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RESUMO GERAL

As angiospermas marinhas sdo plantas adaptadas ao ambiente aquético e que
possuem flor, fruto e semente, formando extensos prados em ambientes estuarinos
e marinhos, bem como estuarios. Essas plantas possuem um papel fundamental no
ciclo da 4gua, ciclagem de nutrientes, regulacéo climética e de gases, pois fornecem
diversos servicos ecossistémicos, como os de provisdo, regulacdo, cultural e
suporte. Dessa forma, podem ser abrigo e habitat para espécies associadas de
interesse econbmico e alimentar, fornecendo subsidios para comunidades
tradicionais pesqueiras, inclusive brasileiras, que dependem diretamente dos prados
de angiospermas marinhas para sua seguranca alimentar. Contudo, ao longo dos
anos, os prados vém sofrendo reducédo através de acfes antropicas e mudancas
climaticas, o que indiretamente prejudica animais que usam essa planta como
alimento, abrigo, area de reproducéo e bercério, impactando na geracao de renda e
alimento por parte das comunidades. Assim, as populagdes vizinhas ao ecossistema
possuem papel fundamental na conservacdo do mesmo, contribuindo para reducao
dos impactos que ocasionam a reducdo de ecossistemas e seus servi¢cos. No litoral
norte de Pernambuco ha 3 espécies: Halodule wrightii, Halophila baillonii e Halophila
decipiens gque fornecem subsidio para comunidades costeiras proximas aos prados,
desta forma, esse estudo foi desenvolvido na Area de Protecdo Ambiental de Santa
Cruz, visando analisar a percepcao da comunidade tradicional pesqueira acerca dos

servicos ecossistémicos prestados pelas angiospermas marinhas.

Palavras chaves: populagdes tradicionais, inseguranca alimentar, ecossistemas

costeiros, pesca artesanal, Halodule wrightii.
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1. INTRODUCAO

Os ecossistemas sao resultado da interac@o entre fatores bioticos e abidticos
em uma determinada area (Begon et al.,, 2006), proporcionando bem-estar e
recursos que beneficiam, direta ou indiretamente, humanos e outros organismos que
neles habitam (Costanza et al., 1997). As condicdes e processos atraves dos quais
0S ecossistemas naturais e as espécies que os compdem sustentam e satisfazem a
vida humana, por sua vez, sdo denominados servi¢os ecossistémicos (Daily, 1997).
Estes podem ser classificados como servicos de provisdo, culturais, regulacéo e
suporte (MEA, 2005) e seu levantamento possibilita a atribuicdo de um valor
econdbmico ao mesmo (Costanza et al., 2017; Costanza, 2020) e,
consequentemente, a destinacdo dos recursos financeiros para a promocdo da
sustentabilidade e conservacao através do uso consciente dos recursos disponiveis
(Chee, 2004; Martinez-Harms et al., 2015).

As comunidades tradicionais que residem préximo a um ecossistema
possuem um papel importante na manutencao deste, protegendo e conservando os
recursos naturais que lhes sao fornecidos (IPBES, 2019). As comunidades
tradicionais comumente se referem aos organismos observados nos ecossistemas
por nomes derivados dos conhecimentos do cotidiano que se relacionam com tipo
de servigo fornecido ou morfologia do organismo (Clauzet et al., 2007; Wilder et al.,
2016). Dessa forma, o conhecimento das comunidades tradicionais sobre os
servicos ecossistémicos dos locais nos quais estao inseridas sao fundamentais na
luta contra a degradacdo dos ecossistemas e perda da biodiversidade (Berkes,
2012; Cardinale et. al., 2012; Maxwell et al., 2020).

Dentre os ecossistemas costeiros, as angiospermas marinhas sao plantas
com flores e frutos que formam extensos prados nas aguas costeiras e estuarinas de
todos os continentes, a excegdo do Antartico (Short et al., 2007). Os ecossistemas
formados por essas plantas promovem abrigo e protecdo para a biodiversidade
local, sendo fundamentais para a manutencdo da cadeia trofica marinha e para
comunidades tradicionais pesqueiras, que dependem diretamente dos mesmos para

a retirada de animais vertebrados e invertebrados para compor seu alimento ou
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fonte de renda (Cullen-Unsworth et al., 2014; McKenzie et al., 2021). Tais
contribuicdes sdo estimadas em $28,916 de ddlares por hectare no ano (Costanza
et al., 2014), sendo calculados $103,74 milhdes de ddlares por ano, somente na
Austrélia (Dewsbury et al., 2016).

Entretanto, apesar da importancia desse ecossistema, a conservagcéo e
sustentabilidade das angiospermas marinhas nédo tem sido prioridade (Duarte, 2002;
Short et al., 2006; Nordlund et al., 2016), o que levou a um declinio a nivel global
dos prados numa taxa de aproximadamente 7 % ao ano (Waycott et al., 2009;
UNEP, 2020; Waycott et al., 2009), principalmente por conta das mudancas
climaticas desencadeadas pelas ac¢des antrépicas (Chefaoui et al., 2018; Lacarella
et al., 2018). No Brasil, que possui seis espécies de angiospermas marinhas
distribuidas ao longo do litoral (Magalhdes et al., 2015; Copertino et al., 2016;
Magalhdes et al., 2017), ocorre degradacdo nos prados, afetando espécies de
peixes, moluscos e crustaceos que possuem importancia social e econémica para
comunidades tradicionais pesqueiras (Odebrecht et al., 2010; Barros et al., 2017;
Gomes, 2017).

Desta maneira, faz-se necessario quantificar os servicos ecossistémicos
fornecidos pelas angiospermas marinhas e a percepcdo dos mesmos pelas
comunidades locais (Wood et al.,, 2000; Losciale et al., 2022), viabilizando uma
melhor gestdo do ecossistema e estabelecimento de politicas publicas para a
conservacao (Boerema et al., 2017; Hanna et al., 2018). A unido entre populacdes
locais e pesquisadores através de estudos etnoldgicos para a compreensdo desses
servicos pode gerar acOes eficientes para a conservacdo dos prados, como a
criacdo de Planos de Manejo (Navarrete-Fernandez et al., 2022; Quevedo et al.,
2023). Assim, o0 presente estudo teve como objetivo analisar a percepcédo da
comunidade tradicional pesqueira da APA de Santa Cruz, Pernambuco, sobre os

servicos ecossistémicos prestados pelas angiospermas marinhas.

12



2. FUNDAMENTACAO TEORICA
2.1 Angiospermas marinhas

As angiospermas marinhas sdo plantas com flor e fruto adaptadas ao
ambiente aquatico (Den Hartog et al., 2006; Orth et al., 2006), que tém como
caracteristicas a distribuicdo em ambientes marinhos ou estuarinos; presenca de
polen especializado; dispersdo de sementes através de fatores bidticos e abidticos;
epiderme sem estdématos, e; presenca de rizoma ou caule subterraneo, importantes
na ancoragem (Larkum et al., 2006). Sendo reconhecidos 12 géneros de
angiospermas marinhas distribuidos pelos continentes (Kuo et al., 2001). No litoral
brasileiro, por sua vez, sdo observadas seis espécies: Halophila baillonii Ascherson,
Halophila decipiens Ostenfeld (Hydrocharitaceae), Halodule wrightii Ascherson,
Halodule emarginata Hartog, Halodule beaudettei Hartog (Cymodoceaceae) e
Ruppia maritima Linnaeus (Ruppiaceae), distribuidas em diversos ambientes, como
praias, estuarios e areas de mangue (Magalhdes et al., 2015; Copertino et al., 2016;
Magalhaes et al., 2017).

