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Nosso primeiro passeio nos arrecifes foi na chuva, chapéu de palha e espadrilhas na
lancha do Instituto. Em 10 minutos estavamos encharcados e congelados. Felizmente,
chegamos rapidamente ao local de trabalho. A dgua estava calma. Havia um canal nos
corais, onde o barco ficou ancorado. O sol nos aqueceu. E ai foi a descoberta de um mundo
maravilhoso, entre I e 3 m de profundidade: peixes azuis, achatados como um prato; negros,
listrados com amarelo; prateados; alguns pequeninos totalmente azuis, outros ainda
completamente pretos com grandes pontos azuis cintilantes, todos fascinantes. [...] Era muito
dificil mergulhar em Recife, pois a agua estava sempre turva. [...] Um dia no verdo de 1962,
a dgua estava clara e finalmente vimos um ou dois fundos de coral muito bonitos. (Laborel-

Deguen em Laborel-Deguen, 2019)



RESUMO

Ambientes recifais sdo altamente produtivos e por isso sdo conhecidos como florestas
tropicais dos oceanos. Assim como em outras comunidade bioldgicas, disturbios, predacao,
competi¢ao e doengas tem se mostrado como processos importantes que afetam sua estrutura
e dinamica. Os recifes de corais brasileiros sdo Unicos, apesar da baixa diversidade da fauna
coralinea, ha um alto endemismo com formagdes distintas chamadas “chapeirdes”. Os seres
humanos e os recifes de corais coexistem ha milhares de anos. Aproximadamente 1,2 bilhdes
de pessoas vivem até¢ 100 quildmetros desses ambientes, sendo direta ou indiretamente
dependentes destes ambientes. Eles desempenham fungdes ecossistémicas importantes que se
traduzem em inumeros bens e servigos para toda populacdo mundial. O termo contribui¢des
da natureza para as pessoas foi cunhado em uma tentativa de introduzir um novo
enquadramento para as relagdes dos seres humanos com a natureza, elas sdo todas as
contribuigdes, tanto positivas quanto negativas, da natureza viva para qualidade de vida das
pessoas. Muitos naturalistas visitaram o Brasil e fizeram algumas descricdes do ambiente
recifal, porém a maioria delas tinham um carater geoldgico. Na década de 1960, Jacques
Laborel foi o primeiro pesquisador a utilizar o mergulho com cilindro para estudar a biologia
e funcionamento do recifes de corais brasileiros. Uma forma de resgatar informagdes passadas
sobre um determinado ambiente ¢ através da ecologia historica. Ela estuda a natureza através
do tempo, muitas vezes com foco nas interacdes entre os seres humanos e o ambiente e as
causas e consequéncias das mudancas causadas pelos humanos no passado recente. Este
trabalho aborda a composicdo de assembléias coralineas e os beneficios providos pelos
ambientes recifais e esta dividida em dois artigos: (1) “ Decades of changes in Brazilian coral
reef assemblages” que compila e padroniza as informacgdes semiquantitativas da estrutura
taxondmica e funcional da comunidade coralinea e (2) “Brazilian coral reefs by the eyes of its
users” que analisa a percepcdo sobre mudangas nos servigos ecossistémicos providos pelos
recifes de corais por pesquisadores, mergulhadores e usudrios dos recifes de corais. Para
entender como era a composi¢ao dos recifes de corais brasileiros € como ela mudou através
do tempo, utilizamos dados semiquantitativos e qualitativos coletados nas décadas de 1960,
1980, 1990, 2000 e 2010. Com o intuito de trazer uma perspectiva humana atual, elaboramos
um questionario on-line para entender como usudrios de ambientes recifais percebem os
beneficios trazidos por estes ambientes. Nossos resultados mostraram um grande declinio de
diversas espécies de corais construtoras de recifes e que promovem tridimensionalidade que
foi refletido na percep¢ao dos respondentes do questionario, a grande maioria relatou uma
piora na qualidade dos ambientes recifais; quanto ao cendrio atual dos beneficios percebidos
pelos respondentes, a maioria relacionava-se com o bem-estar que estes ambientes
proporcionam. O declinio na abundancia de espécies de corais pode ter implicacdes muito
graves como a abertura de espaco para ocupagdo de espécies oportunistas € consequente
mudanc¢a no funcionamento do recife, que ird refletir nas contribui¢des dos recifes para as
pessoas.

Palavras-chave: Recifes de coral 1. Dados histéricos 2. Brasil 3. Servicos ecossistémicos



ABSTRACT

Reef environments are highly productive, also called tropical ocean forests. As in other
biological communities, disturbances, predation, competition, and diseases have shown to be
important processes that affect their structure and dynamics. Brazilian coral reefs are unique,
despite the low diversity of coral fauna, there is a high endemism with distinct formations
called “chapeirdes”. Approximately 1.2 billion people live within 100 kilometers of these
environments, being directly or indirectly dependent on these environments. They perform
important ecosystem functions that translate into countless goods and services for the entire
world population. The term contributions of nature to people was coined in an attempt to
introduce a new framework for human beings' relationships with nature, they are all
contributions, both positive and negative, of living nature to people's quality of life. Many
naturalists visited Brazil and made some descriptions of the reef environment, but most of
them had a more geological character. In the 1960s, Jacques Laborel was the first researcher
to use diving as a tool to study the biology and functioning of Brazilian coral reefs. One way
to retrieve past information about a given environment is through historical ecology. It studies
nature through time, often focusing on the interactions between humans and the environment
and the causes and consequences of human-caused changes in the recent past. Humans and
coral reefs have coexisted for thousands of years. This work addresses the composition of
coral reef assemblages and the benefits provided by reef environments and is divided into two
articles: (1) “Decades of changes in Brazilian coral reef assemblages” which compiles and
standardizes semi-quantitative information on the taxonomic and functional structure of the
coral community and (2) “Brazilian coral reefs by the eyes of its users” which analyzes the
perception of changes in ecosystem services provided by coral reefs by researchers, divers,
and users of coral reefs. To understand what the composition of Brazilian coral reefs was like
and how it changed over time, we used semi-quantitative and qualitative data collected in the
1960s, 1980s, 1990s ,2000s and 2010s . An online questionnaire to understand how users of
reef environments perceive the benefits brought by these environments. Our results showed a
great decline of several species of corals that build reefs and that promote three-
dimensionality that was reflected in the perception of the respondents of the questionnaire, the
vast majority reported a worsening in the quality of reef environments; as for the benefits
perceived by the respondents, most were related to the well-being that these environments
provide. The decline in the abundance of coral species can have very serious implications
such as opening space for occupation by opportunistic species and a consequent change in the
functioning of the reef, which will reflect on the contributions of reefs to people.

Keywords: Coral reefs 1. Historical data 2. Brazil 3. Ecosystem services
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1 INTRODUCAO GERAL

Durante as minhas leituras para escrever este trabalho, mesmo sem poder mergulhar,
sentada em minha cadeira, eu literalmente mergulhei nos oceanos. Callum Roberts me levou
até os séculos XIII e XIX, época na qual seria normal navegar por um mar onde vocé se
depara com um tubardo baleia entre 15 e 18 metros nadando na superficie para se alimentar,
estar em um barco densamente cercado por tainhas, tdo numerosas que seria facil espeta-las
sem largar a haste do arpdo, mergulhar em um mar onde h4 grandes muralhas de corais,
arbustos e dobras de cores vivas ou entdo se deparar com cardumes de peixes de diversas
espécies, cores ¢ tamanhos (ROBERTS, 2007).

