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RESUMO 

  

Recifes de coral contribuem para a regulação do clima planetário em diferentes escalas 
espaciais, e participam da promoção da resiliência de zonas costeiras e marinhas. O 
conjunto da biodiversidade recifal, promove a manutenção de bens e Serviços 
Ecossistêmicos (SEs) imateriais e materiais, que são preponderantes para a garantia da 
segurança alimentar, promoção do bem-estar individual e coletivo, senso de 
pertencimento, e socioeconômico de milhões de pessoas. Entretanto, as mudanças 
climáticas, tendências de sobrepesca, ausência de planejamento espacial costeiro e 
marinho, além das atividades turísticas não manejadas, contribuem para a poluição, e 
aceleram a degradação desses ambientes. Sinergisticamente esses estressores 
contribuem para a alteração dos ecossistemas, pela modificação da estrutura 
populacional, biomassa, e diversidade de grupos tróficos de peixes nas comunidades 
recifais. Os efeitos dessas mudanças desencadeiam diminuições de áreas de cobertura 
de corais pétreos, e um aumento gradativo e substituição por macroalgas, resultando em 
mudanças de fase. Na teia trófica recifal, grupos de peixes recifais piscívoros, carnívoros 
e herbívoros equilibram o balanço entre a produtividade primária e o consumo, mas, a 
sobrepesca enfraquece as interações induzindo cascatas tróficas acelerando as 
mudanças. O objetivo geral desta tese foi investigar como o conhecimento científico sobre 
peixes recifais herbívoros avançou no Brasil, incluindo a percepção humana para a 
conservação da biodiversidade marinha e processos ecossistêmicos desempenhados 
pelos peixes recifais. No primeiro capítulo, uma análise cienciométrica evidenciou que 
em mais de cinquenta anos, o conhecimento científico multidisciplinar avançou no 
Atlântico Sudoeste (AS), incluindo as metodologias de amostragem dos ambientes e 
táxon, componentes e processos ecossistêmicos mais estudados. As lacunas 
evidenciadas apontaram para a necessidade de identificar os estressores antrópicos que 
degradam os recifes de coral, a ocorrência das mudanças de fase no AS, e a importância 
de utilizar o Conhecimento Ecológico Local (CEL) de pescadores em pesquisas para 
identificar os SEs relacionados aos peixes, pescarias e a proposição de soluções práticas 
para a conservação e o manejo local. No segundo capítulo, utilizamos o CEL de 
pescadores para preencher as lacunas identificadas no primeiro capítulo, e testamos a 
hipótese da ocorrência da Síndrome de Deslocamento de Referencial (SDR) nas 
capturas de grupos tróficos de peixes carnívoros, piscívoros, e herbívoros, entre 
diferentes categorias de pescadores por tempo de experiência em uma ilha tropical. 
Presumimos que tendências da diminuição de estoques de diferentes grupos tróficos, e 
a co-ocorrência de estressores disparam mudanças de fase. Desde 1952 até 2022, os 
peixes e pescarias são SEs que promovem alimentos, trabalho e renda para as pessoas. 
Entretanto, o aumento da quantidade e a multiplicidade de artes de pesca sendo 
incrementadas ao longo do tempo, os relatos sobre a diminuição das capturas de maiores 
indivíduos piscívoros e herbívoros na zona rasa, o declínio na biomassa reportados 
destes grupos, indica um aumento gradativo no esforço pesqueiro sugerindo que está 
havendo depleção do estoque. Detectamos um desvio de percepção pelas gerações, que 
foi evidenciado a partir da observação do aumento do estoque e mudança de alvos da 
categoria experiente; alinhada à percepção de declínio no estoque, aceitação da 
raridade, e desconhecimento de grandes espécies carnívoras e herbívoras pela 
intermediária; enquanto que a iniciante considerou como um padrão comum espécies de 
budiões e vermelhos não crescerem muito. A sobrepesca, a degradação de habitats, e o 
turismo não manejado foram identificados como os principais estressores antrópicos. As 
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soluções apontadas foram a diminuição de artes de baixa seletividade nos recifes de 
coral como as redes de emalhar, manejo (ex.: seletividade na captura), alinhado a efetiva 
fiscalização das pescarias, conjuntamente com o monitoramento das atividades 
turísticas. Uma proposta que inclua o manejo das pescarias baseado no ecossistema, e 
o planejamento espacial costeiro e marinho associada à adoção de uma governança 
multinível em redes de colaboração pode minimizar os estressores, e consistem em 
alternativas que podem promover o enfrentamento, além da mitigação das mudanças de 
fase.  
 
Palavras-chave: Conhecimento Ecológico Local, Co-ocorrência de estressores 
antrópicos, Mudanças de fase, Serviços Ecossistêmicos, Síndrome de Deslocamento de 
Referencial.
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ABSTRACT 
 
Coral reefs contribute to climate regulation on planet at different spatial scales and 
participate in promoting the resilience of coastal and marine areas. The set of reef 
biodiversity promotes the maintenance of immaterial and material goods and Ecosystem 
Services (SEs), which are preponderant for guaranteeing food security, promoting 
individual and collective well-being, sense of place, and socioeconomic benefits of millions 
of people. However, climate change, overfishing trends, lack of marine spatial planning, 
unmanaged tourism activities, contribute to pollution, and accelerate the degradation of 
these environments. Synergistically, these stressors contribute to the alteration of 
ecosystems, by modifying the population structure, biomass, and diversity of trophic 
groups of fish in reef communities. The effects of these changes trigger a decrease in 
stony coral cover areas, and a gradual increase and replacement by macroalgae, resulting 
in phase shifts. In the reef food web, groups of carnivorous, piscivorous and herbivorous 
reef fish promotes the balance between primary productivity and consumption, but 
overfishing weakens interactions inducing trophic cascades accelerating changes. The 
general objective of this thesis was to investigate how scientific knowledge about 
herbivorous reef fish has advanced in Brazil, including the human perception for the 
conservation of marine biodiversity and ecosystem processes performed by reef fish. In 
the first chapter, a scientometric analysis showed that in more than fifty years, 
multidisciplinary scientific knowledge has advanced in the Southwest Atlantic (SWA), 
including the most studied environments and taxon sampling methodologies, 
components, and ecosystem processes. The evidenced gaps pointed to the need to 
identify the anthropic stressors that degrade coral reefs, the occurrence of phase shifts in 
the SWA, and the importance of using the Local Ecological Knowledge (LEK) of fishers in 
research to identify the SEs related to the fish, fisheries and proposing practical solutions 
for conservation and local management. In the second chapter, we use the LEK of fishers 
to fill in the gaps identified in the first chapter, and we test the hypothesis of the occurrence 
of the Shifting Baseline Syndrome (SBS) in the catches of trophic groups of carnivorous, 
piscivorous, and herbivorous fish, among different generations of fishermen on a tropical 
island. We presume that decreasing trends in stocks of different trophic groups and the 
co-occurrence of stressors trigger phase shifts. From 1952 to 2022, fish and fisheries are 
SEs that promote food, jobs, and income for people. However, the increase in the quantity 
and the multiplicity of fishing gear being increased over time, the reports on the decrease 
in catches of larger species of all trophic groups in the shallow zone, the decline in 
biomass reported by fishermen, indicates a gradual increase in the fishing effort 
suggesting that there is a depletion of the stock. We detected a shift in perception across 
generations, which was evidenced by observing the increase in stock and changing 
targets in the experienced category; aligned with the perception of decline in stock, 
acceptance of rarity, and lack of knowledge of large carnivorous and herbivorous species 
by the beginners; while the beginner considered parrotfish and snappers species not to 
grow much as a common pattern. Overfishing, habitat degradation, and unmanaged 
tourism were identified as the main anthropogenic stressors. The solutions pointed out 
were the reduction of low selectivity gear in coral reefs such as gill nets, management 
(e.g.: selectivity in capture), aligned with the effective inspection of fisheries, together with 
the monitoring of tourism activities. A proposal that includes ecosystem-based fisheries 
management, and coastal and marine spatial planning associated with the adoption of 
multilevel governance in collaborative networks can minimize stressors, and consist of 
alternatives that can promote coping, in addition to mitigating phase shifts. 
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1 INTRODUÇÃO GERAL 

 
O antropoceno é uma época na história da Terra, em que as interações humanas 

pervasivas pela extração e usos dos recursos naturais, estão alterando enormemente a 

dinâmica dos seus processos geológicos e ecológicos (Lewis and Maslin, 2015). Uma 

clara visão sistêmica das interações humanas topo-base é observada pela co-ocorrência 

de múltiplos estressores, como a degradação de habitats, poluição, contaminação, e a 

sobrepesca (Steffen et al., 2015). A humanidade é a principal responsável pela alteração 

em cerca de 75% dos padrões naturais de funcionamento dos ecossistemas terrestres e 

do Oceano (Hughes et al., 2013), cujo metabolismo social e econômico demanda 

crescentes extrações de recursos, levando-os à escassez, e extinções de espécies 

(Young et al.; 2016; Malhi, 2017). 

Estressores antrópicos criam mecanismos que perturbam a estabilidade e a 

capacidade de ecossistemas naturais de absorver mudanças, movendo-os de um estado 

a outro, que oscila entre os limiares de equilíbrio, instabilidade, neutro, e transições 

aleatórias criando flutuações no comportamento de suas variáveis abióticas e bióticas 

(Holling, 1973; Rocha, 2022). A persistência dos ecossistemas no estado natural para um 

alterado, e as mudanças na estrutura e nos padrões de funcionamento são disparadas, 

podendo levá-los a perda da resiliência (Holling, 1973; Rocha, 2022). 

Em recifes de coral, eventos estocásticos (ex.: desastres naturais, cataclismas), e 

determinísticos (ex.: co-ocorrência de múltiplos estressores antrópicos) provocam 

outbreaks, surtos de doenças nos corais, além das espécies invasoras, e da sobrepesca 

conduzindo o ecossistema entre um estado estável alternativo para um novo estado 

perturbado (Scheffer et al., 2001; Scheffer and Carpenter, 2003).  A mudança de fase 

ecossistêmica, é então observada, pelas transições catastróficas no aumento do número 

de espécies oportunistas, de reprodução rápida, as chamadas r-estrategistas como a 

predominância de macroalgas foliosas, filamentosas, turfs algais, invertebrados 

bentônicos e planctônicos (Bellwood et al., 2004; Norström et al., 2009; Nyström et al., 

2012). Quando o ecossistema apresenta um estado de hysteresis  no qual as transições 
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para o estado original foram modificadas persistentemente, a recuperação da resiliência 

se torna difícil (Scheffer and van Nes, 2004). 

A co-ocorrência de múltiplos estressores nos recifes de coral (Norström et al., 

2016; Setter; Franklin; Mora, 2022; Soares et al., 2022), muitas vezes associados a uma 

gestão e governança inefetivas, podem causar alterações profundas na biodiversidade, 

e no conjunto de bens e Serviços Ecossistêmicos (SEs) fornecidos para as pessoas, bem 

como nos valores estéticos das paisagens recifais que são difíceis ou impossíveis de 

reverter (Hughes et al., 2013).  

A sobrepesca é um estressor severo que altera múltiplos processos ecológicos 

como as interações competitivas interespecíficas e multiespecíficas (Scheffer and van 

Nes, 2004), enfraquecendo a conectividade das interações topo-base e base-topo da teia 

trófica (Bascompte et al., 2005; Pauly. et al., 1998; Scheffer et al., 2005). A sobrepesca 

leva a diminuição dos padrões de abundância, densidade, diversidade funcional e 

taxonômica, disparando o fenômeno das cascatas tróficas, e promovendo transições 

críticas levando às mudanças de fase (Jackson et al., 2001; Pandolfi et al., 2003; Pershing 

et al., 2015).  

Diferentes grupos tróficos de peixes recifais, como os carnívoros, piscívoros, e 

herbívoros participam da transferência de energia e matéria que equilibram o balanço 

entre os processos de produtividade primária e o consumo nos recifes (Ladd and Shantz, 

2020). Os peixes piscívoros e carnívoros participam do equilíbrio trofodinâmico 

controlando a abundância, densidade e a biomassa de outros níveis tróficos de 

vertebrados e invertebrados nos recifes (Estes et al., 2011), inclusive eliminando animais 

doentes e espécies invasoras (Hammerschlag et al., 2019; Holmlund and Hammer, 

1999). Os grupos funcionais de peixes herbívoros, promovem a manutenção da 

biodiversidade, resiliência e a saúde dos corais, atuando como raspadores, podadores, 

e bioerodidores participam da produção e transporte de sedimentos (Longo et al., 2014; 

Tebbett et al., 2020). Essas interações bióticas e abióticas dos herbívoros, são 

responsáveis pela manutenção do controle da produtividade de macroalgas e turfs 
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liberando espaços no substrato recifal para o assentamento  de pólipos de corais, 

recrutamento e o estabelecimento de novas colônias (Bennett et al., 2015; Lefcheck et 

al., 2019).  

Recifes de coral regulam e mantêm processos biológicos que são preponderantes 

para o equilíbrio do clima global sequestrando dióxido de carbono, liberando oxigênio 

para a atmosfera, promovendo a resiliência, e saúde do Oceano (IPCC, 2022). Os SEs 

materiais e imateriais dos recifes são responsáveis por promoverem alimentos, renda e 

labor para milhões de pessoas através da pesca e do turismo (Cinner et al., 2020; FAO, 

2018; Spalding et al., 2017).   

 No antropoceno, para alcançar os objetivos propostos para o desenvolvimento 

sustentável do Oceano, a manutenção dos SEs, e continuar a promover indefinidamente 

o crescimento econômico, a sociedade precisará reduzir os efeitos dos múltiplos 

estressores nos ecossistemas marinhos (Knowlton, 2021) e as vulnerabilidades sociais 

associadas (Hicks, 2011; McClanahan et al., 2008). Entretanto, os cenários são diversos, 

tanto para amenização ou aumento das taxas de pobreza, quanto pela escassez através 

da redução e produção pesqueira, falta de saneamento (eutrofização, lixo, poluição e 

contaminantes), e declínios massivos da biodiversidade (Eddy et al., 2021; Harborne et 

al., 2017). Não podemos ignorar que o planeta está vivenciando rápidas mudanças 

ambientais, sociais e a busca pelo desenvolvimento econômico é crescente e sem 

precedentes, onde o comportamento humano é o principal impulsionador destas 

transformações (Hughes et al., 2013; Norström et al., 2016). 

Sabendo que a resiliência ecossistêmica opera em diferentes escalas espaciais, 

nas áreas marinhas protegidas, para compatibilizar a manutenção da resiliência  recifal e 

o provimento dos SEs, o reconhecimento de ameaças potenciais é estratégico para a 

efetiva conservação e manejo, objetivando os múltiplos usos de forma sustentável 

(Hughes et al., 2003). Nesse contexto, é necessário o entendimento das mudanças 

pretéritas que os ecossistemas sofreram, e identificar se está ocorrendo Síndrome de 

Deslocamento de Referencial (SDR) geracional para a proposição de programas de 
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pesquisa visando a conservação da biodiversidade (Papworth et al., 2009; Pauly, 1995). 

A SMR descreve a tendência gradual que novas gerações têm de desconsiderar 

mudanças pretéritas na biomassa e riqueza nas pescarias, aceitando a cada nova 

geração um padrão mais baixo como uma norma (Pauly, 1995). 

Detectar a ocorrência precoce da SMR pode subsidiar o desenvolvimento de 

programas de pesquisas de longa duração, e o estabelecimento de cooperações para a 

transferência de conhecimentos que podem nortear planos de conservação (Soga and 

Gaston, 2018), manejo e governança da biodiversidade localmente (Knowlton and 

Jackson, 2008a). Nesta perspectiva, uma combinação entre o Conhecimento Ecológico 

Local (CEL) e o científico surge como um novo paradigma na busca por soluções 

democráticas e participativas (Hughes et al., 2005) para garantir a resiliência ambiental e 

social (Folke, 2006). Frente aos múltiplos estressores, a efetividade da gestão e 

governança dos recifes de coral é estratégica para a manutenção dos seus SEs, as quais 

dependem da adoção de perspectivas multiníveis através da criação de arranjos 

cooperativos entre diferentes setores da sociedade para o estabelecimento de diálogos 

e busca por soluções coletivas (Díaz et al., 2018; Hughes et al., 2005; CB, 2020).  

 O CEL de pescadores é utilizado e recomendado como uma ferramenta 

democrática (Fisher et al., 2015) para entender as mudanças pretéritas nos 

ecossistemas, e detectar desvios de percepção, ameaças atuais e as soluções coletivas 

para a conservação e o manejo local dos recursos marinhos (Berkström et al., 2019; 

Knowlton and Jackson, 2008b). A necessidade de melhorar a gestão dos recifes de coral 

nas diferentes escalas em todo o mundo é imensa e urgente (Campbell et al., 2016; 

Hughes et al., 2013), sendo assim, entender quais são os impulsionadores dessas 

mudanças pode ajudar a sociedade a transformar a governança local através de ações 

práticas e engajamento social para a sua conservação e o manejo (Bender et al., 2022; 

Folke et al., 2011). 

As pesquisas desta tese objetivaram contribuir para o entendimento dos 

mecanismos relacionados às mudanças de fase nos recifes de coral relacionada aos 
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processos ecológicos dos peixes, e identificar como o CEL pode contribuir para avançar 

em práticas conservacionistas e para gestão sustentável desses ecossistemas em escala 

local.  