As plantas marinhas formam extensos prados em ambientes costeiros,
fornecendo diversos servicos ecossistémicos, como habitat e local de bercéario e
reproducdo, bem como protecdo contra predadores para a fauna associada
(Nordlund et al., 2016). Além disso, essas plantas protegem as costas, estabilizam o
sedimento e incrementam a diversidade e produtividade do ambiente, através da
conectividade com os mais importantes habitats marinhos, como manguezais e
recifes de coral, e servem de alimento direto para mega herbivoros, como
tartarugas-verdes, dugongos, peixes-boi, aves aquaticas e peixes (Bjork et al., 2008;
Nordlund et al., 2018; Unsworth et al., 2019a).

As angiospermas marinhas séo sensiveis as alteragdes climaticas globais,
desencadeadas, principalmente, pelas a¢des antropicas (Duarte, 2002). Ao longo
dos anos, os prados tém sido mantidos sob pressdes significativas, resultando em
declinio nas areas e perda de funcédo (Unsworth et al., 2019b), sendo relatada desde
1980 uma uma perda de area equivalente a 110 km2ano*dos prados por ano, com
declinio de 22 das 72 espécies de plantas marinhas (Waycott et al., 2009; UNEP,
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2020). Os principais fatores que levam a essa situacdo sdo as ac¢des antrdpicas,
através do desenvolvimento costeiro, escoamento urbano, pisoteio, arranque
manual, pesca predatdria (Unsworth et al., 2014; Griffiths et al., 2020), bem como o
derramamento de 6leo nos oceanos, o que foi observado na costa brasileira em
2019 (Magalhéaes et al., 2021). Dessa forma, acfes que promovam a protecao desse
ecossistema através da conscientizacdo e divulgacao cientifica, principalmente nas
comunidades que dependem dos prados para a subsisténcia, sdo fundamentais para
a conservacdo das angiospermas marinhas e reversdao da degradacdo do

ecossistema em questao (Larkum et al., 2006; Unsworth et al., 2019b).

2.2 Servicos ecossistémicos das angiospermas marinhas para comunidades

tradicionais pesqueiras

Os servicos ecossistémicos sao processos do meio ambiente que contribuem
direta ou indiretamente para o bem-estar humano, através dos recursos fornecidos
por eles (TEEB Foundations, 2010), sendo classificados como: servi¢cos de proviséo,
que fornecem recursos; de regulacdo, que regulam processos ecologicos; de
suporte, que sustentam outros servicos ecossistémicos, e; servigos culturais, ndo
materiais (Costanza et al.,, 1997; Costanza, 2020). Assim, a manutencdo de
ecossistemas funcionais € fundamental para o0 provimento de servigcos
ecossistémicos, favorecendo a sustentabilidade dos ecossistemas para as geracoes
atuais e futuras e resiliéncia dos mesmos (Braat et al., 2012).

As comunidades tradicionais pesqueiras sao povos gue vivem proximo a rios,
mares, oceanos e lagos, sobrevivendo da atividade pesqueira através da venda do
pescado ou consumo dele (Alves et al.,, 2017). Os ecossistemas marinhos, como
estuarios, recifes de corais e angiospermas marinhas sdo fundamentais para tais
comunidades, pois fornecem o0s servicos ecossistémicos para espécies de
vertebrados e invertebrados que, posteriormente, serdo utilizados pelas populacdes
costeiras (Houde et al., 1993; Cole et al., 2008; Jones et al., 2022).

As angiospermas marinhas fornecem pelo menos 25 servigos ecossistémicos
de proviséo, regulacéo, cultura e suporte para comunidades costeiras (Nordlund et
al., 2016). Dentre os servicos relatados estdo o fornecimento de alimento, inclusive
para animais terrestres, como cabras (Newmaster et al., 2011), local turistico
(Lukman et al., 2021), relacdes espirituais (McKenzie et al., 2021; Newmaster et al.,

2011) e, principalmente, sustento das comunidades através da pesca e mariscagem
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de espécies de fauna associada que possuem valor econémico (Cullen-Unsworth et
al., 2014; Jones et al., 2022).

Dessa forma, os prados de angiospermas marinhas possuem um papel
fundamental na manutencdo de uma cadeia tréfica marinha e protecdo de outros
ecossistemas (Jackson et al.,, 2001; Ramachandran et al., 2019; Unsworth et al.,
2019b). Além de subsidio para as comunidades tradicionais, os prados também
possibilitam a regulacdo de processos, como a estabilizacdo de sedimentos e a
melhora da qualidade da agua, o que favorece a saude de outros ecossistemas que
estdo proximos, como os recifes de corais e mangues (Orth et al., 1984; Fonseca et
al., 1986; Furkon et al., 2020).

2.3 Angiospermas marinhas e Seguranca alimentar

A Organizacdo das Nacdes Unidas para Alimentacdo e Agricultura (FAO)
define seguranca alimentar como a possibilidade do acesso igualitario por parte das
pessoas a alimentos nutritivos e saudaveis na quantidade necessaria para sua
sobrevivéncia, sendo a falta desses parametros considerada um caso de
inseguranca alimentar (FAO, 2022). A inseguranca alimentar afeta um total de 8,6 %
da populacdo mundial (FAO, 2022) e, no territorio brasileiro, cerca de 6,9 % da
populacao sofre de inseguranca alimentar severa (Salles-Costa et al., 2022).

A inseguranca alimentar se torna mais evidente quando se trata de
comunidades tradicionais (Lopes et al., 2022), que sao populacdes que dependem
diretamente do meio ambiente para retirar seus subsidios, seja para venda futura ou
fonte de alimento (Lopes et al., 2022; Rondoni, 2022). Tal falta de seguranca se
agrava diante dos impactos que o meio ambiente vém sofrendo ao longo dos anos,

como as mudancas climaticas e a¢fes antrdpicas, que afetam ecossistemas
terrestres e aquéticos, prejudicando 0s servicos ecossistémicos através da
diminuicdo dos recursos pesqueiros, 0 que leva ao quadro atual de inseguranca
alimentar para as comunidades tradicionais (Fahad et al., 2022; Farooq et al., 2022).
Entre os ecossistemas costeiros que fornecem servigos ecossistémicos
essenciais para as comunidades tradicionais, as angiospermas marinhas tém sofrido
com as mudancas climaticas e outros disturbios relacionados as acfes antropicas
(Copertino et al., 2016; McKenzie et al., 2021; Unsworth et al., 2019). Com o avango
dos danos causados pela pesca predatéria, acidificagdo dos oceanos e a poluicao,

os prados de angiospermas marinhas estdo em declinio, o que leva a diminuicdo de
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espécies de peixes e mariscos que possuem valor econémico (Short et al., 2006;
Unsworth et al., 2010; Saenger et al., 2013).