Jacques Laborel foi um pesquisador francés que veio ao Brasil em 1961 para ocupar
uma vaga no Instituto de Biologia Maritima e Oceanografia de Recife. Como ja havia um
pesquisador brasileiro estudando as algas marinhas, ele decidiu trabalhar com o tema “corais”
j4 que este ndo havia sido tratado desde os trabalhos dos historiadores naturais e jamais
através do mergulho com cilindro de oxigénio (LABOREL-DEGUEN, 2019). Laborel contou
com o auxilio de sua esposa, Frangoise Laborel-Deguen, e de outro pesquisador francés, Marc
Kempf, para coletar dados e conduzir sua pesquisa. Kempf morou muitos anos em Arraial do
Cabo e além da pesquisa, tirava fotos subaquaticas. Trabalhar com dados coletados por
Jacques Laborel e escanear as fotos tiradas por Marc Kempf me proporcionaram uma outra
viagem no tempo, pelos ambientes recifais brasileiros da década de 60. Laborel mencionou
que os ambientes recifais no Brasil j4 demonstravam sinais de impactos devido a agdo
humana e mesmo assim ndo conseguiu esconder o seu encanto pela paisagem. A seguir, eu
conto um pouco da histéria dos recifes de corais brasileiros, como eles mudaram e as

implicacdes de tais mudangas.

1.1 RECIFES DE CORAIS

Os recifes de corais, também chamados de florestas tropicais dos oceanos, sdo
encontrados em habitats costeiros em dreas tropicais e subtropicais (KNOWLTON, 2001;
HOEGH-GULDBERG; PENDLETON; KAUP, 2019). Sao formados por estruturas de
carbonato produzidas e mantidas por um conjunto de organismos calcificantes,

predominantemente corais escleractineos e algas vermelhas coralinas (BARBER; HILTING;

HAYES, 2001).
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Brandl et al. (2019) citam a produg¢do de CaCOs, bioerosdao, producdo primadria,
herbivora, producao secundaria, predacdo, liberacdo de nutrientes e absor¢do de nutrientes
como 0s oito processos centrais no funcionamento de um recife de coral que sao mediados
pelos fatores ambientais e antropogénicos e pelas espécies que compdem o recife. Devido a
alta diversidade nos recifes de corais torna-se dificil medir a forca dos processos ecologicos
que ali ocorrem (BELLWOOD et al., 2013). Porém, um processo extremamente importante ¢
a remog¢do de algas pelos peixes, este tipo de herbivoria medeia a competi¢do entre corais e
macroalgas (NASH et al., 2016), facilitando a recuperacdo do ecossistema apos perturbagdes
como eventos de branqueamento ou grandes tempestades (RICHARDSON; GRAHAM,;
HOEY, 2020). As caracteristicas da assembleia de peixes herbivoros afetardo a remocao de
algas pois a densidade dos peixes estd diretamente relacionada ao numero de bocas de
forrageamento, individuos maiores forrageiam em dreas maiores e destacam um volume
maior de algas a cada mordida em comparacdo com individuos menores (BONALDO;
BELLWOOD, 2008; NASH et al., 2016). A densidade e a composi¢do do tamanho dos
herbivoros podem ser afetadas pelo ambiente bentdnico e pela composi¢cao da comunidade de
peixes (NASH et al., 2016).

Esses ambientes vém sendo sujeitos a um amplo espectro de disturbios através da sua
histéria geologica. Durante esse periodo os disturbios podem variar de pulsos frequentes
menores, como a predagdo, a eventos maiores € menos frequentes, como picos de populacdes
predadoras de corais, furacdes e mudancas no nivel do mar e de temperatura (NYSTROM;
FOLKE; MOBERG, 2000). Em recifes tropicais, a passagem recorrente de furacdes pode
contribuir para a manutengdo da alta diversidade entre espécies competidoras evitando a
monopolizacdo do espaco (HUGHES, 1989). Os seres humanos podem alterar as escalas
espacial e temporal do regime de disturbios naturais, podendo afetar o potencial de
recuperagio dos recifes apos um evento de perturbacio (NYSTROM; FOLKE; MOBERG,
2000).

Estudos tem mostrado que os estressores mais significantes incluem o aparecimento
de doencas, as mudancas climaticas, a sobrepesca € uma combinacdo de polui¢do e
sedimentacao derivada do desenvolvimento costeiro, € estdo associados a perda gradual de
cobertura de coral e crescimento excessivo de algas (CARILLI et al., 2009; HARBORNE et
al., 2017). Uma das consequéncias do sobre crescimento de algas ¢ o fendmeno chamado de
mudanca de fase, ou seja, quando um recife dominado por corais muda para um ambiente com

estados persistentes de alta cobertura de macroalgas, corais moles ou outros organismos
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(HUGHES, 1994; MCMANUS; POLSENBERG, 2004; NORSTROM et al., 2009). Esse
fenomeno tem sido discutido na literatura por diversos autores e ja foi reportado para
diferentes locais ao redor do globo, incluindo a Baia de Todos os Santos (e.g., HUGHES,
1994; MCMANUS & POLSENBERG, 2004; LEDLIE et al., 2007; ROFF & MUMBY, 2012;
CRUZ et al., 2016). Implicagdes de tal mudanga sdo a perda de complexidade estrutural e
capacidade de construgdo dos recifes, resultando em uma mudanga na composi¢ao de espécies
e diminuigao da biodiversidade (DUDGEON et al., 2010; CRUZ; KIKUCHI; CREED, 2016).

As mudangas climaticas trazem consequéncias como o aumento da temperatura € a
acidificagdo da agua. Temperaturas mais altas causam o branqueamento dos corais devido a
perda de pigmento e/ou células de seus dinoflagelados simbidticos essenciais (HOEGH-
GULDBERG, 2011). O equilibrio do CO> atmosférico com as aguas superficiais dos oceanos
leva a diminui¢do do pH, em um processo conhecido como acidificagdo, que diminui as taxas
de calcifica¢do dos corais e outros organismos que precipitam CaCOs3 nos oceanos (EREZ et
al., 2011). A sobrepesca desequilibra o ecossistema, resultando em mudangas no tamanho dos
peixes, abundancia e composi¢ao de espécies dentro das comunidades recifal e a remocao de
espécies-chave de herbivoros e predadores pode causar grandes mudancas no ecossistema
(BRYANT et al., 2016). Na Jamaica, décadas de sobrepesca levaram a uma dréstica
diminui¢do de peixes herbivoros e os ouri¢cos-do-mar passaram a atuar como controladores de
algas. Entretanto, uma doenca causou a mortalidade em massa dos ourigos permitindo que as
algas dominassem os recifes (HUGHES, 1994). Ja a diminuicdo da qualidade da agua
principalmente relacionada a sedimentacdo e turbidez tem efeitos como o sufocamento de
organismos filtradores, redugdo da taxa de assentamento das larvas de corais e consequente
redugdo da sobrevivéncia de corais devido a falta de um substrato adequado e a falha no
recrutamento (SILVA et al., 2013). A forma mais comum de entrada de poluentes em aguas
marinhas se dé através do escoamento terrestre de rios e corregos contaminados por atividades

agricolas, industriais e/ou urbanas (VAN DAM et al., 2011).

1.2 RECIFES DE CORAIS NO BRASIL

No Brasil os ambientes recifais sdo unicos, diferindo significantemente de recifes de
corais conhecidos no mundo, os principais construtores sao formas arcaicas, remanescentes de
uma antiga fauna de coral que remonta ao Terciario. Algas coralinas incrustantes tem um

papel muito importante na sua construcdo e os recifes costeiros sdo cercados e até mesmo

preenchidos com sedimentos siliclasticos lamacentos (LEAO; KIKUCHI; OLIVEIRA, 2019).
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Aqui sdo encontrados diferentes tipos de recifes de banco, recifes de franja, chapeirdes
isolados e um atol. No Brasil, podem ser encontrados em quatro grandes regides, norte,
nordeste ¢ leste e nas ilhas oceanicas (LEAO et al., 2016).

