in the area (Matos et al., 2014; Tempera
et al., 2014) and considered important habitats for some commercial
fish species (Pham et al., 2015). Entanglement of lost longlines in sessile
organisms was also observed on Condor seamount (Pham et al., 2013)
and in various areas around the globe (Woodall et al., 2015; Oliveira
et al., 2015; Angiolillo et al., 2015). Although demersal longlining have
a reduced impact on benthic ecosystems compared to other gear types
such as bottom trawling (Pham et al., 2014b), abrasion or amputation
caused by entanglement in lost lines can often result in the mortality
of these fragile organisms (Yoshikawa and Asoh, 2004).

Rising awareness among local fishers through environmental out-
reach activities will be important to prevent litter input at this site.
Among other activities, public presentation of underwater footage
could be an efficient way to demonstrate to the fishing community
the negative impacts of these lost and discarded items. ‘Fishing for lit-
ter’, a programme recently implemented in the Azores archipelago
proved to be another efficient method to raise awareness among fishers
in other locations (Basurko et al., 2015). The Faial-Pico Passage is cur-
rently protected from longline fishing (ban extending to 3 nautical
miles from all Azorean islands since 2002 (Diogo et al., 2015)) but its in-
creased relevance for tourist activities (e.g. SCUBA diving) and biodiver-
sity has called for a specific management plan for this ecologically and
economically important area (Afonso et al., 2014). The present study
allowed us to establish a baseline on marine litter on the seafloor,
through a case-study site located relatively close to the shore and of
easy access. This could serve as appropriate monitoring site to evaluate
the efficacy of upcoming public policies aimed at reducing litter input
into the oceans.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.marpolbul.2017.01.018.
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A B S T R A C T

The distribution and composition of macro litter floating around oceanic islands is poorly known, especially in
the North Atlantic. Due to its isolated location at the fringe of the North Atlantic subtropical gyre, the Azores
archipelago has recently been proposed as a potential retention zone for floating litter. To further investigate this
assumption, opportunistic surveys from pole-and-line tuna fishing boats were performed from 2015 to 2017 to
document (1) the distribution and (2) the composition of the floating macro litter present off the Azores and
Madeira islands. Among the 2406 visual transects, 482 floating debris were recorded and were mainly composed
of general plastic user items (48%), plastic packaging (21%) and derelict fishing gears (18%). Average number of
debris per transect was 0.19 ± 0.5, with a total number ranging between 0 and 5 items per transect. For the
majority of transects (84%), no debris was observed, 13% of the transects contained a single item, and only 3%
contained more than one item. Although debris between 2.5 and 5 cm were recorded, 93% of the debris were
larger than 5 cm. The GLMs showed strong effect of the observer (p < 0.001) and the standardized densities
accounting for the observer bias were higher (1.39 ± 0.14 items.km-2) than the observed densities
(0.78 ± 0.07 items.km−2). Debris densities were however relatively low and tended to aggregate around the
Central group of the Azores (standardized mean: 0.90 ± 0.20 items.km−2). Our findings therefore suggest that
most of the debris might originate from far away land-based sources and from fishing activities. This study
highlights the potential of fisheries observer programs to obtain cost-effective information on floating macro
debris that are essential to support the implementation of the European Marine Strategy Framework Directive.

1. Introduction

In response to the increasing number of anthropogenic stressors that
jeopardize ocean resources and health, the European Union adopted in
2008 the European Marine Strategy Framework Directive (MSFD,
2008/56/EC). This directive aims to achieve a Good Environmental
Status (GES) of the EU's marine waters by 2020. Among the 11 de-
scriptors listed in the Annex I of the MSFD for determining the GES,
descriptor 10 refers to “Marine litter”. Marine litter is defined by the
United Nations Environment Program (UNEP) as “any persistent,
manufactured or processed solid material discarded, disposed of or
abandoned in the marine and coastal environment” (UNEP, 2009).
Plastic accounts for the majority of the debris found in the oceans
(Derraik, 2002). It is estimated that between 4.8 and 12.7 million
metric tons of plastic waste entered the ocean in 2010 (Jambeck et al.,

2015). Although the majority of marine debris eventually sink to the
seafloor or are washed up on the coastal zone, most debris will first
float at the sea surface, being transported over long distances by winds
and ocean currents (Galgani et al., 2015).

Over the past 10 years, a large number of studies have investigated
the distribution and abundance of floating macro litter in the
Mediterranean Sea (Aliani et al., 2003; Arcangeli et al., 2018; Darmon
et al., 2017; Deudero and Alomar, 2015; Di-Méglio and Campana, 2017;
Suaria and Aliani, 2014), the Pacific Ocean (Hinojosa and Thiel, 2009;
Pichel et al., 2012, 2007; Titmus and David Hyrenbach, 2011), and in
the Atlantic Ocean (Barnes and Milner, 2005; Ryan, 2014; Sá et al.,
2016). Despite the few studies conducted in the different oceanic ba-
sins, the distribution and composition of macro litter remains poorly
described in remote areas such as oceanic islands.

The advances in numerical modeling enabled to counterbalance this
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lack of in situ observations in some locations by simulating the dispersal
of particles (i.e. floating micro and macro debris) in the ocean using
oceanic circulation models. Such studies have provided useful in-
formation on the transport, accumulation zones and potential origins of
debris at different scales (Hardesty et al., 2017; Lebreton et al., 2018,
2012; Mansui et al., 2015; Martinez et al., 2009; Maximenko et al.,
2012; van Sebille et al., 2015, 2012), confirming therefore the high
proportion of debris, particularly microplastics, that accumulate in
subtropical gyres.

Due to its isolated location at the fringe of the North Atlantic sub-
tropical gyre (1400 km west of Europe and 2000 km east of North
America) and its complex oceanographic structures (Gould, 1985; Kase,
1996; Kielmann and Käse, 1987; Klein and Siedler, 1989; Sy, 1988), the
Azores archipelago has recently been proposed as a potential retention
zone for floating particles (Sala et al., 2016). The Azores are also known
to be a biodiversity hotspot (Santos et al., 1996), hosting a large
number of marine megafauna species such as cetaceans (e.g. Clua and
Grosvalet, 2001; Hartman et al., 2008; Magalhães et al., 2002; Silva,
2007; Silva et al., 2014; Steiner et al., 2008), seabirds (e.g. Monteiro
et al., 1999, 1996), fishes (e.g. Thorrold et al., 2014; Vandeperre et al.,
2014a, 2014b) and sea turtles (Bolten et al., 1998; Santos et al., 2008).
Such mobile species may be injured by marine debris, either via en-
tanglement or via direct ingestion, and a few studies conducted in the
Azores along with anecdotal information have already documented
such interactions (Barreiros and Raykov, 2014; Frick et al., 2009; Pham
et al., 2017). In order to adequately assess the risk for Azorean biodi-
versity, information on the spatio-temporal distribution of floating
debris around the Azores is necessary.

The present study aims therefore to investigate (1) the distribution
and (2) the composition of the floating macro litter (> 2.5 cm, MSFD
Technical Subgroup on Marine Litter, 2013) presents around the Azores
and Madeira. During three years (2015–2017), opportunistic surveys
from pole-and-line tuna fishing boats were performed in the Azores
archipelago and off Madeira. Based on Sala et al. (2016), the study
region was divided into five groups (Western, Central, Eastern, Madeira
and offshore) in order to compare the debris densities between the is-
lands that should be associated with different retention times.

2. Materials and methods

2.1. Data collection

Under the Azorean Fisheries Observer Program (POPA; www.
popaobserver.org), standardized opportunistic surveys from pole-and-
line tuna fishing boats were performed between 2015 and 2017 in the
Azores archipelago and off Madeira (Fig. 1). The fishing activity occurs
mostly between May and November, limiting our observations mostly
during spring and summer. The data consist of 10min visual transects
which were performed up to 6 times a day (every 2 h, i.e. 09:30; 11:30;
13:30; 15:30; 17:30; 19:30), at a speed between 8 and 10 knots.
Transects have no predetermined track and are only performed when
the vessels are travelling or searching for tuna, and when weather
conditions are favorable (i.e. Beaufort Sea state< 6). The start and end
positions of each transect were also recorded, along with the visibility
(bad, medium, good and very good), the glare, the Beaufort Sea state,
the observer (n=27) and the boat (n=18).

The floating macro debris> 2.5 cm (MSFD Technical Subgroup on
Marine Litter, 2013) were recorded from the flying bridge by one ob-
server looking at each side of the vessel, approximately 8m above sea
level, within a 50m observation strip on each side (i.e. a fixed-width
strip transect of 100m). Each sighting was differentiated between a
single item or a patch of aggregated items (when impossible to be
discriminated for obtaining individual counts). The identification and
categorization of items was adapted from the MSFD master list
(Directive, 2013). Plastic items were divided into packaging (bottles
and containers, lids and lid-rings, bags and food wrapping, etc.),

fishery-related plastic (ropes and nets, floats, and other fishing gear),
general plastic user items (designed for repeated use, including frag-
ments, rubber, unlike packaging). Non-plastic items were divided by
type of material (metal, glass and paper). Two additional categories
were created for clothing and unknown items. Size classes for each
sighting was also recorded as follows: 2.5–5 cm, 5–15 cm, 15–30 cm,
30–60 cm and>60 cm.

2.2. Statistical analysis

All statistical analyses were performed using R software version
3.5.0 (R Core Team, 2018). To assess the effect of temporal, spatial,
operational and sea state variables on debris density, a series of Gen-
eralized Linear Models (GLMs) was performed using the MASS package
on R. The response variable was the number of debris counts sighted
per transect. We employed a Negative Binomial error distribution, as
such distribution can provide good fits when dealing with over-dis-
persed count data (Lindén and Mäntyniemi, 2011). Three potential
predictors related to the sea state were used: glare, visibility and
beaufort. Temporal and spatial variables such as year, month and
group, as well as the operational variable “observer” were also added to
the model. The sampling effort expressed in km was included as an
offset. The models with all possible combinations were compared using
the Akaike Information Criterion (AIC) and the model associated with
the lowest AIC was retained. Finally, observed densities were corrected
for the observer effect using the estimates derived from the selected
model to obtain a standardized density estimate.

2.3. Spatial analysis

The debris density was first calculated for each transect: D N
w L=

∗

,
where N is the total number of marine debris counts recorded in each
transect, w the strip width (100m) and L the survey effort (in km).
Based on the geographical extent of the study region (from 30 to 41 °N
and from 33° to 15°W), we then defined a grid of 0.1× 0.1 decimal
degree (∼10 km2) from which the debris densities were aggregated
(the survey effort and the number of items) for the three years together.
Finally, density maps were calculated based on the average densities of
each transect per 0.1° grid cell.

Following Sala et al.’s (2016) stratification, the study area was then
divided into five groups: the Western group (composed of Flores and
Corvo Islands), the Central group (Faial, Pico, São Jorge, Graciosa and
Terceira Islands), the Eastern group (São Miguel and Santa Maria Is-
lands), Madeira and Offshore (Fig. 1). The average densities of the
macro debris were finally calculated for each of the five groups over the
three years together.

The observed debris positions were used to estimate the kernel
density of marine litter off the Azores and Madeira. A kernel density
analysis was performed by combining the three years of sampling using
the kernelUD function from adehabitatHR package on R (Calenge, 2006)
and the least square cross-validation method (Seaman and Powell,
1998) to find the optimal smoothing parameter. The corresponding
area expressed in km2 was then calculated within each kernel contour.

3. Results

3.1. Survey effort and number of debris per transect

Over the entire sampling period (from 2015 to 2017), a total of
2406 transects were performed. The annual number of transects re-
corded varied from 92 in 2016 to 1530 in 2017. The total survey time
was 401 h for a survey area of 651 km2 (Table 1). The sampling effort
was heterogeneous among years, with a higher effort performed in
2017 (4013.9 km and 255 h), and a minimum effort in 2016 (377.1 km
and 15.3 h). Between 2015 and 2017, a total of 482 floating debris were
recorded, with a minimum of 115 in 2016 and a maximum of 227 in
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2017. The number of debris per transect varied between 0 and 5 items,
reaching on average 0.19 ± 0.5 items per transect. For the majority of
transects (84%), no debris was observed. Thirteen percent of the
transects contained one item, and only 3% contained more than one
item. Throughout the sightings, 90% (n=433) were classified as single
items whilst only 10% (n=48) were observed as aggregates, and
therefore, impossible to enumerate.

3.2. Composition and size

In terms of debris composition, three categories dominated and
accounted for 87% of the sightings: general plastic, plastic packaging
and fishing gear (Fig. 2a). General plastic accounted for 48% of the
macro debris sighted, plastic packaging represented 21% and fishing
gear 18% of the debris recorded. Although debris 2.5–5 cm were re-
corded, 93% of the debris were larger than 5 cm (Fig. 2b).

3.3. Debris’ density

The observed debris density per transect ranged between 0.16 and
123.4 items.km−2 and was on average (mean± SE) 0.78 ± 0.07
items.km−2 (Table 1). Glare, visibility and group were not selected in
the best model but rather observer, Beaufort, month and year which
had a significant effect on debris’ density (Table 3). The most significant
variables were the Beaufort state (p < 0.001) and the observer
(p < 0.001). The standardized density when taking into account the
observer bias was globally higher than the observed density
(1.39 ± 0.14 items.km−2) (See Table 1).

3.4. Temporal variability

Both observed and standardized densities were higher in 2016
(5.03 ± 0.81 and 17.91 ± 2.99 items.km−2) compared to 2015
(0.59 ± 0.05 and 1.39 ± 0.14 items.km−2), and it differed sig-
nificantly among years (GLM: p < 0.05, Table 2). With the exception
of October and November, the proportion of debris types was similar
between the different months, typically dominated by general plastic,
followed by plastic packaging and then by fishing gear (Fig. 3a). During
autumn (October and November), only debris larger than 15 cm were
sighted (Fig. 3b). Debris smaller than 5 cm were recorded only in spring
and summer (April to August), and in larger proportion in April, re-
presenting 50% of the observations. Debris density also differed sig-
nificantly according to months (GLM: p < 0.005, Table 2), being
maximum from April to July and minimum from August to October
(Fig. 4a).

3.5. Spatial variability

The sampling was performed in function of the fishing activity and
was therefore patchily distributed over the study region, being con-
centrated in the Central group (mostly around Faial and east of Pico)
and covering 3002.1 km (Table 3, Figs. 4b and 5a). The total area
sampled was lower in the Western group (16.3 km2) and maximum in
the Central group (300.2 km2). The total number of marine debris
sighted ranged from 6 in the Western group to 262 items in the Central
group (Table 3 and Fig. 5b).

From 2015 to 2017, the distribution of the standardized density was
heterogeneous over the study area (Fig. 5c). The observed density per
transect was relatively low for all groups, ranging from (mean ± SE)
0.49 ± 0.12 items.km−2 in Madeira group to (mean ± SE)

Fig. 1. Study area of the Azores and Madeira located
in the North-East Atlantic Ocean (red box). The boxes
refer to the four groups identified: Western, Central,
Eastern and Madeira, and the names of the islands are
indicated in italic. (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the Web version of this article.)

Table 1
Summary of the survey effort (number of transects, time, distance and area), number of marine debris sighted and average density for each year. Values of the debris
densities are means ± SE.

Year Effort (N transects) Effort time
(hours)

Effort in distance
(km)

Effort area
(km2)

N debris
(N items)

Observed density
(N items.km−2)

Standardized density (N items.km−2)

2015 784 130.6 2119.4 211.9 140 0.59 ± 0.05 1.39 ± 0.14
2016 92 15.3 377.1 37.7 115 5.03 ± 0.81 17.91 ± 2.99
2017 1530 255 4013.9 401.4 227 0.62 ± 0.09 0.40 ± 0.05

2406 401 6510 651 482 0.78 ± 0.07 1.39 ± 0.14
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0.95 ± 0.13 items.km−2 in the Central group (Table 3 Fig. 4b and
Fig. 5c). However, the group had no significant effect on the debris
density as this variable was not retained in the best model. The stan-
dardized densities were higher than the observed densities for all
groups but similar trends among groups were observed (Fig. 4b and
Table 3).

The kernel density contours are presented in Fig. 6 and indicate a
higher number of floating debris in the Central and Eastern groups. The
area of debris aggregation as indicated by the 10% kernel contours
covers an area of 2357 km2 and was concentrated in the Central group,
west of Pico Island.

4. Discussion

This is the first study investigating the distribution and composition
of floating macro debris off the Azores and Madeira islands. Due to the
location of the Azores at the fringe of the North Atlantic subtropical
gyre, which is known to be an accumulation zone for floating debris
(Cózar et al., 2014), our study confirms the presence of macro debris in
this area, mostly composed of plastics.

Among the 2406 visual surveys that were conducted, 482 floating
debris were recorded, of which 69% were plastics. The dominance of
plastic items (69%) is in accordance with many studies investigating the
abundance and composition of floating litter worldwide (Barnes and
Milner, 2005; Bergmann et al., 2016; Ryan, 2014, 2013; Ryan et al.,
2014; Sá et al., 2016; Suaria and Aliani, 2014). Beach sampling con-
ducted locally in Faial Island in the Azores also confirmed the dom-
inance of plastic debris (2–30 cm) in this area (Pieper et al., 2015; Ríos
et al., 2018). It is well established that the presence of such plastics in
the marine environment pose a significant threat to marine megafauna
via entanglement (Laist, 1997) or direct ingestion (Robards et al., 1997;
Ryan, 2015). Some studies conducted in the Azores have already pro-
vided evidence of negative interaction between plastic debris and log-
gerhead turtles (Barreiros and Raykov, 2014; Frick et al., 2009; Pham
et al., 2017), and it is likely that other marine animals are being af-
fected by these floating debris. Our study and monitoring program

Fig. 2. Histograms of the (a) type and (b) size of the macro marine debris sighted during the three years of sampling.

Table 3
Summary of the survey effort (in km), the area covered, the total number of
debris sighted and the average debris density (N items.km−2) for each group.
Values of the debris densities are means ± SE.

Group Effort (km) Area
covered
(km2)

N debris Observed
density
(N items.km−2)

Standardized
density
(N items.km−2)

Western 162.8 16.3 6 0.49 ± 0.24 1.21 ± 0.63
Central 3002.1 300.2 262 0.95 ± 0.13 1.90 ± 0.20
Eastern 1312.7 131.3 72 0.65 ± 0.14 1.39 ± 0.48
Madeira 363.7 36.3 20 0.49 ± 0.12 0.27 ± 0.08
Offshore 1669.1 166.9 122 0.66 ± 0.09 0.79 ± 0.11

Table 2
Summary of the GLM relating the debris’ density to potential drivers, i.e. en-
vironmental conditions, seasonality and observer.