A degradacdo dos prados de angiospermas marinhas tem sido amplamente
observada desde o final do século XIX, com 30 % de perda da area total de prados
de angiospermas marinhas a nivel global (Waycott et al., 2009), o que influencia
diretamente na seguranca alimentar das comunidades tradicionais pesqueiras. No
Brasil, o declinio dos prados de angiospermas marinhas tém interferido na obtencéo
de espécies da fauna com valor econdmico, como é o caso do peixe agulhinha
(Hyporhamphus unifasciatus Ranzani, 1841) na llha de Itamaraca, Pernambuco
(Barros et al., 2017), mariscos (Anomalocardia flexuosa Linnaeus, 1767) na Barra de
Mamanguape, Paraiba (Gomes, 2017) e crustdceos, como 0 camardo rosa
(Farfantepenaeus subtilis Pérez Farfante, 1967) na Lagoa dos Patos, Rio Grande do
Sul (Odebrecht et al., 2010).

Inserido na Area de Prote¢do Ambiental de Santa Cruz, o municipio de llha de
Itamaraca € um local importante para biodiversidade local, com a presenca de
diversos ecossistemas, como mangues e prados de angiospermas marinhas
(Coutinho et al., 2018), concentrando mais de quatro mil pessoas na atividade de
pesca e mariscagem (Quinamo et al., 2000). A espécie de angiosperma marinha
mais comum na area € Halodule wrightii, popularmente conhecida como “capim-
agulha” (Magalhaes et al., 1997), na qual a populagcédo local encontra sua fonte de
subsisténcia através da atividade pesqueira (Pereira Juanior, 2020), garantindo a
sobrevivéncia e o bem-estar da populacao. Todavia, tem sido relatado o declinio dos
prados de angiospermas marinhas nessa area por conta dos impactos
antropogénicos, 0 que requer medidas de protecdo e conservacdo desse
ecossistema, tendo em vista o seu valor econbmico e ecolégico para as

comunidades nele inseridas (Magalhaes et al., 2002; Pitanga et al., 2012).
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3. OBJETIVOS

3.1 Geral

Analisar a percepcédo da comunidade tradicional pesqueira da APA de Santa

Cruz, Pernambuco, sobre 0s servigos ecossistémicos prestados pelas angiospermas

marinhas.

3.2 Especificos

Detalhar a atividade pesqueira da comunidade local relacionada aos prados
de angiospermas marinhas.

Descrever o conhecimento e a percepgao que a comunidade estudada possui
sobre as angiospermas marinhas visando compreender a nomenclatura local,
usos atribuidos e a importancia cultural dessas plantas aquéaticas;

Identificar os servicos ecossistémicos fornecidos pelo ecossistema na visédo
dessa comunidade;

Identificar as espécies de fauna associada aos prados de angiospermas

marinhas e sua importancia econémica para a comunidade local.

4. HIPOTESES

H1: A comunidade local reconhece o0s servigos ecossistémicos fornecidos
pelos prados de angiospermas marinhas;
H2: Os prados de angiospermas marinhas sao habitats para espécies de

fauna associada que tém valor econdémico para a comunidade local.
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6. ARTIGO

A ser submetido na Revista Ocean & Coastal Management

PERCEPCAO DOS SERVICOS ECOSSISTEMICOS DE ANGIOSPERMAS
MARINHAS: ESTUDO COM COMUNIDADES TRADICIONAIS PESQUEIRAS
Wagner Lucena de Andrade Souza'; Gabriel Henrique Ferreira da Silva?; Yasmim Alline de
Araujo Castro®; Karine Matos Magalh&des*

Resumo

Os ecossistemas sdo fundamentais para comunidades tradicionais, pois oferecem
servicos que garantem o bem-estar dessa populacdo. Contudo, 0s ecossistemas
estdo em declinio por conta de impactos antrOpicos e mudancas climaticas,
ocasionando a diminuicdo dos servicos ofertados. Um desses ambientes sdo as
angiospermas marinhas que fornecem um local de pesca e mariscagem para
comunidades tradicionais pesqueiras, assim, 0S mesmos possuem um papel
fundamental na conservagcao desse ecossistema. Assim, o objetivo deste estudo foi
analisar a percepcdo da comunidade tradicional pesqueira da APA de Santa Cruz,
Pernambuco, acerca dos servicos ecossistémicos prestados pelas angiospermas
marinhas. As entrevistas ocorreram na APA de Santa Cruz, sendo o foco
pescadores e marisqueiros que conhecem os prados e assim foi aplicado um
guestionario semi-estruturado. Os entrevistados foram de maioria pescadores
(64,2%), porém com diferencas entre os géneros para cada atividade, sendo
mulheres designadas para a atividade mariscagem (76,3%). A comunidade local tem
como principal objetivo da pesca a comercializacdo e subsisténcia, sendo animais
presentes nos prados como o Siri e o Peixe-agulha. Na sequéncia foi citado a
espécie Halodule wrightii com maior incidéncia na area (72,6%), juntamente com o
nome popular “Capim-agulha” sendo o mais citado, relacionado a essa espécie. Os
entrevistados citaram 12 servigos ecossistémicos que as angiospermas marinhas
oferecem na regido, sendo o de habitat para espécies de peixes mais mencionado
(56,6%), alimentacdo (48,1%) e bercério (15,1%). Assim, a populacdo do local
mostrou deter conhecimentos tradicionais sobre as angiospermas marinhas do local,

sendo os prados importantes para pesca e mariscagem da regido, fornecendo
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subsidio para as comunidades tradicionais pesqueiras através da oferta de peixes,

crustaceos e moluscos de interesse comercial.

Introducéo

Os ecossistemas sao locais que ocorrem interacdo entre fatores bidticos e
abioticos que oferecem servicos de provisdo, regulacdo, suporte e cultural (MEA,
2005), principalmente para comunidades vizinhas a esses locais (Begon et al., 2006;
Costanza et al.,, 1997). Porém, os ecossistemas mundiais estdo em declinio, por
conta dos impactos antrépicos e mudancas climaticas (Mooney et al., 2009; Nelson
et al., 2006), que causam degradacédo, perda de area e diminuicdo desses servi¢cos
ecossistémicos, afetando diretamente as comunidades tradicionais (Dobson et al.,
2006).

Assim, as comunidades possuem um papel importante na protecdo dos
ecossistemas para que o0s seus beneficios continuem sendo ofertados (IPBES,
2019). Tais comunidades comumente se referem aos organismos observados nos
ecossistemas por nomes derivados dos conhecimentos do cotidiano que se
relacionam com tipo de servi¢co ecossistémico fornecido ou morfologia do organismo
(Clauzet et al., 2007; Wilder et al.,, 2016). Dessa forma, o conhecimento das
comunidades tradicionais sobre 0s servicos ecossistémicos dos locais nos quais
estao inseridas sédo fundamentais para a conservacédo dos recursos naturais na luta
contra a degradacdo dos ecossistemas e perda da biodiversidade (Berkes, 2012;
Cardinale et. al., 2012; Maxwell et al., 2020).