No primeiro capítulo através de revisão sistemática procurou-se identificar como o 

conhecimento científico sobre os peixes recifais avançou no Atlântico Sudoeste. No 

segundo capítulo através de entrevistas, o CEL foi utilizado em escala local para: testar 

a hipótese da ocorrência da Síndrome de Deslocamento de Referencial (SDR) entre 

diferentes gerações de pescadores; para identificar como grupos tróficos de peixes 

recifais e pescarias promovem SEs para as pessoas; bem como identificar a co-

ocorrência de estressores antrópicos, as mudanças de fase; e soluções alternativas para 

a mitigação dos impactos. 
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2 APRESENTAÇÃO 

 
Nesta tese, foi investigado a partir de uma revisão sistemática, como o 

conhecimento científico multidisciplinar sobre os peixes recifais herbívoros avançaram 

em mais de cinquenta anos no Atlântico Sudoeste (AS), e a partir do Conhecimento 

Ecológico Local (CEL) foi identificado como os peixes recifais influenciam processos e 

funções ecológicas para promover bens e Serviços Ecossistêmicos (SEs), como 

estressores antrópicos afetam esses processos, e como estão associados às mudanças 

de fase em Área de Proteção Ambiental sem plano de manejo. Para traçar um panorama 

e ampliar as perspectivas para atingir o objetivo geral proposto, uma revisão sistemática 

entre 1967 e 2020 foi conduzida, onde procurou-se entender de que maneira o 

conhecimento sobre os peixes recifais avançou no Atlântico Sudoeste. Primeiramente foi 

mapeada as redes de colaboração entre pesquisadores, instituições e países, 

quantificando o número de revistas de alto fator de impacto, artigos, e autores mais 

citados. Na revisão, foi quantificado e identificado as disciplinas, ecossistemas, 

metodologias de amostragem das áreas geográficas, espécies, famílias e as categorias 

tróficas mais citadas, componentes (ex.: táxon, ecossistema), e os processos 

ecossistêmicos mais estudados. Na segunda etapa da revisão, foram identificadas as 

perspectivas para avançar no entendimento sobre as mudanças de fase nos recifes, os 

SEs dos peixes e pescarias, as lacunas na utilização do Conhecimento Ecológico Local 

(CEL) para trazer soluções alternativas (ex.: manejo das artes e espécies), e as 

perspectivas para pesquisas científicas futuras sobre os peixes recifais.  

No segundo capítulo, o CEL foi utilizado para testar a hipótese da ocorrência da 

SMR geracional entre pescadores com diferentes tempos de experiências nas atividades 

pesqueiras em uma ilha tropical nas capturas de espécies dos grupos tróficos dos peixes 

carnívoros, piscívoros e herbívoros. Assumiu-se como premissas, que a co-ocorrência de 

múltiplos estressores antropogênicos, como a sobrepesca, criam bacias de atração nos 

recifes que promovem mudanças entre um estado natural para um estado alterado 
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desencadeando as mudanças de fase. Então, investigou-se: (i) os benefícios imateriais 

e materiais dos peixes e pescarias paras as pessoas; (ii) a ocorrência de Síndrome de 

Deslocamento de Referencial (SDR) entre diferentes gerações de pescadores em relação 

a diminuição ou o aumento das capturas, anos das melhores pescarias e capturas, os 

maiores indivíduos já capturados, as pescarias dos grupos tróficos em diferentes zonas 

dos recifes; (iii) múltiplas bacias de atração para as mudanças de fase; e as principais 

(iv) soluções alternativas e participativas para a conservação e manejo de acordo com a 

percepção dos pescadores. 

Aqui, identificou-se que os peixes e as pescarias são fundamentais para a 

alimentação, geração de trabalho, renda, recreação, cultura e espiritualidade para as 

diferentes gerações de pescadores. Foi detectada a SMR entre as gerações de 

pescadores que apresentaram desvios de percepção sobre a produtividade pesqueira e 

capturas dos maiores indivíduos dos grupos tróficos carnívoros, piscívoros e herbívoros 

ao longo do tempo, desde os recifes costeiros até aqueles afastados da costa. Na 

sequência, as premissas de que a co-ocorrência de múltiplos estressores antrópicos 

relacionados às mudanças de fase nos recifes foram aceitas, e os pescadores indicaram 

soluções alternativas para a conservação, manejo, gestão, e governança dos recifes de 

coral e das pescarias. 
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ABSTRACT 

 
Reef environments are rapidly transforming worldwide due to climate change, habitat 

damage and overfishing, and these changes are causing major impacts to the reef 

ecosystem. Scientific knowledge is strategic for marine conservation and management in 

these scenarios. Aiming to contribute to this subject, a systematic review from 1967 to 

2020 was conducted, in order to identify gaps in studies regarding reef fish species, 

ecosystem components and processes. Multidisciplinary sciences concerning reef fish 

have been rising, mainly in the fields of basic biology and ecology. Besides that, phase 

shifts and ecosystem services were absent terms in the analyzes of co-occurrence of 

terms and keywords in articles analysed. Research in the ethnosciences needs to be 

increased, and will improve access to local ecological knowledge, which can be used as 

a tool to address issues in reef environments. Socio-ecological systems are components 
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of this landscape that have had few publications, and their participation in the elaboration 

of public policies can be a new avenue to foster the biodiversity of reef environments. 

Keywords: Bibliometrics, Coastal zone, Coral reefs, Phase shifts, Ecosystem 

 

3.1 INTRODUCTION 

 
Reef environments support immense biodiversity (Connell, 1978; Stoddart, 1969). 

These environments also provide highly complex hotspots for habitat specialization, 

encouraging the evolution of corals and reef fishes in the ocean (Bellwood et al., 2017; 

Cowman and Bellwood, 2013; Pinheiro et al., 2018). The complex habitats and 

heterogeneity provided by reef environments are suitable for refuge, which promote 

trophic interactions between fishes in marine food webs (Graham and Nash, 2013; 

Kovalenko et al., 2012). 

Reefs environments maintain a myriad of ecosystem services (ESs) that help to 

sustaining ecological processes and are fundamental for humanities well-being (Costanza 

et al., 2014; MEA, 2005; Moberg and Folke, 1999). The contributions of coral reef 

biodiversity to people are expressed by the myriad of material and immaterial ESs that 

promote the regulation and maintenance of biological processes, food production, 

materials, and labor, and supporting identities (e.g., recreational, cultural and spiritual) 

(Díaz et al., 2018; Holmlund and Hammer, 1999; MEA, 2005; Moberg and Folke, 1999). 

Millions of people rely on fishing as a source of livelihood, and it is one of the most 

significant tourism industries globally (Cinner, 2014; Food and Agriculture Organization of 

the United Nations, 2017; Spalding et al., 2017). 

Despite the ecological, socioeconomic, and cultural importance, reef environments 

have been declining worldwide as a result of global and local threats (Bellwood et al., 

2019a). At a local scale, habitat destruction, and more importantly overfishing (Newton et 

al., 2007), have been contributing severely to the general depletion of reef fish worldwide. 
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This has lead to extinctions and genetic erosion of key species (Jackson et al., 2001; 

Myers and Worm, 2003b; Pandolfi et al., 2003; Pauly. et al., 1998).  

Overfishing can lead to a decrease in the abundance of reef fish and is the primary 

cause of the reduction of fish biomass and trophic categories (Myers and Worm, 2003b; 

Trindade-Santos et al., 2020). Overfishing trigger trophic cascades, causing depletion of 

piscivorous and large herbivorous species inducing community phase shifts which is led 

to decreasing of the ESs provided by reef fish (Conversi et al., 2015a; Daskalov et al., 

2007; Rocha et al., 2015).   

Extensive cascading effects caused by the removal of apex predators is the main 

driver of transitions in community structure in freshwater and marine ecosystems (Estes 

et al., 2011; Mumby et al., 2006; Pershing et al., 2015). In reef environments, community 

phase shifts are mainly represented by changes in structure from coral-dominated 

ecosystems to environments dominated by fast growth organisms, such as macroalgae, 

soft corals, sponges, and sea urchins (Bellwood et al., 2004a; Done, 1992; Graham, 2015; 

Norström et al., 2009). Shedding light on the knowledge of phase shifts in reef 

environments (Cruz et al., 2015; Graham, 2015; Rocha et al., 2017), is a necessary step 

to achieve the objectives of the UN decade of ocean science for sustainable development 

(ONU, 2015; UNESCO, 2020).  

Understanding the main issues of concern related to changes and degradation of 

a reefs communities’ structure are important in order to support marine management 

strategies that assure the conservation and maintenance of reef ecosystem functions 

(Conversi et al., 2015b; Scheffer et al., 2001).  

It is strategic for marine conservation and sustainable management in phase shifts 

scenarios in Southwest Atlantic (SA) to understand how much the scientific knowledge 

has progressed about reef fish. In order to maximize research time efforts, bibliometrics 

analysis is a research tool to map areas and subareas of scientific knowledge (Verbeek 

et al., 2002), that are relevant to reorient interdisciplinary marine projects and international 

agendas (Markus et al., 2018; Visbeck, 2018).  
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Bibliometrics networks deal with the statistical analysis of information to map co-

occurrences (terms, keywords) in scientific documents (Havemann and Scharnhorst, 

2012; Waltman et al., 2010). In the main bibliometric studies, tracking the citations has 

been used to elements of similar keywords, thereby increasing the productivity in research 

projects (Behrouzi et al., 2020). 

Aiming to contribute to this subject, a systematic review through bibliometric 

analysis was used to quantify how much scientific progress on reef environments and 

associated fishes has been made in the SA. We also worked to map the actual knowledge, 

identifying gaps, and addressing perspectives of the future.   

 

3.2 MATERIAL AND METHODS 
 

3.2.1 Data Search 
 

The data collection was carried between October 2020 and September 2021 

through searches in the Scopus, Web of Science (WoS) and SciELO Brazil databases. 

We limited our searches to articles published in English, Portuguese, and German, during 

the timespan between 1967 to 2020.  We performed a comprehensive literature search 

for studies published using these keywords in the search fields: (north brazil shelf, tropical 

southwestern atlantic, south atlantic ocean, tropical atlantic, brazil OR brazil* ocean) AND 

(coral reef ecosystem*, shallow reef*, OR rocky reef*, reef ecosystem*, mesophotic reef*, 

rariphotic reef*, deep reef*) AND (fish*, herbivore fish*, scarus*, acanthuridae, 

surgeonfish*, parrotfish*, fish assemblage*, reef fish community* OR reef community*). 

The search results were manually filtered, and the titles, keywords, and entire body of the 

articles were reviewed. We organized all the articles according to the PRISMA diagram 

(Preferred Reporting Items for Systematic Reviews). 

 
3.2.2 Data organization and categorization 
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The selected articles were organized according to year, most used journals, impact 

factor (IF), H-index of SCImago Journal & Country Rank (SCImago, 2020), most cited 

article, co-occurrence terms, and researched areas. Each article was categorized to the 

study sites of marine realms, province, and ecoregions (Spalding et al., 2007). A map to 

visualize the number of articles sampled according to marine ecoregions of the world 

(Marine Institute, 2021), was made from the uploaded website Data Basin (Conservation 

Biology Institute, 2021). We used Inkscape v.1.0.2-2 software (Rasband, 2005) to improve 

the quality of the map. 

The study also registered and categorized the type of reef environments (according 

to Araújo et al., 2020 and ReBentos, 2015), depth range, sampling methodologies, fish 

species and trophic categories, ecosystem components and processes studied (see 

categorization in the supplementary material). 

The trophic categories assigned were based on diet and feeding modes according 

to Ferreira et al. (2004) and Froese and Pauly (2022), these being: (1) Roving herbivores 

(ROVH): which include in their diet plants, turf algae, macroalgae and detritus; (2) Mobile 

invertebrate feeders (MIFs): which feed on all benthic mobile invertebrates like 

crustaceans and mollusks; (3) Sessile invertebrate feeders (SIF): feeding on a variety of 

sessile benthic invertebrates such as cnidarians, ascidians and sponges; (4) Omnivores 

(OMN): feeding on plants and animals; (4) Planktivores (PLK): feeding on basically macro- 

and microplankton, and (5) Piscivores (PIS): which feed on only live fishes. 

 

3.2.3 Analysis 
 

To facilitate the visualization of the graphic data, the results obtained were recorded 

in periods of five years whenever possible (1967-1977; 1996-2000; 2001-2005; 2006-

2010; 2011-2015; 2016-2020). We used VOSviewer v 1.6.18 to create the network 

analyses of (1) term co-occurrence in titles and abstracts through time (van Eck and 

Waltman, 2010).  
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Linear regression (p < 0.05) analysis was used to test the relationship between 

number of articles published and their number of citations (citation count sums), in order 

to determine how much scientific production about reef fish in the SA has been made over 

time. Two-way ANOVA was applied to verify significant differences in citations per article 

during the study period, using countries and numbers of co-author’s countries as 

predictive factors.  

All the statistical analysis were made using Microsoft Excel, and the graphs were 

edited using the R Software version 1.4.1106 (RStudio, 2021). 

 

3.3 RESULTS 

 
From the 3,984 articles records generated by our search on the WoS, Scopus and 

SciELO Brazil, 557 were considered valid for our analysis (Fig.1). 
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Figure 1: PRISMA 2020 flowchart describing the process of selecting articles 
included/excluded in the process of this systematic review. Legend: *Web of Science-
WoS, Scopus, SciELO. 

 

The number of scientific articles about reef fish in the SA has progressed over time 

(R²= 0.55; p < 0.001). The articles were published in 134 journals, and 10 most used were 

selected (Table 1). The Journal of Fish Biology (n= 56; 10%, 1.495; 108) and Neotropical 

Ichthyology (n= 41; 5.36%; 0.589; 37) were the two with the highest number of articles 

published. We identified only nine journals (n= 20; 1.5%) that are exclusively for studies 

published in marine conservation, and the most used were the Perspective in Ecology and 

Conservation (n=3; 0.58%; 3.563; 31) and the Biological Conservation (n=2; 0.38%; 4.69; 

199). 

Table 1 The top 10 most used journals about reef fish during 1967 to 2020 (TP= total 

publications and percentage in total publications (n=557; %), IF= impact factor from the 

Journal Citation Report (JCR) published in 2019, H-index= journal rank in the category). 

 

Journal name 
TP 

TP 

(%) 

IF H- 

index 

Journal of Fish Biology 56 10 1.495 108 

Neotropical Ichthyology 41 7.4 0.589 37 

Environmental Biology of Fishes 29 5.2 0.617 82 

Journal of the Marine Biological Association of 

the United Kingdom 

21 3.8 0.606 66 

Brazilian Journal of Oceanography 21 3.8 0.451 23 

PLoS One 16 2.87 2.74 300 

Marine Biology 15 2.11 1.019 114 

Biota Neotropica 15 2.7 1.33 32 

Ocean and Coastal Management 14 2.68 0.984 77 

Marine Environmental Research 13 2.49 1.081 89 
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The ANOVA significantly indicated variations in citations per article related to the 

country of origin (p < 0.0001; F = 4.65) and number of co-author countries (p < 0.0001; 

F= 2.2) for the studied period (Fig.2). Brazil is at the top of scientific productivity in SA and 

international scientists included 10 countries in co-authorship. The United States of 

America-USA (n=66) and Australia (n=59) stands out in the number of articles. The main 

countries that are part of these co-authorship production are from the European 

community, these being Portugal (n=25), France (n=21) and Germany (n=18). In South 

America, aside from Brazil, we also registered Argentina (n=07). The number of articles 

published between 1967 and 2020 showed a rising trend after 2004, as well as the number 

of citations that increased dramatically from this period (Fig.2). 

 

 

 

Figure 2: Number of publications and citations counts (line) by years about reef fish during 

1967 to 2020. 

 

Between 1967 and 1977 the number of articles is exceptionally low (n=04) 

compared to the period between 1996 and 2000 (n=17). We counted 102 more 

publications between 2006 and 2010. This trend continues until 2016-2020, which was 

the period with the largest number of articles published (n= 236).   
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Most of the top 10 cited articles since 2008 (Table 2), in the main themes were 

related to functional ecology, community structure, fisheries, and other different subjects 

related to ecology and species distribution. 

 

Table 2 The top 10 most cited articles about reef fish in WoS, Scopus, and SciELO Brazil 

from 1967 to 2020. 

 

Rank First Author Number 
of 

citations 

Title 

1 Floeter et al., 
(2008) 

764 Atlantic reef fish biogeography and evolution 

2 Floeter et al., 
(2007) 

494 Reef fish community structure on coastal 
islands of the southeastern Brazil: the influence 
of exposure and benthic cover 

3 Sadovy de 
Mitcheson et al., 

(2013) 

473 Fishing groupers towards extinction: a global 
assessment of threats and extinction risks in a 
billion-dollar fishery 

4 Ferreira et al., 
(2004) 

424 Trophic structure patterns of Brazilian reef 
fishes: a latitudinal comparison 

5 Ferreira and 
Gonçalves, 

(2001) 

326 Community structure of fishes and habitat 
complexity on a tropical rocky shore 

6 Floeter et al., 
(2005) 

322 Geographical gradients of marine herbivorous 
fishes: patterns and processes 

7 Kulbicki et al., 
(2013) 

263 Global Biogeography of Reef Fishes: A 
Hierarchical Quantitative Delineation of 
Regions 

8 Floeter et al., 
(2001) 

257 Geographic variation in reef-fish assemblages 
along the Brazilian coast 

9 Luiz et al., (2012) 253 Ecological traits influencing range expansion 
across large oceanic dispersal barriers: insights 
from tropical Atlantic reef fishes 

10 Galetti et al., 
(2000) 

236 An overview of marine fish cytogenetics 

 



41 

 

Term co-occurrence total analysis separated the most relevant research terms from 

WoS in four clusters (Fig.3). The network analyses of terms display division between 

target fishes in fisheries and reproductive biology; reef environment variables and 

communities; family and species distribution; key species and marine conservation. 