Variable df Deviance Residual deviance p value

Observer 26 337.61 1305.9 < 0.001
Beaufort 5 22.34 1283.6 < 0.001
Month 7 19.87 1263.7 < 0.005
Year 1 5.33 1258.4 < 0.05

Fig. 3. Histograms of the proportion of marine debris recorded monthly according to (a) the type and (b) the size of the debris (in cm) during the three years of
sampling.
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could therefore be beneficial in the future to identify the critical areas
of interactions between floating debris and marine megafauna species.
On the basis of previous studies conducted on sea turtles (Darmon et al.,
2017; Mrosovsky et al., 2009; Schuyler et al., 2015), cetaceans (Di-
Méglio and Campana, 2017) or seabirds (Wilcox et al., 2015), it would
be relevant to combine our results with information on the spatial
distribution of marine megafauna in the Azores in order to highlight the
areas of high exposure to plastics. Our results show higher number of
debris and higher densities close to the shore, particularly in the Central
group around Faial and Pico Islands. The Azores are recognized as a key
habitat for many species of cetacean, and particularly in the Central
group (Clua and Grosvalet, 2001; Silva et al., 2014). Given the high
density of plastic debris in this area, such species might therefore be
injured by the plastic floating on the sea surface, and in fact, every year,
entanglements are being reported by local whale watching operators
(e.g. TALASSA et al., 2010). Our findings reinforce therefore the need
for implementation of a monitoring program on the interactions

between marine megafauna and plastic debris off the Azores and Ma-
deira.

The average debris density was relatively low (mean ± SE:
0.78 ± 0.07 items.km−2, range: 0.16–123.4 items.km−2) compared to
densities estimated in offshore waters of mainland Portugal by Sá et al.,
2016 (mean: 2.98 items.km−2, range: 1.2–11.5 items.km−2) and by
Barnes and Milner (2005, range: 3–9 items.km−2). Although care
should be taken when comparing studies due to inherent differences in
methodology (e.g. distance samplings vs. strip transects; differences in
survey design, lower size detection limits, etc.), the densities found
around the Azores and Madeira were comparable to some studies done
in other oceanic locations. For example, in the North Pacific west off
Japan, Shiomoto and Kameda (2005) reported debris densities ranging
between 0.1 and 0.8 items.km−2 while maximum debris densities
documented West of Hawaii were 0.5 item. km−2 (Matsumura and
Nasu, 1997). In the Southern Ocean, Ryan et al. (2014) found similar
levels of floating debris (0.58 items. km−2). However, Ryan (2014)

Fig. 4. Debris density (mean ± SE) calculated for each (a)
month and for each (b) group between 2015 and 2017 for the
observed (red) and standardized values (blue). The numbers
at the top refer to the sample size, i.e. the number of transects
performed per group and per month. (For interpretation of
the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 5. Maps of the (a) survey effort (in km), (b) the total number of macro debris recorded (N items), (c) the mean standardized densities recorded during the three
years (N items.km−2), (d) in 2015 (N items.km−2), (e) in 2016 (N items.km−2) and (f) in 2017 (N items.km−2).The squares in each panel refer to the four groups.
The resolution of the six grids is 0.1×0.1 decimal degree (∼10 km2).
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found higher densities in the southeast Atlantic Ocean, both within the
South-Atlantic gyre (6.2 ± 1.3 items km-2) and adjacent oceanic wa-
ters (2.7 ± 0.3 items km-2) but also around the Tristan da Cunha island
(1.0 ± 0.4 items km-2).

The Azores and Madeira are located far from the large population
centers where most land-based debris originate. Lebreton et al. (2012)
highlighted that the main debris sources of the North Atlantic are the
Central and North American coasts (accounting for 64–66%), which are
located 2000 km west of the Azores. Given the long distance between
the Azores and the Central and North American coasts, the low debris
densities found in our study could be partly due to partial sinking to the
seafloor before reaching the region and/or their degradation into mi-
croplastics (that cannot be detected using our sampling technique) or to
accumulation elsewhere outside our study area, such as inside the gyre.
Similarly, in the South Atlantic Ocean, Ryan (2014) observed a de-
crease in macro debris density from coastal waters to oceanic waters.
Using beach surveys, Ríos et al. (2018) also confirmed the pre-
dominance of small plastic fragments on the coastline of the Azores as
opposed to large macro-debris, a finding that was in line with another
study showing a high abundance of microplastics around the archipe-
lago (Enders et al., 2015).

Unlike our findings, studies conducted on the seafloor revealed that
macro debris in the Azores archipelago are dominated by derelict
fishing gears, mainly longlines (Pham et al., 2014, 2013; Rodríguez and
Pham, 2017). The low contribution of fishing gears (18%) found
floating at the surface compared to plastic packaging and other general
plastic items (69%) may be partly due to the limited number of nets
used around the Azores. Indeed, another study conducted in the Great
Pacific Garbage Patch (in the North Pacific gyre), estimated that 86% of
the macro debris contribution was made up of fishing nets (Lebreton
et al., 2018). Similarly in the South Atlantic, Ryan (2014) estimated
that fishing items accounted for 44% of the debris in oceanic waters
which reinforces the low contribution of fishing gears around the
Azores and Madeira.

Lower densities were estimated in summer (standardized
mean ± SE: 1.2 ± 0.1 items.km−2) compared to spring (standardized
mean ± SE: 1.6 ± 0.2 items.km−2). Such variation may be related to
the seasonality of the Azores Current that narrows in summer and
moves farther south during this period (Klein and Siedler, 1989),
probably advecting debris outside the study region. Nevertheless, ver-
ifying the seasonality of marine debris in this region and investigating
how it is influenced by oceanographic processes will require longer
time series and conceivably an adapted monitoring design. Such
variability could also be partly explained by the observer bias (skills,
training, motivation, fatigue, etc.).

Besides this temporal variability, our findings also demonstrated
some spatial variability of debris density along the study area. Debris
densities were slightly higher (but not significantly) in the Central
group compared to the other areas, which is in accordance with a
previous study based on numerical simulations that highlighted an
accumulation of particles in the Central group (Sala et al., 2016). The
authors evidenced that the capture capacity of the islands and the re-
tention time was related to the size of the islands, explaining why this
area retained more particles and therefore more macro debris. As it had
been confirmed by our kernel analysis, further monitoring efforts could
therefore focus on the Central group, particularly west of Pico and Faial
Islands where most of the debris tend to accumulate. Located close to
shore, this area could serve as a good case-study area for long-term
monitoring of floating debris in the region.

Despite the lack of a standardized design, this study demonstrates
the utility of using fishing boats as a platform for monitoring floating
debris in response to the implementation of the MSFD. Although not
designed as a marine litter monitoring program, the “POPA” fisheries
observer program is a promising tool for obtaining long-term data on
the distribution, quantities and typology of floating marine debris
presents in the Azores archipelago and off Madeira. The three-year of
sampling covered a total area of 651 km2 of sea surface. Despite the
important sampling effort performed given the extended size of the
study region (1575 km W-E and over 1110 km N-S), sampling was
mostly concentrated close to the shores of the islands as a consequence
of the fishing activity of the pole-and-line boats with no predetermined
track.

To get information on the debris distribution more offshore, it
would be necessary to cover the entire Exclusive Economic Zones of the
Azores and Madeira, either by extending the observer program to other
fishing fleets or by implementing a new methodology based on dedi-
cated ship-based or aerial surveys using planes or unmanned aerial
vehicles (UAVs). Plane surveys enable to cover larger areas and are less
prone to changes in litter detectability (Lecke-Mitchell and Mullin,
1992; Pichel et al., 2007), but such technique prevents from detecting
small items and are far more costly than ship-based surveys. On the
other hand, UAVs provide a more cost-effective alternative for sur-
veying large areas close to the ground/sea surface (Koh and Wich,
2012), generating high resolution imagery allowing the detection of
small items by reducing errors in aerial estimation of wildlife popula-
tions (Hodgson et al., 2016; Rodríguez et al., 2012; Smith et al., 2016).
With the methodology employed in the present study (visual observa-
tions from fishing boats), macro debris of 5 cm could be sighted but the
majority (93%) were> 5 cm, suggesting a lower detectability for
smaller items. We therefore recommend performing simultaneously a
UAV survey together with the methodology used in this study to com-
pare both approaches and assess the detectability of small items from a
UAV. According to the results, if UAV is reliable, it could be used in the
near future to sample offshore areas and cover the entire EEZs of the
Azores and Madeira at reasonable costs.

Overall, the results of this study suggest that although located off
the North Atlantic Subtropical Gyre, the amount of floating macro-
debris around the Azores is lower compared to areas found closer to
continental shelves. Our results point out that most of the debris likely
originate from far away land-based sources and from fishing activities.
This study highlights the utility of fisheries observer programs to obtain
cost-effective information on macro debris floating around the Azores
and Madeira that are essential to support the implementation of the
MSFD.
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A B S T R A C T

Marine litter has been identified as one of the major environmental problems that oceans are currently facing.
Worldwide efforts are being made to reduce the input of litter into the oceans, and projects aimed at monitoring
their quantities are key to evaluate their success. This study, provide baseline information on the quantities of
marine litter found on 42 beaches spread throughout the nine islands of the Azores archipelago, North Atlantic
Ocean. A total of 31,439 items were collected throughout the archipelago with an average density of
0.62 ± 0.15 macro-litter items m−2. Of this litter 87% were plastic and its majority (67%) plastic fragments. Six
beaches were further monitored every three months for two years. Substrate type and wind exposure were
important factors for explaining patterns of litter deposition. Our results highlight that marine litter have the
tendency to accumulate in remote islands of the North Atlantic Ocean.

1. Introduction

Marine anthropogenic litter is one of the most pervasive environ-
mental pollution problems that the oceans are currently facing, af-
fecting directly and indirectly all marine ecosystems (Galloway and
Lewis, 2016). Among the wide diversity of litter items found in the
oceans, plastic is by far the most abundant and concerning material
(GEF, 2012). Due to their physicochemical properties, plastic materials
are suitable for a wide range of industrial and medical applications
worldwide. However, when not properly disposed, they remain in the
environment for long periods of time, eventually causing harmful ef-
fects to marine biota (Bergmann et al., 2015). The negative effects of
marine litter are well known and include entanglement, a phenomenon
that has been reported in 243 different species of marine organisms
(Gall and Thompson, 2015) and ingestion, that has been documented in
a wide variety of marine wildlife, from planktonic organisms up to
baleen whales (Gall and Thompson, 2015).

Recent estimates suggest that ~8 million metric tons of plastic
waste reach the oceans each year (Jambeck et al., 2015), and this figure
will probably continue to increase as research into this field also

progresses. A recent study by Lebreton et al. (2018), shows evidences
that the extent of plastic accumulation in the Great Pacific Garbage
Patch in the North Pacific Ocean has been rapidly increasing. Fur-
thermore, the northern hemisphere has historically been reporting
higher marine pollution accumulation rates than southern hemisphere
areas (Galgani et al., 2015; Eriksen et al., 2014; Van Sebille et al.,
2015).

Marine litter has been described as ubiquitous and has been found
in every compartment of the marine realm, including the coastal zone,
floating at the sea surface and in the water column, deposited on the
seabed and even in the Arctic sea ice (Barnes et al., 2009; Obbard et al.,
2014; Pham et al., 2014; Woodall et al., 2014; Peeken et al., 2018).

Small and isolated islands, such as the case of the Azores archipe-
lago, are not immune to this global problem, and could potentially act
as important sinks for marine anthropogenic litter in the open ocean
(Lavers and Bond, 2017; Lebreton et al., 2018). At the moment, there
are only a few studies conducted in the Azores archipelago that focus on
marine anthropogenic litter, particularly on coastal accumulation
(Pieper et al., 2015), seafloor deposition and accumulation (Pham et al.,
2013; Rodríguez and Pham, 2017) and impacts on sea turtles (Pham
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et al., 2017).
Beach surveys provide an important way to assess the abundance

and sources of plastic pollution in the environment while also serving as
a management tool to evaluate the efficiency of policies targeted at
reducing their input into the oceans. Additionally, information col-
lected by beach monitoring programs can facilitate EU member coun-
tries to assess their progress towards a “Good Environmental Status”
(GES) under the framework of the Descriptor 10 “Properties and
quantities of marine litter do not cause harm to the coastal and marine
environment” of the Marine Strategy Framework Directive (MSFD).

Even with the efforts of organised clean-up actions conducted by
different non-governmental organizations and local municipalities, in-
formation regarding deposition factors, quantities, and seasonal trends
of coastal marine litter in the archipelago is still scarce, and this study
aims to fill in knowledge gaps for this region.

In order to provide a detailed characterisation of litter on beaches of
the Azores archipelago, this work aims to (1) provide a snapshot of the
quantity of marine litter present in 42 different beaches across the nine
islands; (2) assess seasonal variability in litter deposition across the
archipelago; (3) provide insight on the potential factors that influence
litter deposition.

2. Materials and methods

2.1. Study area and selected beaches

The Azores archipelago, located in the middle of the North Atlantic
Ocean, consists of nine volcanic islands disposed in three separate
groups (Eastern Group, Central Group and Western Group) (Fig. 1). The
exceptional relevance of this archipelago is directly linked to the ex-
tension of the Portuguese Exclusive Economic Zone (EEZ;
953,633 km2), and to the environmental and socio-economic im-
portance of this region to Portugal.

The present study focused on 42 beaches that are spread throughout
the nine islands and that present a different set of characteristics

(detailed descriptions of each beach can be found as supplementary
material (Table S1)). The locations included different types of substrate
(sandy (n=19), rocky (n=9) and gravel (n=14)), level of accessi-
bility, presence/absence of artificial walls, width, length and orienta-
tion.

All beaches are regularly visited by tourists during the summer and
only a few are commonly frequented during the winter. As a result, in
the summer, most beaches are regularly cleaned by municipalities
while during the winter litter removal is far less frequent. Beaches with
clean-ups occurring all year-round include Porto Pim, Prainha de Angra
and Praia das Milícias. Beaches only cleaned during the summer (and
occasionally in the winter) include Conceição, São Mateus, Prainha de
Vitória, São Lourenço, Água de Alto, Calhau da Areia, Praia dos
Moinhos, Santa Barbara, Praia da Areia, Calheta. The remaining bea-
ches are cleaned either sporadically or are very rarely cleaned.

In order to minimise bias that could be caused by beach clean-ups,
all responsible entities were contacted one month prior the surveys
(January 2016), to inquire about all cleaning activities on site and to
ensure no removal of marine litter took place. This action was only
performed during our initial large-scale survey (see details below) that
took place between February and March 2016 (not all the munici-
palities were able to stop their cleaning activities).

2.2. Survey design and methodology

An initial survey was designed to cover the whole archipelago and
included 42 beaches. Those beaches were sampled on a single occasion
between February and March 2016 while a sub-sample (n=6) was
subsequently monitored using the same methodology over a period of
24months, once every three months (Table S1).

The beaches selected for the seasonal monitoring were all sandy
beaches with a reduced cleaning activity and were located in all three
groups of islands (Fig. 1).

For each beach, a fixed 100m (whenever possible) section was
delimited, covering the whole area between the water line to the beach

Fig. 1. Location of the selected beaches spread throughout the different islands of the Azores archipelago, subdivided into three main groups.
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backshore (i.e. start of coastal dunes). Sampling was always performed
at low tide. Each surveyor monitored a small strip of approximately
2–3m, recording all macro-litter items (> 2.0 cm in the longest di-
mension) within the 112 different categories (e.g. plastic bottles, mul-
tilayer containers, cans, rubber gloves, etc.) defined by the “Guideline
for Monitoring Marine Litter on the Beaches in the OSPAR Maritime
Area” (OSPAR, 2010).

After reaching the 100m monitoring area limits, surveyors made a
turn and proceeded to the next strip. This procedure was repeated until
the sea line was reached, and the entire sampling area was covered. At
the end of the survey, whenever possible, all litter items were weighed
and removed from the beach. Once on site, information regarding
weather conditions, beach width and proximity to urban areas or an-
thropogenic activities was registered. The area sampled varied between
316m2 (Porto Martins, Terceira) to a maximum of 6468m2 for Praia
dos Moinhos in São Miguel (Table S1).

2.3. Data analysis

Litter density was computed for each beach and season. We further
classified the 112 different items according to the type of material/
category (n=11) (plastic/polystyrene, paper/cardboard, metal, cloth,
glass, pottery/ceramics, rubber, medical waste, sanitary waste, ma-
chined wood and other pollutants) following OSPAR (2010).

Variation in litter composition between substrate type, island
groups, orientation and season factors was tested for significance using
a non-parametric test ANOSIM (Analysis of similarity) in PRIMER v6
software. Bray-Curtis similarity was calculated on log (x+ 1) trans-
formation of the percentage contribution of litter type for each
grouping factors settings, across the entire data set. A similarity per-
centage analysis (SIMPER) was used to identify the litter contributing to
similarities or dissimilarities between factors. Because the data did not

follow a Gaussian distribution nor had homogeneous variances, a non-
parametric Kruskal-Wallis test was performed, followed by post-hoc
pairwise comparisons (Dunn's test) in order to investigate differences in
litter density between substrate type, islands and island groups.
Statistical analyses were performed using R statistical software. The
significance level (α) considered was α=0.05. Statistically relevant
differences are considered when p-value< 0.05.

2.4. Relative exposure index

Additionally, we explored the potential role of wind speed and di-
rection to explain the accumulation of litter items on our surveyed sites.
A Relative Exposure Index (REI) was computed based on Garcon et al.
(2010). A total of 4 wind directions determined by beach orientation
were analysed per site per sampling period:

∑=

=

REI ViPiFi
100

.
i 1

4

where Vi is the mean monthly wind speed (km h−1) in particular di-
rections categorized in equal compass increments; Pi is the percentage
frequency at which the wind blew from the ith compass direction; and
Fi is the fetch distance (km). Fetch lengths≥ 100 km were all set to
100 km. Data on wind speed and direction for each location were ob-
tained from the Global Forecast Model (GFS) with a 0.25 degree re-
solution, produced by the National Center for Environmental Predic-
tion/National Weather Service/NOAA/U.S.

(https://doi.org/10.5065/D65D8PWK)

Fig. 2. Litter density (n m−2) (left panel) along with the frequency of materials (%) (right panel) for each beach surveyed between February and March 2016.
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3. Results

3.1. Density and spatial distribution

In our first survey, we collected a total of 31,439 items throughout
the 42 beaches. The number of recovered items varied between 9 items
in Almoxarife (Faial) to a maximum of 5895 items in Praia da Areia
(Corvo). Average litter density throughout the archipelago was
0.62 ± 0.15 itemsm−2 (± SE), ranging between 0.01 Almoxarife
(Faial) to 4.81 itemsm−2 Praia da Areia (Corvo) (Fig. 2).

Five beaches presented very low densities (< 0.05 itemsm−2): São
João (Pico), Canto da Areia (Pico), Baía das Canas (Pico), Almoxarife
(Faial) and São Lourenço (Santa Maria). The beaches presenting highest
density of litter (> 1 itemm−2) were Escadas da Costa Norte (Flores),
Madalena (Pico), Santana (São Miguel), Anjos (Santa Maria), Porto
Afonso (Graciosa) and Praia da Areia (Corvo).