O histérico dos estudos das comunidades coralineas recifais brasileiras remete aos
alemaes von Spix e von Martius, que foram os pioneiros em 1828 ao descreverem os arrecifes
na Babhia, relatando até o uso dos corais como fonte de cal (SPIX; MARTIUS, 1938). Darwin
visitou os recifes que ficam ao redor das ilhas do Arquipélago de Abrolhos. J4 em 1870, Hartt
publicou uma revisdo do estado da arte do conhecimento sobre recifes brasileiros, incluindo
uma grande quantidade de informagdes inéditas. Branner (1904) deu continuidade a estes
primeiros estudos fornecendo uma descrigdo minuciosa dos bancos de arenito da costa
nordeste do Brasil (LEAO, 1999; LEAO; KIKUCHI; TESTA, 2003; FERREIRA; MAIDA,
2006). Em 1970 foi publicada a descrigdo mais abrangente sobre os recifes de corais
brasileiros (LABOREL, 1970) e entdo, a partir da década de 1980 diversos estudos na area
comecaram a ser desenvolvidos (LEAO; KIKUCHI; TESTA, 2003). Jacques Laborel foi um
pesquisador francés que cultivou sua paixdo pelo mar e descobriu o mergulho e a biologia
marinha em Provenca, no sudeste da Franca. De 1961 a 1964 ele e sua esposa vieram ao
Brasil, onde ele descreveu as comunidades coralineas da costa brasileira como parte da sua
tese de doutorado, em um dos trabalhos mais abrangentes sobre o assunto (MORHANGE,
2011; LABOREL-DEGUEN et al.,, 2019). Ele produziu uma descri¢do qualitativa e
semiquantitativa ao longo de quase toda a costa nordeste do pais, detalhando as formagdes
recifais e quantificando a abundancia das espécies que observava (FERREIRA; MAIDA,
2006; LABOREL-DEGUEN et al., 2019).

1.2.1 ESTUDO DOS RECIFES DE CORAIS

A maneira como a ciéncia ¢ feita vem mudando com o passar do tempo e evolugdo
da tecnologia, principalmente quando tratamos do recifes de corais que sdo ambientes mais
dificeis de serem estudados por estarem submersos e geralmente ser encontrados em lugares
remotos (MADIN; DARLING; HARDT, 2019). Com a evolu¢dao do conhecimento, novas
tecnologias com aplicagdes na ciéncia e conservagao de recifes estdo surgindo em um ritmo
cada vez mais rapido e tornando-se simultaneamente mais baratas e acessiveis (MADIN;
DARLING; HARDT, 2019), mudando a forma como os ambientes recifais sao estudados.

Em comparagdo com outras regides ao redor do mundo, programas de

monitoramento de ambientes recifais tardaram a comecar no Brasil. Porém, mesmo em
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lugares em que eles comecaram antes, ha problemas com a consisténcia dos dados. No Caribe,
diversos programas de monitoramento se iniciaram em 1983-1984 e dados anteriores a essa
data s3o escassos € ndo muito consistentes (registros foram compilados por pessoas diferentes
em momentos diferentes). Na Australia, o Programa de Monitoramento de Longo Prazo foi
estabelecido em 1983 pelo Instituto Australiano de Ciéncia Marinha e, no sudeste asiatico, o
primeiro programa de monitoramento comegou nas Filipinas no final da década de 1970. Em
1986 comegou o monitoramento em rede regional da Indonésia, Malasia, Filipinas, Cingapura
e Tailandia, até 1994. Desde entdo alguns paises aumentaram os esfor¢os de monitoramento
enquanto outros diminuiram (TUN et al., 2004; JACKSON et al., 2014; AIMS, 2020). Até o
inicio dos anos 2000 o Brasil era o Unico pais da América do Sul que ainda nido havia
estabelecido um programa nacional de monitoramento dos recifes de corais. Esse panorama
comecou a mudar em 2002 quando o projeto “Monitoramento dos Recifes de Coral do Brasil”
foi aprovado (FERREIRA; MAIDA, 2006). Infelizmente, quando essa iniciativa comecgou,
muitos dos recifes, principalmente os costeiros, ja estavam impactados, prejudicando a
referéncia inicial do estado de conservagdo desses ambientes. Branner (1904) relatou a pratica
da retirada de corais para a producdo de cal ja no ano 1875, descrevendo a auséncia de corais
vivos no norte do estado da Paraiba (BRANNER, 1904; CASTRO; PIRES, 2001).

Para proteger os recifes de corais de forma mais efetiva e adequada € necessario ter
informacdes sobre esses ambientes em um estado mais proximo do qual eles se encontravam
antes dos impactos antropogénicos. Assim, ¢ necessario estabelecer uma linha de base, o mais
antiga possivel, que possibilite comparagdes sobre mudangas ao longo do tempo. Os dados
histéricos podem contribuir para preencher as falhas em conjuntos de dados temporais, ou
seja, as lacunas da linha de base ou amnésia cultural, descritas como perdas sociais da
memoria (PAPWORTH et al., 2009). Essas lacunas ocorrem, pois, cada geragcdo de cientistas
tende a tomar como linha de base a abundancia de organismos observada no inicio de suas
carreiras, para entdo avaliar mudancgas a partir desse referencial inicial (PAULY, 1995). Sem
uma perspectiva de longo prazo, corremos o risco de usar o presente, ou um passado recente,
como referéncia da qualidade do estado ecoldgico de um determinado ambiente, j4 que o
estado pristino desses ambientes muitas vezes ¢ desconhecido e as mudangas na composi¢ao
das comunidades podem ocorrer lentamente ao longo do tempo (PAULY, 1995;

MACKENZIE; OJAVEER; EERO, 2011).
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1.3 ECOLOGIA HISTORICA

A acumulagao de conhecimento em escalas temporais e espaciais mais amplas se faz
necessaria para resgatar linhas de base em relagcdo a estrutura das comunidades e entender
melhor as mudangas que ocorreram com o passar do tempo (JACKSON et al., 2001). Dessa
forma, dados retrospectivos sdo muito valiosos na pesquisa pois eles fornecem uma linha de
base situada no tempo, como uma fotografia do estado anterior de um ecossistema. Eles nao
apenas ajudam a esclarecer causas e taxas subjacentes de mudancas ecologicas, mas também
evidenciam objetivos palpaveis para restauragdo e gerenciamento de ecossistemas costeiros
que nao poderiam ser contemplados com base apenas em observacdes recentes (JACKSON et
al., 2001). Estabelecer uma linha de base para as comunidades recifais brasileiras ¢
extremamente importante para os cientistas, gestores e o publico em geral para entendermos o
quanto dos nossos recifes de corais foram impactados e auxiliar no estabelecimento de
patamares para a recuperacao.

O termo ecologia historica vem sendo utilizado com diversos significados desde a
primeira metade do século 20. A ecologia historica € o estudo da natureza através do tempo,
muitas vezes com foco nas interagdes entre os seres humanos € o ambiente € as causas €
consequéncias das mudangas causadas pelos humanos no passado recente (SZABO, 2015).
Através do uso de dados de diversas disciplinas (registros paleoecoldgicos e arqueoldgicos,
registros historicos de jornais) Jackson e colaboradores (2001) mostram como eram diversos
habitats marinhos e o que eles se tornaram, enfatizando a importancia de reconhecer essas
perdas pois elas nos mostram o que esses ambientes poderiam ser. Esta drea de conhecimento
inclui tanto pesquisas que documentam padrdes e dindmica ecolégicos no passado recente
utilizando métodos historicos como também aquelas que historicizam a ecologia, ou seja,
entender a relagio entre a natureza e a cultura humana através do tempo (SZABO, 2015;
BELLER et al., 2017).

A ecologia histérica pode fornecer novas visdes através de uma ampla escala
ecologica, incluindo niveis de organizagdo desde a populacdo até a comunidade. No nivel de
populacdo ela pode abordar questdes sobre mudangas de longo prazo no tamanho da
populacdo, distribuicdo e estrutura. No nivel de comunidade, ela pode nos ajudar a entender
como mudancas na dominancia de espécies no passado contribuiram com as mudangas
observadas na estabilidade da comunidade (BELLER et al., 2017).