 

Figure 3 Network map of most relevant research terms about reef fish during 1967 to 

2020 in WoS from 1967 to 2020. The size of nodes reflects the number of articles, whereas 

the density of connecting lines indicates the number of co-occurrences. 

 

From Scopus and SciELO Brazil, the co-occurrence analyses also separated the 

most relevant terms in four clusters (Fig.4). The network exposed a clear division between 

biology, reproduction, feed behavior; and research directly linked to community structure, 

and species distribution. Research related to basic biology was frequent in both networks. 
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Figure 4 Network map of most relevant research terms about reef fish during 1967 to 

2020 in Scopus and SciELO Brazil. The size of nodes reflects the number of articles, 

whereas the density of connecting lines indicates the number of co-occurrences. 

 

The most frequent keywords in the co-occurrence network analysis in WoS, 

Scopus and SciELO Brazil were reef fish species (18.24 %; 44 %). While herbivore (17.6 

%), parrotfish (16.5 %) and Western Atlantic (17.6 %) were more frequent in WoS. The 

term coral reefs (17.5 %) was frequent in Scopus and SciELO. The total volume of articles 

analyzed, studies contributing to a broader understanding of herbivorous fishes accounted 

for 46 articles (n= 557; 8.2%). Nonetheless, co-occurrences of terms related to phase 

shifts ES of reef fish were absent. 

The main scientific research disciplines in the field of the themes were ecology 

(n=265), species biology (n=93), and applied ecology and conservation (n=79) since 1967 

(Fig.5) (see categorization on supplemental material). Studies focusing on biogeography, 

macroecology, and phylogeography (n=54) have been in development since 2006 in the 

SA. Some subjects such as food webs and biodiversity (n=22); ethnobiology, and 

ethnoecology (n=10) presented a smaller number of publications. 
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Figure 5: Researched areas studied by publications (n=557), every five years from 1967 

to 2020. 

 

The Tropical Atlantic (TA) realm was observed as having the largest number of 

studies (n=550) and the Tropical Southwestern Atlantic (TSA) (n=249) the most 

researched province (Fig.6). Meanwhile, in North Brazil Shelf (NBS) (n=130) province, 

Amazonia (AM) ecoregion has been increasing the number of articles (n=85) published 

since 2011. The contribution of the reef fish studies in the Warm Temperate Southwestern 

Atlantic (WTSA; n=249) province was from South Brazil (SBr; n=206) ecoregion. In the 

total volume of articles published in the period of studies, Northeastern Brazil (NO; n=215) 

and Eastern Brazil (EA; n=197) ecoregions accumulated the largest amount. Fernando 

de Noronha archipelago (FN) and the Rocas Atoll (FNAR; n=111) were the most studied 

oceanic ecoregions presenting more studies than Trindade and Martin Vaz islands 

(TrMVz; n=84). 

A total of 343 (n=557; 62%) articles were carried out in Marine Protected Area 

(MPA), including in 17 different ecosystems, such as estuaries, coastal, shallow and 

mesophotic reefs, and oceanic seamounts (Fig.7). We observed that the surveys were 

carried out during the period 1960-1977 (n=4), as well as most of the articles analyzed 

(n=200), did not report the sampled depth of sampled area. Between the years of 1996 to 
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2000, most research focused on sampling up to 15 m (n=26); although more than 42% of 

the sampled depths were above 50 m (n=257). The first studies that sampled depths 

greater than 115 m in reef environments took place over the years 2001-2005 (n=30), and 

since the period 2011-2015 (n=124) research studies have been increasing annually – 

46% occurring in depths up to 50 m. 

 

 

Figure 6: Researched Marine Ecoregions of the Southwestern Atlantic studied from 1967 

to 2020. Marine Realms: TA and TSA; Provinces: NBS, TSA, and WTSA. Ecoregions: 

AM, SPSP, FNRA, NO, EA, TrMVz, SBr and RGr. 
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Figure 7: Ecosystems studied from 1967 to 2020 in Southwestern Atlantic. ArtRe_Sh: 

Artificial reef/Shipwreck; BanRe_ReFl: Bank Reefs and Flat Reefs; BrazProv: Brazilian 

Province; Cem_Ter: Cemented Terraces; Co_Mar: Coastal and Marine; FriRe_BaRo: 

Fringing reefs and Beach-rockys; GrAmRe: Great Amazon Reef System; Lab: Laboratory; 

MECs: Mesophotic Ecosystems; Ocls_At: Ocean Islands and Atoll; PatRef: Patch Reefs; 

PinRe: Pinnacle reefs; RocRe: Rocky shore, Rocky reefs, and Rocky pools. 

 

Between 1967 and 1977, the most applied sampling methodologies were the use 

of chemical substances (anesthetics) and interviews for the ethnoecological research 

approach (n=4) (Fig.8). However, from 1996 to 2020, fishing (n=205) was the most used 

methodology. SCUBA diving (Self Contained Underwater Breathing Apparatus) has been 

increasingly used for the study of marine ecosystems (n=201), followed by free diving and 

direct observation (n=102). The use of modern equipment’s such as video and photo 

cameras, bait with remote underwater video (BRUV), remotely operated underwater 

vehicle (ROV) and diver-operated stereo-video (DOV) have gained prominence mainly 

since 2010 (n=28). 

The application of standardized methodologies (e.g.: Point Intercept Transect, Belt 

Transect) for sampling reef fish has been the most used by researchers since 1996 

(n=138) (Fig.9). The researchers fished for sample fauna through a myriad of 
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miscellaneous gear (n=120), including hooks and lines (n=38), gillnets (n=34), trawls 

(n=28), and traps (n=20). The application of methodologies used in ethnobiology through 

interviews, surveys, reviews, and questionnaires (n=64) has been used since 1967, 

especially between 2016 and 2020 – increasing the total of indexed publications by more 

than 52%. 

 

 

Figure 8: Methods of sampling areas 

every five years from 1967 to 2020 in 

Southwestern Atlantic. BioProt: Biological 

Protocols; Chem: Chemicals; Dat_SetBa: 

Dataset or Database; FreDiv: Freediving; 

Int_Su_Rev: Interview, Survey or Review; 

MeNoSta: Method Not Stated; Mol_Tis: 

Molecular or Tissue; VC_Ph_BrRoDo: 

Video camera, Photo, BRUV, ROV or 

DOV. 

 

 

Figure 09: Methods of taxon sampling 

every five years from 1967 to 2020 in 

Southwestern Atlantic. Biological: 

biological protocols; Chem: Chemicals; 

Dat_SetBa: Database, Dataset or 

Checklist; HookLine: hooks and lines; 

Miscellaneous gear; Int_Su_Rev: 

interview, survey, review, or questionnaire; 

MetNoSta: Method Not Stated; 

VdPh_BvRoDo: Video camera, photo, 

BRUV, DOV; StandartProt: Standard 

protocols. 
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A total of 412 reef fish species belonging to 84 families of Osteichthyes and 10 of 

Chondrichthyes were recorded. The most cited species include the pomacentrids 

Abudefduf saxatilis and Stegastes fuscus, with similar number of studies for each over 

recent years (n=48) (Fig.10). Since 2001-2005, the Acanthurus bahianus, Acanthurus 

chirurgus and Acanthurus coeruleus (n=38; 28; 22) have been frequently investigated by 

marine researchers.  

The most investigated family were Pomacentridae (n=162), followed by Scaridae 

(n=155), Haemulidae (n=113), and Lutjanidae (n=104) (Fig.11). 

 

 

Figure 10. The number of the most cited 
reef fish species studied from 1967 to 2020 
in Southwestern Atlantic. Legend: 
Abudefduf saxatilis; Stegastes fuscus; 
Acanthurus bahianus; Haemulon 
aurolineatum; Acanthurus chirurgus; 
Lutjanus jocu; Acanthurus coeruleus; 
Chaetodon striatus; Diplectrum radiale; 
Lutjanus synagris; Halichoeres poeyi; 
Haemulon parra; Haemulon plumierii; 
Lutjanus analis; Cephalopholis fulva; 
Anisotremus virginicus; Haemulon 
steindachneri and Epinephelus 
marginatus. 

 

Figure 11. The number of the most cited 

reef fish families studied from 1967 to 2020 

in Southwestern Atlantic. 
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Trophic categories of guilds that had the highest accumulated volume of articles 

analyzed was SIF (n=598) (Fig. 12). In this category, the butterflyfish Chaetodon striatus 

(n= 16) was the most studied specie of the Chaetodontidae family.  

Since 2004, in Southwestern Atlantic, the ROVH species (n= 354) show a clear 

increase in the number of studies, it includes parrotfishes and surgeonfishes. One of the 

most cited family of ROVH species was Scaridae (n=155). In this trophic category two of 

the mostly mentioned species were the Sparisoma axillare (n=38) and the large Scarus 

trispinosus (n=22).  

Between 2001 and 2006 the number of articles investigating the trophic group of 

PIS (n=377) increased. PIS species include the large groupers such as Epinephelus 

marginatus (n=14) and Mycteroperca bonaci (n=05) of Serranidae family (n=74). 

Chondrichthyes species include the most cited higher trophic level tiger shark Galeocerdo 

cuvier (n=04) of Carcharhinidae family (n=31). 

In our systematic review, the most studied component was the taxon (class; order; 

family; genera; species) (n=290), especially since 2016, followed by community (n=207), 

population (n=68) and biogeography (n=44) (Fig.13) (See categorization on 

supplementary material). We observed that since 2011, the ecosystem (n=30) has had a 

significant increase in publications in relation to previous years. Studies focusing on food 

webs and Social-Ecological Systems-SES had the same number of studies (n=2). 
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Figure 12. The number of the most cited trophic categories studied from 1967 to 2020 in 

Southwestern Atlantic. Sessile invertebrate feeders (SIF); Roving herbivores (ROVH); 

Piscivores (PIS); Omnivores (OMN); Planktivores (PLK); Mobile invertebrate feeders 

(MIFs). 

 

Figure 13: Ecosystem component studied 

every five years from 1967 to 2020 in 

Southwestern Atlantic. FoWebs: Food 

Webs; SociEco: Social-Ecological 

Systems. 

 

 

 

Figure 14: Ecosystem processes studied 

every five years from 1967 to 2020 in 

Southwestern Atlantic. BioCoMa: 

Biodiversity Conservation and 

Management; Biogeo: Biogeographic; 

SociBeh: Social behaviour; SpBiology: 

Species biology. 

 

 

The most studied ecosystem process category was the ecological (n=299) since 

1967 (Fig.14) (see categorization on supplementary material). Social behavior (n=109), 

species biology (n=98) and biogeography (n=94) had a similar number of publications. 

Processes related to biodiversity, conservation, and management (n=93) presented 24% 
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of publications indexed in the WoS, Scopus and SciELO between 2016 and 2020. In this 

category (see categorization on supplementary material), we observed that human 

behavior, the design of MPA’s, governance were the processes with the least publications.  

 

3.4 DISCUSSION 
 

Multidisciplinary scientific studies about reef environments, reef fish species, 

families and trophic categories has been rising since 1967 in Southwestern Atlantic. 

However, the main issues related to the changes and degradation of reef community 

structures needs further study in order to support marine management strategies in SA 

(Rocha et al., 2015, 2017). 

 Several studies have reported phase shifts prior to the 1980's, when reefs 

transitioned from coral to algal dominance (Done, 1992).⁠⁠ Shifts between stable states in 

reef communities from hard corals followed catastrophic events or man-made 

disturbances (Knowlton, 1992; Nyström et al., 2012).  

Phase shifts have multiple drivers, drastically affecting the ESs of biodiversity 

(supporting), fisheries (provisioning), as well as cultural or aesthetic aspects (Rocha et al., 

2015). However, there is no common understanding on what the main drivers of phase 

shifts or triggering mechanisms are, and the theoretical framework for addressing the main 

impacts for the management are still in development (Conversi et al., 2015a; Möllmann et 

al., 2015). 

  Scientific production has progressed over time, showing an increased volume of 

publications with a high IF impact factor, and H-index journals rank in the category of the 

Journal Citation Report (SCImago, 2020). There is a considerable amount of journals 

devoted to publishing studies about coastal and marine environments, which cover many 

topics. The wide audience received by the international Journal of Fish Biology and the 

more regional journal Neotropical Ichthyology, is explained by the acceptance of 

publications in all aspects of fish diversity and fisheries (freshwater, estuarine, and marine 

ecosystems)  
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The use of broad scope journals offer advantages to expand the dissemination of 

multidisciplinary knowledge between scientists, government and citizens aimed at 

proposing solutions for the multiple human impacts on reef environments. The cross-

disciplinary marine sciences are key to the pursuit of directing and engaging society in 

research programs, conservation practices and initiatives proposed for the Decade of 

Ocean Science (Markus et al., 2018; Visbeck, 2018). 

Brazil is at the top of scientific productivity among countries in SA, with most cited 

articles focusing mainly on ecology, conservation, and fisheries research. This is due to 

the investments in long-term research projects. Despite Brazil accounting for a significant 

proportion of the global production in these fields of research, studies point to the need 

for the internationalization of co-author countries networks (Oliveira Júnior et al., 2016; 

Partelow et al., 2020). The high representation of the USA, Australia and Europe may be 

due to the strong economic investments in immaterial science (teaching, partnership 

networks), material infrastructure (e.g.: BRUVs, DOVs, Submersibles, diving 

equipment´s), laboratories, and the English-language-based ocean-related knowledge 

production (Oliveira Júnior et al., 2016; Partelow et al., 2020). 

The most frequent terms and keywords used for indexing the articles were coral 

reefs, reef fish species and Western Atlantic, to highlight the development of Brazilian 

science. Bibliometrics analyses were an effective tool linking keywords and citations for 

the prospection, compilation, and progress measuring of the diversified scientific 

knowledge (Behrouzi et al., 2020; Mantelatto et al., 2018; Verbeek et al., 2002). Moreover, 

the study assumed that the progress in these fields of knowledge is related to the long-

term ecological research programs that have been elaborated in recent years in SA, in 

the oceanic islands, in the Rocas Atoll, the archipelagos and in several coastal areas 

(Miranda et al., 2020). 

We highlighted the term local ecological knowledge (LEK) which was rarely used 

as terms in indexing publications. This fact may be related to the mostly instrumental 

nature of the research carried out in reef environments. Despite this, the use of the LEK 

has been encouraged in research studies and is recognized in the ethnosciences as 
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useful in the management of target fishes in fisheries (Begossi, 2015). The use of the  LEK 

has been accepted by government agencies as essential to improve research, in order to 

achieve the sustainable use of biodiversity, for mitigation of environmental conflicts and 

for adaptation to climate change (Brondízio et al., 2021; ONU and UNEP, 2019). 

We observed that the ethnosciences have generally received little attention by 

researchers and was the first research approach on fish biology and ecology since 1967. 

We recommend the use of LEK as a potential tool to bring people closer to environmental 

issues by making use of this knowledge of the ecosystem and its components.  

The use of LEK is recurrent to complement investigations for the design of small-

scale fisheries, public policy, food security, and for the adjustment of a target species that 

are overfished in reef fisheries (Begossi, 2015; Bender et al., 2014; Gerhardinger et al., 

2009; Zapelini et al., 2019). The use of LEK in ethnoecological research has also been 

used to access the ecological baselines of some depleted PIS species in order to propose 

management and conservation measures (Barbosa-Filho et al., 2020; Giglio et al., 2015), 

and as a source of data-poor fisheries where there is a lack of information related to 

endangered species management (Lopes et al., 2019; Sáenz-Arroyo and Revollo-

Fernández, 2016). 

Ecotoxicology was a less researched area in the analyzed studies. The need to 

apply integrative and innovative methods to monitor the health of ecosystems requires 

systematic investments in material and qualified human resources. In the last five years, 

the great environmental disasters that occurred in SA severely impacted hydrographic 

basins and the NO, EA, and SBr marine ecoregions of SA with heavy metals and oil spills 

(Andrades et al., 2020; Lourenço et al., 2020). The scarcity of this type of study, and the 

absence of biomonitoring programes in the reef environments of SA raise an important 

alert in government agencies.  

The high connectivity, biodiversity and ESs promoted by these ecosystems, which 

support human livelihoods (Moberg and Folke, 1999), indicate a need to carry out precise 

spatial planning of the marine biome (Magris and Giarrizzo, 2020) and encourage 
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investments in biomonitoring programs for effective conservation and management 

(Magalhães et al., 2020). 

Marine ecoregions of SA are important corridors, centers of endemism, speciation 

and dispersion, and are hotspots for reef fish worldwide (Floeter et al., 2008; Mouillot et 

al., 2014; Pinheiro et al., 2018). The TSA and WTSA provinces harbor hundreds of the 

most frequent reef fish species, families and trophic categories distributed along different 

gradients of depths and latitudes (Ferreira et al., 2004a; Magris, 2021; Reis et al., 2016). 

However, rare and endemic parrotfishes with low abundance and functional redundancy, 

and some snappers and groupers are at risk of extinction due to the high pressure exerted 

by reef fisheries (Anderson et al., 2014; Araújo et al., 2020b; Bender et al., 2013b; Roos 

et al., 2020). 