No significant differences were found between litter densities for
each group of islands (H=5.5; p=0.06) or between individual islands
(H=11.2; p=0.18). However, we found significant differences in
litter densities between substrate types (H=15.8; p < 0.001). Litter
density was significantly higher for gravel beaches in comparison to
rocky and sandy beaches (Fig. 3). Principal coordinate analysis (PCoA)
showed that relative composition of plastic items was proportionally
similar for gravel and rocky beaches but different on sandy beaches
(Fig. 4). SIMPER results suggested that dissimilarities on litter compo-
sition between rock, gravel and sand were mostly driven by the size of
plastic fragments. For rocky and gravel beaches, plastic/polystyrene
fragments between 2.5 and 50 cm were more prevalent. In opposition,
plastic/polystyrene fragments between 2.1 and 2.5 cm were pre-
dominant in sandy beaches while larger fragments (found to be more
frequent in gravel and rocky shores) were far less abundant on sandy
beaches. Non-parametrical analysis ANOSIM did not demonstrate sig-
nificant differences in litter composition between groups of islands (R:
−0.01, p=0.49) or between beach orientation (R: 0.06, p=0.13).

The two beaches with highest densities of litter were southwest
orientated (Fig. 5A). Although other factors related to orientation,
could be responsible for higher litter densities, this azimuth corre-
sponds to the most frequent wind direction in the Azores between 2016
and 2017 (Fig. 5B and Fig. S1).

3.2. Litter items: composition and materials

From all litter items collected, 87% were made from plastic/poly-
styrene, followed by paper/cardboard (3%), glass (3%), and others
(7%), which included metal, wood (machined), clothes, rubber and

pottery/ceramic (Fig. 6A). Within plastic items (Fig. 6B), the largest
fraction of items (37.6%) was plastic fragments ranging from 2.5 to
50 cm, followed by smaller fragments (2.1–2.5 cm; 26%). Other re-
levant items included pieces of strings, bottle caps, bottles, shoes or
bags (Fig. 6B). Larger plastic pieces (> 50 cm) represented only 3.3% of
the litter collected.

3.3. Seasonal monitoring

The six beaches monitored throughout the 24months period
showed high variability in litter density (Fig. 7). Although not entirely
consistent throughout the study sites, Autumn was the period with
highest densities of litter. During the two-years, a total of 12,741 items
were collected. Fig. 7 shows the amount of accumulated litter in rela-
tion to the Relative Exposure Index (REI). Higher litter density fol-
lowing an increase in REI was especially evident for Praia do Norte
(Faial), São Lourenço (Santa Maria), and Pedreira (São Miguel).

From all litter items collected throughout the 24months, 90% were
plastic/polystyrene items, followed by pottery/ceramic (3.2%), glass
(2.3%), metal (1.1%) and other item types (3.4%), which included
paper, wood, textile, and medical waste. Within the plastic items ca-
tegory, fragments ranging from 2.1 to 2.5 represented the largest
fraction (51.6%), followed by large fragments 2.5 to 50 cm (17.83%).
Fig. 8 displays the main type of materials found for the different seasons
in the six sandy beaches, highlighting that plastic fragments where the
dominating litter items for most of the seasons with the exception of
two beaches (Calhau da Areia and Almoxarife) which displayed a
higher variability of item typology throughout the entire period with an
almost constant proportion of similar materials in Calhau da Areia
during the study (Fig. 8).

Non-parametrical analysis ANOSIM showed no statistically sig-
nificant differences in litter composition between groups of islands
(R:0.08, p=0.07); beach orientation (R: −0.03, p=0.66), season (R:
0.05, p=0.12) or beaches (R: 0.32 p=0.06)

Fig. 3. Average litter density per substrate type for 42 beaches sampled in the
Azores archipelago. Error bars represent standard error.

Fig. 4. Principal coordinate analysis (PCoA) of fragments sizes for beaches with
different substrate types. Blue lines show the plastic size material (Plastic-small
2.1–2.5 cm, Plastic-medium 2.5_50 cm, Plastic-large > 50 cm) that drives dis-
similarities between substrate types.
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4. Discussion

4.1. Litter densities

This study revealed that marine litter is ubiquitous and highly
variable along the coastline of the Azores archipelago. Some segments

of the coastline were found to have low litter densities
(< 0.05 itemsm−2) whilst other sampled areas had higher densities,
reaching up to 5 itemsm−2. The beach with highest litter density (Praia
da Areia) was located on the smallest island (Corvo), far away from any
urban center and with the smallest population of the archipelago (ap-
proximately of 400 inhabitants). The other beach with a high litter
density (4 itemsm−2) is also located in an isolated area on Graciosa
island (~5000 inhabitants). The densities on these sites were compar-
able to the average quantities found in highly polluted beaches in some
Caribbean Islands (Schmuck et al., 2017) and on recreational beaches in
Uruguay (Lozoya et al., 2016) which are far more populated and
touristic than the Azores. Such high densities may be partly explained
by exceptional adverse weather conditions (strong storms) prior to
sampling, together with the fact that both beaches are in semi-enclosed
bay and are subject to only sporadic cleaning efforts. Thus, the amount
of litter items found in these sites likely represent long periods of ac-
cumulation. In addition, both beaches have a southwest orientation,
which matches the prevalent wind direction in the archipelago. Studies
on the residence of macroplastics in islands have mentioned the im-
portance of how currents and winds influence the accumulation of

Fig. 5. a) Azimuths with litter density (nm−2) for the 42 beaches sampled
between February and March 2016 and b) stacked wind rose displaying wind
speed strength categories (m/s) and frequency (%) of dominating wind direc-
tion in the Azores (data for 2016-2017). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
article.)

Fig. 6. Composition of litter items recovered from 42 beaches surveyed in the Azores between February and March 2016, grouped by a) frequency of materials and b)
frequency of dominating items.

Fig. 7. Litter density (n m−2) and Relative Exposure Index (REI) in six sandy
beaches monitored between 2016 and 2017. Density represented by blue lines
and REI by green lines. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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macrolitter in coastal areas (Kataoka et al., 2015; Hinata et al., 2017;
Kataoka et al., 2017; Monteiro et al., 2018).

Average litter density throughout the 42 beaches of the archipelago
was 0.62 ± 0.15 litter items m−2, which is within the levels reported
for most locations around the Atlantic Ocean (Galgani et al., 2015),
although slightly higher than beaches in South Georgia island (South
Atlantic) (Convey et al., 2002). A recent review paper (Monteiro et al.,
2018) compiling litter densities in linear meters (itemsm−1) in oceanic
islands of the Atlantic Ocean, has identified Faial island in the Azores
archipelago as the island with higher litter density (4.61 itemsm−1).
Pieper et al. (2015), identified high variability of litter densities in their
study (ranging from 0 to 1.94 itemsm−2) over 6months on two sandy
beaches. Data provided in the present study provides a more extensive
snapshot of the entire archipelago, highlighting differences in the
abundance, size and type of litter between beaches with different sub-
strate typology. Gravel beaches, for instance, showed higher densities
compared to sandy beaches, which could be partly explained by dif-
ferences in the retention capacity of the substrates. In opposition to
sandy beaches, the increased terrain complexity provided by gravel
may trap litter items when the tide is flowing out. For similar reasons,
rocky shores were expected to promote the retention of washed litter
items (Moore et al., 2001), but our results showed significantly lower
litter densities. Items may be trapped between rocks and therefore
unreachable, making it difficult to collect or even detect (Kuo and
Huang, 2014).

Municipal and public beach clean-ups are also important factors
that most likely influenced our results, especially for sandy beaches.
Even though we contacted local municipalities to prevent beach
cleaning prior to our surveys, it is likely that litter removal still oc-
curred since most of these beaches have regular visitors, known to re-
move litter items (beachcombing). This activity alongside with im-
promptu beach clean-ups are becoming habitual and their
unpredictability could add bias into assessments of litter deposition for

sandy beaches in particular (Moore et al., 2001). Furthermore, litter
abundance and typology on the coastline is known to be guided by a
complex combination of various factors but also proximity to urban
centres (Leite et al., 2014; Nelms et al., 2017); proximity to water
streams (Wagner and Lambert, 2018); exposure to oceanic currents
(Bouwnman et al., 2016), winds (Walker et al., 2006; Browne et al.,
2010; Agustin et al., 2015; Schmuck et al., 2017) or beach orientation,
slope and geomorphology (Critchell et al., 2015; Willis et al., 2017).

4.2. Litter composition

The predominant material collected during this study was plastic,
which is the most common material found on beaches worldwide (e.g.
Widmer and Hennemann, 2010; Thiel et al., 2013; Leite et al., 2014;
Moriarty et al., 2016) including in oceanic islands of the Atlantic
(Widmer and Hennemann, 2010; Monteiro et al., 2018) and of the
Pacific (e.g. Agustin et al., 2015; Blickley et al., 2016; Ribic et al., 2012,
Lavers and Bond, 2017). Plastic fragments of different sizes were the
most abundant plastic items found throughout the archipelago, simi-
larly to what was found on the beach of a remote island of the Pacific
(Lavers and Bond, 2017) and on the windward beaches of Aruba in the
Caribbean (De Scisciolo et al., 2016). Obviously, tracing the source of
these plastic pieces is a very challenging task. However, it is fair to
assume that such items entered the marine environment a long time ago
and are probably not from local sources. Plastic fragments are gener-
ated by the degradation of larger items by UV photo-degradation, wave
action and physical abrasion and after being transported by currents,
they are known to accumulate in locations far away from their origin
(Barnes et al., 2009). Plastic fragments comprise a significant portion of
the litter items accumulating in oceanic gyres (Law et al., 2010; Eriksen
et al., 2014) and the location of the Azores at the edge of the North
Atlantic Subtropical Gyre, is very likely acting as a sink for these items.
However, we cannot totally exclude that a portion of plastic fragments
could also originate from the fragmentation of large items from local
sources (e.g. from landfills or rivers) that remained in the area before
being washed ashore.

4.3. Seasonal trends

The nine beaches that were subsequently surveyed seasonally for
two consecutive years displayed a high temporal variability in litter
density. Because every sampling involved the removal of all litter items
from the beach, each density estimate represents litter deposition over
the three-month period as opposed to standing-stock surveys (Ryan
et al., 2009). For most beaches, the lowest litter input was recorded
during the summer with exception of Pedreira (São Miguel). Although,
these lower abundances corresponded to a decrease in relative exposure
index, it is also when clean-ups are more frequent because of the ele-
vated use of these beaches by tourists. Peaks in litter deposition occa-
sionally corresponded to increase in the relative exposure index (REI)
for some beaches but it was not consistent throughout the different
locations and seasons. Previous studies found correlations between
wind exposure and abundance of litter items (Walker et al., 2006)
whereas other studies could not identify such a relationship (Blickley
et al., 2016; Prevenios et al., 2017). Our mixed result could be in-
dicative that some beaches are more influenced by wind exposure than
others, but most importantly, they highlight that litter deposition is
guided by a suite of environmental and anthropogenic factors that are
not easily distinguishable with short time series.

Overall, plastic fragments were the most dominant items collected
on the 6 beaches throughout the two years. Yet, litter composition
displayed some minor temporal and spatial variation along the two
years. As opposed to all other locations dominated by fragments,
Calhau da Areia was a distinct location because of the high range of
material identified during the two-years in which glass, ceramic (pot-
tery), wood and rubber were the predominant materials in this beach.

Fig. 8. Litter density (nm−2) and material composition of litter recovered from
six sandy beaches over two years.
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These items are likely to result from local users, being either unin-
tentionally abandoned and/or dumped. On Almoxarife, paper/card-
board materials are presents practically during the whole year. This
could maybe due to the proximity to bars and restaurants that might
increase the presence of these materials (e.g. newspapers, cigarette
boxes).

5. Conclusion

This study represents a snapshot of the abundance and typology of
marine litter throughout the Azores archipelago demonstrating a high
spatial and seasonal variability, which reflects the patchy distribution
of litter in the marine environment (Galgani et al., 2015). The pre-
dominance of unidentifiable plastic fragments suggests that the bulk of
items polluting the coastline is not of local origin. Maintaining pro-
grams for monitoring beach litter will be essential to disentangle the
role of environmental and anthropogenic factors responsible for the
spatio-temporal patterns of litter on Azorean beaches. Such under-
standing will allow a more detailed assessment of sources but also act as
a management tool to evaluate the success of regional and international
policies aimed at reducing the input of marine litter in the Altantic
Ocean.
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a b s t r a c t

The presence of microplastic in marine fishes has been well documented but few studies have directly
examined differences between fishes occupying contrasting environmental compartments. In the pre-
sent study, we investigated the gut contents of 390 fishes belonging to three pelagic (blue jack mackerel,
chub mackerel, skipjack tuna) and two deep-sea species (blackbelly rosefish, blackspot seabream) from
the Azores archipelago, North-East Atlantic for microplastic contamination. Our results revealed that
pelagic species had significantly more microplastic than the deep-water species. In all of the species
studied, fragments were the most common plastic shape recovered and we found a significant difference
in the type of polymer between the pelagic and deep-water species. In deep-sea fish we found almost
exclusively polypropylene, whereas in the pelagic fish, polyethylene was the most abundant polymer
type. Overall, the proportion of fish containing plastic items varied across our study species from 3.7% to
16.7% of individuals sampled, and the average abundance of plastic items ranged from 0.04 to 0.22 per
individual (the maximum was 4 items recovered in one stomach). Despite the proximity of the Azores
archipelago to the North Atlantic subtropical gyre, a region of elevated plastic abundance, the proportion
of individuals containing plastic (9.49%) were comparable with data reported elsewhere.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Plastic pollution has been identified as one of the major envi-
ronmental problems currently facing global oceans and marine
biota. Plastic items are now commonly observed from shallow
coastal areas (Browne et al., 2011) down to the deep-sea floor
(Pham et al., 2014; Chiba et al., 2018) and from the Arctic (Zarfl and
Matthies, 2010) and Antarctic (Barnes et al., 2009) to the tropics (Do
Sul et al., 2014). Despite their wide distribution throughout the
marine realm, plastics have been shown to accumulate in certain
areas. It is now well established that floating plastic tends to
accumulate in oceanic gyres (Law et al., 2010; Ter Halle et al., 2017)
as well as sinking to the sea floor (Woodall et al., 2014; Koelmans
et al., 2017; Everaert et al., 2018). Ingestion of plastic items has
also been reported throughout the marine food chain, from
zooplankton up to large baleen whales (Gall and Thompson, 2015;
e by Maria Cristina Fossi.

ham).
Sun et al., 2017).
Plastics are exceptionally spatially and temporally heteroge-

neous varying by orders of magnitude within small changes in time
or space (Law et al., 2014). Accordingly, awide variety of fish species
(~475) are known to ingest plastic items with high variability in the
number of individuals containing plastic particles and individual
uptake between species, geographic location, habitat and trophic
level (Markic et al., 2019). In the seas surrounding populated areas
or in accumulation zones (e.g. subtropical gyres) the number of fish
containing plastic for any given species has been generally higher
(Lusher et al., 2013; Bellas et al., 2016; Naidoo et al., 2016; Peters
et al., 2017; Güven et al., 2017; Tanaka and Takada, 2016; Herrera
et al., 2019) compared to more remote environments
(Anastasopoulou et al., 2013; Foekema et al., 2013; Cannon et al.,
2016; Murphy et al., 2017).

Plastics are not just heterogeneously distributed on the surface.
When plastics enter the marine environment, some sink straight
away and others become fouled or entrained in marine snow and
subsequently sink creating a vertical distribution of this material
(Galloway et al., 2017; Porter et al., 2018). A number of studies show
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that fishes occupying different oceanic zones (benthic, pelagic etc.)
have reported higher numbers of plastic particles per individual for
pelagic species (Rummel et al., 2016; Anastasopoulou et al., 2018),
while others found that demersal species had a higher ingestion
rate (Kühn et al., 2019) further evidencing the spatiotemporal
heterogeneity of plastics in the water column depending on the
region. Polymer type is an important factor in this vertical distri-
bution and differences between compartments have been shown to
exist in pelagic and benthic species but also within environmental
samples (Munari et al., 2017; Porter et al., 2018; Scott et al., 2019).
Lighter polymers (e.g. polyethylene) are typically more often found
in pelagic species and denser polymers (e.g. polyethylene tere-
phthalate and polyvinylchloride) are more common in benthic fish
(Bray et al., 2019).

The Azores is an oceanic archipelago located in themiddle of the
North Atlantic Ocean that functions as an essential habitat for a
variety of marine life, including cetaceans (>25 species), seabirds,
sea turtles, oceanic elasmobranchs, and other large pelagic fishes
that come to the archipelago to feed, mate, or to give birth
(Monteiro et al., 1996; Bolten, 2003; Silva et al., 2014; Sobral and
Afonso, 2014; Vandeperre et al., 2016; Das and Afonso, 2017). On
the seafloor, the numerous seamounts, island slopes and shelves
host a high diversity of deep-water corals and sponges that are key
components of deep benthic communities, providing habitats for a
large variety of organisms (Braga-Henriques et al., 2013; Pham
et al., 2015).

The Azores are located at the edge of the North Atlantic sub-
tropical gyre (NASG), within which concentrations of large micro-
plastic (items 1e5mm) have been reported to reach 250 000 items/
km2 and up to 7 000 000 items/km2 for small microplastic
(items < 1 mm) (Ter Halle et al., 2017). Within Azorean waters,
significant concentrations of plastic items have been recorded
floating at the sea surface (Chambault et al., 2018), on the seafloor
(Pham et al., 2013a; Rodríguez and Pham, 2017) or found accu-
mulating on several beaches across the archipelago (Ríos et al.,
2018; Pham et al., 2020) and also in the gastrointestinal tract of
sea turtles (Pham et al., 2017). It is this co-occurrence of both high
biodiversity and high plastic abundance that make the Azores a
highly relevant location to be addressing questions regarding the
biological uptake of plastics, yet the risk of this emergent pollution
issue for local biodiversity has not been fully assessed.

This study aims to assess plastic contamination in five different
fish species of high commercial interest in the Azores (blackbelly
rosefish, Helicolenus dactylopterus; blue jack mackerel, Trachurus
picturatus; chub mackerel, Scomber colias; blackspot seabream,
Pagellus bogaraveo and, skipjack tuna, Katsuwonus pelamis) occu-
pying both the pelagic and benthic zones. We hypothesise that
given the relative proximity to the North Atlantic subtropical gyre
that our fishes sampled will have an elevated plastic load than
other studies taken from the open ocean situated away frommajor
accumulation zones. We also test the null hypothesis that the
quantity of plastic will not differ between pelagic and benthic
fishes, since to date, there are conflicting results in the literature.
Furthermore, we hypothesise that larger fishes will have ingested
more particles due to their increased mouth gape and ability to
ingest larger prey leading to accidental ingestion and trophic
transfer.