Como campo de estudo, a ecologia histérica opera amplamente na intersecdo da

ecologia, historia, antropologia e geografia, usando ferramentas e técnicas de todas as quatro
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disciplinas para ajudar as pessoas a imaginar quais populagdes, comunidades, ecossistemas e
paisagens existiram no passado e como eles mudaram ao longo do tempo (SZABO, 2015). Os
tipos de dados usados na ecologia historica sao muito diversos, desde fotografias e mapas, até
registros em colec¢des zoolodgicas, e dependendo da sua natureza, podem datar de milhares de

anos (Figura 1).
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Figura 1 — Tipos de dados que podem ser utilizados na ecologia histérica e seu alcance histérico.
(Adaptado de BELLER et al., 2017).

Os seres humanos e os recifes de corais coexistem hd milhares de anos.
Aproximadamente 1,2 bilhdes de pessoas vivem até 100 quildmetros desses ambientes, sendo
direta ou indiretamente dependentes destes ambientes. Os recifes de corais desempenham
fungdes ecossistémicas importantes que se traduzem em inimeros bens e servicos para toda
populacdo mundial (CESAR, 2000). Estima-se que aproximadamente 1 bilhdo de pessoas
dependam desses ambientes para obten¢do de alimento, protecdo da costa, praticas culturais e
como forma de obten¢ao renda (RIVERA; CHAN; LUU, 2020).

Os ecossistemas recifais provém diversos beneficios aos seres humanos como a
protecdo de vilas costeiras da acdo das ondas e tempestades, fornecendo beneficios de reducao

de risco a aproximadamente 100 a 197 milhdes de pessoas (HOEGH-GULDBERG;
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PENDLETON; KAUP, 2019). Sua estrutura tridimensional cria um complexo hébitat para
diversos peixes, sendo fonte da pesca, uma atividade economica e de subsisténcia muito
importante, além de contribuir para a seguranga alimentar e nutricional das pessoas; trazem
beneficios biogeoquimicos como a fixacdo de carbono e nitrogénio; e beneficios culturais e
sociais como valor estético, recreacdo e pratica de esportes (MOBERG; FOLKE, 1999).
Entretanto, esses ambientes vém sofrendo diversas ameagas locais como a sobrepesca,
despejo de esgoto ndo tratado, carreamento de efluentes provenientes da agricultura e ameagas
globais, relacionadas as mudancas climdticas, como o aumento da temperatura da agua
causando o branqueamento dos corais ¢ mudancas na composi¢cdo quimica da aguas dos
oceanos, particularmente sua acidificagdo resultando na diminui¢do de eficiéncia de
calcificacdo por parte dos organismos construtores de recife (RIEGL et al., 2009).

Esses beneficios também s3o conhecidos como servicos ecossistémicos, ou
contribui¢cdes da natureza para as pessoas. No inicio dos anos 2000, o Millenium Ecosystem
Assessment (2005) reuniu diversas organizacdes de mais de 70 paises para discutir as
consequéncias das mudancas no meio ambiente para o bem-estar humano. Em 2005, foi
publicada a sintese que apresentava os servigos dos ecossistemas divididos em 4 categorias:
servicos de aprovisionamento, de regulagdo, culturais e de suporte. Em uma tentativa de
introduzir um novo enquadramento para as relacdes dos seres humanos com a natureza,
objetivando superar as limitagdes da estrutura na abordagem de servigos ecossistémicos (SE)
e fornecer um novo discurso para os trabalhos a serem desenvolvidas pela Plataforma
Intergovernamental de Politicas Cientificas sobre Biodiversidade e Servigcos Ecossistémicos
(IPBES) Diaz e colaboradores (2018) cunharam o conceito de contribui¢des da natureza para
as pessoas (NCP) (DIAZ et al., 2018; MURADIAN; GOMEZ-BAGGETHUN, 2021). As
NCP sdo todas as contribuicdes, tanto positivas quanto negativas, da natureza viva
(diversidade de organismos, ecossistemas € seus processos ecologicos e evolutivos
associados) para qualidade de vida das pessoas (DIAZ et al., 2018). Elas estdo divididas em
18 categorias: Criagdao de hébitat e manuten¢do, Polinizagdo e dispersdo de sementes e outros
propagulos, Regulagdo da qualidade do ar, Regulagao do clima, Regulagdo da acidificagdo do
oceano, Regulacdo da quantidade, localizagao e tempo da agua doce, Regulagdo da qualidade
da agua costeira e doce, Formagao, protecdo e descontaminagdo dos solos e sedimentos,
Regulacdo de perigos e eventos extremos, Regulagdo de organismos prejudiciais e processos
bioldgicos, Energia, Alimentos e alimenta¢dao, Materiais, companhia e mao de obra, Recursos

medicinais, bioquimicos e genéticos, Aprendizado e inspiragao, Experiéncias fisicas e
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psicologicas, Apoio a identidades e Manutencdo de opgdes; estas categorias estdo divididas
em 3 grupos abrangentes: NCP materiais, NCP ndo-materiais ¢ NCP de regulagio (DIAZ et
al., 2018).

Em vista das ameacgas enfrentadas pelos ambientes recifais tanto em escala global
(aumento da temperatura e acidificacdo dos oceanos, sobrepesca) como em escala regional
(crescimento urbano desorganizado, deficiéncia no tratamento de esgoto, desmatamento,
mineragdo) (LEAO; KIKUCHI; OLIVEIRA, 2019) ¢ essencial conhecer ndo apenas o estado
atual desses ecossistemas, mas também o seu passado para que objetivos palpaveis para sua
restauracdo e gerenciamento possam ser tracados. Nesse contexto, esta dissertacdo esta
dividida em dois capitulos. No primeiro capitulo pretendemos compilar e padronizar as
informacgdes semiquantitativas da estrutura taxondmica e funcional da comunidade coralinea a
partir da obra descritiva de Jacques Laborel e estabelecer a linha de base mais antiga para as
comunidades recifais de Abrolhos e Porto de Galinhas. Nossas hipoteses sdo: a) havera
maiores mudangas em ambientes recifais mais proximos a costa e menores mudancas em
ambientes recifais mais afastados mas que ainda se encontram na plataforma continental e, b)
a composi¢cdo da comunidade de coral serd diferente ao longo dos anos, as espécies mais
abundantes no passado nao serdo as mesmas. No segundo capitulo, nosso objetivo € analisar a
percepcao sobre mudangas nos servigos ecossist€émicos providos pelos recifes de corais por
pesquisadores, mergulhadores e usudrios dos recifes de corais. Esperamos que, devido a
degradacdo dos ambientes recifais, usuarios com mais idade, portanto, mais experiéncia, irdo
perceber mais mudangas em comparagdo com aqueles com menos experiéncia no mesmo
ambiente. Por fim, nas consideragdes finais recomendamos algumas acdes para que sua

restauragdo e gerenciamento possam ser tragados.
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Decades of change in Brazilian coral reef assemblages

Abstract

Coral reefs are amongst the most complex, productive, and biologically diverse
ecosystems on Earth. Despite their important ecological role, these ecosystems have
faced many challenges over the past century. To better understand how ecosystems
are being affected by human impacts it is important to examine how they have
changed over time. In the absence of pristine ecosystems, one way to rescue past
information about ecosystems is through historical ecology. Information on how
Brazilian reefs have changed over time is scarce so reconstructing the past of
Brazilian coral reefs would give a closer idea to what pristine was for these
environments. We hypothesized that there will be a decline in several species
abundance between 1962 and 2017 and coral community composition will be
different over the years resulting in a change in species dominance and the most
abundant species in the past will not be the same nowadays. We used historical data
and a literature review performed on Google Scholar searching for quantitative or
semi-quantitative information on coral cover for Abrolhos and Porto de Galinhas. Our
analysis showed that data from 1964, 1999 and 2000 do not differ and were brought
closely due to abundances of Millepora nitida, Porites branneri, Montastraea
cavernosa, Mussismilia hispida and Porites astreoides and Millepora braziliensis.
Species abundance declined in both locations, affecting mostly the highly branched
Millepora alcicornis and the endemic Mussismilia harttii. Lowering in species
abundance is very concerning given that some of them provide structural complexity
and are major reef-builders; it could be an opportunity for weedy species to settle in
the bottom and start colonizing. In Abrolhos, causes for decline in species
abundance seems to be linked to increases in water temperature and overfishing and
in Porto de Galinhas human pressures such as sedimentation and disordered tourism

appear to be responsible for decrease in abundance of some species.