Most of the samplings in SA were carried out in the MPAs, which are natural 

laboratories for long-term studies, and refuges to marine life. In recent years, new 

discoveries, and advances in the sampling of reef fish in these MPAs, along tide pools, 

shallow, coastal environments, islands, rhodolith beds, coralline hills, and depth reefs, 

have been applied (Francini-Filho et al., 2018; Guabiroba et al., 2022; Pinheiro et al., 

2020; Quimbayo et al., 2019). 

Frontiers in ecology and new development discoveries impose technological and 

operational challenges to the advancement of knowledge that supports marine 

biodiversity in deep reefs. The expansion of knowledge about mesophotic reefs, provides 

opportunities for conservation efforts and the establishment of technical and scientific 

cooperation networks in SA (Kitahara et al., 2020; Moura et al., 2016; Pinheiro et al., 2021; 

Simon et al., 2022). 

Fishing using different types of gear was the methodology most employed by 

scientists for the study of reef fish. The sampling of fish fauna through fishing is considered 

one of the least selective methods to capture specific target species. Some studies 

warned against this methodology of sampling through fisheries because it contributes to 

overfishing of some endangered trophic categories, such as groupers (Epinephelidae), 

snappers (Lutjanidae), wrasses and parrotfishes (Labridae) (Jennings and Kaiser, 1998; 
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Johnson, 2010). Miscellaneous gear such as nets and traps decrease the comparability 

of quantitative data in reef ecosystems, because they underestimate samples by size 

classes, abundance, broader trophic levels, as well as cryptic species (Caldwell et al., 

2016).   

The most cited reef fish species were both from the Pomacentridae family, the 

omnivore Abudefduf saxatilis and the herbivore Stegastes fuscus. Both species are 

abundant and widely distributed in fringing, patch, bank and pinnacle reefs along the entire 

coast and oceanic islands in the NO, EA and SBr ecoregions of SA (Araújo et al., 2020b).  

In addition, this high number of citations may also be related to the number of 

studies developed in the NO, EA and SBr ecoregions, where the more extensive reef 

formations in SA are located (Mantelatto et al., 2018). The scientific literature observes 

that A. saxatilis has a certain plastic diet and commonly feeds on benthos (Ferreira et al., 

2004b; Floeter et al., 2004). Dozens of reef environments located at different latitudes of 

the ecoregions (FR, NO, EA, SBr) of SA are dominated by either algal turfs or frondose 

macroalgae, suggesting the occurrence of a phase shifts in benthic communities (Aued et 

al., 2018) favoring the establishment of populations of opportunist species like A. saxatilis.  

A similar situation was observed for S. fuscus, which is a strongly territorial 

herbivore. The adult diet of this damselfish generally consists of both algal turfs and 

includes a low percentage of detritus (Ferreira et al., 2004b), while juveniles prefer feeding 

on the fire-coral Millepora alcicornis polyps, a common hydrocoral in SA (Leal et al., 2015). 

The most representative species of the Acanthuridae family were Acanthurus 

bahianus and Acanthurus chirurgus, indicating their wide occurrence in SA. Studies 

suggest that herbivorous reef fish are common in the Tropical Atlantic Ocean, where the 

most intense grazing processes performed by the ROVH group are largely restricted to 

tropical reef environments that have a greater abundance and richness of these species 

(Ferreira et al., 2004b; Floeter et al., 2004; Longo et al., 2018). 

The high representativeness of reef fish families Acanthuridae, Chaetodontidae, 

Pomacentridae and Scaridae is probably explained by the processes of dispersion and 

speciation of lineage diversification from the tropics (Siqueira et al., 2016). These 
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evolutionary mechanisms, together with habitat use and diet, offer some explanations 

reinforcing why Pomacentridae is one of the richest families with many endemic species 

in SA (Pinheiro et al., 2018). 

The most cited type of SIF category was Chaetodon striatus, having a wide-ranging 

and long-term success colonization, responsible for higher abundance in rocky shore and 

reef environments in the NO, EA and SBr ecoregions in SA (Ferreira et al., 2004b; Joyeux 

et al., 2001).  

The sessile invertebrate feeder was the most studied trophic category because it 

is a feed strategy related to benthonic communities (Ferreira et al., 2004b) in different 

latitudinal gradients in SA, where algal turfs and macroalgae are present in high coverage 

(Aued et al., 2018; Longo et al., 2014). Despite this dominance of turfs and high coverage 

of frondose macroalgae (e.g.: Caulerpa verticillata), the formation of this benthic substrate 

is favorable to the development of complex habitats for many small invertebrates, which 

probably serve as food for SIF species (Kovalenko et al., 2012; Aued et al. 2018). 

As mentioned before, ROVH species of surgeonfishes and parrotfishes occur 

widely in SA ecoregions. In addition to the patterns observed in the dispersal and 

speciation processes of these families in the lineage diversification in tropical regions 

(Siqueira et al., 2016), the food plasticity indicated a more efficient use of low-quality food 

resources (e.g.: algal turfs, cyanobacteria, filamentous algae, and detritus) by this trophic 

category (Clements et al., 2016; Ferreira et al., 2004b). The functions played by some 

ROVH species in the process of grazing, scraping, excavating, and transporting of 

sediments are some of the most important ESs provided by this group for the 

maintenance, resilience and health of corals in reef environments (Bellwood et al., 2019b; 

Woodhead et al., 2019). 

Piscivores (e.g.: sharks, groupers, snappers) play important functions in structuring 

the abundance, biomass and productivity of communities or other trophic levels in 

freshwater and marine environments (Myers et al., 2007; Pace et al., 1999). 

Notwithstanding, the overfishing of PIS species is considered a driver of phase shifts and 
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is becoming a serious problem worldwide because it leads to weakening the functions of 

reef food webs (Estes et al., 2011; Rocha et al., 2015).  

Commercial and recreational fisheries cause local extinctions of PIS species, such 

as sharks and big groupers and snappers, in oceanic islands and in many coastal reefs 

(Giglio et al., 2017; Luiz and Edwards, 2011; Pinheiro et al. 2018). The main reason for 

this overexploitation is related to some biological attributes, such as slow growth, late 

maturity and low reproductive yield (Bender et al., 2013; Jennings and Kaiser, 1998; 

Sadovy et al., 2013). 

 However, the establishment of marine reserves through effective management are 

solutions which contribute to the accumulation of biomass, body size and lifespans of 

groupers, lutjanids, surgeonfishes and parrotfishes (Anderson et al., 2018; Begossi and 

Silvano, 2008; McClanahan et al., 2022). 

In the past, the conservation of biodiversity had a practical interest in protecting a 

specific component of the ecosystem, such as a key species, iconic, or threatened by 

extinction (Bellwood et al., 2019a; Bennett et al., 2009). New research needs to broadly 

understand the ecological functions of reef fish in marine food webs, which support the 

maintenance of resilience, diversity, and ESs for the future (Bellwood et al., 2019b; 

Moberg and Folke, 1999; Spalding et al., 2017).  

A globalized crisis that is affecting the structure and functioning of marine 

ecosystems and the imminent phase shifts (Bellwood et al., 2004b; Conversi et al., 

2015a), make it necessary to think of strategies to recover ecological processes at the 

ecosystem level, species diversity, and the functional redundancy of different trophic 

levels of food webs (Duarte et al., 2020; Harvey et al., 2017).  

The SES was the least studied ecosystem component in the analyzed publications 

and this fact deserves to be heeded as a warning to humanity. Humans are using marine 

resources to the point of exhaustion to satisfy their growing economies. The continuity 

and maintenance of the ESs from these environments will depend on a complete 

restructuring of the SES and their dynamics (Norström et al., 2016). The SES are directly 

benefited by the ESs arising from the use, occupation, and exploitation of natural 
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ecosystems, for multiple economic purposes, particularly for boosting tourism industries 

and the livelihoods of millions of people worldwide (Cinner, 2014; Spalding et al., 2017). 

A complete and fundamental economic and technological reorganization of SES is 

required for the sustainable use of the ESs of reef environments, and local communities 

have a central role in managing the sustainable use of biodiversity (Díaz et al., 2019). 

Human behavior received little attention in the publications of ecosystem processes 

studied (see categorization on supplementary material). People and society depend on 

nature and its ESs to live and survive. Currently there has been a greater emphasis on 

the global environmental movement towards a new escalation of conservational change, 

a paradigm shifts away from humanity’s pervasive interactions with nature, in the direction 

of more sustainable developmental processes (Díaz et al., 2019; Folke et al., 2011).  

The spatial planning of the coastal and marine landscapes is a major management 

challenge that must be guided by inclusive and sustainable actions, that establish 

scenarios for dialogue and for sharing knowledge amongst the SES, academia, and public 

agencies (Hughes et al., 2017; Knowlton and Jackson, 2008).  

 

3.5 CONCLUSIONS 

 
In summary, our study evidenced that the scientific knowledge about reef fish 

species, families and trophic categories has progressed significantly over the last few 

decades. Despite this progress, there are gaps that need further investigation on the main 

drivers and mechanisms of phase shifts in reef environments and on the impacts of such 

changes on ecosystem services provided by reef fish in the SA.  

The repercussion of phase shifts is well known worldwide, they can be drastic to 

the human livelihoods that depend on reefs, particularly in Brazilian Ecoregions: FNRA, 

NO, EA, TrMVz, and SBr.  

Brazil accounts for a significant proportion of global scientific production of reef fish 

and fisheries in SA, and the internationalization of co-author countries' networks 

represents an opportunity to expand on these issues in the Decade of Ocean Science.  
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The Ethnosciences are promising areas for investment in research and human 

resources, and will serve as tools to engage fishers, users and SES in the search and 

proposition of solutions to reef related problems.  

Hundreds of studies about reef fish are being carried out in the MPA, indicating a 

need to expand sampling efforts in reef formations located in urban areas.  

Integration between local ecological knowledge, academia and government in the 

elaboration and proposition of public policies, can be a new avenue to foster and 

guarantee the biodiversity of reef environments for generations to come.  
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SUPPLEMENTARY MATERIAL 

Bibliometric research approach 

 

Researched areas  

 

1) Applied Ecology & Conservation 

Research about the design of marine protected areas, management, marine policy 

agenda, resource use and reef resilience. Articles related to Conservation Planning 

(human behavior; local ecological knowledge; tourism management), Fishing 

Management, and Anthropogenic Disturbances (pollution & contaminants). 

 

2) Biogeography, Macroecology, Phylogeography 

Descriptive studies that had the entire Western South Atlantic as a sample unit, with focus 

on patterns of biodiversity distribution, endemism, evolution, and diversification of clades 

(phylogenetic divergence; phenotypic variation). Articles about Macroecology with focus 

on a single community, ecosystems, and reef diversity gradients. In Phylogeography, 

studies incorporating elements of species trees. 

 

2) Biodiversity  

Descriptive studies that map the distribution and diversity of reef fish species, environment 

descriptors of biodiversity, community distribution, and comparisons of species amongst 

environments. 

 

3) Biology 

Articles related mainly to biological descriptors, reproduction, recruitment, settlement, 

establishment, survivorship, demography (age, growth, and mortality), diet, 

ecophysiology, memory retention and metabolism. 
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5) Ecology & Evolution 

Articles about original research, opinions, letters, genetics of species, and populations. 

Articles that researched ecological and evolutionary insights about the natural world and 

anthropogenic impacts, that have been acting as drivers of change in reef fish species. 

 

6) Ecology 

Articles researched about the spatial-temporal structure and dynamics of species and 

community distribution. Articles related to connectivity between ecosystems, 

characterization of habitats – including nursery areas, energy pathways, functional 

redundancy, niche, structural complexity and taxonomic nestedness.  

 

7) Ecotoxicology 

Publications about mechanisms and processes whereby chemicals exert their effects on 

reef fish and the impact caused at the population, community, or ecosystem levels. 

 

8) Ethnobiology/Ethnoecology 

Articles about new methodologies used in investigations concerning the interactions 

between human societies and nature. Publications that included the human, cultural, and 

social dimensions to the wider understanding of the biological and ecological dimensions 

of reef fishes. 

 

9) Ethology 

Articles related to understanding reproductive behavior (nesting behavior; spawning 

aggregations), social behavior (agonistic interaction; escape; mimetic; mutualism). 

Publications that researched the behavior of trophic interactions (feeding ecology; 

nuclear–follower associations; cleaning; predation and parasites). 

 

10) Food webs 
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Publications about trophic relationships and cascading effects between levels of a 

community and multi-species interactions; models explaining food web structure and 

trophic relationships.  

 

11) Taxonomy, Systematic and Phylogenetics 

We included in this category only research of species delimitation, nomenclature, and 

records of new occurrences. Also, articles about new species and the morphological 

characterization of reef fish species were included. In addition, we also included research 

on the Systematic and Phylogenetic review of species. 

 

Ecological processes studied 

 

1) Biodiversity Conservation & Management 

Publications which researched processes about citizen monitoring, citizen science, 

human engagement and behavior, local ecological knowledge, management 

effectiveness, stock assessment, fishing management, overexploitation, and the Shifting 

Baseline Syndrome. 

 

2) Biogeography  

Publications about the process of dispersion, diversification, colonization, range 

expansion, speciation, and extinction risks. 

 

3) Social behavior 

Publications about all kind of animal behavior supporting effective foraging, predation 

avoidance, fitness, reproduction, and aggregation.  

 

4) Ecological   

Articles related to descriptors of structural complexity, spatial-temporal distribution and 

dynamics of species and community, connectivity between ecosystems, energetic 
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pathways, niche partitioning, structural-functional redundancy and taxonomic nestedness. 

This category also included processes related to stock production, consumption, fishery, 

and overexploitation of natural resources. 

 

5) Species biology  

Publications of processes related to diet, ecophysiology, metabolism, establishment, 

survivorship, demography, memory retention and settlement. 
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Highlights 

 

• Human stressors are drivers of multiple basins of attraction for phase shifts. 

• Coral reefs support food for hundreds of traditional fishing communities. 
• The shifting baseline syndrome detected changes in catches of target species. 

• There are decreasing trends in carnivorous and piscivorous fish stocks. 

• Local ecological knowledge detected phase shifts in coral reefs. 
 

 
Abstract   
 
Coral reefs regulate the global climate, and their biodiversity promotes the maintenance 
of ecosystem goods and services (ESs) that are essential for the social and economic 
well-being of millions of people in coastal and marine regions. However, the co-occurrence 
of anthropogenic stressors, such as climate change and overfishing, act as basins of 
attraction for phase changes, affecting the resilience of this ecosystem. Overfishing 
compromise, the balance between primary productivity and consumption, altering 
competition patterns, and top-down and bottom-up trophic interactions, reducing the 
supply of SEs. Understanding the contributions of these ES to people and identifying the 
stressors that affect their provision is a priority for the conservation, management, and 
governance of reef biodiversity. In this study, we approach the local ecological knowledge 
(LEK) of three generations of fishermen from a tropical island in the Southwest Atlantic 
(SWA) as an alternative knowledge to investigate the SEs provided by reef fish and 
fisheries, to detect the occurrence of the Shifting Baseline Syndrome (SBS), and identify 
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which stressors promote phase shifts, and prospects for solutions. We hypothesize that 
SBS is occurring in relation to carnivore, piscivore, and herbivore captures over time, and 
we assume that multiple stressors promote the phase shifts. We identified that 
multispecific fisheries are sources of food, materials, work, and recreation. However, we 
detected a deviation of perception in captures, and a gradual replacement of target 
species over time from larger carnivorous species to smaller herbivores. Overfishing, 
habitat degradation and unmanaged tourism were identified as the main stressors. The 
main alternative solutions pointed out were the management and monitoring of fisheries 
and tourism. Spatial planning through ecosystem-based management is an alternative to 
minimize stressors and adopting a multilevel network governance can contribute to 
combating and mitigating multiple basins of attraction for phase shifts. 
 
Keywords: Ecosystem services, Local Ecological Knowledge, Shifting Baseline 

Syndrome. 

 
4.2 INTRODUCTION 

 
The Anthropocene marks a period of acceleration and intensification of the co-

occurrence of multiple stressors at different space-time scales, where humanity has 

become a major geological force systematically impacting the ocean (Steffen et al., 2011). 

The development and exponential growth of human populations and economies are 

intensifying climate change, pollution, overfishing, habitat degradation and the 

global biodiversity decline of marine life (Malhi, 2017; Steffen et al., 2011). 

The co-occurrence of these multiple stressors acts as a mechanism that disturbs 

the functioning processes of natural ecosystems and their biological components, 

affecting their resilience and stability (Holling C. S, 1973; J. C. Rocha, 2022). Stressors 

lead to changes that dramatically and abruptly alter the ecosystem structure, and are 

persistent over time, on large geographic scales, impacting ecological interactions at 

different levels of the food webs (Conversi et al., 2015; Möllmann and Diekmann, 2012). 

In coral reefs, the pervasive interactions of stressors lead to a decrease in the 

patterns of abundance and taxonomic and functional diversity, and of genetics, 

compromising the functioning of trophic webs (Gilarranz et al., 2016; Santos et al., 2021) 

and resulting in resource depletion with no historical precedents (Steffen et al., 2015). 

These multiple stressors on the coral reefs trigger phase shifts by altering the composition 
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of benthic populations and communities that impact reef fish assemblages (Bellwood et 

al., 2004; Hughes et al., 2017), perturbing the balance between primary productivity and 

consumption, and affecting top-down and bottom-up control interactions (Daskalov et al., 

2007; Möllmann & Diekmann, 2012; Scheffer et al., 2005).  