The blackbelly rosefish, is a carnivorous species that feeds
mainly on benthic crustaceans and fish (Neves et al., 2012), with a
bathy-demersal distribution ranging between 200 and 800 m
(Massutí et al., 2001). The blackspot seabream is an omnivorous
species that feeds mostly on benthic crustaceans, molluscs, worms
and small fish (Morato et al., 2001), this bentho-pelagic species can
be found at depths up to 800m (Menezes et al., 2006). The blue jack
mackerel, feeds mostly on small crustaceans and has a bentho-
pelagic distribution between the surface down to ~370 m deep
(Menezes et al., 2006). The chub mackerel feeds on small
zooplankton and small fish (Castro, 1993; Collette and Nauen,
1983), with a pelagic-neritic distribution and can be found at the
surface down to ~300 m deep. Finally, the skipjack tuna, that feeds
on cephalopods, fish, molluscs and crustaceans (Collette and
Nauen, 1983), is a top predator species characterized for its
pelagic-oceanic distribution from the surface down to ~260mdeep.
2. Material and methods

2.1. Species selection and sample collection

A total of 390 individuals belonging to five different species
(blackbelly rosefish: n ¼ 54; blue jack mackerel: n ¼ 117; chub
mackerel: n ¼ 114; blackspot seabream: n ¼ 55; skipjack tuna:
n ¼ 50) were analysed (Table 1). All fishes were caught within
Azorean waters through local fisheries by hook and line, which
reduces potential biases such as net feeding. Four species (black-
belly rosefish, blue jack mackerel, chub mackerel, blackspot seab-
ream) were directly purchased whole from fisherman at Horta
Harbour (38� 31059 N; �28� 37059 W), Faial Island between 2015
and 2018. Skipjack tuna were collected from the canning factory in
Pico Island in summer 2017.

In the laboratory, each whole individual was measured and
weighed. Length of individuals was obtained as the straight dis-
tance from the tip of the longest jawwithmouth closed to the tip of
the longest caudal lobe pinched together, as described byMiller and
Lea (1972). Each fish was then dissected and its stomach was
carefully extracted and weighed under clean laboratory conditions.
The entire stomachs were stored in new zip-lock bags and frozen
at �20 C� for subsequent analysis. To prevent potential contami-
nation, the bags were thoroughly washed with 20 mm pre-filtered
deionized water. All species with everted stomachs were
excluded from the analysis to avoid including individuals who
potentially lost their plastic content. Special attention was taken to
select individuals belonging to a narrow size range for each species
in order to minimize a possible size effect on plastic presence in
stomach content (Table 1). Additionally, we further subdivided
chub mackerels and blue jack mackerels into different size cate-
gories: small (S; 14.5e21.5 cm) and large (L; 21.6e36 cm) e to
investigate a potential effect of fish size on plastic content in the
stomachs that could be related to differences in diets or habitat use.
2.2. Sample processing

Samples were analysed using a two-step method (visual sorting
and subsequent digestion) to allow the results to be compared with
studies that only use visual sorting (>1 mm) and studies that look
at smaller items, as suggested by Lusher et al. (2017).

The exterior of each stomach was thoroughly washed with
20 mm pre-filtered deionized water prior to opening in order to
remove any possible microfiber contamination present on the outer
layer of the stomach and to ensure no contamination could result
from the excision of the stomach or storage in zip lock bags. Fish
stomachs were cut open vertically from top to bottom, ensuring the
contents stayed in the stomach. The contents of each stomach were
carefully visualised under a stereo microscope, with 6.4x magnifi-
cation, for presence of plastic items (>1 mm). Potential items were
extracted from the stomach content with pre-rinsed tweezers and
kept in a small Petri dish for subsequent measurement and
photography. In addition, the fullness of each stomach was scored
on a scale from 0 (empty) to 5 (full). During visual sorting, a single
blank filter for each stomach was left open to the air for airborne
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contamination control. Full details of the size range and stomach
weights of the fish sampled are presented in Table 1.

After visual sorting, the entire stomachs were digested with 10%
KOH at 40 C� for at least 72 h, as recommended by Karami et al.
(2017) to ensure complete digestion but also to limit the degrada-
tion of certain plastic polymers. Dehaut et al. (2016), found
microplastic recovery rate of 100% using this method, for most
polymers, with the exception of polycarbonate (PC) and poly-
ethylene terephthalate (PET). The digested solution was sequen-
tially filtered through a pre-rinsed 50 mm mesh and 1 mm pore size
glass fibre filters. During this phase a blank filter was left open
inside the fume-hood to control for airborne contamination and
changed every five samples. A blank filtration with 20 mm pre-
filtered deionized water was also performed every 5 samples. All
filters were then analysed under a Leica binocular MZ16FA coupled
with a MC 190 Leica camera. Every potential plastic item (>20 mm)
was photographed and the maximum calliper length measured
using the Leica LAS V4.12 software. A blank filter for each sample
was left open to the air again to control contamination, and was
checked immediately after completing the visualisation of the
samples. Potential plastic items were classified into small micro-
plastic (20 mm to < 1 mm), large microplastic (1e5 mm), meso-
plastics (5e25 mm) and all items larger than 25 mmwere grouped
as macroplastics. Shape was classified according to Kühn et al.
(2019) into thread, fragments and fibres (fibres are dust like par-
ticles from clothing whereas threads are larger strands from poly-
filament nets or monofilament line). The colour of each item was
also recorded in the following colour groups: blue, black, brown,
green, orange, red, transparent, yellow and white. All items
recovered were treated as potential plastic and further analysed
using m-Fourier transform infrared spectroscopy (mFTIR) for result
validation and polymer identification. For small items (<1 mm)
FTIR spectra were obtained using a PerkinElmer Spotlight 400 mFT-
IR Imaging System operating in reflectance mode. Larger items
(>1 mm) were analysed with a PerkinElmer Frontier spectrometer,
using a universal diamond e ATR attachment. Spectra were pro-
cessed with PerkinElmer’s Spectrum™ 10 software enabling data
normalisation and base-line correction. Polymer identification was
made by comparing scanned spectra with commercially available
spectral libraries. Only matches that were�70%were considered as
valid identification. Out of all potential plastic items initially
recovered, 68% (n ¼ 165 items) of potential plastic items were
analysed directly using m-FTIR. Because m-FTIR analysis is a time-
consuming method, if identical particles were found repeatedly
in one or several individuals of the same species, its identity would
be inferred after at least 5 of those particles were analysed.
Therefore, the remaining potential plastic items (32%) were infer-
red based on the m-FTIR results.

2.3. QA/QC procedures

All materials used during the laboratory analysis were washed
with 20 mm pre-filtered water and checked under a
Table 1
Descriptive details of the individual fish collected and analysed for plastics for five speci

Species Size
Class

Number of
samples

Mean len
(cm) ± S

Pelagic Chub mackerel (S. colias) L 50 43.3 ± 2.
S 64 17.6 ± 1.

Blue jack mackerel (T. picturatus) L 52 42.7 ± 1.
S 65 15.6 ± 0.

Skipjack tuna (K. pelamis) e 50 51.5 ± 2.
Benthic Blackspot seabream (P. bogaraveo) e 55 42.3 ± 2.

Blackbelly rosefish (H. dactylopterus) e 54 34.0 ± 1.
stereomicroscope for the presence of microfibers before being
used. In each separate phase of the analysis, a blank filter paper was
left exposed to the air whenever the samples were treated as
described above. This measure was taken to evaluate the contam-
ination through atmospheric deposition of microfibres in the lab-
oratory and the results were corrected accordingly. Each microfibre
found in the control filters was photographed and compared with
the microfibres found in the samples. Any particle identical to a
fibre from the control filters was excluded from the results. Addi-
tionally, some blanks were left in the laboratory next to entrance
zones as extra safety control. Fibres present in those filters were
also cross-checked with the microfibres identified in the stomachs
and excluded from the results in case of similarity. Lab coat and
nitrile gloves were used during all laboratory phases. The final data
presented have therefore been corrected by removing any particle
that returned a <70% match through spectral analyses, and have
had any item matching the microfibres found in the corresponding
blanks (22 microfibres in 9 samples) removed. Whilst blue cellu-
losic fibres were present in some of the samples they are not
included in this analysis (they did not fit the required spectral
analysis match).

2.4. Statistical analysis

The proportion of fish containing plastic particles, plastic
abundance and plastic load were calculated for each species and
size groups following guidelines in Provencher et al. (2017). Only
the corrected data was used in the analysis. Plastic abundance was
calculated as the average number of plastic items found in all fish
sampled (whether they had plastics present or not), while plastic
load reports the average number of plastics items in the guts of only
fishes that did contain plastics. This is commonly misreported in
the literature and can lead to difficult data comparisons. Spear-
man’s correlation test was used to assess the relation between
fullness degree and abundance and load of plastics within the fish.
Differences in plastic content (abundance and load) between spe-
cies, size classes and environmental compartment (pelagic vs
benthic), were evaluated with Kruskal-Wallis and Dunn’s tests due
to non-normal distributions. Differences in shape, colour and
polymer composition of the plastics present in the stomachs be-
tween habitats and species were tested for significance using
ANOSIM (Analysis of similarity). Bray-Curtis similarity was calcu-
lated on log(xþ1) transformed data and a similarity percentage
analysis (SIMPER) was applied to identify the discriminating
feature of the dissimilarities and similarities between habitats and
species. The level of significance used in the statistical tests was
p ¼ 0.05. All statistical analyses were performed using the R
computing environment (R Core Team, 2018).

3. Results

A total of 3 suspected macroplastic items, 5 suspected meso-
plastic items and 234 suspected microplastic items (<5 mm) were
es from the Azores during the 2015e2017 sampling campaign.

gth
D

Length range
(cm)

Mean stomach weight
(g) ± SD

Mean fullness
degree

0 39.0e48.0 15.0 ± 8.7 2.3 ± 1.9
3 15.5e20.5 2.3 ± 1.3 3.1 ± 1.5
7 40.0e46.5 14.8 ± 5.0 1.9 ± 1.4
6 14.5e16.7 1.5 ± 0.7 2.3 ± 1.6
4 45.5e57.5 85.2 ± 36.5 3.8 ± 1.4
5 38.0e46.5 9.0 ± 4.5 2.7 ± 0.9
2 32.0e36.0 11.7 ± 3.0 0.7 ± 0.8
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initially identified from the first sorting phase. Following m-FTIR
analysis, only 52 out of the initial 242 items were confirmed as true
plastic polymers (7 items > 5 mm and 45 items < 5 mm).

Stomach fullness was highly variable between species with 47%
of individuals of blackbelly rosefish having empty stomachs while
none of the blackspot seabream had empty stomachs.

From the 390 fish sampled across all species, a total of 37 (i.e.
9.49%) of them contained plastic debris in their stomachs. The
number of plastic items recovered per individual ranged from 0 to 4
with an average of 0.13 ± 0.02 items (±SE) per fish. For the in-
dividuals which contained plastic, the average plastic load per in-
dividual was 1.4 ± 0.04 (±SE) across all species.

We found a higher proportion of plastics present in the pelagic
fishes sampled (11.7% of individuals contained plastic) compared to
benthic fishes sampled (3.7% of individuals contained plastic)
(Fig. 1). Plastic abundance in pelagic fish was significantly higher
compared to benthic fishes (Fig. 1, Chi square ¼ 5.95; p ¼ 0.01;
df¼ 1). For pelagic species, the average abundance of items per fish
was 0.17 ± 0.03 (±SE). A total of 47 plastic items were recovered
from 33 pelagic fishes, which represents an average plastic load of
1.4 ± 0.05 (±SE). For the benthic species, the average abundance of
items present per fish was 0.05 ± 0.02 (±SE). A total of 5 plastic
items were recovered from 4 fishes, which represents an average
plastic load of 1.2 ± 0.05 (±SE) items per fish.

In the two pelagic species (chub mackerel and blue jack mack-
erel) for which we tested for a size dependent effect, no significant
differences were found in the abundance of plastic items between
large and small individuals (Chi square ¼ 0.14; p ¼ 0.71; df ¼ 1 and
Fig. 1. Proportion of individuals containing plastic (%) and average number of items
per habitat and species, including all individuals (plastic abundance) or just the ones
found to ingest plastic (plastic load). Asterisk denotes significant differences. There was
a significant difference in the plastic abundance between pelagic and benthic fishes
sampled (Chi square ¼ 5.95; p ¼ 0.01, df ¼ 1).
Chi square ¼ 0.56; p ¼ 0.45; df ¼ 1, respectively). Therefore, results
for those two species are reported without separating the size
classes. Plastic content was highest for chub mackerel with 16.7% of
individuals sampled containing plastic (Fig. 1), and an average
abundance of 0.22 ± 0.06 (±SE) items per fish (Table 2). For this
species, a total of 25 items were recovered in the stomach contents
of 19 individuals, which represents an average plastic load of
1.3 ± 0.1 (±SE) items per individual and a range from 1 to 4 items
per fish. For blue jack mackerel 7.7% of individuals sampled con-
tained plastic (Fig. 1), and this species had an average abundance of
0.12 ± 0.05 (±SE) plastic items per fish (Table 2). A total of 14 items
were recovered in 9 individuals, with an average plastic load of
1.6 ± 0.1 (±SE) items per individual, ranging from 1 to 4 items per
fish. The final pelagic species, the skipjack tuna, had a contamina-
tion rate of 10.0% (Fig. 1), and an average of 0.16 ± 0.08 (±SE) plastic
items were recovered per fish (Table 2). A total of 8 plastic items
were recovered in the stomach content of 5 individuals, the average
plastic load was 1.6 ± 0.1 (±SE) items per fish, with a maximum of 3
plastic items recovered per fish for this species.

In the benthic fishes, we found that 3.7% of blackbelly rosefish
individuals sampled contained plastic (Fig. 1), and an average
abundance of 0.06 ± 0.04 (±SE) items per fish (Table 2). A total of 3
plastic items were recovered in 2 individuals corresponding to an
average plastic load of 1.5 ± 0.1 (±SE), with a maximum of 2 plastic
items per fish (Table 2). In the case of the blackspot seabream, 3.6%
of individuals contained plastic and the average abundance of items
was 0.04 ± 0.03 (±SE) per fish (Table 2). A total of 2 plastic items
were found in 2 fishes, corresponding to an average plastic load of 1
plastic item per fish (Table 2).

Plastic fragments (n ¼ 34) were the most frequent shape of
plastic items recovered, contributing to 65% of the total number of
items. Plastic fragments were found in all five species sampled.
Fibres (n ¼ 12) comprised 23% of the items and thread-like items
(n¼ 6) made up the remaining 12% (Fig. 2). Fibres were found in all
species with the exception of the blackspot seabream whereas
thread-like items were only found in two pelagic species, skipjack
tuna and chub mackerel (Fig. 2). Results from ANOSIM showed no
significant differences in the shape of the items present in the
stomachs between pelagic and benthic fishes (1-way ANOSIM;
Global R ¼ �0.09; p ¼ 0.78) and between the different species (1-
way ANOSIM; Global R ¼ �0.06; p ¼ 0.83).

The majority of the plastic items were microplastic (n ¼ 45,
86%). These were predominantly small microplastic (<1 mm),
which compromised 65% of all retrieved items (n¼ 34), while large
microplastic (1e5 mm) compromised 21% of all items (n ¼ 11)
(Fig. 2). The remaining proportion (14%) corresponded to meso and
macroplastics. We further report this data in Table 2 to demonstrate
the size breakdown of plastics recovered in each species.

Although all the larger plastic items were found in skipjack
tunas and chub mackerels, no significant differences were detected
in the average size of the plastic items between fish species (Chi
square ¼ 4.96; p ¼ 0.29; df ¼ 4) or habitat (Chi square ¼ 1.95;
p ¼ 0.16; df ¼ 1). When pooling all species together, we found a
significant, but weak correlation between fish length and plastic
item size (R2 ¼ 0.074; p ¼ 0.04) (Fig. 3). Plastic fragments domi-
nated the small microplastics (n ¼ 28, 82%), while large micro-
plastics had similar proportion of fibres and fragments (n ¼ 6, 54%
and n ¼ 5, 46%, respectively). Meso and macroplastics were mostly
threads (n ¼ 6) and to a lesser extent fragments (n ¼ 1).

Overall, blue was the most common colour of the plastic items
recovered (34.6%) (Fig. 4A), followed equally by green and black
(23.1%). The other colours of items recovered were red and white/
transparent (Fig. 4A). When looking at the colours of plastics
recovered by species, blue was the dominant colour in blackbelly
rosefish and blue jack mackerel, green was only found in chub



Table 2
Proportion of fish with plastic in the stomach, average plastic abundance and load (±SE) in the stomach of five different fish species and divided for plastics of different size
classes.

Pelagic fish Benthic fish

Plastic size
class

Metric Chub mackerel
(n ¼ 112)

Blue jack mackerel
(n ¼ 117)

Skipjack tuna
(n ¼ 50)

Blackbelly rosefish
(n ¼ 54)

Blackspot seabream
(n ¼ 55)

All size
classes

Proportion of occurrence (%) 16.7% 7.7% 10.0% 3.7% 3.6%
Abundance 0.22 ± 0.06 0.12 ± 0.05 0.16 ± 0.08 0.06 ± 0.04 0.04 ± 0.03
Load 1.3 ± 0.1 1.6 ± 0.1 1.6 ± 0.1 1.5 ± 0.1 1.0 ± 0.0

0.02e1 mm Proportion of occurrence (%) 8.8% 5.1% 6.0% 3.7% 3.6%
Abundance 0.13 ± 0.05 0.09 ± 0.04 0.08 ± 0.05 0.06 ± 0.04 0.04 ± 0.03
Load 1.5 ± 0.1 1.67 ± 0.1 1.33 ± 0.1 1.5 ± 0.1 1.0 ± 0.0

1-5 mm Proportion of occurrence (%) 5.3% 3.4% 2.0% 0.0% 0.0%
Abundance 0.05 ± 0.02 0.03 ± 0.02 0.02 ± 0.02 e e

Load 1.0 ± 0.0 1.0 ± 0.0 1 e e

> 5 mm Proportion of occurrence (%) 3.5% 0.0% 6% 0.0% 0.0%
Abundance 0.04 ± 0.02 e 0.06 ± 0.03 e e

Load 1.0 ± 0.0 e 1.0 ± 0.0 e e
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mackerel and blackspot seabream, while black was the most
common in skipjack tuna. Results from ANOSIM showed that there
was not a significant preference in terms of colour between pelagic
and benthic fish species (1-way ANOSIM; Global R ¼ �0.04;
p ¼ 0.73) and between individual species (1-way ANOSIM; Global
R ¼ 0.03; p ¼ 0.18).