Keywords: historical ecology, reef environments, South Atlantic
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1 INTRODUCTION

Coral reefs are amongst the most complex, productive, and biologically
diverse ecosystems on Earth. While coral reefs cover only 0.1 to 0.5% of the ocean
floor, they are home to approximately 25% of all marine species (MOBERG; FOLKE,
1999; SPALDING; RAVILIOUS; GREEN, 2002). Despite their important ecological
role, these ecosystems have faced many challenges over the past century. Their
degradation has been documented since early years of the 1900s (JOHANNES,
1975). Globally, major threats are overfishing and destructive fishing, watershed-
based pollution, coastal-based pollution and damage, coastal development, thermal
stress, and ocean acidification (BURKE et al., 2011).

The age of Anthropocene escalated numerous pressures on natural
environments challenging researchers to understand how to maintain crucial
ecosystem functions to sustain coral reefs (HUGHES et al., 2017). Climate change
has increased the frequency of SST anomalies, responsible for bleaching events all
around the globe (e.g., CASTRO; PIRES, 1999; MIRANDA; CRUZ; LEAO, 2013;
ALEMU; CLEMENT, 2014; DIAS; GONDIM, 2016; STUART-SMITH et al., 2018;
TEIXEIRA et al., 2019) and has caused ocean acidification (HARBORNE et al.,
2017). Kroeker et al (2013) suggested that ocean acidification most impacted survival
and calcification whereas growth and development were less affected. Overfishing
destabilizes the ecosystem provoking changes in fish sizes, abundance, and
composition of species within the reef community (BRYANT et al., 2016). In Jamaica,
decades of overfishing led to a sharp decline in herbivorous fish abundance and
dominance of algae (HUGHES, 1994). Declines in water quality due to sedimentation
and sewage discharge severely impact coral growth and/or reproduction (KOOP et
al.,, 2001; TARRANT; ATKINSON; ATKINSON, 2004; WEAR; THURBER, 2015).
Tarrant and collaborators (2015) performed a spawning experiment in which
exposure to estradiol decreased the number of bundles spawned by Montipora
capitata colonies by 29%. Loss of dominant reef-building species resulting shifts in
species dominance can have cascading and often destabilizing effects on ecological
structure and function, and the capacity of these habitats to continue providing

ecosystem services to society (TOTH et al., 2019).
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Aside these threats, in Brazil, these environments suffered countless losses
due to harvesting of corals to build fortresses and to produce lime for more than 350
years and have been facing a great increase in sediment flux to the ocean as a result
of deforestation, pollution from crops and lack of sanitation in coastal cities
(FERREIRA; MAIDA, 2006). In Pernambuco state (8° 04' 03", 34° 55' 00" W), due to
the incentive of the Brazilian Government in 1975 to increase ethanol production from
sugarcane, there was an enormous rise in vinasse dump in rivers, polluting the sea.
In 1983, a leak spreading vinasse in the metropolitan region of Recife caused the
death of 50 tons of fish and an estimated reduction of 60% of invertebrates (BRAGA,
1985 apud CORREIA et al., 2016).

In order to better understand how ecosystems are being affected by human
impacts it is important to examine how they have changed over time, or how they
differ from pristine reefs. In the case where pristine ecosystems are absent, one way
to rescue past information about ecosystems is through historical ecology. This field
of study encompasses many other disciplines such as geography, ecology, history,
and anthropology (SZABO, 2015). Historical ecology concerns about the relationship
between human culture and nature through time seeking to understand causes and
consequences of environmental changes (BELLER et al., 2017; SZABO, 2015).
Numerous scientific papers using this approach have been published for different
types of environments. Fitzpatrick & Keegan (2007) combined several data sets
finding decimation of reef structures in Barbados, decline in land crabs and
overharvesting of marine fish; Palomares and collaborators (2017) suggested a
decrease in perceived occurrences of turtles, fish and invertebrates in Raja Ampat
Archipelago; James and Lanman (2012) discovered an extended range for beavers
before 1850 into California's Sierra Nevada using radiocarbon dating of wood
(MCCLENACHAN et al., 2015).

Brazilian reef province spreads along 3000 km (0°50'S to 18°00'S) (LEAO;
KIKUCHI; OLIVEIRA, 2019). Low diversity of species (total of 40 species) and high
endemism (20 endemic species) are distinct features of Brazilian reef environments
(CASTRO; ZILBERBERG, 2016). Furthermore, encrusting coralline algae plays an
important role in the reef building process (LEAO; KIKUCHI; OLIVEIRA, 2019).
Information on how Brazilian reefs have changed over time is scarce. The study of

reef environments in Brazil started with Spix and Martius, Darwin, Hartt, Verril,
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Branner and others in the 19th century and early 20th century (LEAO; KIKUCHI;
TESTA, 2003). In the late 70s scientists intensified research, providing information
about flora and fauna, mapping reef areas and characterizing reef sub environments
(LEAO; KIKUCHI; TESTA, 2003). Coral reef monitoring started after 2002
(FERREIRA; MAIDA, 2006).

Reconstructing the past of Brazilian coral reefs would give a closer idea of
what the pristine was for these environments, helping managers and researchers to
establish tangible goals for conservation. We hypothesized there will be greater
changes in inshore reef environments and smaller changes in offshore reefs; and
coral community composition will be different over the years resulting in a change in
species dominance, most abundant species in the past will not be the same
nowadays. The choice of study areas was made based on the amount of historical

data available and to include different types of reef environments.

2 MATERIALS AND METHODS

To select quantitative studies on benthic reef community for a timeline
comparison we did a literature review on Google Scholar using the key words: “coral
reef’, “Abrolhos”, “Porto de Galinhas” and “Brazil”. All articles or thesis containing
quantitative or semi-quantitative information on coral cover for Abrolhos and Porto de
Galinhas were examined. Studies were selected for comparison only if they
quantified abundance of most constituent species in coral communities (as opposed

to single species) and included quantification of reef top structures.

Study area

Abrolhos

The Abrolhos bank is an enlargement of the eastern Brazilian continental shelf
(17° 20°-18° 10’S and 38° 35’ - 39° 20°'W) up to 200 km off Caravelas municipality,
located on the eastern shore of Brazil, between the southern coast of Bahia State
and the northern coast of Espirito Santo State, with mean depth of 30 m (LEAO etal.,
2001; LEAO, 1999). In 1983 the Abrolhos Marine National Park was created,

however only installed by the authorities in 1987. The park is divided in two areas: a
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smaller one, comprising the Timbebas reef, and a major one that harbors the
Abrolhos Archipelago and coral reefs in the outer arc (LEAO et al., 1996). A unique
coral community, distinct from other parts of Brazil inhabit Abrolhos (Laborel, 1970),
composed of several endemic species, including Mussismilia braziliensis and
Mussismilia leptophylla. Abrolhos is of special conservation concern as an important
site for fisheries, harboring large populations of species with high commercial value
(DUTRA et al., 2012). The Abrolhos reef ecosystem occupies around 6,000 km? of
the northern Abrolhos Bank, it is manly constituted by bank reefs parallel to the
coastline forming the inner arc, closer to the shore and affected by processes
occurring in the mainland and the outer arc, about 60 km off the coast and influenced
by the Brazilian Current (LEAO et al., 2001; DUTRA; KIKUCHI; LEAO, 2006).
Abrolhos is the largest and most well-studied coral reefs in the South Atlantic also
including sand banks, volcanic islands, embryonic fringing reefs, and waterways
(PITOMBO; RATTO; BELEM, 1988; LEAO, 1999; KIKUCHI et al., 2003; GIGLIO;
LUIZ; SCHIAVETTI, 2016).