Among these stressors, overfishing is one of the main mechanisms that trigger 

trophic cascades and the consequent phase shifts (Möllmann et al., 2015; Pershing et al., 

2015; Scheffer et al., 2005). In reefs, different types of phase shifts can lead to critical 

transitions from a steady state of stony coral dominance to a gradual replacement by 

macroalgae (Graham, 2015; Scheffer & van Nes, 2004), sea urchins, sponges, zoanthids, 

and ascidians (Bellwood et al., 2004; Norström et al., 2009; Nyström et al., 2012).  

Trophic groups such as piscivorous, carnivorous, and herbivorous fish play key 

roles in reef trophodynamics, promoting the maintenance of resilience and stability of food 

webs (Bellwood, Pratchett, et al., 2019; Estes et al., 2011; Graham, 2015; P. J. Mumby et 

al., 2006). Different social groups such as traditional fishing communities, “quilombolas” 

(afro-descendants) and tourism enterprises depend on the set of cosystem Services (ESs) 

derived from coral reefs for the development of goods and services for their activities and 

overfishing and phase shifts severely impact these Socio-Ecological Systems (SESs) 

(Hughes et al., 2017; IPCC, 2022; Steffen et al., 2015). 

The contributions of coral reef biodiversity to people are expressed by the myriad 

of material and immaterial ESs that promote the regulation and maintenance of biological 

processes, food production, materials, and labor, and supporting identities (e.g., 

recreational, cultural, and spiritual) (Díaz et al., 2018; Holmlund & Hammer, 1999; MEA, 

2005; Moberg & Folke, 1999). Globally, millions of people benefit from coral reefs for food, 

to boost economies, for well-being, and by psychological experiences and inspirations 

that shape cultures (Díaz et al., 2018; FAO, 2017; IPBES, 2016; Spalding et al., 2017). 

Coral reef fish and fisheries ensure health, nutrition, food security, generation of 

jobs and income for different SESs, that are highly dependent on these ecosystems in 

coastal regions, on islands and in archipelagos (J. Cinner, 2014; Cruz-Trinidad et al., 

2014; Elliff & Kikuchi, 2017). Given the local scenario, it is a priority to collect past 
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information to help understand the changes that have occurred in the reef ecosystem 

(Jackson et al., 2001; Möllmann & Diekmann, 2012). From this perspective, the Local 

Ecological Knowledge (LEK) has been widely used to assess the occurrence of Shifting 

Baseline Syndrome (SBS) (Knowlton & Jackson, 2008). The SBS describes the gradual 

tendency that new generations have to disregard past changes in biomass and richness 

in fisheries, accepting with each new generation a lower standard as a norm (Pauly, 

1995b). Detection of SBS is an important step in proposing reef biodiversity conservation 

programs, in addition to participatory and adaptive management for resilience (Duarte et 

al., 2020; Knowlton & Jackson, 2008; Soga & Gaston, 2018). 

Fishers LEK is behavior-oriented knowledge derived from fishing activities, which 

helps to understand the dynamics, structure, functions, and perceptions of the marine 

environment (Begossi, 2015; Berkes, 2021). The use of the LEK to understand the 

multiple basins of attraction for phase shifts and the impacts of such changes in the set of 

reef ESs for people is little known in research (Woodhead et al., 2021), particularly in the 

Southwestern Atlantic (SWA) (C. M. C. Rocha & Sampaio, 2022; J. C. Rocha, 2022) which 

has one of the largest semi-continuous reef ecosystems in the world (Carneiro et al., 

2022).  

The SWA coral reefs have a high number of endemic species (Leão et al., 2016; 

Pinheiro et al., 2018). However, despite this, accessing the contributions of these 

ecosystems to the SESs (Díaz et al., 2018; Hughes et al., 2017), identifying the multiple 

basins of attraction for phase shifts associated with overfishing, is a priority for maintaining 

biodiversity (C. M. C. Rocha & Sampaio, 2022) and the multiple uses by the SESs (Hicks, 

2011). 

In this study, the hypothesis that SBS is occurring among different generations of 

fishers on a tropical island, regarding the catches of species from the trophic groups of 

piscivorous, carnivorous, and herbivorous fish, was evaluated, assuming that multiple 

stressors act as mechanisms that serve as basins of attraction for phase shifts. We tested 

this hypothesis through the LEK and investigated: (i) the material and immaterial benefits 

of reef fish and fisheries for people; (ii) the occurrence of SBS among different generations 
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of fishers in relation to decreasing or increasing catches, years of best fisheries and 

catches, largest individuals ever caught, and the effect of fisheries on trophic groups and 

on different reef zones; (iii) multiple basins of attraction for phase shifts; and (iv) 

conservation and management solutions. 

 
4.2. MATERIALS AND METHODS 
 

4.2.1 Study area  
 

The Island of Boipeba (BI) is one of 36 islands in the archipelago of the insular 

municipality of Cairu (13° 40' S/ 39° 03' W), located in the state of Bahia (Bahia, 1992). 

Due to its high ecological relevance and constant anthropic pressure exerted by growing 

tourism since 1950 (Oliveira, 2009), Boipeba was decreed jointly with the island of Tinharé 

as an Environmental Protection Area (APA), with an area of 433 km² (Bahia, 1992; Lei 

No. 9.985, de 18 de Julho de 2000. Sistema Nacional de Unidades de 

Conservação/SNUC, 2000) (IUCN category V; Dudley, 2008). An APA aims to provide 

opportunities for large-scale biodiversity conservation, in heavily used landscapes 

(Dudley, 2008) in which the processes of use, occupation, and public visitation are allowed 

and must be regulated by the managing body (Lei No. 9.985, de 18 de Julho de 2000. 

Sistema Nacional de Unidades de Conservação/SNUC, 2000). 

The population of the municipality of Cairu is estimated at around 18,666 

inhabitants (IBGE, 2022), and on the BI, according to the health department, the 

population is estimated at around 4,036 inhabitants. Before Portuguese colonization in 

the 16th century, the population of the BI was composed of Indigenous “Tupinambás” and 

“Tupiniquins” later, descendants of Portuguese and African peoples settled in the island 

(Oliveira, 2009; Ott, 1944). Since the 19th century, sewage and garbage were transported 

in barrels and thrown into the sea (Oliveira, 2009). Currently, it is estimated that only 45% 

of households have basic sanitation in the municipality (IBGE, 2022). Pollution from 

domestic effluents is a serious threat to water quality in the BI (Elliff & Kikuchi, 2017; Loiola 

et al., 2014). 
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The IB integrates a large landscape mosaic constituting a central biodiversity 

corridor that connects to the Atlantic Forest on a regional scale (Arruda & de Sá, 2003). 

The BI has numerous hydrographic micro-basins bordered by an extensive estuary with 

channels and sea inlets, mangroves, dunes, and vegetation of coastal sandy soils 

(“restinga”) (Bahia, 1992). Endemic coral species forming fringing reefs occur in shallow 

patches (5 and 10 m) throughout the coastal region of the island (Elliff & Kikuchi, 2017). 

The reef formations on this island have coral species that are part of the ecoregion with 

the greatest biodiversity in the SWA, and the highest occurrence of stony reefs in Brazil 

(Leão et al., 2010, 2016, 2019). 

Fishing activities are small-scale, focusing mainly on reef formations of up to 20 m 

(Costa et al., 2005). These fisheries are mostly practiced by traditional peoples such as 

fishers and “quilombolas”, using small boats and canoes (Oliveira, 2009; Ott, 1944), most 

being low-income folk (ENSP, 2020). Fishing and shellfishing are artisanal activities that 

play a fundamental role as means of subsistence and income generation (Fischer, 2007). 

Different SESs develop activities derived from nautical tourism in the IB for 

economic purposes (Fischer, 2007), which is pointed out as a constant stressor in coral 

reefs (Elliff & Kikuchi, 2017). The reef formations are exposed during the period of low 

tide, forming natural pools suitable for recreational activities such as free diving, 

swimming, and tour-trips with small boats and speedboats (Albuquerque et al., 2015; 

Rhormens et al., 2017). 

 
4.2.2 Data collection 
 

Between August 2021 and July 2022, we interviewed fishers using a semi-

structured questionnaire with 36 open and closed questions (Full questionnaire is 

available in the Supplementary material). The Research Ethics Committee of the Federal 

University of Alagoas (Nº 40184420.0.0000.501) approved this study. 
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Prior to each interview, we presented the Informed Consent Form and upon 

consent to participate in the research, the fishers were interviewed individually or in the 

company of a family member by Rocha, C.M.C. 

We used a catalog displaying images of 18 reef fish species, these being groupers 

(N=04), snappers (N=06) and herbivores (N=08) previously registered as targets of local 

fisheries, asking them to assign popular names to those known. Most of the species 

assessed in the interviews are currently under some category of regional (Frédou et al., 

2009), national (PMMA, 2014) and international (IUCN, 2022) threat (Table 1). We 

registered the fishing gear used according to (FAO, 2022). 

 

Table 1. Reef fish species targeted by fisheries considered in interviews with fishers at 

the Island of Boipeba. 

 

Species Assessment* Reference 

Acanthurus bahianus (ocean surgeon) Stable- LC c 
Acanthurus chirurgus (blue tag) Stable- LC c 
Acanthurus coeruleus (doctorfish) Stable- LC c 
Epinephelus adcensionis (rock hind) Stable c 
Epinephelus itajara (Atlantic goliath 
grouper) 

Critically Endangered b; c 

Epinephelus morio (red grouper) Vulnerable b; c 
Mycteroperca bonaci (black grouper) Vulnerable b; c 
Scarus trispinosus (greenback 
parrotfish) 

Endangered b; c 

Scarus zelindae (Zelinda's parrotfish) Vulnerable b; c 
Sparisoma axillare (gray parrotfish) Vulnerable b; c 
Sparisoma amplum (reef parrotfish) Vulnerable c 
Sparisoma frondosum (Agassiz's 
parrotfish) 

Endangered/Vulnerable/ Data 
Deficient 

c 

Lutjanus analis (mutton snapper) Overexploited   a; c 
Lutjanus alexandrei (brazilian snapper) Not evaluated - 
Lutjanus cyanopterus (cubera snapper) Vulnerable b; c 
Lutjanus synagris (lane snapper) Overexploited a; c 
Lutjanus jocu (dog snapper) Fully exploited a; c 
Ocyurus chrysurus (yellowtail snapper) Severely overexploited c 
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*Assessments are regional, national, and international 

 
4. 2.3 Semi-structured questionnaire 
 

In the first stage, we addressed socioeconomic information (age, sex, education, 

income, and the number of people in the family), in addition to the time dedicated to fishing 

activities, fishing gear used and type of fishing (professional, amateur, sport). We 

investigated (i) the benefits of coral reefs for people, such as: food production (trophic 

groups of reef fish), materials and labor (fisheries) and supporting identities (recreation, 

cultural and spiritual). 

The second stage was designed to identify, through the LEK of the different 

generations of fishers, (ii) the best day catch reported by each respondent (kg) and the 

year of catch; iii) the larger individual ever caught by the respondent (kg) and the year of 

catch; iv) the year of the best catches made by all generations of fishers and the year of 

that catch; and v) catches made by all generations of fishers (kg) in each reef area (Inner 

reefs < 10 m) in distant reefs (Outer reefs > 11 m) (> 11 m) and the year (Elliff and Kikuchi, 

2017).   

In the last stage consisting of open questions, we investigated the perception of 

different generations of fishers about: (vi) multiple basins of attraction for phase shifts; and 

(vii) solutions for the conservation and management of reef ecosystems. 

The Research Ethics Committee of the Federal University of Alagoas (Nº 

40184420.0.0000.501) approved this study. 

 

4.2.4 Data analysis 
 

We created three categories for the different generations of fishers according to the 

time of experience in fishing activities in years: beginner (≤ 15 years of practice, 11 

fishers); intermediate (16-30 years of practice, 13 fishers); and experienced (> 31 years 

of practice, 20 fishers). We analyzed the captures and types of gear most used by the 
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different generations (Table 2). The less mentioned fishing gear was grouped under the 

miscellaneous gear category. 

The information obtained in the first stage of the questionnaire was analyzed in 

terms of mean ± standard deviation (Woodhead et al., 2021). We assigned a number (i) 

to each of the benefits of the coral reefs for people, according to the responses obtained. 

Logistic Regression Analysis-RL was applied to verify the occurrence of the (ii) 

decrease (0) or increase (1) in catches of piscivore, carnivore and herbivore species (kg), 

according to the generational category of the fishers (independent variable). 

We applied one-way ANOVA (p < 0.05; Tukey's post-hoc test) to investigate the 

occurrence of SBS regarding iii) the best day catch reported by each respondent (kg) and 

the year; iv) the year of the best catches made by all generations of fishers and the year 

of that catch (dependent variables), using the fishers’ experience category as independent 

variable.  

We applied simple linear regressions (Kolmogorov-Smirnov p < 0.05) to test (v) the 

effects of fisheries on piscivore, carnivore and herbivore species (kg), undertaken by all 

fishers over time; and in the Inner reefs or Outer reefs, where they occurred and the year. 

In the last step, we investigated the perception of all fishers about the (vi) multiple 

basins of attraction for phase shifts (Nyström et al., 2012). We used the LEK of all fishers 

to identify (vii) alternative solutions for the conservation and management of coral reefs, 

which were analyzed according to the number of responses assigned. 

All analyzes were performed in the RStudio Team (2022) development 

environment. RL analysis was performed in the BioEstat (Ayres et al., 2007). 

 

4. 3. RESULTS 
 

We interviewed 20 experienced fishers, 13 intermediate and 12 beginners, where 

38 were male and 07 female, aged between 18 and 82 years (44.7±14 years 

mean/standard deviation). During 301 hours of interviews, we identified a total of 30 
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species of fish captured (Supplementary material), totaling 26 genera distributed in 19 

families. 

 

4.3.1 Local ecological knowledge and ecosystem services of coral reef fish and 
fisheries 

 
For this study, we selected 18 target fish from the fisheries (Table 1). The trophic 

groups of these species were carnivores (bony fish, mobile invertebrate feeders, and 

sessile invertebrate feeders), piscivores (bony fish), and herbivores (benthic algae, 

detritus, weeds) (Froese & Pauly, 2022) (Supplementary material).  

The predominant types of fishing gear used by different generations of fishers were 

gillnet, handline, pole and line, and speargun (Figure 1). We identified some simple gear 

traditionally used by native indigenous peoples, such as beating a rod, torch fishing, hand 

fishing, corrals (“camboa”) and wattle and daub (“pau a pique”) (Ott, 1944). These were 

included in the miscellaneous category, along with falling gear, hooks and lines, and trawls 

because they were the least cited. 

We observed that the experienced fishers used the greatest diversity of gear both 

in the past (4.65 ± 2.9) and currently (4.5 ± 2.3) (Figure 1), and it was the only generation 

that used coastal corrals made of coconut straw and wattle and daub and practiced blast 

fishing in the 80's. Handline was the gear that captured the largest biomass (4,505 kg) 

and was the most used by all generations. 

Among the fishers (N=45), 51% consider themselves professionals and 40% have 

professional fisherman document, 42% practice underwater fishing using a speargun, and 

11% fish exclusively for sport purposes. 

We identified that ESs of fish and fisheries provide multiple benefits for hundreds 

of people in the IB (Figure 15). Fisheries are multispecific and multitrophic, and the 

experienced, intermediate and beginner generations responded that the greatest 

importance of fishing is for food, (95%; 100%; 75% respectively). Fishing activities are the 

main means of subsistence and income through fish markets (75%; 77%), and of materials 

and labor (65%; 77%), for the experienced and intermediate generations. However, for 
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the beginner generation, fisheries are for the purpose of recreation (67%) and obtained 

the highest number of responses (N=08). The experienced generation had the highest 

number of responses attributed to fisheries as cultural and spiritual ESs (30%; 15% 

respectively). 

 

Figure 15. Average number (±) of types of fishing gear used by the different generations 

of fishers, and the total biomass (kg) captured according to the type of gear on the Island 

of Boipeba. 

 

We identified that ESs of fish and fisheries provide multiple benefits for hundreds 

of people in the IB (Figure 16). Fisheries are multispecific and multitrophic, and the 

experienced, intermediate and beginner generations responded that the greatest 

importance of fishing is for food, (95%; 100%; 75% respectively). Fishing activities are the 

main means of subsistence and income through fish markets (75%; 77%), and of materials 

and labor (65%; 77%), for the experienced and intermediate generations. However, for 

the beginner generation, fisheries are for the purpose of recreation (67%) and obtained 

the highest number of responses (N=08). The experienced generation had the highest 

number of responses attributed to fisheries as cultural and spiritual ESs (30%; 15% 

respectively). 
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Figure 16 Ecosystem Services of coral reef fish and fisheries according to the responses 

of different generations of fishers (N=45) on the Island of Boipeba over time. 

 

4.3.2 Shifting Baseline Syndrome and local ecological knowledge about fisheries 

of trophic groups 

 
The RL results showed that perception deviations are occurring between the three 

generations in relation to the decrease and increase in catches over time (Table 2). The 

perception of the decrease in catches was significant only for the intermediate category 

(Odss=77%; p < 0.009), differing from the experienced (Odss= 1.07%; p= 0.07) and 

beginner (Odss= 1.07%; p= 0.48). However, the experienced generation had a significant 

perception that there is currently an increase in catches (Odss= 9%; p < 0.005), different 

from the perceptions of the other generations (intermediate: Odss= 1%; p= 0.1, and 

beginner: Odss=90%; p=0.31). 