Nine different polymers were identified (Fig. 4B): polyethylene
(PE), polyester (PES), polypropylene (PP), polyethylene tere-
phthalate (PET), polyvinyl chloride (PVC), polyacrylonitrile (PAN),
Fig. 2. Boxplot of the length of different plastic shapes recovered from five fish species
in the Azores. Numbers refers to the number of items recovered. On the right, example
images of plastics recovered per shape.
polystyrene (PS), polyamide resin (PA) and polynorbornene (PNR).
The most common polymer was PE (42.3% of all particles analysed),
followed by PP (15.4%), and PES (11.5%). Although PE was the most
abundant polymer recovered, it was only found in the pelagic
species. PES was present in all species, except the blackspot seab-
ream, and PP items were present in all species, except for the blue
jack mackerel (Fig. 4B). PVC was only found in skipjack tunas, PA in
chub mackerels and PNR in blue jack mackerels (Fig. 4B). Results
from ANOSIM showed that there were significant differences in
polymer types of the plastic items recovered between pelagic and
benthic fishes (1-way ANOSIM; Global R ¼ 0.23; p ¼ 0.03) and
between some species (1-way ANOSIM; Global R ¼ 0.17; p ¼ 0.03).
According to SIMPER analysis, the dissimilarity between the two
habitats was mostly driven by PP and PE, as the plastic items
recovered from the two benthic species where almost exclusively
PP and in the pelagic species PE was most common (Fig. 4B).
Furthermore, pelagic species contained a wider diversity of poly-
mers compared to benthic species.

When investigating polymer type by shape, 66.7% of thread-like
items were made of PP (n¼ 4) and 33.3% of PE (n¼ 2). The majority
of fragments were PE (n¼ 18, 52.9%), but also PET (n¼ 5,14.7%) and
PP (n¼ 4, 11,8%). PES, PS and PAN were only identified in fibres. PES
Fig. 3. Correlation between fish length and the size of all plastic items recovered.
Different colours represent different fish species.



Fig. 4. Colour (A) and polymer (B) composition of the plastic items recovered from the
stomach of three pelagic and two deep-water species. Top pie charts are cumulative for
each compartment. Polymer identification was obtained with m-FITR. Polymers iden-
tified were polyethylene (PE), polyester (PES), polypropylene (PP), polyethylene tere-
phthalate (PET), polyvinyl chloride (PVC), polyacrylonitrile (PAN), polystyrene (PS),
polyamide resin (PA) and polynorbornene (PNR).
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represented 50% (n ¼ 6) and PAN 25% (n ¼ 3) of fibres. In addition,
16.7% of fibres (n ¼ 2) were identified as being PE and the
remaining as PS (8.3%).
4. Discussion

Our results reveal that all five species of fish studied here,
occupying multiple oceanic zones of the Azores, had plastic in their
stomach, indicating ingestion. All five species are principal target
species of local fisheries and are of high market value (Pham et al.,
2013b). Fisheries in the Azores are mostly artisanal and place a high
value on fish quality and on sustainable capture methods. There-
fore, these results may have knock on implications for such high-
quality fish products. In addition, two of the investigated species
(chub mackerel and blue jack mackerel) are key components of the
Azoreanmarine food web, acting as prey items for large pelagic fish
species such as tunas, but also for seabirds and many cetaceans
(Morato et al., 2016).

The proportion of individuals containing plastic across all spe-
cies was 9.49%, whichwas lower than initially expected considering
the region’s proximity to the North Atlantic subtropical gyre and
the elevated ingestion of small plastic fragments previously re-
ported for loggerhead turtles inhabiting this region (83% of in-
dividuals containing plastic with an average of 16 items per turtle,
Pham et al., 2017). To our knowledge, there are no studies reporting
plastic content in fish from the North Atlantic subtropical gyre
available for direct comparison with our data. However, studies
investigating plastic content in fish from the South and North Pa-
cific subtropical gyre can be used to put our results into context. In
our study the percentage of individuals containing plastic was
lower than those reported in fish from the South and North Pacific
subtropical gyre (35%, Boerger et al., 2010; 24.5%, Jantz et al., 2013;
27.3%, Markic et al., 2018), which might reflect the higher abun-
dance of plastic debris in the Pacific compared to the Atlantic gyres
(van Sebille et al., 2015). In terms of plastic load per fish however,
Azorean fishes were contaminated with similar amounts of plastic
items (1.4 ± 0.04 items) to other studies (e.g. 1.7 items reported by
Jantz et al. (2013); 1.15 items reported by Davison and Asch (2011)).
Other studies report higher contamination levels (e.g. 2.4 items
reported by Markic et al. (2018); 5.85 items reported by Boerger
et al. (2010)) however, such comparisons should be treated with
caution given inherent differences in the type of species investi-
gated, which possess distinct ecological characteristics (feeding
ecology, habitat use, etc …), and also due to differences in the
methods used to isolate and quantify microplastic. The detection of
smaller plastic items remains a challenging task, and may have
been under-estimated due to their small sizes. In the future, re-
covery testing should be included to give a quantifiable measure of
recovery accuracy both based on size, shape, and potentially colour.
This was not carried out in this case due to the need for replication
and opportunistic nature of the fish collection from the fishing
industry.

Within the wider North Atlantic basin, the number of fish con-
taining plastic in our study (9.49%) is similar to that reported by
Lusher et al. (2016) for mesopelagic species (11%) but low compared
to studies from the populated coastlines of Portugal (19.8%, Neves
et al., 2015; 38% Bessa et al., 2018; 35%, Barboza et al., 2020),
Spain (17.5%, Bellas et al., 2016) and even the Canary Islands (78.3%,
Herrera et al., 2019). This suggests that although the Azores are
found in the vicinity of a large accumulation zone of plastic (at the
scale of the North Atlantic), the quantities of microplastic in urban
areas can reach concentrations that lead to subsequent elevated
ingestion in fishes. Plastic fragments were the most abundant
shape recovered in all the species investigated herein, consistent
with what has been found in fishes from plastic accumulation
zones in the open ocean (Boerger et al., 2010; Davison and Asch,
2011; Jantz et al., 2013; Markic et al., 2018). On the other hand,
studies in populated regions closer to the coast typically found that
fibres are the most abundant shape recovered from the guts of fish
(Neves et al., 2015; Bellas et al., 2016; Güven et al., 2017; Peters
et al., 2017; Bessa et al., 2018; Herrera et al., 2019; Barboza et al.,
2020).

Comparisons within similar species suggest that the chub
mackerel from the Azores have a lower proportion of plastic con-
tent (16.7% contained plastic) than what is reported by other au-
thors in different regions of the North Atlantic (31%, Neves et al.,
2015; 78.3%, Herrera et al., 2019; 46% Barboza et al., 2020) and in
the Mediterranean Sea (71%, Güven et al., 2017; 43%,
Anastasopoulou et al., 2018). Again, the lower plastic uptake for this
species in the Azores may be explained by the fact that this region
has lower population density than cities such as Lisbon (Neves
et al., 2015), the Canary Islands (Herrera et al., 2019) and the
heavily populated Mediterranean coastline (Güven et al., 2017;
Anastasopoulou et al., 2018). While fragments where the most
common shape recovered from Azorean chub mackerels, in the
Canary Islands, fibres of an unknown polymer were dominating
this species (Herrera et al., 2019). Most fibres initially identified in
our results were found to be cellulose, with great uncertainty as to
their origin. Cellulose items were not included in our results and
that may further explain such a difference in the number of chub
mackerel with plastic compared to other studies that reported
significant amount of fibres in this species (e.g. Güven et al., 2017;
Anastasopoulou et al., 2018; Herrera et al., 2019; Barboza et al.,
2020).

The proportion of blue jack mackerel containing plastic in our
study (7.69%) was slightly higher than the 3% reported for 29 in-
dividuals of this species off the coast of mainland Portugal (Neves
et al., 2015). Yet, our differing methodology (complete digestion
of the stomach) together with a larger sample size might explain
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such differences in the overall load of plastic detected. Our data are
also lower than others investigating Trachurus spp. that of Lusher
et al. (2013) (UK), Anastasopoulou et al. (2018) (Southern Adri-
atic), and Güven et al. (2017) (Turkish Mediterranean) who report
average microplastic abundances of 0.42, 0.52, and 1.77 plastic
particles per individual respectively compared to our 0.12 items per
individual.

Similarly, the higher quantities of plastic content we found in
the skipjack tuna of the Azores compared to specimens sampled in
the South West Pacific (0%, Rochman et al., 2015; 0%, Cannon et al.,
2016) and South coast of India (Sathish et al., 2020), reporting
plastic contamination of 2 items (1 fibre and 1 fragment), is prob-
ably due to sample size (<10 individuals in these studies).
Conversely Markic et al. (2018) (also sampling 10 individuals) re-
ported a much higher incidence of microplastic ingestion of 2.20
items per individual yellowfin tuna (caught in Rapa Nui) compared
to our 0.16 items per individual in skipjack tuna. Therefore, devel-
oping reasoning to explain regional differences in plastic content
for this species is somewhat difficult.

Studies investigating seabreams (Pagellus spp.) similarly vary
around our average incidence of microplastic contamination. Our
data report 0.04 items per individual of blackspot seabream
whereas data collected by Anastasopoulou et al. (2018) (Northern
Adriatic and NE Ioanian Sea) report average abundances of 0.03 and
0.02 items per individual respectively by region. Güven et al. (2017)
(Turkish Mediterranean) report abundances of 0.63 and 1.63 items
per individual and Digka et al. (2018) (Northern Ionian Sea) found
abundances of 0.8 items per fish; both higher than our abundances.

The only study reporting plastic contamination in blackbelly
rosefish of the Atlantic did not detect any plastic items (Neves et al.,
2015) but again, this assessment was based on a single individual
and using only visual analysis. In the Mediterranean Sea,
Anastasopoulou et al. (2013) also did not recover any plastic items
from this species despite their large sample size (exceeding 300
individuals). Yet their analysis was also limited to visual detection
of items larger than 1 mm, thereby, overlooking some of the
smallest particles that we were able to recover through a complete
digestion of the stomachs. Restricting our results to items larger
than 1 mm, the proportion of blackbelly rosefish in the Azores with
plastic would be also null (Table 2), since we only found items
smaller than 1 mm.

Collectively, these observations further point out that with the
absence of standardized methodologies, comparisons between
studies are challenging and often meaningless. While results based
on small sample sizes and that does not include chemical confir-
mation (e.g. FTIR) cannot be corrected, it is still possible to compare
between studies that where limited in the detection of smaller
items given that the authors explicitly report the quantities of the
plastics recovered by different size classes such as provided here.

It is important to highlight that other aspects of themethods can
influence the quantities of plastic contents in wild caught fish. An
important bias recognised in dietary studies of deep-sea fish is
stomach eversion, caused by sudden changes in pressure as the fish
is brought to the surface (Vinson and Angradi, 2011). Fish with
everted stomachs usually are ignored in dietary studies since it can
bias calculations of food consumption rates (e.g., Stevens and Dunn,
2011; Horn et al., 2012). Accordingly, we have followed this
guideline and excluded any individuals showing signs of stomach
eversion. The fact that we found 47% of our blackbelly rosefish with
empty stomachs could indicate eversion however our data are in
accordance with other studies investigating diet in this species
(between 40 and 50%, Nouar andMaurin, 2000; Colloca et al., 2010;
Consoli et al., 2010; Neves et al., 2012) and this reflects a normal
condition in this species. The elevated number of empty stomachs
of the blackbelly rosefish compared to other species reflects the
species’ feeding strategy which is primarily a daytime predator
feeding during a relative short period, after which it remains
inactive and does not ingest prey until the previous prey item has
been fully digested (Macpherson, 1985). No specimens of the other
deep-sea species (blackspot seabream) analysed were found with
empty stomachs, suggesting that our capture method was not
promoting loss of stomach content.

In what comparisons we were able to make it is clear that
globally our fishes are on the lower end of ingestion compared to
other studies but are by no means the lowest. However, the
aforementioned caveats and confounding differences that make
comparisons difficult must be considered when comparing studies.

Our results reveal that the stomachs of pelagic species were
found to contain plastics more frequently than deep-water species,
which is in agreement with a number of other studies across the
globe (Avio et al., 2020; Romeo et al., 2015; Battaglia et al., 2016;
Nadal et al., 2016; Anastasopoulou et al., 2018). However, some
studies do report equitable amounts of plastics in fishes from the
two compartments (Lusher et al., 2013; de Vries et al., 2020), whilst
others report the opposite, with greater proportions of benthic
species ingesting plastic compared to pelagic species (Markic et al.,
2018; Kühn et al., 2019). Such disagreement most likely reflects the
patchy distribution of plastics in the oceans and the biological and
ecological dynamics that play out when capturing fishes at one
time point. It is well documented that in our study region, floating
debris are particularly abundant due to the presence of a major
large-scale convergence zone (C�ozar et al., 2014; Eriksen et al.,
2014; van Sebille et al., 2020). However, the spatio-temporal dis-
tribution of microplastic can vary greatly as demonstrated by Law
et al. (2014) who documented 3 orders of magnitude difference
in plastic abundances between sites in close proximity sampled
within a 24-h period. A further complication is that oceanographic
and biological processes might inhibit or increase vertical transport
of plastic down to the seabed by changing their density (Cole et al.,
2016; Galloway et al., 2017; Porter et al., 2018; van Sebille et al.,
2020). These processes can even alter their bioavailability by
changing the palatability of these plastics to organisms (Rummel
et al., 2017; Hodgson et al., 2018; Porter et al., 2019). These fac-
tors can further alter the distribution, uptake and fate of plastics in
the ocean and may go some way to explain the heterogeneity of
data seen in review of the available literature.

Another difference between fishes from both compartments,
was that the deep-water species had only small microplastic
(<1mm), while the stomach content of the pelagic species included
a wider size range (and polymer), having more often items larger
than 5 mm. This in agreement with the results of Avio et al. (2020)
who found that benthic species in the Adriatic Sea have a higher
proportion of small microplastic compared to pelagic species. The
vertical transport of plastics in the ocean is associated with bio-
logical interactions (e.g. biofouling, marine snow, faecal pellets,
plastic pump), implying that small microplastic might be more
abundant in the deep sea than larger plastics (van Sebille et al.,
2020).

We found that blue items were the most common colour in
plastic items in the stomach content, which has now been reported
in a number of other studies (Boerger et al., 2010; Güven et al.,
2017; Ory et al., 2017; Peters et al., 2017; Herrera et al., 2019;
Barboza et al., 2020). It has been suggested that an active selection
for blue coloured plastic itemsmight occur, due tomisidentification
of plastics for natural prey items in pelagic species which aremostly
visual predators feeding on small blue coloured zooplankton
(Neves et al., 2015; Ory et al., 2017; Herrera et al., 2019). In the
Azores, white fragments are by far the most abundant colour of
microplastic stranded on the coastline but also floating at the
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surface (Pham et al., 2020), providing additional evidence that fish
actively ingest significantly higher quantities of blue particles
because this is the colour of their typical prey items rather than
because they are more abundant in the environment. The pre-
dominance of small blue plastic items also found in the larger
ambush predator of the deep-sea in the Azores, such as the black-
belly rosefish might indicate a potential trophic transfer of small
blue plastic items mistakenly ingested by their prey.

The other large predatory species included in this study, the
skipjack tuna, is known to feed on large prey items, including fish
and cephalopods, resulting in a more selective predatory activity.
The predatory feeding mode of tuna together with the small size of
microplastic found in their guts would suggest that it is less likely
that the skipjack tuna misidentifies plastic items as prey, but rather
ingests them through prey items or incidentally during normal
feeding behaviour in the case of large threads (up to 11 cm) found in
this species.

The variation in polymers recovered from both oceanic com-
partments can be partially explained by their inherent properties.
Polyethylene (PE), polypropylene (PP), and polystyrene (PS) all float
in seawater due to their density when virgin particles. PE and PP
made up ~58% of the total polymers found in our study which is
unsurprising as PE a PP account for 49% of resins produced by de-
mand in Europe (PLASTICS EUROPE, 2019) and due to their afore-
mentioned buoyancy as virgin polymers. This explains the absence
of PE and PS in our benthic species however our benthic species
were found with PP in their stomachs. This is most likely due to
biofouling and subsequent vertical transport. Biofouling can start
within hours of plastics entering the marine environment (Ye and
Andrady, 1991) and this will eventually act to alter the particles
density and cause it to sink (Gregory, 2009; Kooi et al., 2017). This
coupled with the aforementioned vertical transport mechanisms of
microplastic enables buoyant polymers to be found in deep water
or benthic species. Polyesters (PES), and Polyvinylchloride (PVC) are
notably denser than seawater and yet are found in our pelagic
species. As these species have a varied feeding depth distribution
there are a number of factors that could lead to this occurrence.
Firstly, the particles may well have been sinking when consumed;
the original input location is not known. Furthermore, these par-
ticles may have recently fragmented from a larger buoyant mac-
roplastic piece floating due to its construction (shape or air pockets)
and as it degrades these ingested particles may have flaked off the
original product. Finally, these particles, especially for PES may
have been transported to these locations by aeolian processes
driving fragments or fibres away from continental land masses
(Enders et al., 2015).

Stomach content alone does not reflect the true extent of plastic
content of a species, especially given the dynamics of egestion and
trophic transfer potential to confound these data. Both small and
large (up to 5 mm) plastic items have been found in the muscle and
gills of different fish species (Abbasi et al., 2018; Akhbarizadeh
et al., 2018; Barboza et al., 2020) but the exact mechanism of
internalisation is still not well understood. Therefore, it is highly
probable that the total plastic load of the species investigated
herein could be underestimated, but this certainly does not affect
the relevance of our findings based on stomach contents.

5. Conclusions

Overall, our findings confirm the presence of plastic particles in
all five commercially important fish species investigated from the
Azores archipelago, with most items being smaller than 1 mm in
size. The general proportion of individuals containing plastics for
these species however was low compared to other areas in the
North Atlantic demonstrating the challenges of inter-study
comparison. Our results highlight differences in the frequency and
abundance of plastic items present in the stomach contents of
pelagic and benthic species with open-ocean pelagic species having
ingested significantly more plastics of distinct polymer types
compared to benthic species. In pelagic fish polyethylene was most
abundant polymer while plastics in deep-sea fish were almost
exclusively polypropylene. We highlight the importance of per-
forming m-FTIR or other polymer identification methods for vali-
dating results, particularly when looking at small microplastic
items. In this study, a total of 190 items initially identified as likely
plastic items (80% being smaller 1 mm) using visual methods only
were rejected from our analysis due to non-plastic matches with
spectral libraries or low-quality spectral matches, and this
misidentification could lead to an overestimation in the frequency
of plastic content in studies that do not employ these techniques.
Furthermore, we emphasize the importance of having a substantial
sample size (at least minimum of 40e50 individuals per species) to
ensure that the issues surrounding time of feeding, ingestion, and
egestion amongst other biological dynamics do not confound
results.
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a b s t r a c t

Plastic pollution is among the most pervasive stressors currently influencing the marine environment
and affecting even the most remote areas. To date, there are still fundamental gaps in our understanding
of the major pathways and fate of plastic debris in the oceans. Here we show that oceanic insular en-
vironments are important transitory repositories of small plastic items floating in the open ocean.
Monthly monitoring of seven beaches over a three-year period demonstrate that beaches of the Azores
islands with particular characteristics can capture significant quantities of fragments between 2 and
5 mm in length. The beach with the highest plastic loading rates was found to occasionally accumulate
densities exceeding 15,000 fragments m�2 on part of the backshore. However, a large portion of these
fragments can be rapidly washed back into the marine environment. Detailed characterization of those
plastic items revealed the typology and size distribution to be similar throughout the seven beaches and
through the 33 months surveyed, suggesting a same and unique source. Our results show that these
oceanic islands of the North-East Atlantic are under pressure of high quantities of fragmented plastic
debris that probably entered the ocean many years ago.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

The accumulation of plastic debris in the marine environment is
a significant environmental issue that gained considerable public,
political and scientific interest over the past decade. Although
significant scientific advances in our understanding of many as-
pects of this environmental issue have been achieved, there are still
fundamental knowledge gaps that require additional research
(Rochman, 2018). The constant input of plastics into the world’s
oceans and the progressive fragmentation of plastic objects into
ever smaller pieces should lead to the gradual increase of plastic
items (Barnes et al., 2009). However, global budgeting exercises
identified major discrepancies between the abundance of plastics
predicted to occur in surface waters and estimated plastic inputs
from land (e.g. C�ozar et al., 2014; van Sebille et al., 2015). This
highlights a fundamental gap in our understanding of the major
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pathways and fate of plastic debris entering the marine environ-
ment. Developing and managing a global plastic ocean budget is
challenging due to the absence of large-scale datasets (both
spatially and temporally) on the quantities and typologies of plastic
materials across all environmental compartments (coastlines, sea
surface, seafloor and biota). Another of the challenges associated
with this budget is that data collection should be standardized in
order to be comparable (Rochman et al., 2017). Therefore, there is a
need for collecting long-term data on plastic abundance and ty-
pology in all major marine reservoirs and at different spatial and
temporal scales.