Porto de Galinhas

Porto de Galinhas beach is located in the municipality of Ipojuca, southern
coast of Pernambuco State (8°30'26"S and 34°59'52"W). Along this beach, a 1.5 km
long reef is located very close to the shore with 3 major rectangular blocks in which
the reef construction is guaranteed mostly by calcareous algae, milleporids (mainly
M. braziliensis) and Siderastrea spp (LABOREL, 1970). Jacques Laborel (1970)
illustrated a reef block (Figure 1) in the external slope with Palythoa on top, followed
by a section of Millepora alcicornis, right below a section with Mussismilia hartii
measuring almost 1m in diameter and other species such as Millepora braziliensis,
Siderastrea spp and Mussismilia hispida, the next section was described as having
columns and curtains of Montastraea cavernosa almost 3m high and some
Mussismilia hispida and Siderastrea touching the sediment; according to Laborel, this
zonation in the reef of Porto de Galinhas was the prettiest seen by him in the North
East region of Brazil. In the 90s there was rapid expansion of tourism activities in
Porto de Galinhas, consisting of rafting tours in natural pools, walks over the reefs
and scuba diving. In 2000 Porto de Galinhas was consolidated as a national tourist
destination and in 2002 as an international destination (MENDONCA, 2004 apud
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MACHADO et al., 2009). In order to preserve this environment, 85% of the reef tops
were isolated in 2009 to create protected areas (SANTOS et al., 2015).

Figure 1 — Jacque’s Laborel illustration of a coral reef block in the external slope in Porto de Galinhas
(LABOREL, 1970 apud LABOREL-DEGUEN et al, 2019).

Data collection

For the pioneering work of Jacques Laborel (1970), Lami (2017) examined
his field notes to extract semi-quantitative data absent from his monograph. Species
presence and abundance scores for all sites visited by Laborel were placed in a
spatially referenced database by Lami (2017) and used here after a reorganization of
the data and a review of species names. We compared Jacques Laborel's baseline
(LABOREL, 1970) with five other studies for Abrolhos (PITOMBO; RATTO; BELEM,
1988; CASTRO et al., 2005; SEGAL; CASTRO, 2002, 2011; FRANCINI-FILHO et al.,
2013). For Porto de Galinhas, three different data sets were compared with historical
data (LABOREL, 1970; BARRADAS et al., 2010; DE LIMA, 2017; DA SILVA, 2018).
For both locations, oftentimes different sections of the reef were sampled in each

study and sometimes the same sections were sampled.
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Figure 2 — Map of data collection locations in Porto de Galinhas - PE and Abrolhos - BA.

Summary of data — Abrolhos

Jacques Laborel (1970) conducted observations in two sites: Parcel dos
Abrolhos, Parcel da Paredes and Abrolhos Archipelago. Abundance scores were
provided for each species: CCC (widespread), CC (very common), C (common), AC
(reasonably common), AR (reasonably rare), R (rare), RR (very rare). His data
collection was carried out in 1962 and 1964, here we combined data from these two
years and used as a single baseline represented by the label 1964.

Pitombo and collaborators (1988) quantified coral colony abundances and
coral cover along 20 m transects within the coralline zone at different depths,
according to the method proposed by Loya (1972). In Santa Barbara Island three
transects were set in three depths (3.0 m, 3.2 m, and 4.0 m). In Siriba Island four

transects were set in four depths (0.7 m, 1.7 m, 1.9 m, and 2.9 m). In each transect
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the number of colonies was counted and average size was measured. To use
Pitombo et al. (1988) data, we calculated for all transects how many centimeters of
the 20m transect each species occupied by multiplying the mean colonial length per
number of colonies. After that we calculated the percentage of cover by dividing the
length occupied by each species per 2000 cm (transect length) and multiplied the

result by 100 to obtain the percentage.

Segal & Castro (2002) sampled three localities in depths between 1.9 and 4.0
m: northern and southern shores of Santa Barbara Island, and the northern shore of
Siriba Island. Data was collected in 1997. Five replicates of point-intercept transects
were performed, using a 20 m weighted rope previously marked with 500 random
points at each station. Each organism (species or functional group) positioned below
the points was recorded (Segal & Castro, 2002). Coral cover estimation was
computed by calculating how many points were attributed to a species in relation to
the total. Here we used coral cover data directly extracted from Segal & Castro
(2002).

Castro and collaborators (2005) surveyed 45 sites in the northern part of the
Abrolhos Bank, including sites in the Abrolhos National Marine Park in the year 2000.
In this study we only used data collected in Parcel dos Abrolhos, Parcel da Paredes
and Abrolhos archipelago. The reef was divided in 3 parts: top, border and wall, and
semi-quantitative estimates and presence-absence data were collected. Visual
estimates and a grading system (rare-sparse, common, 1-5% bottom coverage, 5—
25%, 25-50%, >50%) adapted from Braun-Blanquet system (POORE, 1955) were
used to gather semi-quantitative data. In this study we only used the semi-

guantitative estimates from the top position of the reef from Castro et al. (2005).
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Figure 2 — Sites of data collection by author in the Abrolhos Marine National Park.

Segal & Castro (2011) used ten-meter-long transect lines previously tagged
with 250 random points. Each organism (algae, coral or other invertebrate) positioned
below each point was recorded. They sampled three sites in 1999 (Pedra de Leste
and Pontas Sul, at Parcel das Paredes, and Parcel dos Abrolhos) using 5 point-
intercept transects at each of the 3 stations on each site totalizing 15 transects per
site (Segal & Castro, 2011). Coral cover estimation was computed by calculating how
many points were attributed to a species in relation to the total. Coral cover data was

extracted from the paper.
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Francini-Filho et al. (2013) collected data between 2006 and 2008 using ten
fixed photoquadrats per site in reef tops and walls. Relative cover was estimated
through the identification of organism below 300 points randomly distributed. We
only used data from the Abrolhos Archipelago and Parcel dos Abrolhos reef. Data
from this paper was used only to visualize shift in species ranking, we chose to not
include it in other analysis due to the availability of data for a few species, lacking

assembly quantitative data.
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Jacques Laborel (1970) conducted observations in 1964 on the right and left
edges of Porto de Galinhas reef and sampled 2 other areas in the middle of the reef
(LAMI, 2017). Abundance scores were provided for each species: CCC (widespread),
CC (very common), C (common), AC (reasonably common), AR (reasonably rare), R
(rare), RR (very rare). For this location we use the presence/absence data available

and the standardized data for coral cover.

Barradas and collaborators (2010) surveyed four stations randomly selected in
2004 along the reef with three transects per station. Two stations had easy access by
tourists and two had less visiting. Observations were carried out with scuba diving
using a 10 m measurement tape stretched along the reef. Benthic organisms were
recorded every 5 cm and cover was calculated by a simple percentage of the
transect length. In order to use this data, we estimated coral cover by summing how

many times each species was accounted for in each station and calculated a
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percentage of total points in all transects (2400 points) - (Species total
points*100/2400).

Lima (2017) adapted the Reef-check method (HODGSON, 2001) targeting
only corals. Five 20 m long transects were surveyed in 2016 and the type of
substratum was recorded every 0,5 m. Relative abundance of each species was
estimated by the number of colonies of a species in relation to the total number of
corals in the sample. In order to use this work, we used the data published by
Barradas et al. (2010) in which they estimated a 7.2% cover for hydroids and
scleractinian corals. The author presented the relative abundance in a bar graph
(Figure 8), so we had to calculate the percentage of each species. Finally, we used
the percentage of relative abundance and multiplied by 0.072, obtaining an estimated

percentage of cover.