Dentre 0s ecossistemas costeiros, os de angiospermas marinhas sao
formados por plantas com flores e frutos que formam extensos prados nas aguas
costeiras e estuarinas de todos os continentes, a excecdo do Antartico (Short et al.,
2007). Entre seus servigos ecossistémicos estdo promover abrigo e prote¢cdo para a
biodiversidade local, sendo fundamentais para a manutencdo da cadeia tréfica
marinha e para comunidades tradicionais pesqueiras, que dependem diretamente
dos mesmos para a retirada de animais vertebrados e invertebrados para compor
seu alimento ou fonte de renda (Cullen-Unsworth et al., 2014; McKenzie et al.,
2021). Tais contribuigBes sdo estimadas em $28,916 de dolares por hectare no ano
(Costanza et al., 2014), sendo $103,74 milhdes de dolares por ano, somente na
Australia (Dewsbury et al., 2016).
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Apesar da importancia desse ecossistema, ndo tem sido observado a
conservacao e sustentabilidade das angiospermas marinhas (Duarte, 2002; Short et
al., 2006; Nordlund et al., 2016), o que levou a um declinio a nivel global dos prados
em cerca de 7 % anualmente (UNEP, 2020; Waycott et al., 2009), principalmente por
conta das mudancas climaticas desencadeadas pelas a¢des antrépicas (Chefaoui et
al.,, 2018; Lacarella et al., 2018). No Brasil, que possui seis espécies de
angiospermas marinhas distribuidas ao longo do litoral (Magalh&es et al., 2015;
Copertino et al., 2016; Magalhédes et al., 2017), a degradagéo dos prados tem sido
amplamente observada, afetando espécies de peixes, moluscos e crustaceos que
possuem importancia social e econdmica para comunidades tradicionais pesqueiras
(Odebrecht et al., 2010; Barros et al., 2017).

Portanto, faz-se necessario identificar os servicos ecossistémicos fornecidos
pelas angiospermas marinhas e a percepc¢do dos mesmos pelas comunidades locais
(Wood et al.,, 2000; Losciale et al., 2022), viabilizando uma melhor gestdo do
ecossistema e estabelecimento de politicas publicas para a conservacdo (Boerema
et al.,, 2017; Hanna et al., 2018). A unido entre populacdes locais e pesquisadores
através de estudos etnolbégicos para a compreensao desses servicos pode gerar
acOes eficientes para a conservacdo dos prados, como a criagdo de Planos de
Manejo (Navarrete-Fernandez et al., 2022; Quevedo et al., 2023). Assim, o presente
estudo teve como objetivo analisar a percepcdo da comunidade tradicional
pesqueira da Area de Protecdo Ambiental (APA) de Santa Cruz, Pernambuco,

acerca dos servigos ecossistémicos prestados pelas angiospermas marinhas.
Metodologia
Local de Estudo

O estudo foi realizado na Area de Protecio Ambiental de Santa Cruz, que é
constituida pelos municipios de Itamaraca, Itapissuma e parte do municipio de
Goiana, totalizando 38.692 hectares (ha), sendo 24.943 ha de area continental e
13.749 ha de &rea maritima (figura 1) (CPRH, 2008), com populagédo estimada em
132.667 habitantes (IBGE, 2019). A regido apresenta clima tropical umido, com
temperaturas que variam entre 22 a 26° C; as precipitacdes anuais, por sua vez,
variam entre 1750 a 2000 mm, com maior pluviosidade entre os meses de margo a

agosto, e menor pluviosidade nos meses de setembro a fevereiro (CPRH, 2021).
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Figura 1. Mapa da Area de Protecdo Ambiental (APA) de Santa Cruz.
Legenda: Locais de entrevistas.

Fonte: Laboratério de Estudos de Impactos Antropicos na Biodiversidade Marinha e Estuarina
(BIOIMPACT - UFRPE).

A APA de Santa Cruz apresenta um dos ecossistemas mais importantes para
0 estado de Pernambuco, o Canal de Santa Cruz. Além desse, ha a presenca de
prados de angiospermas marinhas (Coutinho et al.,, 2018). Esse ecossistema
costeiro é fundamental para as comunidades tradicionais pesqueiras do local, sendo
observadas trés espécies distribuidas em dois géneros na APA de Santa Cruz:
Halodule e Halophila. Nos prados da regido, a populacdo consegue retirar espécies
de peixes, crustdceos e moluscos, assegurando o alimento e sustento a muitas
familias da regido (Quinamo et al., 2000; CPRH, 2021).

Conhecimento Etnoecoldgico

Para identificar o conhecimento da populagdo local pesqueira sobre os
servicos ecossistémicos prestados pelas angiospermas marinhas na APA de Santa
Cruz, foram realizadas 106 entrevistas entre os meses de maio de 2018 e agosto de

2023, nos municipios de llha de Itamaraca (45,3%), Itapissuma (16%) e Goiana
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(38,7%). Como critérios de inclusdo foram considerados: a) ser pescadores(as) e
marisqueiros(as); b) ser maior de 18 anos; ¢) conhecer as angiospermas marinhas;
d) residir e/lou e trabalhar na area da APA de Santa Cruz. Para seu
desenvolvimento, o projeto possui aprovacdo do Comité de Etica em Pesquisa
(CEP) da UFRPE (Parecer n° 6.199.743 e Certificado de Apresentacdo para
Apreciacio Etica (CAAE) n° 68188323.8.0000.9547/2023).

Inicialmente, os pescadores e pescadoras foram informados sobre os
objetivos da pesquisa e convidados a participar da mesma. A confirmacdo da
participagao se deu pela assinatura do Termo de Consentimento Livre e Esclarecido
(TCLE), que informa sobre a participacdo dos mesmos, garantindo o anonimato e a
retirada dos seus dados da pesquisa, caso solicitado, a qualquer momento anterior
a publicacdo do trabalho. As entrevistas foram realizadas utilizando-se um
questionario semi-estruturado de forma fisica, conforme metodologia descrita por
Albuquerque et al. (2010). Os individuos foram selecionados de forma randomizada
e cada entrevista foi realizada em local aberto e de maneira individual, sem a
presenca de terceiros.

Cada entrevista durou entre 10 a 15 minutos, e foi dividida em trés partes
(Anexo 1): a) identificacdo do participante (ex. idade, género, localidade na qual
habitavam); b) levantamento socioecondmico e da atividade pesqueira (ex. a
principal fonte de renda, relacdo com a pesca, destino do pescado, frequéncia na
atividade pesqueira, instrumentos utilizados e o local de pesca, por fim; c)
identificac&o dos servi¢cos ecossistémicos prestados pelas angiospermas marinhas e
formas de uso dessas plantas pela comunidade local com o uso de estimulos visuais
(Figura 2) das espécies de angiospermas marinhas locais e de fauna associada aos
prados para resgatar a memoria dos entrevistados e facilitar a identificacao e evitar a
confusdo destas com outras espécies de plantas, favorecendo o entendimento da
importancia das angiospermas marinhas para a comunidade local, a partir das
espécies associadas (Wallner-Hahn et al., 2022). O checklist continha imagens de
espécies de angiospermas marinhas observadas na area (géneros Halodule e
Halophila) e uma imagem de uma espécie controle, ndo observada no local (género
Ruppia) (Figura 2); cada participante poderia citar todas as espécies que tivessem
observado no local. A seguir, foi questionado aos participantes como eles

denominavam as plantas e quais as fungdes da planta.
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Figura 2. Checklist com espécies de angiospermas marinhas presentes nos prados.