Oceanic insular environments are considered to be particularly
vulnerable to plastic debris accumulating in the open ocean
(Monteiro et al., 2018). The remoteness and direct exposure to large
scale currents allows oceanic islands to act as sentinels of global
ocean pollution (Barnes et al., 2018). In order to gain a better un-
derstanding of the role of oceanic islands as potential sinks for
small plastic debris (2.1e20 mm) in the open ocean, we monitored
the quantities of beached items over a 3 year-period across 7
different beaches in the Azores archipelago, a remote group of
islands found in the North-East Atlantic. A specific sampling design
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was developed for quantifying (1) plastic loading rates and (2)
accumulation in the backshore. In addition, a series of surface tows
were done prior to beach sampling to link beach loading rates with
the quantities of plastics floating at the surface.

2. Materials and methods

2.1. Study area

The Azores archipelago is a volcanic group of islands with a large
Exclusive Economic Zone (EEZ) of ~1 million km2, located in the
North-East Atlantic (Fig.1). The nine islands host a small population
of about 250,000 inhabitants, have no plastic industries and are
located far away frommain polluted areas. The Azores are found at
the northern edge of the North Atlantic subtropical gyre (NASG).
The NASG is an areawhere floating debris have been predicted to be
higher than in other areas of the North Atlantic Ocean (Law et al.,
2010; Maximenko et al., 2012; Eriksen et al., 2013).

2.2. Beach sampling design

Between February 2016 and October 2018, monthly samples
were collected from seven sandy beaches (Almoxarife, Calheta,
Praia, Praia da Areia, Praia do Norte, Porto Pim and S~ao Lourenço)
spread throughout five islands (Corvo, Graciosa, Faial, Flores and
Santa Maria) of the archipelago (Fig. 1) and orientated in different
directions (Fig. S1). For the majority of the 33 sampling events,
sample collection was coordinated to occur on the same day
throughout the seven sandy beaches. However, on a few occasions,
beach sampling could not be done simultaneously and therefore,
Fig. 1. Location of the Azores archipelago (blue box) and the beaches (yellow circles) samp
erences to color in this figure legend, the reader is referred to the Web version of this artic
was performed within the following seven days. This monitoring
program was developed in partnership with the Regional Govern-
ment of the Azores in order to respond to the Marine Strategy
Framework Directive (MSFD). This long-term data collection pro-
gramwill allow a better understanding of the seasonal variability of
plastic pollution and establish pollution-level references to track
changes over time and space (Baztan et al., 2015, 2016).

A stratified sampling design was followed, where for each
sampling event, samples were collected at two different levels on
the beach during low tide. The first level (“strandline”) was defined
as being the most recent highest tide line and could easily be
identified at the interface betweenwet and dry sand. When various
tide lines were present, quadrats were consistently taken in the
highest strandline. Samples for the second level (“backshore”) were
collected higher on the beach slope, where plastic accumulation is
typically highest (Turrell, 2018). Sampling these two levels provides
different types of information of relevance to understand debris
dynamics and retention rates. While the most recent high tide line
(strandline) indicates tidal plastic input or “loading rate”, the
highest accumulation level (backshore), provides information on
the quantities of plastic accumulated over longer periods (Turrell,
2018).

For each level, samples were collected in four replicate quadrats
(50 � 50 cm) located every 25 m along a 100-m section of the
beach. The location of sample collection along the beach was
maintained relatively consistent throughout the sampling events.
For each quadrat, the first layer of sand (1 cm) was carefully sieved
through a 2.0 mm mesh and its content was brought back to the
laboratory for detailed sorting (see below). When sampling coin-
cided with spring tides coupled with extreme storms and the tide
led monthly between February 2016 and October 2018. (For interpretation of the ref-
le.)
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line reached higher up the beach slope, only samples correspond-
ing to the strandline were taken. This was because the accumula-
tion zone (backshore) had been disturbed and the latest loading
rate was located higher on the backshore. In the case of normal
spring tide events (strandline not reaching the backshore), both
levels were maintained. In the summer, Porto Pim beach is cleaned
daily by local authorities using a specific machine capable of
removing items ~5 mm. Most importantly, the machine disturbs
the natural settings, occasionally burying items or exposing plastic
items that are normally buried. As a result, during the months
when the machine was being operated (between June 2016 and
September 2016; May 2017 and September 2017; June 2018 and
October 2018), the accumulation zone on the backshore was not
considered as a reliable indicator of debris accumulation and
samples for this level were not collected. During those months,
samples from the recent strandline to assess loading rates were
always collected in the early morning, prior to the machine being
operated.

Some beaches (Praia do Norte, Almoxarife and Calheta) where
occasionally deprived of sand for a few months, due to adverse
weather conditions. During those months, sample collection was
not achieved. In Praia beach, the significant quantities of Sargassum
during some months also prevented the collection of samples
during certain sampling events.

2.3. Surface tows

To further understand the dynamics of plastic input, surface
tows were performed in the bay off Porto Pim beach, on the same
day of the beach sampling for four consecutive months (November
2017 to February 2018). During the rising tide, a total of 6 replicate
surface towswere collected prior to sample collection on the beach.
Each tow lasted 3 min and was done in a straight line parallel to the
beach at a speed ranging between 2 and 3 knots. Tows were per-
formed using bongo nets (50 cm in diameter) with a 200 mm mesh
size. The volume of water sampled was measured using a flow
meter and the GPS coordinates of the initial and final position of
each tow were recorded. All debris items between 2.1 and 20 mm
were classified following the protocol described below.

2.4. Sample processing

We followed a same and unique protocol for processing the
samples collected on the strandline, on the backshore and from
surface tows. Firstly, the contents of each sample were individually
weighed. All of the natural items (rocks, feathers, algae, shells,
wood, etc.) were separated from anthropogenic items and both
groups subsequently weighed. Following an initial separation of
anthropogenic items using a nested column of metal sieves (size
mesh 2, 5 and 10 mm) on a mechanical shaker, samples were
individually processed by hand. Each plastic item was further
assigned to the following categories: “fragment”, “foam”, “pellet”,
“sheet”, “thread” and “other”. Each plastic itemwas assigned to one
of the following size classes measuring their longest dimension:
2.1e3.0 mm (“2e3”) 3.1e4.0 mm (“3e4”), 4.1e5.0 mm (“4e5”),
5.1e6.0 mm (“5e6”), 6.1e7.0 mm (“6e7”), 7.1e8.0 mm (“7e8”),
8.1e9.0 mm (“8e9”), 9.1e10.0 mm (“9e10”), 10.1e15.0 mm
(“10e15”); 15.1e20.0 mm (“15e20”).

Plastic items were weighed into different groups; (1) pellets, (2)
threads and (3) general plastic (fragment, foam, sheet, and other)
and according to two different size categories: (1) 2.1e5.0 mm; (2)
5.0e20.0 mm. Color composition was only registered for pellets
and fragments. Each pellet was assigned to one color category:
white (including weathered pellets), colored and black, while for
fragments, color separation included 11 classes: black, blue, brown,
green, grey, orange, pink, purple, red, white and yellow.

2.5. Data analysis

Average loading rates were computed for each sampling event
using the four replicate quadrats and were expressed as number of
items per square meter. Average densities on the backshore were
computed for each sampling event using the four replicate quadrats
located in this level andwere also expressed as number of items per
square meter.

Differences between debris densities among beaches were
tested using a nonparametric Kruskal-Wallis test because the data
did not follow a Gaussian distribution nor had homogeneous var-
iances. In addition, we used Generalized AdditiveModels (GAMs) to
relate the loading rates (density of plastic debris on the strandline)
with environmental variables. The density of plastic debris was
modelled using the number of debris recorded per quadrat as the
response variable. Candidate explanatory variables consisted of the
year and different environmental characteristics (wave height,
wind relative exposure index (see Ríos et al., 2018) and rainfall) on
the day prior to sampling. All environmental datawere obtained for
each beach from the Global Forecast Model (GFS) with a 0.25-
degree resolution, produced by the National Center for Environ-
mental Prediction/National Weather Service/NOAA/U.S. Loading
rates were modelled assuming a negative binomial distribution,
because models with Poisson and quasi-Poisson were over
dispersed (i.e. variance >mean). The GAM models were built
separately for each beach by backward selection of individual
smooth terms. Model selection was based on information criteria
(AIC). Nested models were compared using significance testing
(Chi-square test). Model assumptions were evaluated through the
inspection of diagnostic plots. All analyses were performed using R
statistical software (R Core Team, 2019).

Total loading rates per beachwere estimated for each tidal event
by multiplying average plastic density obtained on the strandline
by the entire length of each beachmeasured in situ. Total quantities
of plastic items deposited every year were then estimated for each
beach by multiplying average loading rates by the number of high
tides per year (n ¼ 706). In addition, we extrapolated yearly plastic
input at the scale of the archipelago by multiplying average loading
rates by the remaining sandy portions of the coastline (total of
12,251 m) and by the total number of high tides per year. Data on
the total length of sandy substrate in the archipelagowere obtained
from the Directorate for Sea Affairs of the Regional Government of
the Azores. Finally, total standing stock in the backshore of the
monitored beaches was calculated by extrapolating average plastic
density obtained from the quadrats on the backshore by the total
“backshore area”, defined as the area above the highest strandline
until the dune/wall along the entire beach, measured at site.

3. Results

3.1. Plastic loading rates

One out of the seven beaches (Porto Pim) demonstrated a
chronic exposure to small plastic items (Fig. 2), with an average
loading rate per tidal event exceeding 500 items m�2 in 50% of the
sampled months (Fig. 3) and reaching a maximum of 4782 (±2,220,
SE) items m�2 (January 2018; Fig. 4). Another beach (Praia da Areia)
displayed an intermediate level of exposure to plastic items with
average loading rates of 245 (±39, SE) items m�2, occasionally
peaking above 800 items m�2 (Fig. 3). The remaining beaches
showed reduced loading rates, with an average input of 40 (±9, SE)
items m�2 (Fig. 2).

Out of a total of 38,635 items recorded on the strandlines



Fig. 2. Densities of plastic debris (2.1e20 mm) on the strandline and in the backshore
for seven beaches of the Azores archipelago sampled monthly between February 2016
and October 2018. Black stars denote average values.

Fig. 3. Average (±SE) plastic densities at the strandline (loading rates) and at the
backshore for seven beaches of the Azores archipelago sampled between February
2016 and October 2018.
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throughout the sampling period, 90% of the items were plastic
fragments (78%white, Fig. S2), the rest being pellets (5%), foam (4%)
and the remaining categories (threads and others) contributing
only to 1% of the items. The predominance of plastic fragments was
consistent throughout the different beaches surveyed (Fig. S3). The
majority of the fragments recovered ranged between 2.1 and
5.0 mm in length (64%) and were dominated by items in the
2.1e3.0 mm size range (24.1%) and by items 3.1e4.0 mm (24%). The
size distribution of the fragments stranding throughout Azorean
beaches remained similar throughout the 33 months (Fig. S4).

General additive models suggested that stochastic environ-
mental factors, namely wind direction and intensity (relative
exposure index) along with wave height, were important drivers of
plastic loading rates in most of the beaches (Table S1) but the na-
ture of relationship with those factors varied among beaches (see
Figs. S5eS8). High loading rates in the most polluted beach, Porto
Pim, coincided with increased wind exposure and wave height
prior to sampling (Fig. 5). On the other hand, rainfall seem to reduce
the densities of plastic present on the strandline (Fig. 5).

Independently of the temporal variation in plastic loading rates,
the two beaches with a south-west orientation (Porto Pim and Praia
da Areia, Fig. S1), had significantly higher plastic loading rates
(H ¼ 112.473; P ¼ <0.001) compared to the other beaches, with
average loading rates of 771 (±187, SE) and 245 (±39, SE) itemsm�2,
respectively (Fig. 2).

Surface tows off Porto Pim made prior to beach sampling
showed a strong positive correlation between average density of
floating debris and the subsequent average loading rate on the
beach (Pearson’s r ¼ 0.96; p < 0.05; Fig. 6). The peak plastic density
recorded at the water surface (1 (±0.4, SE) floating items m�2) was
detected in January 2018, which coincided with an elevated loading
rate at the beach (4782 (±2,219, SE) items m�2). The plastic debris
collected in both compartments were similar, dominated by white
plastic fragments (Figs. S9eS10). In February 2018, a higher pro-
portion of foam items were found floating at the sea surface, which
resulted in a higher loading rate of this debris type on the subse-
quent beach sampling (Fig. S9). Overall, we foundminor differences
in the size distribution of fragments between the two compart-
ments. The fragments floating at the surfacewere dominated by the
2.1e3.0mm size range (36% of the total), whereas on the strandline,
the most abundant fragments ranged between 3.1 and 4.0 mm
(24%) for these 4 months in Porto Pim beach (Fig. S10).

3.2. Plastic accumulation on the backshore

The level of plastic accumulation found on the backshore of
Azorean beaches ranged from 0 items m�2 to a maximum average
of 9338 (±386, SE) plastic items m�2 (Fig. 3). Porto Pim beach was
the location showing the highest concentration of plastic items on
the backshore (one single sample had a density of 15,920 plastic
items m�2), with an average of 3005 (±589, SE) items m�2

throughout the study period (Fig. 2), significantly exceeding the
average densities stranding on this beach (T ¼ 11,116; P ¼ <0.001).
However, this was not the case for the remaining beaches, where
plastic items on the backshore did not show significant level of
accumulations.

Throughout the beaches, there was a high temporal variation in
the plastic densities found in the backshore. In Porto Pim, we
observed episodic increase in plastic abundance in the backshore
over different 3-months periods (e.g. between October 2017 and
January 2018, Fig. 2) but quantities on the backshore would sud-
denly drop (Fig. 3). Therefore, no apparent increase in plastic load in
the backshore was detected throughout the entire study period for
this beach.

Overall, the type of debris on the backshore had a similar
composition towhat was found on the strandline. Out of the 82,826
items recovered from the backshore, the majority were plastic
fragments (89%), followed by pellets (7%), foam (3%), threads (0.5%)
and other items (1%) (Fig. S1). Plastic fragments were dominated by
the 3.1e4.0mm size range (22%), followed by 4.1e5.0mm (18%) and
by 2.1e3.0 mm (17%, Fig. 7). The dominating size class differed
slightly between beaches. While for most beaches (Porto Pim, Praia
da Areia, Praia, Praia do Norte and Calheta), fragments between 3.1
and 4.0 mm were the dominating size class (Fig. 7), for S~ao Lour-
enço, the 4.1e5.0 mm size class was dominating. For Almoxarife,
there was no pronounced size distribution considering the small
quantities of plastic present on the backshore (Fig. 7).



Fig. 4. General view (left) and closer view (right) of extreme deposition of small plastic fragments in Porto Pim beach.

Fig. 5. Smoother estimates (solid line) for the predictors (a) relative exposure index (REI); (b) wave height and (c) rainfall on plastic loading rates for Porto Pim beach between
February 2016 and October 2018. The approximate 95% confidence envelopes are indicated in blue.

Fig. 6. Relationship between floating plastic fragments (2.1e20 mm) and beach
loading rates in Porto Pim between November 2017 and February 2018.
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3.3. Total estimated loading rates

Plastic loading rate per tidal event estimated for the entire
extent of the beaches was significantly different between sites
(H ¼ 112.678; p¼ <0.001), varying between a minimum of 105
(±63, SE) plastic items stranding in Praia during each tidal event, to
a maximum of 55,013 (±13,304, SE) plastic items stranding on
average during a single tidal event in Porto Pim, which corresponds
to an average plastic weight of 776 ± 189 g per tidal event. In this
particular beach, total loading rates per tidal event varied between
an estimated minimum of 285.2 (±116, SE) in April 2018, to a
maximum of 340,957 (±158,261, SE) plastic fragments in January
2018, corresponding to a total mass of 4.2 (±1.9, SE) kg of stranded
plastic fragments in a single tidal event. Overall, we estimate that a
total of 52.3 million (±14.5, SE) plastic items are being deposited
every year on the seven beaches (1012 kg (±303, SE)), with a single
beach (Porto Pim) acting as the principal accumulation site (74%).
At the scale of the entire archipelago, the yearly plastic input on the
remaining segments of sandy coastline (12,251m) was estimated at
1.7 billion items (±0.3 SE), corresponding to an estimated total mass
of 32,779 kg (±5,016, SE).
3.4. Total backshore standing stock

For the studied beaches, total abundance of small plastic items
estimated to be present at the surface of the backshore ranged
between 4411 (±1,534, SE) in Calheta to 8.8 million items in (±1.7,
SE) in Porto Pim. Total standing stock of plastic items on the
backshore of Porto Pimwas estimated to vary between a minimum
of 0.45 (±0.11, SE) million items to a maximum of 26.9 (±1.1, SE)
million items, which corresponds to a total estimated plastic mass
of 556 (±40, SE) kg on the backshore of Porto Pim.
4. Discussion

This is the first comprehensive study estimating loading rates
and overall accumulation of small plastic items on beaches of the



Fig. 7. Average monthly densities of different size plastic fragments on the strandline
and backshore of seven beaches in the Azores archipelago sampled monthly between
February 2016 and October 2018.
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Azores islands. The data collected over an extended spatial and
temporal scale suggest that a total of 52.3 million (±14.5, SE) plastic
items between 2.1 and 20 mm are being deposited each year on the
seven selected beaches. When scaled up to the entire archipelago,
the yearly plastic loading rate corresponds to 0.3% of the quantities
(by number) estimated by Eriksen et al. (2013) to be floating at the
surface of the North Atlantic Ocean for this size range.