 

Table 2. Logistic Regression of the perception of different generations of fishers (N=45) 

on the probability of a decrease (0) or increase (1) in reef fish catches on the Island of 

Boipeba over time. Odss (%) represents the probability of chances that changes in 

perception are occurring. *significance (p < 0.5). 
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Generations Decrease Increase 

Beginner Odss=1.07%; p=0.48 Odss=90%; p=0.31 

Intermediate Odss=77%; p<0.009     Odss=1%; p=0.1 

Experienced Odss=1.07%; p=0.07     Odss=9%; p<0.005 

 

 

The year of the best fish catches of carnivores, piscivores, and herbivores by time 

of experience among the three generations of fishers were significantly different (F= 3.69; 

p=0.02; Figure 17 (A)). Significant differences in mean catches (Tukey= 269 kg; p < 0.05) 

were observed between the experienced generation (334 ± 339 kg) and the beginner (53 

± 84 kg). While the mean fish catches of the experienced and intermediate generations 

(180 ± 273 kg) did not differ (Tukey= 120 kg; p= n.s). Multispecific captures were higher 

for the experienced generation (taxonomic richness, 3 ± 3) than for the intermediate (2.8 

± 2) and beginner (2.9 ± 1.6). 

 

 

Figure 17. Year of the best fishing ever carried out among different generations of fishers 

(N= 45) on the Island of Boipeba over time (A). Year of the best catches of the largest 

individuals among the different generations of fishers over time (B). The median (darker 

line on the boxplot), minimum and maximum values (vertical lines), and the outer lines of 

the boxplots show the quartiles (25% and 75%). Circles are outliers. 
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The years of the best captures of the largest individuals (kg) showed significant 

changes over time amongst the three categories (F= 3.2, p = 0.04; Figure 17 (B)). 

However, the mean differences were significant (Tukey= 90.8 kg; p < 0.05) between the 

experienced category (116 ± 124 kg) and the beginner (26 ± 56 kg). Between the 

intermediate generation (81± 80 kg) and the beginner (25 ± 56 kg), these mean 

differences were not significant (Tukey= 56 kg; p= n.s). 

The experienced generation reported catches of the largest individuals of 

piscivores (116± 124 kg), compared to the other generations, such as hammerhead shark 

(Sphyrna sp., 250 kg), bull shark (Carcharhinus leucas, 185 kg), Atlantic goliath grouper 

(Epinephelus itajara, 180; 150 kg), black grouper (Mycteroperca bonaci, 15 kg), oceanic 

manta ray (Mobula birostris, 500 kg) and whitespotted eagle ray (Aetobatus narinari, 65 

kg). The intermediate generation (81 ± 80 kg) also captured Elasmobranchii such as the 

Atlantic nurse shark (Ginglymostoma cirratum, 68 kg) and white shark (Carcharhinus sp., 

190 kg), and reported catches of the largest E. itajara (230 kg and 200 kg). The beginner 

generation reported the greatest weight variations among captured species (25 ± 56 kg), 

including species such as cobia (Rachycentron canadum, 18 kg), black grouper 

(Mycteroperca bonaci 5 kg), dog snapper (Lutjanus jocu; 1.1 kg) and the gray parrotfish 

(Sparisoma axillare; 0.5 kg). We emphasize that species such as E. itajara, G. cirratum 

and M. birostris are currently protected by law and their capture are prohibited.  

The results showed that catches of piscivorous and carnivorous species of 

groupers with habits in fisheries are decreasing over the analyzed period (adjusted R2= 

0.03; p < 0.0001; Figure 4 (A)). The main target species of these fisheries were the Atlantic 

goliath grouper (Epinephelus itajara), red grouper (Epinephelus morio), black grouper 

(Mycteroperca bonaci), and also the rock hind (Epinephelus adcensionis). Effects of 

fisheries were most evident between 1952 and 1997 (124 ± 134 kg) and between 2000 

and 2010 (55 ± 99 kg). From 2012 until 2022 we observed a decrease in average catches 

(34 ± 64 kg). Multiple sorts of gear were employed in fishing for groupers, the hand line 

with a hook being the most used (72 ± 101 kg). 
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Figure 18. Relationship between all catches of carnivorous and piscivorous species (kg) 

of groupers (A) and snappers (B) already carried out on the Island of Boipeba by all 

generations of fishers (N= 45) over time. 

 

The results showed that catches of snapper species in fisheries also showed a 

significant decline over the analyzed period (adjusted R2=0.04, p <0.001, Figure 18 (B)). 

Target species in these fisheries included the Brazilian snapper (Lutjanus alexandrei), 

mutton snapper (Lutjanus analis), cubera snapper (Lutjanus cyanopterus), dog snapper 

(Lutjanus Jocu), lane snapper (Lutjanus synagris) and the yellowtail snapper (Ocyurus 

chrysurus) (Table 1). The results showed that the main fisheries for L. cyanopterus, L. 

jocu and L. synagris occurred between 1975 and 1997 (39 ± 55 kg). There were two 

periods of decrease in catches, between the years 2000 and 2010 (26 ± 48 kg), and 2011 

and 2022 (14 ± 25 kg). The most used fishing gear for snapper captures were gill nets (14 

± 12 kg). 

The results showed that catches of herbivorous fish species (parrotfishes and 

surgeonfishes) (adjusted R2= 0.06; p< 0.17; Figure 19) did not show the same patterns 

observed for carnivorous and piscivorous species of the groupers and snappers groups. 

The target species of these fisheries were the greenback parrotfish (Scarus trispinosus), 

Zelinda's parrotfish (Scarus zelindae), gray parrotfish (Sparisoma axillare), reef parrotfish 

(Sparisoma amplum), ocean surgeon (Acanthurus bahianus), blue tag (Acanthurus 
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coeruleus) and the doctorfish (Acanturus chirurgus) (Table 1). We observed an upward 

trend in parrotfish catches between 1980 and 1998 (9.8 ± 12 kg), 2000 and 2010 (13 ± 14 

kg), and between 2011 and 2021 (12 ± 21 kg). On the other hand, in relation to 

surgeonfishes, there was a trend towards an increase in catches between 1952 and 1999 

(15 ± 37 kg), with the highest averages occurring between 2002 and 2010 (27 ± 40 kg), 

however, there was a decrease between 2012 and 2021 (6 ± 9 kg). The use of the 

speargun in the first fisheries of herbivorous fish was reported in 1990 (22 ± 23 kg). 

 

 

 

Figure 19. Relationship between all herbivorous fish catches (kg) already carried out by 

all generations of fishers on the Island of Boipeba (N= 45) over time. 

 

The results showed a downward trend in catches of all species in the Inner reefs 

(adjusted R2=0.28; p= 0.006, Figure 20 (A)) in the analyzed period. The experienced 

generation reported that the best fisheries carried out were in this reef zone, for example 

when capturing an individual of E. itajara weighing 160 kg in 1997. Despite the results of 

fisheries not having shown a significant trend in the Outer reef (adjusted R2= 0.03; p= 

0.20; (B)), we observed that there was an increase in catches over time. The best catches 

were of E. itajara, of 180 kg and 200 kg, between the years 2002 and 2013, by fishers of 

the intermediate and beginner generations, respectively. 
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Figure 20. Relation between the best reported fisheries of all trophic groups already 

carried out on the Island of Boipeba, by all generations of fishers (N= 45) over time, in the 

(A) Inner reefs (up to < 10 m depth) and (B) Outer reefs (> 11 m depth) from the reefs. 

 

4.3.3 Local ecological knowledge about multiple basins of attraction for phase 

shifts  

 
The perceptions of the different generations of fishers showed the co-occurrence 

of anthropogenic stressors (N=11) that are mechanisms for the multiple basins of 

attraction for phase shifts on the IB (Figure 21 (A)). The most reported stressor by the 

three generations was overfishing (N=56), characterized by fishers as the increase in the 

number of fishing efforts, the use of illegal equipment (e.g., use of dive compressor, 

blasting fishing, reduced net meshes) and catches of immature and juvenile specimens. 

Habitat degradation (N=32) were reported by all fishers, especially experienced ones 

(N=18). The main characteristics of this degradation were the rupture of reef structures by 

anchoring, shrimp fishing with motorized boats using trawl nets and the increase in tourism 

activities. Pollution and contamination (N=23) were cited mostly by the intermediate 

generation (N=12), as the increase in the volume of solid waste such as plastic bags, 

ghost nets, and bottles. The experienced generation reported the co-occurrence of the 
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largest number of simultaneous stressors, such as unmanaged tourism (N=10; 80%), poor 

stewardship (N=09; 45%) and climate change (N=07; 72%), as well as changes in the 

regime of winds and ocean currents. The coral bleaching events stressor (N=06) received 

an equal number of responses across all generations, as did the high coverage of 

macroalgae (N=05).  

 

4.3.4 Local ecological knowledge about solutions for the multiple basins of 
attraction for phase shifts 
 

The LEK of the three generations of fishers identified that there are solutions for 

the co-occurrence of stressors that are multiple basins of attraction for phase shifts (N=09) 

(Figure 22 (B)). Fisheries management (N=44) was the main solution pointed out by all 

fishers. The need to reduce bottom trawl fisheries for shrimp fishing and to regulate the 

sizes of the mesh openings of the cast nets were emphasized.  

 

 
 

Figure 22. (A) Number of responses according to the perception of all generations of 

fishers (N=45) about the co-occurrence of anthropic stressors that are multiple basins of 

attraction for phase shifts, occurring in coral reefs on the Island of Boipeba, and (B) the 

number of answers to the possible solutions. 
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The LEK of the three generations of fishers identified that there are alternative 

solutions for the co-occurrence of stressors that are multiple basins of attraction for phase 

shifts (N=09) (Figure 22 (B)). Fisheries management (N=44) was the main solution pointed 

out by all fishers. The need to reduce bottom trawl fisheries for shrimp fishing and to 

regulate the sizes of the mesh of the gill nets were emphasized. The three generations of 

fishers identified that coral reef management (N=18) is necessary for ordering tourism 

activities. Monitoring of fisheries (N=16), according to the fishers, would include the 

inspection of inappropriate fishing gear, which degrade and destroy coral reefs, and 

banning bottom trawl fisheries close to the coast. Public policies (N=12) received an equal 

number of responses by the intermediate and experienced categories (N=05). This was 

pointed out as a solution to be subsidized by the government for multi-specific reef 

fisheries, in cases of reproductive periods of the target species, and for limiting fishing 

efforts.  

 

4.4 DISCUSSION 
 

 
4.4.1 Local ecological knowledge about the ecosystem services of coral reef fish 
and fisheries 

 

Fishers' perceptions through the LEK showed that for more than six decades 

hundreds of families have benefited from the ESs of different reef fish, especially through 

multi-specific fisheries. Fishers of all generations responded that ESs are essential 

primarily for food, fish markets, and materials and labor, however, recreational, cultural, 

and spiritual purposes were also identified as being important. 

The perception of fishers regarding the understanding of the changes that coral 

reefs are undergoing in the Anthropocene are rarely addressed in research (Woodhead 

et al., 2021). Fishers' LEK has the potential to identify the benefits of reef fish to people in 

the SWA and may aid research for the conservation of these ecosystems. There is an 

urgent need to identify the potential contributions of these ecosystems to people (Díaz et 
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al., 2018; Hughes et al., 2017), and research must include an interdisciplinary 

understanding, emphasizing the several aspects of the ESs, considering the different 

SESs that depend on them (Hicks, 2011). 

On the IB, traditional people as well as low-income people extract, in addition to 

fish, other resources from the marine biodiversity, and depend on these protein sources 

for their nutrition (ENSP, 2020; Fischer, 2007). Globally, millions of people in tropical 

countries benefit from the ESs of healthy coral reef fisheries as a nutritional source 

(Cinner, 2014; FAO, 2017). Over 500 million people in African, Asian, and Indo-Pacific 

countries are highly dependent on reef fisheries ESs for their nutritional necessities and 

for ensuring food security (Cruz-Trinidad et al., 2014; Selig et al., 2019). 

The material ESs such as the fish market, materials, and labor, for the fishers of 

the IB have economic and labor importance. In many other coastal regions and tropical 

islands in more than twenty countries, fisheries are practiced for these same purposes, 

moving millions of dollars annually (Hicks, 2011; Lopes et al., 2015; Selig et al., 2019; 

Tilley A et al., 2021). In addition, hundreds of other indirect benefits from materials and 

labor ESs directly or indirectly promote the well-being of local populations (Hicks, 2011).  

Immaterial recreational, cultural, and spiritual ESs were little mentioned, recreation 

being the most mentioned, followed by the other two. Immaterial ESs derived from 

recreation are important for the development of social and individual identity (Cinner, 

2014; Cinner, McClanahan, Daw, et al., 2009), in addition to promoting collective well-

being in these coastal regions (Woodhead et al., 2021). The tourism industry boosts 

regional economies by exploiting the benefits of these ESs, whose revenues exceed 

US$35 billion annually (Spalding et al., 2017). On the IB, an estimated US$700,000 are 

generated annually by tourism activities (Prefeitura Cairu, 2022). 

 Locally, immaterial ESs such as the cultural and spiritual sorts promote the fishing 

communities' sense of place (Hicks, 2011). Sense of place strengthens the identity of a 

community and can influence the governance of Marine Protected Areas (MPAs), the 

specific zoning of areas and the proper uses of coral reefs in the IB, aiming at their 

conservation including culture and customs (Muhl et al., 2020). Few experienced fishers 
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mentioned the spiritual ESs of fisheries. This suggests a change in the perception of the 

importance of these ESs for the other generations, for whom the economic purposes of 

the fish market, materials and labor were more cited. 

Our results suggest that there is dependence upon the ESs of carnivorous, 

piscivorous, and herbivorous reef fish. However, the trends of decreases in catches were 

evident in the IB. The decrease in fisheries for different trophic groups is a mechanism for 

the multiple basins of attraction for phase shifts, and which acts as trap accentuating the 

poverty of thousands of people (Barrett et al., 2011; Cinner & McClanahan, 2006; 

McClanahan et al., 2008). Investigating the main social drivers (e.g., fish markets for key 

species, unmanaged tourism activities) that influence critical transitions in coral reefs, in 

order to monitor them, can help managers and conservation practitioners to anticipate 

solutions to mitigate their impact at the local scale (Hicks et al., 2016). 

In the IB, study suggests that fishing communities are highly dependent on the ESs 

from coral reefs (Elliff & Kikuchi, 2017), a reality similar to that observed in tropical regions 

around the world (Hicks, 2011; Selig et al., 2019). However, due to the increasing 

degradation of these environments and the reduction of these reef covered areas (Setter 

et al., 2022; Loiola et al., 2014), that are under constant global threat from climate change 

(Hughes et al., 2017; IPCC, 2022), overfishing, pollution and unmanaged tourism, the 

maintenance of these ESs may be impaired and may increase social vulnerability (Cinner 

et al., 2012).  

 

4.4.2. Shifting baseline syndrome and local ecological knowledge about coral reef 
fish and fisheries 
 

We observed that there is a shift in perception about fisheries by different 

generations of fishers, suggesting that SBS among fishers in the IB may be occurring. 

The targets of traditional fisheries of the experienced generation, consisting of large 

piscivorous and carnivorous fish such as elasmobranchs (Sphyrnidae and 

Carcharhinidae), groupers (E. itajara) and snappers (L. cyanopterus), showed declining 

trends. The experienced generation carried out their best fisheries on the inner reefs. They 
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changed targets and used multiple fishing gear, almost twice as much as the others, 

suggesting a greater knowledge and capacity for adaptation in the face of declines in 

target species. Currently, there is a change in target species by intermediate and beginner 

fishers towards the already rare large herbivores, such as the greenback parrotfish (S. 

trispinosus), historically abundant locally. 

The intermediate generation was the only one that detected a significant decrease 

in captures of all trophic groups investigated, but it showed a shift in perception, not being 

aware of the Epinephelus morio, and mentioning that the Scarus trispinosus is a rare key 

species. The reduction in catches, together with the non-recognition of carnivore species 

and traditional targets, as well as the findings of low densities of large herbivore species 

that have become alternatives, such as S. trispinosus, corroborates that intermediate 

fishers recognize the fishing down of food webs. The beginner generation category, 

almost never saw Elasmobranchii, large groupers or snappers, and commonly fish in the 

Outer reefs, capturing smaller herbivorous fish, such as the juvenile Sparisoma axillare 

and the sea chub, Kyphosus sp. 

The perception of experienced fishers about declines in catches differed from the 

others, especially those of the intermediate generation, which observed more significant 

changes occurring in catches, contrasting with the results obtained by Bender et al., 

(2013) and Giglio et al., (2015). Apparently, the transmission of knowledge between the 

different generations and the perceptions of rapid changes in fisheries, overexploited 

species and marine degradation are changing rapidly, corroborating with Woodhead et 

al., (2021). 