Legenda: Angiospermas marinhas encontradas na regido: (1) Halodule wrightii; (2) Halophila
decipiens; (3) H. baillonii. Angiosperma marinha ndo observada na regido: (4) Ruppia maritima

(Imagem controle).

Fonte: Laboratério de Ecossistemas Aquaticos (LEAqua/UFRPE).

Para identificacdo da fauna associada, os participantes receberam um
checklist com com imagens de espécies animais comumente associadas aos prados
de angiospermas marinhas, bem como animais ndo relacionados aos prados
(imagens controle), totalizando 15 espécies (Figura 3). Apds a identificagdo dos
animais pelos participantes, perguntou-se que animais utilizavam as angiospermas
marinhas e qual a relacdo dos animais citados com tais plantas, a fim de relacionar o
conhecimento etnoecoldgico com 0s servicos ecossistémicos prestados pelas
angiospermas marinhas, conforme tabela de servicos ecossistémicos criada por
Nordlund et al., (2016).
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Figura 3. Checklist com espécies animais presentes nos prados de angiospermas marinhas.

Legenda: Fauna associada aos prados de angiospermas marinhas de interesse econémico e de
subsisténcia: (1) Sparisoma axillare (Budido batata); (3) Opisthonema oglinum (Sardinha laje); (4)
Litopenaeus vannamei (Camarao); (5) Anomalocardia flexuosa - Marisco; (6) Callinectes sapidus -
Siri; (7) Hemiramphus unifasciatus - Peixe agulha preta; (8) Mugil sp. (Tainha ou saina); (9) Neritina
virginea (BUzios); (10) Panulirus argus (Lagosta); (11) Latirus brevicaudatus (Concha ou buzio); (12)
Siphonaria hispida (Concha ou buzio); (15) Superfamilia Paguroidea (Ermitdo). Fauna ndo observada
nos prados de angiospermas marinhas: (2) Homarus gammarus (Lagosta americana - imagem
controle); (13) Familia Seppidae (Sépia - imagem controle); (14) Oreochromis niloticus (Tilapia -

imagem controle).

Fonte: Laboratério de Ecossistemas Aquaticos (LEAqua-UFRPE).

Os servicos citados foram organizados em uma tabela contendo a
categoria dos servigos ecossistémicos (MEA, 2005) e uma comparacdo entre os
servicos ecossistémicos encontrados na regidao e aqueles citados por Nordlund e
colaboradores em 2016. As respostas dos questionarios foram tabuladas em

planilhas de Excel para posterior analise dos dados e construcao de graficos.

Resultados

Perfil da comunidade

Os 106 participantes das entrevistas possuiam idade entre 18 a 75 anos,
sendo 73 homens (68,8%) e 33 mulheres (31,2%). A atividade profissional era,
principalmente, de pescadores, 68 pescadores (64,2%), seguidos de 38
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marisqueiros (35,8%). Em relacdo a divisdo de género por atividade, a maioria dos
pescadores é do género masculino (94,1% dos pescadores) (Figura 4A), enquanto a
atividade marisqueira é realizada predominantemente por mulheres (76,3% dos

profissionais marisqueiros) (Figura 4B).

A PESCADOR B MARISQUEIRO

@ Masculino @ Masculing

® Faminino ® Famining

Figura 4. Perfil dos participantes da pesquisa.

Legenda: Figura A: Relacéo de pescadores por género; B: Relacdo dos marisqueiros por género.

Cerca 92% da populagédo entrevistada utiliza a atividade pesqueira como
principal fonte de renda, sendo a tarefa realizada diariamente para 38,7%. Cerca de
16% sado apenas pescadores, enquanto 76,4% tanto utilizam a pesca como forma de
renda quando subsisténcia (Figura 5); Em relagdo ao local de pesca, 0s
participantes exercem atividade pesqueira principalmente no mar de fora (25,4%),
mar de dentro (23,5%), estuarios (8,4%) e currais (4,7%). Os principais instrumentos
utilizados na atividade de pesca/mariscagem dos individuos sdo as maos (20,7%),
covos (15%), colher (13,2%), rede de espera (11,3%) e rede de arrasto (9,4%).
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Figura 5. Relagdo dos entrevistados com a pesca.

Nomes populares

A comunidade relatou que o género Halodule como o mais representativo na
area (72,6%), seguido das espécies do género Halophila, citado em 16% das
entrevistas. Apesar de ndo ocorrer na area, a imagem controle do género Ruppia,
representado pela espécie Ruppia maritima, foi mencionada por 22,6% dos
entrevistados, o que se justifica pela similaridade da espécie com prados densos de
H. wrightii. Dentre os nomes citados, o termo “capim-agulha” é o mais comum para
denominar as angiospermas marinhas (52,8%), seguido pelos termos “sargassum”
(8,4%), “bancos” (6,6%), “lodo” (5,6%) e “capim” (4,7%) (Figura 6).
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Figura 6. Nomes populares relacionados as angiospermas marinhas pelos individuos
entrevistados.

Espécies associadas e servicos ecossistémicos das angiospermas marinhas

A comunidade relatou a presenca de 12 servigos distribuidos pelas espécies
de angiospermas marinhas dos géneros Halodule e Halophila na area, sendo os
mais citados os servicos de suporte. Os observados foram habitat (56,6%) e
alimentacdo (48,1%) para muitas espécies, como budido, peixe agulha, siris e
mariscos. Além disso, também foi relatada a importancia do prado como local de
reproducdo para o peixe-agulha (3,7%) e bercéario (14,1%) de varias espécies de
peixes, como Manjuba (Anchoa filifera Fowler, 1915) e sardinha laje (Opisthonema
oglinum Lesueur, 1818), garantindo o desenvolvimento nos primeiros estagios de
vida.

Dentre os servicos de provisdo, a atividade pesqueira foi a mais citada
(28,3%), tendo em vista que a fauna associada aos prados é composta por
espécies-alvo da comunidade local, garantindo a subsisténcia e sendo fonte de
renda para os entrevistados. Outro servico citado foi o de que as angiospermas
marinhas atuam como fertilizante (0,9%). Como servigos de regulagédo, apenas um
entrevistado citou a importancia das angiospermas marinhas para a estabilizacdo do
sedimento. Por fim, os servi¢os culturais citados pelos participantes foram recreacao
(9,4%) e turismo (9,4%), com relato do uso dos prados como campo de futebol e
local de visitacdo e observagcdo do peixe-boi e de outros animais associados aos

prados.
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Categoria dos Servicos

Servigos

Servicos percebidos

Halodule e Halophila

“emaoos | ceossstemicos | e, e

Composto fertilizante 0] 0]
Farmacéutico NO NO
Proviséo Matéria Prima NO NO
Comida para humanos NO NO
Atividade pesqueira (0] @]
Habitat de peixes 0] 0]
Habitat de invertebrados O NO
Bercario 0] o
" erebrados 0 o
Alimentacdo de animais 0] @]
Suporte Maricultura NO NO
Amentcio o 0 0
Protecéo costeira O NO

Geomorfologia como
resultado da acrescéo de NO NO

sedimento

Acrescao de sedimento NO NO
= cetimento 0 0
Regulacio Sequestro de carbono NO NO
Purificacdo da agua NO @]
Legado de valor NO NO
Artefato cultural NO NO
Cultural Educacao NO NO
Recreacédo 0] @]
Pesquisa NO @)
Valor espiritual NO NO
Turismo 0] O

Tabela 1: Servicos ecossistémicos citados pelos entrevistados.