However, most of the beaches monitored in this study cannot be
considered as “true sinks” for these plastic items, because of the
limited accumulation rates observed on the backshore over time.
Therefore, we suggest that they are important “transitory stations”
for plastics floating at the surface of the North Atlantic Ocean. The
retention capacity of plastic items onto a beach is affected by the
frequency of self-cleaning events such as removal of debris by
extreme tidal events (Bouwman et al., 2016) or storm surges and
offshore winds known to effectively clean up some beaches (Thiel
et al., 2013; Taffs and Cullen, 2015; Ourmieres et al., 2018). In
addition, we observed that in one of the beach suffering occasional
high plastic loading rates (Praia da Areia), reaching 800 items m�2

during a single tidal event, the presence of an artificial wall pre-
vented the accumulation of debris.

Among the seven beaches, only Porto Pim revealed to be an
important sink for small plastic debris. This beach demonstrated to
be chronically exposed to extremely high quantities of plastic items
washing ashore, with tidal input occasionally peaking to average
densities of 1 item m�2 at the water surface, strandlines with over
5000 items m�2 and a total standing stock of small plastic items on
the backshore rapidly attaining 26 million items (0.5 tonnes) for an
area covering only ~3000 m2. Such elevated plastic input is most
probably due to a series of unique characteristics of this site,
including its location in a sheltered bay with a south-western
orientation, shallow water, gentle slope (<3�) and a wide back-
shore promoting plastic accumulation. In some sampling occasions,
we found parts of the backshore with plastic densities exceeding
15,000 items m�2. Such density values are among the highest re-
ported so far for beaches of oceanic islands of the Atlantic Ocean
(Monteiro et al., 2018; Herrera et al., 2018) and even for other lo-
cations across the globe (Schneider et al., 2018). Yet, it is important
to highlight that the data underestimate the true extent of plastic
accumulation as we only considered items >2.0 mm and our
sampling was limited to the surface layer. Plastic items on beaches
can be found in high abundance down to 2 m (Turra et al., 2015),
thus, our estimates should be considered as conservative and
further efforts should investigate the deeper layers.

Even though we observed steady increases in the amount of
plastics in the backshore of Porto Pim over consecutive months
(October 2016 to December 2016, January 2017 to March 2017,
October 2017 to January 2018), we did not detect any apparent
increase in the standing stock of plastic debris throughout the 3
years. Occasional severe storm events coupled with extreme spring
tides most likely interrupted the accumulation process, cleaning
the surface of the beach, or burying some of the plastic items.
Furthermore, the repeated cleaning activities using a specialised
cleaning machine during the summer along with an elevated level
of visitors, also interfered with the natural accumulation process.
Nevertheless, our results show that this small isolated sheltered
bay is acting as a relevant accumulation zone of plastic fragments in
the North-East Atlantic, where concerted clean-up efforts along the
year could potentially contribute to the reduction of such small
plastic debris in this region.

The detailed analysis of the quantity, typology and size of each of
the 123,800 particles sampled at the water surface, strandline and
in the backshore provides important insights on beaching and
accumulation dynamics. In particular, we found that the relative
abundance of smaller fragments (2.1e3.0 mm) decreased from the
water surface to the strandline and finally towards the backshore
for those four months when all three compartments were simul-
taneously monitored in Porto Pim. While plastic fragments floating
at the surface were dominated by items with a size ranging be-
tween 2.1 and 3.0 mm, the fragments recovered from the strandline
were mostly 3.1e4.0 mm and on the backshore, dominated by a
larger size class (4.1e5.0 mm). The fate of these smaller items is
unclear, but it is likely that they are not being retained on the beach
as effectively as larger/heavier items.

Overall, the largest majority of plastic items found on Azorean
beaches were fragments ranging between 2.1 and 5.0 mm (59%).
The predominance of this typology and size category was consis-
tent for all beaches, across the 33 months of data collection. This is
the dominant size range reported to be floating in the western
North Atlantic, representing 69% of plastic items by number
(Moret-Ferguson et al., 2010). Also, similarly to what was observed
here, Prunier et al. (2019) found that most of the plastic fragments
floating in the North Atlantic subtropical gyre are following a
similar size range and are also mostly of white colours. Thus, it is
fair to infer that the plastic items found on beaches are originating
from a large offshore plastic soup floating in the wider Atlantic
Ocean, reaching the Azores through eddies and filaments associ-
ated to large scale currents such as the Gulf Stream (Sala et al.,
2016). Beach surveys from the Canary Islands, southeast of the
Azores, also showed that some beaches, with particular orientation
with respect to the Canary Current are accumulating significant
quantities of plastic fragments and pellets similar to what was
found here (Baztan et al., 2014; Edo et al., 2019; Herrera et al., 2018;
�Alvarez-Hern�andez et al., 2019).
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5. Conclusion

We suggest that Azorean beaches are acting as important
transitory repositories for small plastic fragments floating in the
North Atlantic Ocean. While one beach is acting as an important
accumulation hotspot of plastic fragments, with densities
exceeding 15,000 itemsm�2 on part of the backshore, a large part of
those fragments can also be quickly returned into the marine
environment to follow their journey into the open ocean, eventu-
ally sinking down to the seafloor (Woodall et al., 2014) or being
ingested by marine organisms. In fact, high quantities of plastic
fragments, similar to the ones reported herein, are being ingested
by juvenile loggerhead turtles foraging around the Azores (Pham
et al., 2017).

Our analysis provides important information for understanding
the fate and pathways of plastic debris in the environment
demonstrating that oceanic islands are acting as sentinels of plastic
pollution in the oceans. Long-term and detailed monitoring of
beached debris at different levels of the shore can provide an effi-
cient tool for assessing changes in the quantities and composition
of plastic debris in the Atlantic Ocean over time.
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A B S T R A C T   

Marine litter is present throughout the world's oceans, representing a significant threat to marine ecosystems. 
While most efforts have focused on assessing ecological impacts, information on the socio-economic dimension 
of marine litter is scarce. Here we provide a detailed assessment of the direct economic costs of marine litter for a 
remote region of the North-East Atlantic, the Azores archipelago. Face-to-face interviews were performed to 
quantify and characterise the costs of marine litter-related incidents and coastal clean-ups to 259 sea-users and 
21 local authorities, respectively. Overall, marine litter pollution was estimated to cost a total of €710,698 
( ± 195,181, SD) per year, which is the equivalent to 0.02% of the Gross Domestic Product of the Azores ar-
chipelago. Our results demonstrate that marine litter creates costs and inconveniences for a range of stakeholders 
engaged in marine activities and also increases the waste clean-up budgets of small communities living on 
remote islands.   

1. Introduction 

Plastic pollution is a serious societal issue for which the impacts are 
only starting to emerge. Over the past two decades, there have been a 
virtual explosion of research focussed on quantifying the ecological 
impacts of plastics in the marine environment with far less attention 
dedicated to its economic implications (Ryan, 2015; Newman et al., 
2015). However, there is evidence that a wide range of economic sec-
tors are being affected, acting as a significant economic burden for 
coastal communities, directly impacting tourism, fishing and shipping 
industries (Hall, 2000; Mouat et al., 2010). For example, in Japan, a 
study using data from the insurance statistics of the National Fishery 
Revenue showed that costs associated with marine litter-related in-
cidents, including collisions, entanglements and clogging of water in-
takes, corresponded to $18.45 million for the fishing industry in 1985 
(Takehama, 1989). Similarly, throughout 21 economies of the Asia- 
Pacific rim, the costs of damages by marine litter on boat propellers and 
cooling systems of small ships were estimated at $1.26 billion per year 
(McIlgorm et al., 2011). 

Beach clean-ups represent another significant cost for coastal com-
munities. A cross-country study conducted across the EU in 1998 
showed that coastal clean-ups accounted for a total of £2.9 million per 
year, including the collection and transport of marine litter, disposal 
charges, workforce and equipment (Hall, 2000). In the Netherlands, the 

tourist Municipality of Den Haag estimated to spend approximately 
€0.5 million per year to remove marine litter from coastal areas 
(OSPAR, 2009). Therefore, even for small communities, the ex-
penditures related to marine litter can be significant. Integrating in-
formation from various stakeholders (local authorities responsible for 
clean-ups, fishing industry, aquaculture), Hall (2000) estimated that the 
economic costs associated to marine litter for the small Shetland island 
community, north of the U.K, was approximately £5.6 million per year. 

Oceanographic models and empirical observations indicate that 
litter floating at the ocean surface tends to accumulate in the centre of 
oceanic gyres in so-called garbage patches (Hall, 2000; Mouat et al., 
2010; Kühn et al., 2015). As a result, the shores of oceanic islands close 
to these zones often suffer exceptionally high levels of plastic pollution, 
despite being located far from major source-areas of plastic waste 
(Lavers and Bond, 2018; Monteiro et al., 2018; Pham et al., 2020). Such 
islands are under the influence of large-scale currents that are trans-
porting considerable amounts of marine litter from far away sources 
(Ryan et al., 2019) and thus are acting as sentinels of global ocean 
pollution (Barnes et al., 2018). 

The Azores archipelago is a remote group of islands of the North- 
East Atlantic Ocean that is particularly affected by marine litter (Pham 
et al., 2013; Pieper et al., 2015; Rodríguez and Pham, 2017; Pham et al., 
2017; Ríos et al., 2018; Chambault et al., 2018; Pham et al., 2020;  
Pereira et al., 2020). Notably, a staggering 84% of the sea turtles 
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studied in the Azores were reported to ingest plastic items (Pham et al., 
2017). Litter items, composed mainly by plastic, are ubiquitous 
throughout islands' coastline, with some locations showing densities 
comparable to highly polluted areas in other parts of the world (Pieper 
et al., 2015; Ríos et al., 2018; Pham et al., 2020). Furthermore, high 
quantities of litter items, especially lost or discarded fishing gears, have 
been observed floating at the surface (Chambault et al., 2018), but also 
on the seafloor near coastal areas (Rodríguez and Pham, 2017) and on 
offshore seamounts (Pham et al., 2013). 

The objective of this study was to quantify the direct economic 
impact and cost associated to marine litter for the small-scale economy 
of the Azores archipelago. The Azores has a large marine territory, 
where marine-related activities such as fisheries and tourism are among 
the main pillars for the local economy. Through the use of face–to-face 
interviews, we provide a detail characterization of the frequency and 
type of incidents caused by marine litter to major sea-users. With the 
overarching goal of providing a comprehensive economic assessment 
for this problem, we also interviewed local authorities to estimate the 
cost of coastal clean-ups. Finally, we explored stakeholders' perceptions 
and opinions towards this issue. This socio-economic assessment con-
tributes to a larger research effort aiming at quantifying and char-
acterising the full range of impacts caused by plastic pollution in the 
Azores region. 

2. Material and methods 

2.1. Study area 

The Azores is a Portuguese autonomous archipelago composed of 
nine islands and several inhabited islets located about halfway between 
Europe and North America (36°-40 N, 24°-32 W) (Fig. 1). This oceanic 
region is characterized by its volcanic origin, emerging from the ad-
jacent seafloor and extending for more than 600 km along the Mid- 
Atlantic Ridge. 

The Azorean population was reported to 242,846 inhabitants in 
2018. The largest island (São Miguel) holds about half of the popula-
tion, while the smallest island (Corvo) has a population of around 465 

inhabitants. The economy is mainly based on agriculture (dairy 
farming), tourism and fisheries. 

This archipelago has one of the largest Exclusive Economic Zones 
(EEZs) of the European Union, with an estimated area of 954,496 km2. 
Located in the middle of the Atlantic Ocean, the Azores EEZ is a region 
hosting a wide diversity of marine species associated with a mosaic of 
habitats and ecosystems, such as coastal reefs and island slopes, sea-
mounts, harbouring deep-water coral gardens, reefs and sponge ag-
gregations, deep-sea hydrothermal vents and abyssal plains, along with 
a diverse pelagic fauna. 

2.2. The survey 

Two questionnaire surveys were developed to evaluate the direct 
socio-economic impacts and costs of marine litter: one directed to 
fishers, tourist and passenger transportation, hereafter designated as 
“sea-users”, one directed to parish councils, municipalities and har-
bours, hereafter designated as “local authorities”. Interviews sought 
questions to characterise the economic costs of marine litter-related 
incidents and marine litter-related clean-ups for 2016. 

Following a pilot survey aimed at testing and validating the ques-
tionnaires, both surveys were conducted during the summer of 2017. 
Questionnaires were applied using face-to-face interviews conducted by 
trained interviewers in four Azorean islands: Faial, Pico, Terceira and 
São Miguel (Fig. 1). These islands were chosen for the following rea-
sons: (1) they hold the main fishing harbours; (2) they hold around 85% 
of the total population of the archipelago and (3) they have most of the 
sandy beaches that are subject to cleaning actions. 

2.2.1. Cost to sea-users 
A total of 259 respondents participated in the sea-user survey in-

cluding professional fishers (n = 187), recreational fishers (n = 30), 
marine tourist operators (n = 40) and passenger transportation boats 
(n = 2), (Table 1). Therefore, interviews covered from private in-
dividuals and companies owing a single boat to commercial operators 
and companies usually owing multiple boats. Overall, the interviews 
included 327 boats, corresponding to approximately 14% of the total 

Fig. 1. Location of the Azores archipelago and the four islands where the face-to-face interviews were conducted. Dark blue line delineates to the Exclusive Economic 
Zone (EEZ) of the Azores territory. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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number of active boats estimated for 2016 (data obtained from the 
Regional Directorate of Transports of Azores (http://www.azores.gov. 
pt/Portal/pt/entidades/srtop-drt/), (Table 1). In order to get a re-
presentative sample of the fleet operating in the Azores, fishing boats 
were further divided into three different categories, according to their 
total length (i.e.: (i) up to 8 m; (ii) between 8 and 12 m and (iii) larger 
than 12 m (Table 1)) and marine tourist boats were differentiated ac-
cording to their main use in order to include all the spectrum of the 
marine tourism activities operating in the Azores (i.e.: (i) whale 
watching; (ii) diving; (iii) big game fishing and (iv) others (e.g. sailing 
tours, boat trips) (Table 1)). Transportation included a unique category: 
passenger transport. 

Costs of marine litter-related incidents to all sea-users were assessed 
using two indicators: money and time. Respondents were asked to 
characterise each incident during the year 2016 and discriminate all the 
costs involved in the repair (e.g. money spent hiring people/companies, 
equipment replacement, time spent removing entangled litter, etc.). 
When the incidents resulted in the disruption of the operation and/or 
economic activity, respondents were also asked to estimate the costs 
associated to the loss of work and/or clients. As a result, the total cost 
obtained per incidents was divided into two main groups; (i) repair and 
(ii) loss of work. 

The survey also sought information to fully characterise marine 
litter incidents, this enabled to categorise the type of marine litter re-
lated incidents into four main categories: (i) entangled propeller, (ii) 
entangled fishing gear, (iii) clogged water pump and (iv) collision. It 
also enabled to categorise the litter items involved in the incidents into 
the following categories; (i) derelict fishing gear (longlines, ropes, 
fishing nets etc.), (ii) hard plastic (buckets, crates, etc.), (iii) soft plastic 
(plastic bags, raffia sacks used for animal feeds, etc.), (iv) processed 
wood and (v) unknown. 

In a historical perspective, respondents were also asked to report 
information on their worst marine litter-related incident ever experi-
enced throughout their working career. 

2.2.2. Cleaning costs for local authorities 
A total of 21 interviews with city and parish council's re-

presentatives were carried in three different islands: São Miguel, 
Terceira and Faial (Fig. 1). Information was obtained for a total of 42 
coastal sites, including sandy (62% of interviews) and rocky beaches 
(28% of interviews), as well as harbours (10% of interviews). The in-
terviews consisted of a semi-structured questionnaire aiming to retrieve 
information on the frequency and costs of marine litter-related clean- 
ups in the Azores for 2016. Accounted costs included: number of em-
ployees involved, work time (number of days/h per month), materials 
and equipment used. Employee time was converted into a monetary 
value by using the minimum wage for the Azores in 2016 obtained from 
the Regional Statistical Services of the Azores (https://srea.azores.gov. 
pt/). 

2.3. Data analysis 

For the sea-users' survey, frequency of occurrence of marine litter- 
related incidents (%FO) was calculated by dividing the number of boats 
reporting marine litter-related incidents by the total number of boats 

assessed. The average number of marine litter-related incidents per boat 
was obtained by dividing the total number of incidents by the number 
of boats that reported incidents. Finally, the average cost per incident 
was calculated by dividing the total cost of incidents by the number of 
boats that reported incidents. 

Differences in the average cost associated with different types of 
marine litter-related incidents and differences between the repair cost 
and loss of work were investigated using the non-parametric Kruskal- 
Wallis One-Way Analysis of Variance since the data did not follow a 
normal distribution. The pairwise Wilcoxon rank-sum test was subse-
quently used as a post-hoc test to examine which type of incident sig-
nificantly differed from each other. P-values were adjust using the 
Bonferroni method. Results were considered statistically different with 
p-values < 0.05. Analyses were performed using the statistical software 
R (R Core Team, 2019). 

Extrapolation of the costs of marine litter-related incidents to the 
sea-users of the Azores region that were not covered by the interviews 
was calculated by multiplying the total number of fishing boats and 
marine tourist operators known to operate in the region in 2016 
(http://www.azores.gov.pt/Portal/pt/entidades/srtop-drt/) by the 
average cost of marine-litter related incidents. Finally, total costs for 
the sea-users operating in the Azores in 2016 was calculated by sum-
ming the extrapolated costs with the costs obtained from the interviews. 
The standard deviation of these parameters was used as a basis for error 
propagation of final cost estimation. Based on our survey results to 
municipalities we calculated an average cost of coastal clean-up per 
site. This value was used to estimate the total cost for the coastal sites in 
the region that are subject to regular cleaning but that could not be 
covered in the interviews (n = 8). 

3. Results 

3.1. Cost to sea-users 

3.1.1. Frequency of marine litter-related incidents 
A total of 95 boats reported incidents from the 327 boats assessed 

(percentage frequency of occurrence (%FO) of marine litter-related 
incidents of 29%). The %FO for the different groups of fishermen 
ranged between a minimum of 20% for recreational fishermen to a 
maximum of 31% for professional fishermen operating boats between 8 
and 12 m (Fig. 2). For the activities related to tourism, %FO ranged 
from 15% for whale watching boats to 47% for big game fishing boats. 
For the passenger transportation, two out of the four boats reported 
incidents with marine litter, corresponding to a %FO of 50% (Fig. 2). 

Overall, a total of 112 different incidents were reported. The 
average number of incidents per boat (that reported an incident) was 
1.19 ( ± 0.05, SE) throughout the different sea-users, ranging between 
1 and 3 incidents per boat per year. No significant differences were 
found in the average number of incidents per boat between the different 
sea-users (Kruskal-Wallis: Chi square = 5.76, df = 8, p-value = 0.67) 
(Fig. 2). 