Since Pauly (1995) proposed SBS as a frequent phenomenon among different 

generations of scientists, the access to the effects associated with its occurrence has 

been recurrent (Guerrero-Gatica et al., 2019; Papworth et al., 2009; Soga & Gaston, 2018) 

for the elaboration of measures for the conservation, management, and restoration of 

ecosystems. The detection of SBS from the LEK of fishers indicates that there is a pattern 

of younger generations accepting biodiversity declines (Ainsworth et al., 2008; Sáenz-

Arroyo et al., 2006; Turvey et al., 2010). 
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In the South Atlantic, since the late 1990s there has been a decrease in the 

abundance of carnivorous and piscivorous fish, and stocks do not reach the required 

sustainability to maintain catches (Hilborn et al., 2020). A similar pattern was observed in 

the SWA, where in addition to substantial declines in richness and abundance since the 

1970s, at different regional scales in the open sea, the phenomenon of fishing down of 

food webs was reported (Freire & Pauly, 2010; Pauly & Zeller, 2016). 

The application of methodologies combined with the LEK of different generations 

of fishers, demonstrated that since the 50's there has been an increase in the number of 

fishers, gear, and vessels, leading to a decrease, with consequent local extinction of 

megafauna species in archipelagos and islands isolated oceanic species (eg: 

Carcharhinus spp.), in MPAs (eg: Pristis pristis, E. itajara) (Giglio, Luiz, & Gerhardinger, 

2015; Luiz & Edwards, 2011; Pinheiro et al., 2010; Reis-Filho et al., 2016). The LEK from 

different generations showed deviations in perception, showing a reduction in captures of 

carnivorous species, such as E. itajara, E. morio, L. analis; piscivores species, such as 

M. bonaci, L. jocu, O. chrysurus; and the large herbivore S. trispinosus, that is declining 

substantially (Barbosa-Filho et al., 2020; M. G. Bender et al., 2014; Giglio, Luiz, & 

Schiavetti, 2015; Roos, Longo, Taylor, et al., 2020; Zapelini et al., 2020). The decrease in 

catches of large carnivores and piscivores and the gradual tendency for these targets to 

change to large and small herbivores in the IB reinforce the patterns observed in studies 

in the SWA and other regions of the world. 

The selectivity in fisheries for carnivorous, piscivorous, and herbivores can induce 

phase shifts due to the absence of control of the macroalgae growth and other 

invertebrates, our argument is in line with Conversi et al., (2015), and Scheffer et al., 

(2005). Fishing pressure directed at top predators (Jackson et al., 2001; Myers & Worm, 

2003) and herbivore functional groups (Bellwood et al., 2004), triggers the mechanisms 

of trophic cascades. Herbivores induce algal turf cropping, excavating, crevice‐feeding 

and the removal of structural carbonates (Bellwood et al., 2019b; Clements et al., 2016). 

Trophic cascade interactions compromise top-down interactions favoring bottom-up ones 

(Daskalov et al., 2007; Estes et al., 2011; P. J. Mumby et al., 2012; Pershing et al., 2015). 
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In this context, there is an urgent need to manage fisheries and tourism activities in the 

coral reefs of the IB. This would represent an advancement for biodiversity conservation, 

for the protection of local and regional ecosystem resilience, and for the maintenance of 

the ESs (Mcleod et al., 2019; Nyström et al., 2000, 2008). 

 

4.4.3 Local ecological knowledge about multiple basins of attraction for phase 
shifts  

 

The LEK of fishers identified the co-occurrence of stressors that drive the multiple 

basins of attraction for phase shifts. In the last forty years, according to the interviews, in 

addition to the increase in the number of fishers, destructive fishing gear and captures of 

juvenile carnivores, piscivores and herbivores, the unmanaged tourism activities have 

increased. The lack of fisheries monitoring, the incipient management by the 

administrative body, and the poor stewardship demonstrate the need to implement 

strategies to respond and shape the SESs to adapt to the uncertainties and environmental 

changes imposed by these stressors. 

The co-occurrence of overfishing, habitat degradation, pollution and contamination, 

and unmanaged tourism induces severe disturbances on coral reefs, whose speeds may 

exceed the tolerance of these ecosystems to maintain their resilience (Lenton, 2020; 

Setter et al., 2022). This combination of multiple basins of attraction alters the processes 

and functions of ecosystem components that are responsible for promoting the self-

renewal and self-reorganization of the ecosystem and its resilience (Folke, 2006; Holling 

C. S, 1973). 

For centuries, reef ecosystems around the world (Jackson, 1997; Pandolfi et al., 

2003), including some lesser known ones such as those in the SWA, have been exposed 

to an alarming array of anthropogenic stressors (Gallardo et al., 2021; Soares et al., 2021), 

contributing to a significant decrease in stony coral cover areas (Cruz et al., 2018; Soares 

et al., 2022). 
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There is a consensus that overfishing is one of the main stressors in coral reefs 

(Jackson et al., 2001; Möllmann & Diekmann, 2012; Scheffer et al., 2005). Fishing 

pressure works as a basin of attraction for positive feedbacks to amplify changes (e.g., 

increased macroalgae and zoanthids cover, decreased competition and stony corals), 

leading the ecosystem towards a shift in assemblages and populations, and into a phase 

shift (Nyström et al., 2012; Scheffer and van Nes, 2004). 

Pollution and contamination were recognized as constant stressors that threaten 

the water quality of coral reefs due to poor sanitation, increased solid waste and fuel oils 

from intense nautical traffic. It should be noted that the IB lacks infrastructure such as 

ports and a marina, and that the maintenance of vessels is carried out in the vicinity of 

coral reefs and natural tidal pools. 

The increase in the volume of domestic effluents leads to eutrophication, the lack 

of sanitation in the IB is worrying (Elliff & Kikuchi, 2017). The input of nutrients promotes 

an increase in turbidity and a decrease in water quality. The fishing pressure exerted on 

large herbivorous species contributes to the lack of control over primary production, 

accelerating the deterioration of the ecosystem (Daskalov et al., 2007). 

The volume and quantity of solid waste (microplastics) scattered among coastal-

marine environments is a serious global threat, which has led countries to agree on 

mitigation strategies (ONU-UNEP, 2022). Hundreds of reef species are impacted, and the 

ingestion of plastics are transferred to other trophic levels (Santos et al., 2021). 

Entanglement (Nunes et al., 2018) and captures through “ghost fishing” (Soares et al., 

2021) contribute to a decrease in the richness and biomass of fish and other reef 

organisms (Carvalho-Souza et al., 2018). Monitoring the effects of pollution and 

contamination on reef fish is one of the main challenges for the conservation of biodiversity 

in the SWA (C. M. C. Rocha & Sampaio, 2022; Soares et al., 2022). There is an urgent 

need to implement integrated solid waste management in coastal regions, especially on 

tropical islands like IB, which lack basic sanitation. 

Habitat degradation was identified as a stressor that causes damage to the reef 

substrate. The degradation of reef habitats leads to a decrease in heterogeneity and 
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structural complexity (Graham, 2014; Kovalenko et al., 2012). The decrease in 

environmental heterogeneity compromises the creation and maintenance of new habitats 

for shelter, foraging, spawning, abundance, biomass, and interactions of reef fish (Nash 

et al., 2012; Oakley-Cogan et al., 2020). It is important to establish zoning and ordering of 

fishing and tourism activities to maintain the integrity of seascapes, and to increase their 

resilience and prevent phase shifts. 

Since the 1950s, unmanaged tourism has systematically impacted the coral reefs 

of IB, but according to the LEK, it was about 20 years ago that the intensity of co-occurring 

stressors increased. Studies have shown that the impacts resulting from tourism activities 

have contributed to the increase in sedimentation rates, trampling and the supply of food 

for fish (Kikuchi et al., 2010; Leão et al., 2016). The coastal reefs of IB are under strong 

pressure from fishing and tourism activities (Albuquerque et al., 2015; Elliff & Kikuchi, 

2017) that bring more than 1,600 people and hundreds of boats daily. Although nautical 

activities are the main economic source of the IB, fishers have recognized that poor 

management reflects the rapid changes and degradation of the reef ecosystems in the IB, 

leading to poor-stewardship. 

Ecosystem stewardship consists of a series of strategies for the conservation of 

biodiversity whose purpose is to shape the SESs to adapt to the conditions of uncertainty 

and constant change (Chapin III et al., 2010; Young et al., 2006). One of the assumptions 

of ecosystem stewardship is to recognize that people and society, as ecosystem 

components that benefit from ESs, need to take responsibility for taking care of it, as it 

constitutes the resources on which they depend on (Chapin III et al., 2015). Due to the 

poor stewardship indicated by the fishers, it becomes imperative to create democratic 

spaces for the establishment of dialogue among the SESs, stakeholders, public 

authorities, educational institutions, non-governmental organizations, and civil society, to 

elaborate strategies to resolve the main impacts observed in the IB. 

Perceptions that climate change and coral bleaching events are affecting the reefs 

in IB are similar to other research conducted in the coastal region of the SWA (Pereira et 
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al., 2022), including tropical islands (Appadoo et al., 2022; Woodhead et al., 2021), 

suggesting that these events have become more frequent. 

Climate change directly impacts coral reefs that depend on narrow temperature 

ranges for their development (Lenton, 2020). Sea surface warming triggers coral 

bleaching events responsible for serious diseases, tissue damage and coral deaths, 

representing one of the main current challenges for the conservation of reefs, which have 

serious risks of disappearance (Hughes et al., 2017; Lenton, 2020). Climate change and 

multiple other anthropogenic stressors in coastal zones of the SWA, contribute 

significantly to decreasing the resilience of coral reefs, favoring phase shifts (Cruz et al., 

2015, 2018) whose positive feedbacks can interact at different spatial scales affecting 

other areas (Nyström et al., 2012). 

 

4.4.4 Local Ecological Knowledge about solutions for the multiple basins of 

attraction for phase shifts 

 

Fishers proposed multiple local and alternative solutions to stressors such as coral 

reef management, fisheries management, fisheries monitoring, and the establishment of 

public policies for multispecific and multitrophic fisheries. Despite the creation of the 

Boipeba Environmental Protected Area three decades ago, it lacks a management plan 

for the conservation of reef biodiversity (CEPRAM, 1998). 

Spatial planning through the creation of marine protected areas (MPAs) is one of 

the main pillars to promote the management plan for the conservation of coral reefs and 

the maintenance of biodiversity processes (Dudley, 2008; Magris et al., 2017), helping to 

promote resilience in coral reefs and reduce extinction risks (Duarte et al., 2020). 

Ecosystem connectivity through MPAs functions as a spillover source for fish and coral 

larvae, providing the demographic and population aspects to support multiple ESs 

(Mumby & Steneck, 2008). 

Considering that the MPAs in the SWA receive few human resources and funding 

to carry out monitoring, which favors fisheries that promote negative impacts on coral reefs 
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(Oliveira Júnior et al., 2016), the elaboration of ecosystem-based management has been 

advocated an adaptive co-management mechanism for environmental and social 

resilience (Armitage et al., 2009; Hughes et al., 2005; Knowlton, 2021). Ecosystem-based 

management through co-management and LEK, are part of the global goals to achieve 

sustainable development in the decade of ocean science (FAO, 2020; UN, 2015). 

The success of this management and governance model will depend on the 

democratization of the initiative and on the different collaborative and social institutional 

arrangements whose interests are collective (Armitage, 2017; Maretti et al., 2019). The 

adoption of multi-level network institutional arrangements has the potential to both expand 

access to scientific knowledge and to engage society (Armitage, 2017; Jentoft, 2005; 

Mumby and Steneck, 2008). These arrangements can mitigate conflict scenarios and 

achieve success through the broad participation of government, educational institutions, 

and society (Maretti et al., 2019; Oliveira Júnior et al., 2016). 

In view of the solutions proposed by the fishers' LEK, we observed that there is a 

need to strengthen the management and local governance of these ecosystems. 

According to the LEK, there must be a reduction in the use of non-selective fishing gear 

and a ban of those that are destructive, as measures for the effectiveness of fisheries 

management and fisheries monitoring, which will need to be debated between managers, 

government, and fishers. These measures are important so that an ecosystem-based 

management unit can promote the maintenance of resilience by avoiding overfishing of 

key trophic groups, and the preservation of the ESs promoted by coral reefs (Cinner et 

al., 2020, 2009b; Fischer et al., 2015). 

Fisheries management based on limiting fishing gear has the potential to be an 

adaptive and resilient response to climate change scenarios, because in addition to 

preventing a decrease in the capture of key species, it can promote a reduction in coral 

mortality (J. E. Cinner, McClanahan, Graham, et al., 2009; Darling et al., 2019). In 

addition, fisheries management through selection of hook sizes, gill net mesh and the 

development of research on the functional and reproductive biology of target species, are 

some measures that can help avoid the selective removal of those species that have 
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reduced functional redundancy and greater fecundity (N. Roos et al., 2016; N. C. Roos, 

Longo, Pennino, et al., 2020). 

There is an urgent need to break with the current paradigm of coral reef 

conservation in order to maintain sustained resilience, mainly in the management of 

trophic groups, such as herbivores (Bellwood et al., 2004; Bellwood, Streit, et al., 2019; 

Hughes et al., 2005). Ecosystem-based management is a pathway that can reverse 

approaches to key species to minimize the impacts of overfishing (Cinner et al., 2020; 

Darling et al., 2019). 

The conservation of marine biodiversity has advanced enormously and 

successfully in the last century (Duarte et al., 2020; Knowlton, 2021). However, the 

Anthropocene marks an unprecedented multiplicity of governance crises. Thus, breaking 

with the outdated vision of a utilitarian governance, centered on the sustainable 

management of simple stocks of species and ecosystems (Jacquet & Pauly, 2022), and 

moving towards an Ocean-centered one is a new and promising path for improved and 

more integrated conservation (Bender et al., 2022). 

Ocean-centric governance will require the creation of legal mechanisms to lead 

humanity to rethink the Ocean as an interdependent living system interconnected with the 

planet (Bender et al., 2022). This is important to achieve the goals for sustainable 

development and transform the world collectively in this Decade of Ocean (UNESCO, 

2020). Locally, to achieve the effective governance of coral reefs, tackling the chronic 

impacts of the multiple basins of attraction for phase shifts will require the strategic 

involvement of multi-level networks (Cinner et al., 2020; Darling et al., 2019; Hughes et 

al., 2005). 

There is an urgent need to break with the current paradigm of coral reef 

conservation in order to maintain sustained resilience, mainly in the management only 

centered in trophic groups, such as herbivores (Bellwood et al., 2004; Bellwood, Streit, et 

al., 2019; Hughes et al., 2005). Ecosystem-based management is a pathway that can 

reverse approaches to key species to minimize the impacts of overfishing (Cinner et al., 

2020; Darling et al., 2019). 
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The conservation of marine biodiversity has advanced enormously and 

successfully in the last century (Duarte et al., 2020; Knowlton, 2021). However, the 

Anthropocene marks an unprecedented multiplicity of governance crises. Thus, breaking 

with the outdated vision of a utilitarian governance, centered on the sustainable 

management of simple stocks of species and ecosystems (Jacquet & Pauly, 2022), and 

moving towards an Ocean-centered one is a new and promising path for improved and 

more integrated conservation of all marine ecosystems (Bender et al., 2022). 

 

4.5. CONCLUSIONS 
 

We based our hypothesis on the occurrence of fishers' generational shifting 

baseline syndrome, specifically the deviations in perception in relation to the decrease in 

carnivorous and piscivorous fish and increase in herbivore catches. The premise that 

fisheries impacts reduce catches of these trophic groups of reef fish, acting as a 

mechanism that serves as a basin of attraction for phase shifts, was supported by the 

LEK, perceptions of the co-occurrence of multiple stressors and the scientific literature. 

In view of the scenario where traditional local communities are highly dependent 

on fish and fisheries, as well as tourism activities on the coral reefs, public policy 

incentives can significantly contribute to the reduction of overfishing, habitat degradation 

and social vulnerability. 

Within a context of multiple governance crises in the Anthropocene, coastal-marine 

spatial planning, and the inclusion of ecosystem-based management through adaptive 

and participatory co-management are essential. They are solutions and alternatives that 

can accommodate the activities practiced by the different socio-ecological systems and 

the mitigation of stressors. 

However, the need to break with the current global vision of utilitarian governance, 

towards one focused on the ocean as a living system, is a transformative alternative in 

this Decade of Ocean Science and for humanity as a whole. Locally, this approach can 

strengthen the sense of place, and the cultural and spiritual ecosystem services of coral 
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reef. To tackle the multiple basins of attraction for phase shifts effectively, the involvement 

of multi-level networks is paramount. 
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5 CONCLUSÃO GERAL 

 

Em um contexto geral, é possível afirmar que o conhecimento científico 

multidisciplinar sobre as espécies, famílias e grupos tróficos de peixes recifais avançaram 

substancialmente nas últimas cinco décadas no Atlântico Sudoeste. A demonstração de 

que o Conhecimento Ecológico Local (CEL) de pescadores pode ser utilizado como uma 

ferramenta participativa e inclusiva em pesquisas científicas foi evidenciada neste estudo. 

A inclusão da percepção humana em pesquisas, através da integração entre o 

conhecimento científico e dos pescadores representa um avanço da sociedade em busca 

de soluções alternativas para mitigar a co-ocorrência de estressores antrópicos, como a 

sobrepesca, que promovem a degradação, transições ecossistêmicas, e mudanças de 

fase.  

Na ilha de Boipeba, o CEL de pescadores, suas percepções sobre as mudanças 

pretéritas das pescarias, e dos impactos dos usos e ocupação não manejados dos recifes 

de coral, destaca que há um sentimento de preocupação com as atividades pesqueiras 

e com o Oceano. Particularmente, porque há uma ausência de políticas públicas para o 

monitoramento, fiscalização das atividades pesqueiras, e projetos objetivando a 

conservação da biodiversidade localmente. Há riscos do esgotamento de estoques de 

espécies de peixes de recifes de coral, como as garoupas, vermelhos e os budiões,  para 

os quais há planos de recuperação de estoques por parte do Governo Federal. 