Legenda: O= servico ecossistémico citado na regido pelos entrevistados; NO= servico ecossistémico

néo citado na regido.
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A fauna associada aos prados de angiospermas marinhas citada pela
populacdo entrevistada é composta por espécies de peixes, crustaceos e moluscos,
sendo as espécies mais citadas foram o siri (82%), camarédo (69,8%), marisco
(68,8%), peixe agulha (60,3%), peixe budido (59,4%), a concha ou buzio da espécie
L. brevicaudatus (57,5%) e lagosta foi citada por 48,1% dos entrevistados. Conforme
esperado, as espécies que ndo eram observadas nos prados de angiospermas
marinhas foram as menos citadas, como a lagosta americana (10,3%), o peixe tilapia

(8,4%) e o0 molusco sépia (6,6%) (Figura 7).
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Figura 7. Percepc¢dao dos individuos entrevistados em relagdo a fauna associada aos prados de

angiospermas marinhas.

Discussao

Os prados de angiospermas marinhas sdo ecossistemas costeiros
biologicamente ricos e altamente produtivos, sendo habitats importantes para os
pescados com interesse comercial (Unsworth et al., 2019). Apesar dos impactos que
esses prados sofrem em todo mundo, o presente estudo comprovam que a
comunidade diretamente envolvida nas atividades pesqueiras na regidao da APA de

Santa Cruz reconhecem 0s servi¢cos ecossistémicos fornecidos pelas angiospermas
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marinhas, principalmente aqueles relacionados as espécies pesqueiras de valor
comercial.

A presenca das mulheres na mariscagem e garantia da seguranca alimentar
de populagbes tradicionais pesqueiras € bem conhecida (Harper et al., 2013;
Grantham et al., 2020). Em algumas areas ha a separacdo de atividades pelo
género, sendo comum que os homens sejam destinados a pesca e as mulheres a
mariscagem ou catacdo de outros invertebrados na maré baixa (Lauritsen, 2019;
Furkon et al., 2020; Aldea, 2023). Assim, constata-se que o entendimento da relacao
entre género e tipo de atividade pesqueira € importante, pois homens e mulheres
possuem visdes diferente quanto em relacdo ao uso da biodiversidade (Pfeiffer et
al., 2005), sendo o mesmo perfil verificado na APA de Santa Cruz, com a maior
parte da mariscagem sendo para consumo e subsisténcia das comunidades, onde &
comum a presencga de criancas ajudando as mulheres de sua familia na atividade
pesqueira, conforme ja relatado em outras comunidades pesqueiras ao redor do
mundo (De Guzman, 2019; Furkon et al., 2020).

Além das relacbes de género na hora da designacao para a pesca, o tempo
de experiéncia na atividade pesqueira é fundamental na detencao de saberes sobre
a mesma e 0s meios nos quais sao realizadas (Albuquerque et al., 2010), inclusive
para saberes populares sobre atividade pesqueira em angiospermas marinhas
(Newmaster et al., 2011). Em geral, os mais jovens buscam a realizacdo de outras
funcdes, em detrimento das atividades e conhecimentos tradicionais que séo
passados pelos mais antigos das comunidades (Silva et al., 2011), o que nao €&
diferente na APA, no qual, os mais experientes detém mais saberes populares sobre
as plantas, seus beneficios e usos.

A importancia da atividade pesqueira nos prados para as comunidades da
APA de Santa Cruz é semelhante aos relatos observados em outros estudos
(Quinamo, 2006; Santana et al., 2013; Jones et al.,, 2021), sendo os prados de
angiospermas marinhas um bom indicativo da presenca de peixes ou mariscos em
abundancia e tamanho comercial, o que favorece a realizacdo das atividades
pesqueiras diretamente nos prados (Unsworth et al., 2019). Particularmente na
APA, a relacdo da populacdo com o pescado é de subsisténcia e comercializacao,
sendo a atividade pesqueira a principal fonte de renda da maioria dos entrevistados,

onde além de fazerem parte da dieta das comunidades tradicionais pesqueiras, o
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pescado vendido serve para compor a renda bésica e a compra de outras fontes de
alimentos (De La Torre-Castro et al., 2014; Jones et al., 2021).

O principal nome popular identificado pela populagdo foi "capim-agulha”,
referente a espécie Halodule wrightii, espécie mais bem distribuida no litoral da area
e do Brasil como um todo (Magalhaes et al., 1997). O termo poderia se referir a sua
morfologia, semelhante a um capim terrestre, apesar de ndo haver relacéo evolutiva
e genética entre as angiospermas marinhas e as gramineas (Silva et al., 2017; Silva
et al., 2021), mas na verdade faz referéncia ao peixe “agulhinha” (Hyporhamphus
unifasciatus Ranzani, 1841), que possui valor econdmico significativo para a regiao e
gue deposita seus ovos ha Halodule (Magalhéaes; Alves, 2002).

Outros nomes citados séo relacionados a outros organismos marinhos, como
algas, como é o exemplo do uso de “Sargassum”. Algas e angiospermas podem ser
confundidas até por pesquisadores ja que ndo é comum pensar em plantas com
flores e frutos submersos no mar. A forma de distribuicdo no ambiente também serve
como forma de identificacdo para a populacdo como termos “bancos”, por sua
capacidade de reter o sedimento e formar elevagdes de plantas, e “lodo”, pelo
aspecto com vegetacédo de lugares umidos.

Conforme os resultados obtidos, 0s servicos ecossistémicos mais relatados
foram os de suporte, visto que os prados de angiospermas marinhas da area
protegem a costa e formam areas de habitat, bercario, alimentacdo e local de
reproducdo para peixes, crustdceos e moluscos de interesse comercial. Tais
servicos se relacionam com o servigo de provisdo de atividade pesqueira (28,3%),
tendo em vista que essas plantas sado reconhecidas mundialmente por serem
importantes e valiosas areas de pescas, que garantem rentabilidade econbémica e
seguranca alimentar de muitas comunidades tradicionais pesqueiras (Nordlund et
al., 2018a; Ambo-Rappe et al., 2019, Unsworth et al., 2019; Quevedo et al., 2020;
Jones et al., 2022; Lima et al., 2023).

Outro servigco de provisao relatado foi 0 uso das angiospermas marinhas
soltas na linha da praia como composto fertilizante para o coqueiro, resultado
observado em outros estudos, que mostram que as comunidades tradicionais usam
as angiospermas marinhas para o adubo de plantas frutiferas (Grassi et al., 2015,
Mackenzie et al., 2021). O servico de regulacdo observado foi a importancia das
angiospermas marinhas como estabilizadoras do sedimento, diminuindo os

processos erosivos desencadeados pela atividade de ondas, correntes e mudancas
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climaticas (Christianen et al.,, 2013). Os servicos culturais relatados na area,
recreacdo e turismo, demonstram uma percepcdo importante por parte dos
entrevistados, tendo em vista que esses beneficios culturais raramente sé&o
identificados pelas comunidades tradicionais (Nordlund et al., 2018Db).