3.1.2. Characterization of marine litter-related incidents 
Marine litter entanglement was the most commonly reported in-

cident (92%; Fig. 3), usually occurring in the boat's propeller (68%; 

Table 1 
Number of respondents, number of boats assessed, number of boats operating in the Azores and percentage coverage of the interviews for the different groups of sea- 
users for estimating the socio-economic impacts of marine litter during 2016.       

Sea-users N° of respondents N° of boats assessed Total n° of boats operating in the Azores % boats covered  

Professional fishermen  187  205  638 32% 
Recreational fishermen  30  30  1444 2% 
Tourist operators  40  88  275 32% 
Shipping companies  2  4  5 80% 
Total  259  327  2362 14% 
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n = 76), but also in active fishing gear (24%; n = 27) of both profes-
sional and recreational fishers (Fig. 3). Other type of incidents included 
litter items clogging the water pump (4%; n = 5), affecting all sea-users 
except recreational fishermen. Collisions (4%; n = 4) were reported by 
professional fishermen and tourist operators only. 

The most frequent category of marine litter causing incidents was 
derelict fishing gear (78%; n = 87), which was generally associated 
with propeller entanglements (82%; n = 62). Derelict fishing gear in-
cluded both, floating items and lost gears trapped on the seafloor. The 
second most frequent category of litter items causing incidents was soft 
plastic (16%; n = 18; Fig. 3). Soft plastic was the only type of items 
reported to cause problems to the water pump. 

3.1.3. Evaluation of the economic impacts and costs 
Throughout the 259 interviews covering 327 boats, the total cost of 

marine litter-related incidents was €181,208. The total cost of marine 
litter-related incidents reported by the professional fishermen was 
€108,630 for a total of 74 incidents, followed by the tourist operators 
that spent a total of €70,599 euros for 29 incidents. Overall, the average 
cost per incident was €1618 ( ± 401, SE). We found significant differ-
ences in the average costs of marine litter-related incidents between 
sea-user groups (Kruskal-Wallis: Chi square = 19.23, df = 8, p- 
value = 0.014). The groups with the highest average costs per incidents 
were the whale watching operators with €9458 ( ± 4106, SE), followed 
by the professional fishermen (boats > 12 m) with an average cost per 
incident of €3741 ( ± 2499, SE; Fig. 4). 

The costs of an individual incident ranged from 0.28 cents, when for 
example an entangled rope was cut from the propeller, losing few 
minutes to fix the problem, to a maximum of €30,627. This maximum 
value was suffered by a professional tuna fishing boat (> 12 m), for 
which a soft plastic was pulled into the water pump, causing a direct 
repair cost of €600 and a loss of 60 of days of work, equivalent to 
€30,027. The cost resulting from the work lost 
(average  ±  SE = 880  ±  317, n = 112) was on average significantly 
higher (Chi square = 24.36, df = 1, p  <  0.001) than the cost asso-
ciated with the repair itself (average  ±  SE = 74  ±  17, n = 112), re-
presenting 83% and 7% of the total cost, respectively. Loss of work 
revenue included cancellations of scheduled touristic trips, breaks in 
fishing activities and delays of passenger transportation. 

Marine litter entangled in the propeller was the least expensive 

Fig. 2. a) Percentage frequency of occurrence (%FO) 
of marine litter-related incidents and b) average 
number of incidents per boat for the different sea- 
users. Error bars denotes the standard error. 
P = professional fishermen; RC = recreational fish-
ermen; WW = whale watching, DIV = diving; 
BGF = big game fishing, OTH = other tourism ac-
tivities, TRANSP = passenger transportation. 

Fig. 3. a) Typologies of marine litter-related incidents reported by the different 
sea-users assessed during this survey and, b) typologies of marine litter causing 
incidents to the different sea-users assessed during this survey. P = professional 
fishermen; RC = recreational fishermen; WW = whale watching, DIV = diving; 
BGF = big game fishing, OTH = other tourism activities, TRANSP = passenger 
transportation. 
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incident to be fixed with an average cost of €819 ( ± 228, SE) per in-
cident (Fig. 5). The average cost resulting from incidents to active 
fishing gears was €1599 ( ± 288, SE). The most expensive types of in-
cidents were those related to marine litter clogging the water pump 
(e.g. plastic bags and ropes), which costs an average of €6461 ( ± 6045, 
SE), followed closely by collisions with floating litter (e.g. hard plastics 
and processed woods) costing an average of €6802 ( ± 5618, SE). 
Whereas problems with the water pump typically resulted in a break-
down of the engine's cooling system it occasionally damaged the sea-
water system used for maintaining live bait in pole-and-line fishing 
vessels. Collision with marine litter normally damaged the hull of the 
boats. Significant differences were found between the average costs of 
the different type of incidents (Kruskal-Wallis; Chi square = 27.73, 
df = 3, p  <  0.001). Post-hoc comparisons using Pairwise Wilcoxon 
rank-sum test revealed the cost to repair an entangled propeller was 
significantly lower compared to the other three types of incidents 
(Fig. 5). 

3.2. Retrospective assessment 

A total of 110 incidents were reported by the respondents. Fishing 
related items (65%, n = 72) and soft plastics (23%, n = 25) were the 
main typologies of marine litter reported to cause incidents. In a his-
torical perspective, the maximum reported cost associated with a single 
marine litter-related incident was €59,899. This incident was experi-
enced by a professional fishing boat (8-12 m) in 2013 caused by a de-
relict fishing gear entangled in the propeller during navigation, which 
dislocated the engine out of its original position and stopped their 

fishing activity for two months. The second most expensive problem 
reported by the respondents was also related to a propeller entangled in 
a derelict fishing gear of a whale watching boat, costing a total of 
€47,700 in 2015. For this retrospective assessment, litter entangled in 
the propeller was the most frequent type of incident reported (71%), 
followed by litter clogging the water pump (16%). 

3.3. Cleaning costs for local authorities 

Our interviews revealed that the 21 local authorities spent a total of 
€214,900 to clean marine litter from 42 coastal sites. The average cost 
of cleaning per local authority was estimated at €10,233 ( ± 3597, SE). 
Specifically, the average cost of labour force per local authority was 
€4442 ( ± 1144, SE) per year. The labour force was higher during the 
summer months (average  ±  SE: 2721  ±  494) compared to the winter 
period (average  ±  SE: 1003  ±  210), when cleaning is less frequent. 
The average number of hours per year dedicated to do the clean-ups 
was 666.36 h ( ± 130.68, SE) for sandy beaches, 272.83 h ( ± 60.30, 
SE) for rocky beaches and 940.16 h ( ± 470.08, SE) for ports and har-
bours. 

The average cost of equipment per local authority involved in clean- 
ups was €5791 ( ± 2758, SE) per year. This value also includes specific 
gear, the maintenance of cleaning machines and the cost associated 
with the transport of the litter to waste management facilities. This 
value did not include the purchase of equipment that is used repeatedly 
over the years, such as cleaning machines used to remove small plastic 
fragments from the sand during the bathing season. The cost of this 
equipment was reported to be between €11,000 and €50,670 by the 
various local authorities interviewed. 

3.4. Total estimated cost of marine litter for the Azores region 

Overall, the total estimated economic cost of marine litter for sea- 
users and local authorities adds up to €710,698  ±  195,181 for 2016. 
This value corresponds to 0.02% of the total Gross Domestic Product 
(GDP) for the Azores for the same year (GDP: €3,962,000,000, SREA). 
The total cost of marine litter-related incidents to sea-users was esti-
mated at €471,147  ±  178,696 for all the boat operating in the Azores 
archipelago during 2016 (Table 2), while the total costs for coastal 
clean-ups was estimated at €239,551  ±  16,485. These values re-
present, respectively, 66% and 34% of the total cost of marine litter 
estimated for the Azores region. 

3.5. Social concerns regarding marine litter in the Azores 

A total of 93% of the sea-users were highly concerned about marine 
litter and 64% considered this issue as “very relevant” for both, their 
professional activities and the welfare of the archipelago. In addition, 
the majority of sea-users (94%) answered affirmative to the question 

Fig. 4. Average cost of marine litter-related incidents for the different sea-users. Error bars denotes the standard error. P = professional fishermen; RC = recreational 
fishermen; WW = whale watching, DIV = diving; BGF = big game fishing, OTH = other tourism activities, TRANSP = passenger transportation. 

Fig. 5. Average costs estimated for different categories of marine litter-related 
incidents. The error bar denotes the standard error. Black asterisk represent 
significant difference. 
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“we need to pay attention to floating marine litter while sailing”. 
Similarly, local authorities (96%) agreed that marine litter stranded on 
coastal areas is an “important concern” for the Azores archipelago and 
half of them confirmed that cleaning efforts increased the cost of human 
resources and materials. When asked to classify marine litter into a 
specific problem, the option of environmental concern including 
harmful effects to organisms was the first selected by sea-users (62%) 
and local authorities (50%), followed by the option of marine litter as a 
socio-economic problem by sea-users (12%) and an issue for human 
health for local authorities (31%). Sea-users classified plastic bags 
(31%) and fishing-related items (30%) as the most frequent floating 
items. Local authorities considered plastic bags (32%), but also plastic 
bottles (32%), as the most frequent typologies of marine litter that is 
stranding on the Azorean coastlines. 

4. Discussion 

Our results further demonstrate that marine litter is not merely an 
environmental issue, but can also have serious economic implications. 
We showed that marine litter is affecting different economic activities, 
thus corroborating the evidence of the high diversity of impacts that 
marine litter can cause to remote islands such as the Azores. The 
widespread abundance of marine litter stranding on the coastline is 
forcing local authorities to take action by conducting regular clean-up 
initiatives, while sea-users are frequently facing incidents with marine 
litter. 

Our results suggest that marine litter is costing the Azores region a 
total of €710,698  ±  195,181 per year. Sea-users, mainly the fishing 
community, supported the greatest portion of this economic loss, si-
milarly to what was found for the Shetland Islands (Hall, 2000). 
However, the total economic cost associated to marine litter in the 
Azores was considerably smaller than for the Shetland Islands, eval-
uated to approximately £5.6 million per year (Hall, 2000). This dif-
ference may be related to the different approaches used by both studies 
and the wider diversity of sea-users operating in the Shetland Islands, 
which includes salmon farmers, crofters, lifeboat launching, power 
stations and voluntary labour that are not present in the Azores and 
whose activities may be more exposed to marine litter-related incidents. 
In addition, major differences between both results may be related with 
the national minimum wages between countries. For example, 
minimum wages are generally below €600 in southern European 
countries such as Portugal and above €1400 in northern Europe 
(Eurostat, 2020). Therefore, direct comparison should take into account 
the economic reality of each region. 

We found that the total cost of marine litter-related incidents and 
beach clean-ups represented 0.018 of the total GDP of the Azores in 
2016. For the APEC region damage due to marine litter pollution was 
estimated to $10.8bn for a GDP of $44,238bn in 2015, which was 
0.024% of GDP without including clean-up costs of coastal areas 
(McIlgorm et al., 2020). For the Azores, the costs related to marine 
litter-related incidents (excluding clean-up) represents 0.012% of the 

total GDP of the Azores, which lies within the range reported for the 
islands states of the APEC region: 0.008% of GDP in New Zealand, 
0.028% of GDP in the Philippines and 0.053% of GDP in Indonesia 
(McIlgorm et al., 2020). These differences reflect significant variation 
between island state economies and differences in marine litter levels 
(McIlgorm et al., 2020). 

Entanglement was the most frequent marine litter-related incident 
reported by sea-users, but the least expensive to be fixed. This result ties 
well with previous studies, in which entangled ship propellers and lost 
fishing time were the most common type of problems caused by marine 
litter in other regions (Hall, 2000; Cho, 2005; McIlgorm, 2009; Mouat 
et al., 2010; McIlgorm et al., 2011). In addition, our findings demon-
strated that derelict fishing gear caused the highest number of marine 
litter-related incidents, reflecting the results of a recent study reporting 
that lost fishing gear are abundant at the surface of the Azores EEZ 
(Chambault et al., 2018). 

Fishermen were not only affected by floating litter but also by 
fishing gear lost on the seafloor, in which they are getting entangled 
when deploying their own fishing gear. This result reveals the presence 
of a negative feedback loop whereby the fishermen are suffering the 
consequences of their own intentional or unintentional discards, 
sometimes found in high numbers on Azorean fishing grounds (Pham 
et al., 2013; Rodríguez and Pham, 2017). Actually, in other regions, 
fisheries and tourism have been reported to contribute significantly to 
marine litter (Newman et al., 2015), whereas simultaneously are the 
sectors mostly affected by marine litter (e.g. Hall, 2000; Mouat et al., 
2010). In the Azores, the contribution of both sectors towards the total 
emission of marine litter remains unknown. 

Professional fishermen with smaller boats reported a higher fre-
quency of occurrence (%FO) of marine litter-related incidents along 
with a higher average number of marine litter-related incidents per boat 
per year. Chambault et al. (2018) found the abundance of floating litter 
to be higher closer to the islands, suggesting that smaller boats oper-
ating closer to shore are more exposed to marine litter than larger 
vessels operating further offshore. Similarly, reports from fishermen in 
Shetland and Esbjerg determined that small inshore boats appear to be 
more susceptible to marine litter than large pelagic boats (Hall, 2000). 
Although professional fishermen with smaller boats (< 12 m) reported 
a slightly higher occurrence of marine litter-related incidents, the 
amount of money spent to fix the incidents was significantly lower 
compared to professional fishermen operating larger boats. 

Throughout the different stakeholders, we found that the economic 
loss associated with the time needed to fix an incident was more ex-
pensive than the cost of repair itself. This issue could be related to the 
remoteness of the islands, where supporting services and/or equipment 
are not readily available, significantly delaying any repairing process. 
Hence, our findings support the idea that remote regions such as the 
Azores, are particularly vulnerable to marine litter-related incidents. In 
fact, this was reflected during our interviews, since the stakeholders 
considered first and foremost marine litter as an environmental and 
economic issue, demonstrating a real preoccupation for the state of the 

Table 2 
Estimated total costs of marine-related incidents in the Azores during 2016.       

Sea-users Activity Boats operating in the Azores N° of boats estimated to suffer marine litter-related incidents Total estimated costs (€)  

Fishermen Professional fishing (< 8 m)  309  95 40,576  ±  14,134 
Professional fishing (8–12 m)  227  70 121,350  ±  21,063 
Professional fishing (> 12 m)  102  29 117,412  ±  64,686 
Recreational fishing  1444  289 27,682  ±  15,070 

Tourist operators Whale watching  71  11 100,729  ±  35,700 
Diving  81  35 33,051  ±  10,431 
Big Game fishing  92  34 20,541  ±  10,378 
Another tourist operator  31  10 8053  ±  6626 

Others Passenger transport  5  3 1754  ±  609 
Total   2362  576 471,147  ±  178,696 
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marine environment by the inhabitants. Similarly, a previous study 
focused on understanding the perception of the Azorean population 
about local environmental problems also reported that marine litter was 
one of the most frequent concerns identified (Ressurreição et al., 2012). 

Tourism in the Azores has significantly increased over the past years 
especially since the National Geographic Traveler magazine awarded 
the region as being second in the top five island destinations in the 
world for sustainable tourism in 2008 (Ressurreição et al., 2012). 
Considering the growing importance of this industry, it will be im-
portant to assess if this activity may be eventually affected by marine 
litter, as already observed in other locations (Jang et al., 2014; Krelling 
et al., 2017). For instance, a recent report for the APEC region includes 
an estimate of the lost opportunity to the marine tourist sector arising 
from tourists taking holidays at alternative locations due to the per-
ception of high amounts of marine litter (McIlgorm et al., 2020). 

Up to now, previous studies assessing the cost of marine litter have 
based their estimations on insurance statistics (Takehama, 1989) and 
interviews to beach visitors (Balance et al., 2000). Our approach, based 
on face-to-face interviews to a large portion of the main stakeholders 
provides a more detailed characterization of the costs of marine litter- 
related incidents. With the exception of recreational fishermen, which 
were challenging to encounter, we were able to cover a large fraction of 
the sea-users and local authorities, making our estimates precise in 
comparison to other studies. Nevertheless, we acknowledge some level 
of uncertainty in our final estimates due to the fact that it is likely that 
not all registered boats were effectively operating during our reference 
year. We also recognize some uncertainty in the total cost allocated to 
coastal clean-ups since the level of litter accumulation is highly variable 
between beaches (Ríos et al., 2018), therefore the resources used for 
removing litter items are difficult to extrapolate for the beaches not 
surveyed. Despite the limitations outlined above, the present estimation 
serves as a valuable baseline on the frequency, cost of marine litter- 
related incidents, cleaning costs and overall impact for the economy of 
this region. While the direct economic impacts associated to marine 
litter investigated herein are relatively easy to quantify, total economic 
loss caused by marine litter is far more complex to evaluate because it 
needs to account for the indirect costs associated to the impairment of 
ecosystem services or biodiversity loss caused by marine litter 
(Newman et al., 2015). Although significant advances on the potential 
impacts of marine litter for some organisms have been made, larger 
scale ecosystem effects are still largely unknown. 

5. Conclusion 

This study is the first detailed approach aimed at understanding the 
magnitude of marine litter impacts for the economy of remote islands in 
the North Atlantic. Overall, we found that sea-users are often victims of 
incidents with marine litter and that local authorities have to deal with 
important costs to maintain their coastal areas clean. With the result of 
the present and previous studies, it is becoming evident how this region 
is forced to tackle marine plastic pollution at various levels (e.g., Pham 
et al., 2017; Pham et al., 2020). Small islands economies generally have 
a low GDP and thus the costs associated with marine litter can be sig-
nificant for a small population such as in the Azores with only 250,000 
inhabitants. 

Our findings highlight that remote places such as oceanic islands, 
where the outplacement services and/or money to face problems re-
lated with marine litter result in extra costs for the local economy. 
Moreover, removing litter from coastal areas is forcing isolated archi-
pelagos to deal with more quantities of trash that their waste disposal 
systems/landfills could support. At some point, this anthropogenic 
pressure may oblige coastal regions, such as the Azores, to create spe-
cific policies and management actions to remove marine litter from the 
shoreline. In such cases, socio-economic studies on the impacts of 
marine litter for stakeholders will be crucial to produce effective 
management plans to reduce the input of litter in the marine 

environments at the regional and global level. Throughout the globe 
there is still a limited understanding of the economic implications of 
marine litter for coastal communities, mostly for those in remote re-
gions. By showing that this problem is even present in a remote oceanic 
archipelago, we hope to encourage other researchers to perform similar 
economic evaluations of marine litter in new locations. Since our so-
ciety is predominantly driven by economic interests, such economic 
assessments may raise the awareness and help driving future efforts to 
control the input of litter items at the source, and in parallel, will once 
more raise the alarm on the consequences of our increasing consump-
tion of plastics. 
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