Silva (2018) collected the data in 2016 and 2017 using 20 m long transects in
which relative abundance of each species was estimated by the number of species
colonies in relation to the total number of colonies of all coral species accounted for
in the reef. In order to use this work, we used the data published by Barradas et al.
(2010) in which they estimated a 7.2% cover for hydroids and scleractinian corals
and used the relative abundance values in Graph 1. We multiplied relative

abundance values by 0.072 to estimate the percentage of coral cover.
Data analysis

Due to the lower resolution of the data from Porto de Galinhas we decided to
look at it in a qualitative way, comparing species abundances from past with present
and evaluating presence/absence data for some species. To standardize the data,
observations were scored according to a semi-quantitative scale, based on
abundance categories applied in Rapid Assessment (CASTRO et al., 2005) (Table
1). The remaining categories employed by Laborel were attributed the same semi-
quantitative scale used in Castro and collaborators (2005) was applied to the whole

dataset.

Table 1 — Standardization of coral species cover data in Abrolhos. Other authors

refer to the ones that we used the data and are not mentioned in the first line of the
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table. These authors were not mentioned individually because their data was
obtained in percentage (PITOMBO; RATTO; BELEM, 1988; SEGAL; CASTRO, 2002,
2011; FRANCINI-FILHO et al., 2013).

Abundance 1:3' :;C;r:é 4 Cas;)oocset al. Cz:[y:] ec:fil:)t\?:rgs Standardization
Superabundant (S) CCC >50% >50% 6
Abundant (A) CC 25-50% 25,01 - 50,0% 5
Common (C) C 5-25% 5,01 - 25,0% 4
Frequent (F) AC 1-5% 1,01 - 5,0% 3
Occasional (O) AR Common 0,51 -1,0% 2
Rare (R) R, RR Rare-sparse 0,01 -0,5% 1
Absent (N) Absent - 0% 0

To evaluate how species dominance changed over the years we ranked the
species from the most abundant to the less abundant. Values from 0 to 6 were
attributed to the abundance scores and the mean was calculated for each species'

abundance per year. A line graph was plotted to overview changes.

Changes in abundance categories over time were calculated for Favia gravida,
Mussismilia braziliensis, Mussismilia harttii, Millepora alcicornis, Siderastrea stellata,
Montastraea cavernosa, Porites astreoides and Porites branneri in Abrolhos and for
Siderastrea spp., Millepora alcicornis, Mussismilia harttii, Montastraea cavernosa,
Mussismilia hispida, Porites astreoides and Favia gravida in Porto de Galinhas.
These species were chosen due to a compatibility of available data in all studies. For
each year of observation, the frequency of each abundance class was calculated per
species and plotted in a bar chart to observe overall changes.

In order to compare coral community composition among the five studies
(and thus over time) in Abrolhos, we performed a Correspondence Analysis (CA) with
CA function from the FactoMiner package in R (R STUDIO TEAM, 2020).

3 RESULTS

Abrolhos
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For this location, a total of 333 records of species abundance were obtained in
this study: 39 records from the 1960s (LABOREL, 1970); 70 records from 1988
(PITOMBO; RATTO; BELEM, 1988); 40 records from 1997 (SEGAL; CASTRO,
2002); 108 observations from 1999 (SEGAL; CASTRO, 2011); and 76 records from
2000 (CASTRO et al., 2005). Data collected by Francini-Filho et al. (2013) was used
only to compare changes in species ranks and not in the CA because results

presented benthic cover for five taxa while here, we use data for 12 species.

The frequency of abundance tiers observed over time in Abrolhos for Favia
gravida, Millepora alcicornis, Mussismilia braziliensis, Mussismilia harttii, Siderastrea
stellata, Montastraea cavernosa, Porites astreoides and Porites branneri are
displayed in Figure 4. For Favia gravida, in 1964 most observations considered the
species as frequent, while the species was scored as only being occasional or rare in
1997 and 2000. For Mussismilia braziliensis from 1964 to 1997 all observations
accounted for scores from superabundant to frequent, for subsequent years scores
occasional and rare totalized more than 50% of observations. For Mussismilia harttii
1964 was the only year in which this species had observation scored as common, in
the subsequent years there were no observations higher than frequent. For Millepora
alcicornis, from 1964 to 1988 all observations were scored as superabundant,
abundant or frequent, from 1997 to 2000 scores as occasional and rare appeared
along with others. For Siderastrea stellata, observations scored as occasional and
rare appeared from 1997, between 1964 to 1988 species scores varied from
superabundant to frequent. Montastraea cavernosa was the only species with 100%
of observations in 1964 scored as rare, in the following years observations accounted
as rare or occasional totalized less than 50%. Porites astreoides only had
observations scored as frequent, occasional, and rare, in 1988 all observations were
categorized as frequent. For Porites branneri, in 1964 and 1988 observations scored
as frequent or higher tiers accounted 80%, in the following years scores as

occasional and rare prevailed.

A reduction in the abundance category of at least two levels when comparing
years 1964 with 2000 was observed in four abundant species, such as Favia gravida,
Mussismilia harttii, Millepora alcicornis and Siderastrea stellata. Mainly, species

abundances evidently decreased over 40 years.
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Figure 4 — Changes in abundance through time for Favia gravida, Millepora alcicornis, Mussismilia
braziliensis, Mussismilia harttii, Siderastrea stellata, Montastraea cavernosa, Porites astreoides and
Porites branneri in Abrolhos-BA. S (superabundant)= >50%, A (abundant)= 25,01 - 50,0%, C
(common)= 5,01 - 25,0%, F (frequent)= 1,01 - 5,0%, O (occasional)= 0,51 - 1,0%, R (rare)= 0,01 -
0,5%, N (absent)= 0,0%. Numbers above bars refer to sampling (n).
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Changes in species ranks for Abrolhos between 1964 and 2003 can be
observed in Figure 5. In general, no great changes were observed in species rank
when comparing the first and last year. At the beginning and at the end of sampling
period the most abundant species was Millepora alcicornis, Mussismilia braziliensis
occupied the third position in 1964 and in 2000 rose to second. The least abundant
species in 1964 were Favia gravida, Mussismilia harttii, Porites astreoides and

Porites branneri, in 2000 was Mussismilia harttii.

1964 1988 1997 1999 2000 2003
1 1
2 \ >< 2
3 3 3 37 3 /
5 /
6 ———<—— 6
7 /
8
— =Millepora alcicornis Mussismilia braziliensis Siderastrea stellata Favia gravida
Mussismilia harttii Porites astreoides — —Porites branneri — —Montastraea cavernosa

Figure 5 - Shifts in ranking through years for Favia gravida, Millepora alcicornis, Mussismilia harttii,
Mussismilia hispida, Montastraea cavernosa, Porites astreoides, Porites branneri and Siderastrea
stellata in Abrolhos-BA. 1964 — Laborel aboard Calypso and with Mark Kempf; 1988 — Pitombo et al.
at Abrolhos Archipelago; 1997 — Segal & Castro at Abrolhos Archipelago; 1999 — Parcel das Paredes
and Parcel dos Abrolhos; 2000 — Castro et al. at Abrolhos Archipelago, Parcel das Paredes, and
Parcel dos Abrolhos. 2003 — Francini-Filho et al. (2013) at Abrolhos Archipelago.

The CA (Figure 6) showed 38.2% of the variation explained in the first two
axes. In the right side of the graph, it is possible to find most of sites from years 1964,
1999 and 2000. Species that contribute more for this grouping in the positive portion
of axis 1 is Millepora nitida and Mussismilia braziliensis. Porites branneri,
Montastraea cavernosa, Mussismilia hispida and Porites astreoides are the species
which contribute more to grouping of these years in the negative portion of axis 1.
Data collected in 1988 and 1997 are grouped in the negative bottom portion of the

axis 2 due to high abundances of Mussismilia braziliensis and Siderastrea stellata.
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Figure 6 - Correspondence analysis (CA) for benthic organisms’ abundance at Abrolhos

National Marine Park.