A comunidade nao conseguiu perceber dois servigcos identificados por
Nordlund et al. (2016): a importancia para pesquisas cientificas e purificacdo da
agua. Tais servicos sdo fundamentais para a conservacdo dos ecossistemas de
angiospermas marinhas (Aznar-Sanchez et al., 2019; Hasim, 2020), mas a falta de
percepcdo da comunidade sobre os mesmos vai de encontro ao déficit no acesso ao
conhecimento cientifico dos prados e nos esforcos de conservacdo desse
ecossistema (Losciale et al., 2022), bem como a caréncia dessa tematica nas aulas
da educacdo basica. Assim, a escassez da informacdo e atencdo para oS
ecossistemas marinhos limita a compreensao de todos 0s servigos ecossistémicos
por eles fornecidos (Lima et al., 2019; Baranano et al., 2022).

Dessa forma, observou-se que, de modo geral, a comunidade possui uma
ampla percepcdo dos servicos das angiospermas marinhas, visto que esse
conhecimento etnoecoldgico tradicional € o porta voz da relacéo entre ecossistemas,
comunidades tradicionais e o0 bem-estar humano (Harker et al., 2022). Tais
informacgdes sao fundamentais para a valorizagdo do conhecimento sociocultural das
comunidades tradicionais na criacdo e implementacéo de politicas publicas e planos
de manejo para os ecossistemas de angiospermas marinhas, visando a conservacao
dos prados e resiliéncia dos ecossistemas costeiros na luta contra as mudancas
climéticas (Fernandez et al., 2022; McHenry et al., 2023).

Na fauna associada aos prados de angiospermas marinhas é um componente
importante para a comunidade tradicional, pois neles é possivel encontrar animais
como moluscos, crustaceos e peixes de valor comercial (Unsworth et al., 2019),
sendo relatado na area a presenca de crustaceos, moluscos, peixes e mamiferos,
como € o caso do peixe-boi, relacionados aos prados pelos entrevistados. Apesar de
nao constar no checklist, o peixe-boi marinho foi relacionada espontaneamente as
angiospermas marinhas por ser uma espécie carismatica e pelo histérico do Projeto
Peixe-Boi que possuia importante papel na conservacéo e protecdo dos peixe-bois
da area (Medeiros et al., 2001; Oliveira, 2002), além da retirada que o projeto
realizava dos prados locais para alimentacao do peixe-boi (Magalhées; Alves, 2002).

Entre 1989 até a atualidade o Instituto Chico Mendes de Conservacdo da
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Biodiversidade (ICMBio) montou uma estrutura para reabilitacdo dos animais
(Portaria IBAMA N° 544 de 26.04.90), apesar do apelo, a populagéo local reclamava
da retirada de planta para ofertar aos peixes-bois em cativeiro como alimentacéo
direta e associava a retirada da planta a queda na pescaria.

Para a alimentacéo, os bivalves, com destaque para a espécie A. flexuosa,
possuem valor alimentar e econdmico principalmente para as marisqueiras,
conhecidas por exercerem a catacdo dessa espécie na APA. Essa atividade é
conhecida como “respinga” ou “catagao” a nivel mundial, sendo comumente exercida
por mulheres e criangas, contribuindo na renda de familias mais vulneraveis dos
paises subdesenvolvidos (Nordlund et al., 2018a; Furkon et al., 2019; Chitara-
Nhandimo et al., 2022; Stiepani et al., 2023). Outras espécies de moluscos citadas
foram S. hispida e L. brevicaudatus, que também possuem importancia econdmica
para 0s marisqueiros e pescadores da é&rea, assim como no sudeste asiatico
(Unsworth et al., 2019). Por outro lado, a espécie Neritina virginea que, apesar de
nao possuir interesse alimentar, é utilizada como matéria-prima para trabalhos de
artesanato, possuindo valor econémico (Cruz-Neta; Henry-Silva, 2013) assim como
outros moluscos e equinodermos utilizados na confeccdo de artesanato, como a
bolacha-do-mar (Clypeasteroida).

A manutencdo desse ecossistema é fundamental na garantia da seguranca
alimentar de comunidades tradicionais costeiras (De La Torre-Castro et al., 2014;
Nordlund et al., 2018a; Quiros et al., 2018; Stiepani et al., 2023), o que fo
confirmado na APA com destaque para representantes de peixes das familias
Batrachoididae, Carangidae, Clupeidae, Engraulidae, Haemulidae, Hemiramphidae,
Mugilidae, Mullidae, Ophichthidae, Pomacentridae, Scaridae e Scombridae, que
possuem valor econdmico e de subsisténcia. O “peixe agulhinha” possui uma
relacdo especifica com a angiosperma marinha Halodule wrightii, conhecida
popularmente na regido da APA de Santa Cruz como “Capim-agulha”, usando os
prados para sua alimentacéo e reproducao, deixando seus ovos nas folhas (McBride
et al., 2003), além do peixe budido, tendo em vista que 0 mesmo se alimenta da
planta (Ogden, 1976; Unsworth et al., 2010).

Conclusao
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As angiospermas marinhas presentes na APA de Santa Cruz trazem
beneficios amplamente observados e reconhecidos pelas comunidades pesqueiras
da regido, principalmente em relacdo a atividade pesqueira pois, através do
fornecimento de abrigos para peixes e outros animais, como crustaceos e moluscos,
pode-se retirar a sua fonte de proteina como também recursos financeiros a partir da
venda. Essa visdo sobre os prados € relacionada principalmente com a promocéo da
seguranca alimentar em paises emergentes pelo mundo, sendo as angiospermas
marinhas um ecossistema fundamental para garantir a sobrevivéncia e bem-estar
dos pescadores e marisqueiras.

Os dados gerados neste trabalho demonstram a visdo da comunidade acerca
dos servicos ecossistémicos prestados pelas angiospermas marinhas,
disponibilizando evidéncias para a criacdo e implementacdo de estratégias de
gestdo de conservagdo desse ecossistema costeiro por parte da comunidade,
pesquisadores e gestores, além de possibilitar discussdes sobre as melhores formas

de manejo desses ecossistemas.
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Internet)

s A competing interests statement is provided, even if the authors have no competing interests to
declare

» Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN
Ethics in publishing
Please see our information on Ethics in publishing.
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Declaration of competing interest

Corresponding authors, on behalf of all the authors of a submission, must disclose any financial
and personal relationships with other people or organizations that could inappropriately influence
(bias) their work. Examples of potential conflicts of interest include employment, consultancies,
stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. All authors, including those without competing interests to declare, should provide
the relevant information to the corresponding author (which, where relevant, may specify they have
nothing to declare). Corresponding authors should then use this toc| to create a shared statement
and upload to the submission system at the Attach Files step. Please do not convert the .docx
template to another file type. Author signatures are not required.

Declaration of generative AI in scientific writing
The below guidance only refers to the writing process, and not to the use of Al tools to analyse and
draw insights from data as part of the research process.