Diferentes grupos tróficos de peixes recifais cumprem papéis ecológicos distintos 

nos recifes de coral participando do equilíbrio de processos ecossistêmicos na teia trófica. 

Peixes herbívoros, tem sua importância bem reportada e reconhecida para a manutenção 

da saúde e resiliência recifal. Entretanto, foi possível identificar que pouca ênfase tem 

sido dada em pesquisas para o entendimento das funções ecológicas de peixes recifais 

carnívoros e piscívoros, dos impactos, e os possíveis cenários da ausência desses 

grupos na teia trófica recifal, conjuntamente com os herbívoros.  

As populações de peixes carnívoros, piscívoros e herbívoros declinaram nos 

últimos 40 anos no Atlântico Sul e Sudoeste. Na ilha de Boipeba, este estudo demonstra 
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que houve uma mudança de alvos nas pescarias para os grandes e médios peixes 

herbívoros, os quais atualmente está ocorrendo a pescaria de juvenis e menores. Esta 

tese demonstrou a necessidade da criação de estratégias de manejo das pescarias de 

base ecossistêmica voltadas para os diferentes grupos tróficos de peixes recifais através 

da inclusão dos CEL dos pescadores efetivando sua participação nas pesquisas.  

Há uma urgência em estabelecer cenários para dialogar pela busca por soluções 

entre a coletividade, para o futuro dos recifes de coral, e do provimento de bens e 

Serviços Ecossistêmicos da biodiversidade costeira e marinha na ilha de Boipeba. A 

Terra está passando por rápidas transformações geológicas e ecológicas derivadas das 

ações humanas em diferentes escalas espaciais, que é o Antropoceno. O enfrentamento 

da co-ocorrência de estressores que levam a degradação dos recifes de coral localmente, 

transições, e mudança de fase consiste em desafios. Para seu enfrentamento eficaz é 

necessário que haja o envolvimento multinível entre as diferentes esferas administrativas 

do poder público, diferentes setores da sociedade e das comunidades tradicionais 

pesqueiras em redes de cooperação. 

 Soluções para a mitigação dos estressores reside no estabelecimento de medidas 

de conservação através da criação de áreas marinhas protegidas com múltiplos 

zoneamentos, e do manejo baseado no ecossistema das pescarias. Soluções de médio 

e de longo prazo são prioritárias para uma adaptabilidade às mudanças climáticas, 

visando a manutenção da resiliência ecológica, social e mitigação do aceleramento da 

degradação dos recifes de coral. 

 Localmente, existem oportunidades para a ampliação da participação de 

pescadores e sociedade para avançar em práticas conservacionistas, representando um 

caminho no campo científico e social. Uma vez, que os diferentes Sistemas Sócio-

ecológicos fazem usos e ocupação dos recifes de coral durante suas atividades de 

trabalho. Ao torná-las cientes dos impactos negativos de algumas práticas e atividades, 

evidenciadas a partir da repercussão de estressores nos processos ecológicos da 

biodiversidade, é possível sensibilizá-las, pois; a degradação e mudança de fase dos 



129 

 

recifes de coral representa um escasseamento dos recursos que promovem a geração 

de alimentos, trabalho, e de rendimentos econômicos. 

A inclusão dos pescadores e dos diferentes setores da sociedade na busca por 

soluções práticas e inovadoras para mitigar os estressores nos recifes de coral para o 

desenvolvimento sustentado das pescarias e das atividades turísticas, é uma abordagem 

que pode promover o senso de pertencimento das pessoas pelo Oceano. Onde a 

ampliação de informações científicas e a disseminação das ameaças globais que estão 

ocorrendo localmente para a sociedade, tem potencial de promover sua sensibilização e 

para a importância da vida marinha. 

A necessidade de implementar ações práticas para o planejamento espacial 

costeiro-marinho, conservação, manejo dos recifes de coral e dos peixes, representam 

avanços, e oportunidades necessárias para gestão e governança desses recursos 

naturais, visando atingir os Objetivos para o Desenvolvimento Sustentável na Década 

das Ciências e do Oceano e para o futuro das próximas gerações. 
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Responsável pela pesquisa: MSc. Cacilda M. C. Rocha Cela 

Orientador da pesquisa: Prof. Dr. Cláudio L. S. Sampaio  
 

QUESTIONÁRIO DE PESQUISA 

Número do Certificado de Apresentação de Apreciação Ética: 

40184420.0.0000.5013 

 

Idade:                                                                                                            Sexo: ( ) F ( ) M 

Educação: 

( ) < 8 Pouca inexperiência ( ) Início de carreira 8-15 ( ) Intermediário 16-30 ( ) Experiente >30 

( ) Pesca profissional  

Petrechos: 

( ) Pesca Amadora/ Esportiva 

Petrechos: 

 

Pesca Subaquática 

( ) Free diving  

( ) SCUBA   

( ) compressor 

 

PERGUNTAS 

Pesca (alimento, trabalho e renda) 

 

1. A pesca é importante para você? ( ) SIM ( ) NÃO. Por quê? ( ) Não desejo responder 

2. A pesca é a sua principal fonte de renda? SIM ( ) Se sim, quantas pessoas se 

sustentam com a sua pesca? NÃO ( ) Não desejo responder  

3. Você exerce outras atividades além da pesca? SIM ( ) Quais? ( ) NÃO ( ) Não desejo 

responder 
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4. Quantos Kg no total você conseguia tirar em média a cada pescaria no início da sua 

carreira? (   ) E agora (   ) Não desejo responder ( ) 

5. Quanto você ganha em média por mês com a pesca? ( ) Não desejo responder 

6. Quanto custava o kg do peixe budião azul (  )  banana ( ) batata ( ) bandeira ( ) sinaleiro 

( ) dentuço ( ) 

baúna ( ) ariocó (  ) dentão (  ) caranha (  )  cioba (  ) badejo ( ) mero ( ) quando você 

começou a pescar? Não desejo responder 

7.  E agora quanto custa o kg do peixe budião azul ( ) banana ( ) batata ( ) bandeira ( ) 

sinaleiro ( ) dentuço ( ) baúna ( ) ariocó (  ) dentão (  ) caranha (  )  cioba (  ) badejo ( ) 

mero ( ) quando você começou a pescar? Não desejo responder 

8. Qual arte de pesca/petrecho que você utilizava no início da sua carreira? ( ) Não desejo 

responder 

9. Qual usa agora? ( ) Não desejo responder 

10. Você utiliza algum equipamento especial para pescar? ( ) Não desejo responder 

11. Você ainda pesca nos mesmos lugares de antigamente? ( ) Não desejo responder 

12. Qual a distância (em média) que você percorria para pescar antigamente? E hoje? ( 

) Não desejo responder 

13. Você pesca sozinho ou acompanhado? Se for acompanhado quantas pessoas 

pescam contigo? ( ) Não desejo responder 

14.  Se você pudesse indicar uma área para ser protegida da pesca, qual seria essa 

área? Por quê? ( ) Não desejo responder 

15.  A pesca é produtiva na sua região?  ( ) SIM ( ) NÃO ( ) Não desejo responder 

16.  Qual medida você considera importante para melhorar a produtividade da pesca na 

sua região? ( ) Não desejo responder  

17. Você sabe o que é uma APA? ( ) SIM ( ) NÃO ( ) Não desejo responder 

18. Se a pesca fosse proibida na sua localidade o que você faria? ( ) Não desejo 

responder 

 

Pescarias (Síndrome de Deslocamento de Referencial) 
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19 .Nas áreas que você pesca hoje tem ( ) menos, ( ) mais ou a ( ) mesma quantidade de 

peixe budião/garoupa/vermelho que antigamente (tempo de experiência) ( ) Não desejo 

responder 

20 . Qual peixe budião/garoupa/vermelho é o mais comum de pescar hoje? ( ) Não desejo 

responder 

21 . Qual peixe budião/garoupa/vermelho que era comum de pescar antigamente e hoje 

é raro? ( ) Não desejo responder 

22 . Qual peixe budião/garoupa/vermelho tem a pesca proibida hoje? ( ) Não desejo 

responder 

23 . Qual o tamanho médio do peixe budião/garoupa/vermelho que é pescado atualmente 

(kg)? ( ) Não desejo responder 

24 . Qual o tamanho médio do maior peixe budião/garoupa/vermelho que já foi pescado 

por você (kg)? ( ) Não desejo responder 

25 . Onde e quando esse maior peixe budião/garoupa/vermelho foi pescado? ( ) Não 

desejo responder 

26 .Quando e onde ocorreu a melhor pescaria de budião/garoupa/vermelho já realizada 

por você (localização)? ( ) Não desejo responder 

 

Ecossistemas recifais (Percepção de mudanças ocorridas) 

 

27. Você acha que mudou alguma coisa nos locais que você pesca? ( ) Não desejo 

responder 

28.  Se sim, o que aconteceu? ( ) Não desejo responder 

29. Foi desde quando que começaram a ocorrer essas mudanças? ( ) Não desejo 

responder 

30. Você sabe o que é um recife de coral? (  ) SIM (  ) NÃO ( ) Não desejo responder 

31. Como era essa paisagem nos recifes que você conhece? ( ) Não desejo responder 
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32. Qual o principal problema acha que o ser humano faz nos recifes? ( ) Não desejo 

responder 

33. E nas águas dos recifes. Você consegue perceber se ocorreu alguma mudança? ( ) 

Não desejo responder 

34. Se você pudesse propor alguma solução para esses problemas que você percebeu 

qual seria? ( ) Não desejo responder 
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO-TCLE 

 
Eu, (nome nacionalidade, idade, estado civil, profissão, endereço, RG), estou sendo 

convidado a participar de um estudo denominado: Peixes Recifais Herbívoros: Pesca & 

Conservação, cujo objetivo: Investigar como o Conhecimento Ecológico Local pode ser 

acessado para informar a conservação da biodiversidade marinha sobre a Síndrome de 

Deslocamento de Referencial (SDR) sobre a pesca de peixes recifais herbívoros, 

justificando a utilização do Conhecimento Ecológico Local como ferramenta para a 

tomada de decisões sobre o Co-Manejo de espécies-chave em áreas marinhas 

protegidas. A minha participação no referido estudo será no sentido de responder 

algumas perguntas através de um questionário. 

Fui alertado de que, da pesquisa a se realizar, posso esperar alguns benefícios 

diretos esperados estão: os de disseminar meus conhecimentos obtidos divulgando seus 

resultados nas comunidades, também poderão ser acessados pelos gestores das Áreas 

Protegidas onde a pesquisa ocorrerá, bem como para o conhecimento de toda a 

sociedade civil. As estratégias para alcançar esses benefícios serão principalmente 

através de palestras nas comunidades, reuniões com os conselhos gestores das APAs, 

elaboração de comunicados para divulgação em mídias sociais online (Instagram e 

Facebook) e por meio de publicações científicas. 

Recebi, por outro lado, os esclarecimentos que os resultados positivos ou negativos 

somente serão obtidos após a sua realização. Assim, tornar públicas as práticas, artes 

de pesca, tipo de peixes que pesco nos ecossistemas recifais e oceano podem nos ajudar 

a pensar no oceano que queremos no futuro. 

Estou ciente de que minha privacidade será respeitada, ou seja, meu nome ou 

qualquer outro dado ou elemento que possa, de qualquer forma, me identificar, será 

mantido em sigilo. Também fui informado de que posso me recusar a participar do estudo, 

ou retirar meu consentimento a qualquer momento, sem precisar justificar, e de, por 

desejar sair da pesquisa, não sofrerei qualquer prejuízo. Foi-me esclarecido, igualmente, 

que eu posso optar por métodos alternativos, que seria a filmagem e gravação da 

pesquisa. 
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Os pesquisadores envolvidos no referido projeto são Cacilda Michele Cardoso Rocha 

Cela e Cláudio Luis Santos Sampaio, da Universidade Federal de Alagoas como 

estudante e orientador. Com eles poderei manter contato pelos telefones (75) 99933-

04750 e (82) 3551-2784. 

 Enfim, tendo sido orientado quanto ao teor de todo o aqui mencionado e 

compreendido a natureza e o objetivo do já referido estudo, manifesto meu Livre 

Consentimento Livre e Esclarecido em participar, estando totalmente ciente de que não 

há nenhum valor econômico, a receber ou a pagar, por minha participação. De igual 

maneira, caso ocorra algum dano decorrente da minha participação no estudo, serei 

devidamente indenizado, conforme determina a lei. 

Qualquer dúvida ou problema deve entrar em contato com a Universidade Federal 

de Alagoas (82) 3551 2784. 

 

 

-------------------------------------------------, ----------------- de ----------------------------------- 202--- 

 

--------------------------------------------------------------------------------------------------------------------- 

Nome e assinatura do sujeito da pesquisa 

 

--------------------------------------------------------------------------------------------------------------------- 

Nome(s) e assinatura(s) do(s) pesquisador (es) responsável(responsáveis) 
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CATÁLOGO DE FOTOS DE ESPÉCIES DE PEIXES RECIFAIS 
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GÊNEROS E ESPÉCIES DE PEIXES RECIFAIS IDENTIFICADAS NAS PESCARIAS 
DESTE ESTUDO 

 
Família Gênero e espécie Grupo trófico Itens alimentares 

Acanthuridae  Acanthurus bahianus Herbivores Benthic algae, weeds 

Acanthuridae  Acanthurus chirurgus Herbivores Benthic algae, weeds 

Acanthuridae  Acanthurus coeruleus Herbivores Benthic algae, weeds 

Ariidae Genidens sp. Carnivores Mobile invertebrate feeders  

Carangidae Caranx sp. Carnivores Mobile invertebrates 

Carangidae  Caranx hippos Carnivores Bony fishes, mobile invertebrates 

Carangidae  Selene vomer Carnivore Bony fish, mobile invertebrates 

Carangidae Trachinotus sp. Piscivores Bony fish, mobile invertebrates  

Carcharhinidae Carcharhinus leucas Piscivores Bony fishes, piscivore 

Centropomidae  Centropomus undecimalis Carnivores Bony fish, mobile invertebrates  

Coryphaenidae Coryphaena hippurus  Piscivores Bony fish,  piscivore 

Gerreidae Diapterus sp. Carnivore Copepods, ostracods, polychaets 

Ginglymostomatidae  Ginglymostoma cirratum Carnivore Bony fishes,rays, mobile invertebrates 

Lutjanidae Lutjanus alexandrei Carnivores Bony fishes, mobile invertebrates 

Lutjanidae Lutjanus analis Carnivores Bony fishes, mobile invertebrates 

Lutjanidae Lutjanus cyanopterus Piscivores Bony fishes 

Lutjanidae Lutjanus jocu Carnivores Bony fishes, mobile invertebrates 

Lutjanidae Lutjanus synagris Carnivores Bony fishes, crabs, annelids 

Lutjanidae Ocyurus chrysurus Carnivores Bony fishes, zoobenthos 

Muraenidae Gymnothorax sp. Piscivores Bony fishes, piscivore 

Mugilidae Mugil sp. Carnivores Mobile invertebrates 

Myliobatidae Aetobatus narinari Carnivores Mobile invertebrates 

Myliobatidae Mobula birostris Carnivores Bony fishes, mobile invertebrates 

Rachycentridae Rachycentron canadum Piscivores Bony fishes 

Scaridae Scarus trispinosus Herbivores  Benthic algae,weeds 

Scaridae Scarus zelindae Herbivores  Benthic algae,weeds 

Scaridae Sparisoma amplum Herbivores  Benthic algae,weeds 

Scaridae Sparisoma axillare Herbivores  Benthic algae,weeds 

Scaridae Sparisoma frondosum Herbivores  Benthic algae,weeds 

Scombridae Acanthocybium solandri Piscivores Bony fishes 

Scombridae Scomberomorus sp. Piscivore Bony fishes 

Serranidae Epinephelus adscensionis Carnivores Bony fishes, mobile invertebrates 

Serranidae Epinephelus itajara Carnivores Bony fishes, mobile invertebrate 
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Serranidae Epinephelus morio Carnivores Bony fishes, mobile invertebrate  

Serranidae Mycteroperca bonaci Piscivores Bony fishes 

Sparidae Calamus penna Carnivores 
Benthic invertebrates, mobile 
invertebrate feeders 

Sphyraenidae  Sphyraena barracuda Piscivores Bony fishes 

Sphyrnidae Sphyrna sp. Piscivores Bony fishes 

 

  



142 

 

MÚLTIPLOS ESTRESSORES ANTRÓPICOS NOS RECIFES DE CORAL 

Pescarias de peixes recifais juvenis de grupos tróficos carnívoros, piscívoros e 
herbívoros (Todas as fotos abaixo foram cedidas pelo Prof. Dr. Claúdio Sampaio) 
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Poluição e contaminação 
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Degradação de habitats recifais 
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REGISTROS DA APRESENTAÇÃO DA TESE NAS COMUNIDADES DE MORERÉ E 
VELHA BOIPEBA 

Momento da devolutiva da pesquisa nas comunidades que participaram da 

pesquisa do Capítulo-II 

  

Centro Comunitário de Moreré 

 

Centro Comunitário de Moreré 
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Associação de Pescadores da Velha Boipeba 

 

Associação de Pescadores da Velha Boipeba 

 

 

 

 