Where authors use generative artificial intelligence (AI) and Al-assisted technologies in the writing
process, authors should only use these technologies to improve readability and language. Applying the
technology should be done with human oversight and control, and authors should carefully review and
edit the result, as Al can generate authoritative-sounding output that can be incorrect, incomplete or
biased. Al and Al-assisted technologies should not be listed as an author or co-author, or be cited as
an author. Authorship implies responsibilities and tasks that can only be attributed to and performed
by humans, as outlined in Elsevier’s Al policy for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing
process by following the instructions below. A statement will appear in the published work. Please
note that authors are ultimately responsible and accountable for the contents of the work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing process by
adding a statement at the end of their manuscript in the core manuscript file, before the References
list. The statement should be placed in @ new section entitled '‘Declaration of Generative Al and Al-
assisted technologies in the writing process’,

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in order
to [REASON|. After using this tool/service, the author(s) reviewed and edited the content as needed
and take(s) full responsibility for the content of the publication.

This declaration does not apply to the use of basic tools for checking grammar, spelling, references
etc. If there is nothing to disclose, there is no need to add a statement.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication’ for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify compliance, your article may be checked by Crossref Similarity Check and other
originality or duplicate checking software.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Preprint posting on SSRN

In support of Open Science, this journal offers its authors a free preprint posting service. Preprints
provide early registration and dissemination of your research, which facilitates early citations and
collaboration.
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During submission to Editorial Manager, you can choose to release your manuscript publicly as a
preprint on the preprint server SSRN once it enters peer-review with the journal. Your choice will have
no effect on the editorial process or outcome with the journal. Please note that the corresponding
author is expected to seek approval from all co-authors before agreeing to release the manuscript
publicly on SSRN.

You will be notified via email when your preprint is posted online and a Digital Object Identifier (DOI)
is assigned. Your preprint will remain globally available free to read whether the journal accepts or
rejects your manuscript.

For more information about posting to SSRN, please consult the SSRN Terms of Use and FAQs.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master”, "slave”, "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

Reporting sex- and gender-based analyses

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
integrate sex and gender-based analyses (SGBA) into their research design according to funder/
sponsor requirements and best practices within a field. Authors should address the sex and/or gender
dimensions of their research in their article. In cases where they cannot, they should discuss this
as a limitation to their research’s generalizability. Importantly, authors should explicitly state what
definitions of sex and/or gender they are applying to enhance the precision, rigor and reproducibility
of their research and to avoid ambiguity or conflation of terms and the constructs to which they
refer (see Definitions section below). Authors can refer to the Sex and Gender Equity in Research
(SAGER) guidelines and the SAGER guidelines checklist. These offer systematic approaches to the use
and editorial review of sex and gender information in study design, data analysis, outcome reporting
and research interpretation - however, please note there is no single, universally agreed-upon set of
guidelines for defining sex and gender.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological
features (e.g., chromosomal genotype, hormonal levels, internal and extemal anatomy). A binary sex
categorization (male/female) is usually designated at birth ("sex assigned at birth"), most often based
solely on the visible exteral anatomy of @ newborn. Gender generally refers to socially constructed
roles, behaviors, and identities of women, men and gender-diverse people that occur in a historical
and cultural context and may vary across societies and over time. Gender influences how people view
themselves and each other, how they behave and interact and how power is distributed in society. Sex
and gender are often incorrectly portrayed as binary (female/male or woman/man) and unchanging
whereas these constructs actually exist along a spectrum and include additional sex categorizations
and gender identities such as people who are intersex/have differences of sex development (DSD) or
identify as non-binary. Moreover, the terms "sex" and "gender" can be ambiguous—thus it is important
for authors to define the manner in which they are used. In addition to this definition guidance and
the SAGER guidelines, the resources on this page offer further insight around sex and gender in
research studies.
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Contributors

Each author is required to declare their individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This
means that if an editor feels your manuscript is more suitable for an alternative journal, you might
be asked to consider transferring the manuscript to such a journal. The recommendation might be
provided by a Journal Editor, a dedicated Scientific Managing Editor, a tool assisted recommendation,
or a combination. If you agree, your manuscript will be transferred, though you will have the
opportunity to make changes to the manuscript before the submission is complete. Please note that
your manuscript will be independently reviewed by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
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Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Open access
Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Leam" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the
Language Editing service available from Elsevier's Language Services.

Language Services

Manuscripts should be written in English. Authors who are unsure of correct English usage should have
their manuscript checked by someone proficient in the language. Manuscripts in which the English is
difficult to understand may be returned to the author for revision before scientific review.

Authors who require information about language editing and copyediting services pre- and post-
submission please visit https://www.elsevier.com/languagepolishing or our customer support site
at service.elsevier.com for more information. Please note Elsevier neither endorses nor takes
responsibility for any products, goods or services offered by outside vendors through our
services or in any advertising. For more information please refer to our Terms & Conditions:
https://www.elsevier.com/termsandconditions.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Please submit your article via https://www.editorialmanager.com/OCMA/default.aspx

Referees

Please submit the names and institutional e-mail addresses of several potential referees. The authors
are requested to suggest 4 potential reviewers for their article. For more details, visit our Support site.
Note that the editor retains the sole right to decide whether or not the suggested reviewers are used.

Page Charges
Ocean and Coastal Management has no page charges.

PREPARATION

Queries

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center,

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
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the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately. Along with the Manuscript file, you will have to upload the following mandatory files during
submission process:

Cover letter

Title page (with author details)

Highlights

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. Note: During submission
process, "References" has to be submitted separately in a numbered order. The reference style used
by the journal will be applied to the accepted article by Elsevier at the proof stage. Note: that
missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Peer review

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent toa minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript and
BibTeX to generate your bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to "the text". Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

To facilitate the reviewers and the later manuscript production process, it is recommended to use
page numbers and line numbers.
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Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. The Results and
Discussion sections need to be separated. If the author thinks that a combination is more appropriate
then they need to contact the editor in advance for approval. Avoid extensive citations and discussion
of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

» Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights
Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of

your research as well as new methods that were used during the study (if any). Please have a look
at the example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.
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Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI. Large numbers must be represented as
groups of three digits separated by narrow spaces, but commas or any other grouping marks other
than narrow spaces are not allowed.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article,

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

» Number the illustrations according to their sequence in the text,

» Use a logical naming convention for your artwork files.

» Indicate per figure if it is a single, 1.5 or 2-column fitting image.

s For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

s Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

AUTHOR INFORMATION PACK 8 Sep 2023 www.elsevier.com/locate/ocecoaman 11

61



Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
» Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only, Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text, If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001J8000884.
Please note the format of such citations should be in the same style as all other references in the paper.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.q., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this joumnal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software,

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ..."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:
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Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef,
E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S.,
2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/
zenodo.3727209.

Journal abbreviations source
Journal names should be abbreviated according to
Index Medicus journal abbreviations: http://library.caltech.edu/reference/abbreviations/.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly |labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills" with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage

more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data

This journal requires and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers
to the results of observations or experimentation that validate research findings, which may also
include software, code, models, algorithms, protocols, methods and other useful materials related
to the project.
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Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. When sharing data in one of
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with @ number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Data statement

To foster transparency, we require you to state the availability of your data in your submission if
your data is unavailable to access or unsuitable to post. This may also be a requirement of your
funding body or institution. You will have the opportunity to provide a data statement during the
submission process. The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page..

AFTER ACCEPTANCE

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Author's Discount
Contributors to Elsevier journals are entitled to a 30% discount on most Elsevier books, if ordered
directly from Elsevier.
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AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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