Porto de Galinhas

For this location 32 records of species abundance were gathered, 8 from
each year (BARRADAS et al. 2010; LIMA, 2017; SILVA 2018). The frequency of
abundance tiers observed over time in Porto de Galinhas for Siderastrea spp.,
Millepora alcicornis, Mussismilia harttii, Montastraea cavernosa, Mussismilia hispida,
Porites astreoides and Favia gravida are presented in Figure 7. Siderastrea spp was
the only taxa with high scores of abundances in recent years. In 1964, this taxa

scored as abundant, dropping to rare in 2004 and rising to common in the following
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year. Millepora alcicornis and Montastraea cavernosa in 1964 were scored as
abundant, over the years the score dropped to rare. Observations for Mussismilia
hispida in 1964 were scored as common in 1964, dropping to rare in 2017.
Mussismilia harttii was scored as abundant in 1964, decreasing to rare in 2004. In the
following years these species were accounted as absent in samples from this
location. Porites astreoides was scored in the last two tiers of abundance in 1964,
2004 and 2017; in 2016 the species was absent from sampling. Abundance scores

for Favia gravida ranged from rare to occasional from 1964 to 2017.
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Figure 7 — Changes in abundance through time for Siderastrea spp., Millepora alcicornis, Mussismilia

harttii, Montastraea cavernosa, Mussismilia hispida, Porites astreoides and Favia gravida in Porto de

Galinhas-PE. S (superabundant)= >50%, A (abundant)= 25,01 - 50,0%, C (common)= 5,01 - 25,0%, F

(frequent)= 1,01 - 5,0%, O (occasional)= 0,51 - 1,0%, R (rare)= 0,01 - 0,5%, N (absent)= 0,0%. Pooled
data was used to plot the graph (n=1).

Shifts in species ranking for Porto de Galinhas are presented in Figure 8.
However, Mussismilia harttii was absent for this location in 2016 and 2017 (Figure 4).

In 1964, there were 3 species and 1 taxa occupying the first position (Mussismilia
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harttii, Montastraea cavernosa, Millepora alcicornis and Siderastrea spp). In 2016 this
scenario changed, with 2 species absent from sampling (Porites astreoides and
Mussismilia harttii). In 2017 Siderastrea spp continued to be the most abundant as
well as Mussismilia hispida was ranked as second. Montastraea cavernosa, Millepora
alcicornis and Favia gravida occupied the 3rd position in the rank in 2016 and rose

up one position in 2017.

1964 2016 2017

/\
3/\/

— =Porites astreoides — =Mussismilia hispida Siderastrea spp
— =Millepora alcicornis = =Mussismilia harttii Montastrea cavernosa
— =—Favia gravida

Figure 8 - Changes in ranking for Favia gravida, Millepora alcicornis, Mussismilia harttii, Mussismilia
hispida, Montastraea cavernosa and Porites astreoides in Porto de Galinhas-PE.

To understand coral reef composition from the past and nowadays, we
compared species and taxa listed in 1964 and in 2016. Jacques Laborel recorded
many other species aside the ones shown here; however, for purposes of
comparison we used only presence/absence data for species or taxa common to all
studies in Porto de Galinhas. Nine species (Favia gravida, Millepora alcicornis,
Millepora braziliensis, Montastarea cavernosa, Mussismilia harttii, Mussismilia
hispida, Porites astreoides, Porites branneri and Scolymia wellsi) and one taxa
(Siderastrea spp) were registered by Jacques Laborel in 1964. In 2016, Lima
reported five species (Favia gravida, Millepora alcicornis, Montastraea cavernosa,
Mussismilia hispida and Porites branneri) and one taxa (Siderastrea spp). Millepora
braziliensis, Mussismilia harttii, Scolymia wellsi and Porites astreoides were not seen
in Porto de Galinhas this year. Silva (2018) cataloged seven species (Favia gravida,
Millepora alcicornis, Montastraea cavernosa, Mussismilia hispida, Porites astreoides,
Porites branneri and Scolymia wellsi), one taxa (Siderastrea spp) and Millepora

braziliensis and Mussismilia harttii were not seen in the areas sampled.
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Table 2 - Comparison of species and taxa listed between Laborel (1970), Lima
(2017) and Silva (2018). Years in the table refer to the year in which the data was

collected, black dots indicate presence, and the letter “X” indicates absence of

species.
Species/Taxa Laborel (1964) Lima (2016) S"V230(1270)16’
Favia gravida ° ° °
Millepora alcicornis ° ° °
Millepora braziliensis ° X X
Montastraea cavernosa ° ° °
Mussismilia harttii ° X X
Mussismilia hispida ° ° °
Porites astreoides ° X °
Porites branneri ° ° °
Scolymia wellsi ° X °
Siderastrea spp ° ° °
4 DISCUSSION

The historical ecology approach used here through the retrieval of
information from different sources and data standardization revealed that there were
no major changes in the coral reef assemblage over time however, we observed
significant changes in species abundance, despite limitations on quantitative data
regarding structure of coral reef benthic communities. Overall, there was a decline in
coral abundance over the years for both locations, and some species, such as
Mussismilia harttii and Millepora braziliensis, could not be found in Porto de Galinhas
in the last surveys. We understand that species abundance varies naturally over time
and that different survey methodologies can favor or disfavor the estimation of coral
cover (JOKIEL et al., 2015).

Changes in coral reef assemblage over time
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Comparison between communities over years did not allow to differentiate
them based on the period data was collected. This result can indicate that the coral
reef assemblage in Abrolhos had undergone through a change prior 1960 or that
there was no or little change due to the resilience of the system in this time frame. It
has been suggested that reef corals in the South Atlantic exhibit features that confers
resilience to them. Longo and collaborators (2020) reported a remarkable capacity of
a colony of Siderastrea stellata, one of the main reef builders encountered in Brazil,
to recover from a burial showing a healthy-like state after 1 month of reattachment.
Other authors point to their great ability to recover from events of bleaching. In 2019,
the Abrolhos Reef Bank was affected by the strongest heat wave since 1985, in a
monitored area 80% of Mussismilia braziliensis colonies bleached (FERREIRA et al.,
2021). Six months after the event, all colonies of this species were healthy
(FERREIRA et al., 2021). Findings of Mies et al. (2020) suggest that characteristics
of Brazilian coral reefs that make them less vulnerable to mas coral bleaching are
deeper bathymetric distribution, higher tolerance to turbidity, higher tolerance to
nutrient enrichment, higher morphological resistance, and more flexible symbiotic

associations.

Although results do not show significant changes in the structure of coral reef
assemblages in Abrolhos, ecosystem services such as provision by fisheries has
been showing changes. Pressure from fishing activities comes from bycatch,
aquarium trade, bottom trawling, and overfishing, resulting in several reef-fish
species classified as threatened with extinction (GASPARINI et al., 2005; FRANCINI-
FILHO; DE MOURA, 2008; BENDER et al., 2013; ROOS et al., 2020).

A few studies describe coral reef loss through time in Brazil. Ledo et al. (1997)
reported a devastating decline in coral cover over the last 3,000 years in north Bahia.
They estimated a loss of 19% when comparing old tops with living walls. Mussismilia
braziliensis, a species considered as the most abundant in the upper level of reef
formations in southern Bahia, was absent from the walls of nearshore reefs as well
as on the surface of nearshore reef banks at depths of 12-16 m. Fogliarini and
collaborators (2022) discovered a loss of 28% in the overall spatial extent of inshore
reefs in the Abrolhos region over the past 160 years. The most affected reefs are
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those close to the shore, which suffered with extraction of corals to be used as lime

since the 19" century.

In the 1960s Porto de Galinhas was a small fishing village. The oil crisis in
1973 forced the government to encourage sugarcane culture in the Northeast. One of
the residues from ethanol production is vinasse, characterized by its high nutrient
content, low pH and high oxygen consumption in aquatic environments, whose effect
negative in larvae, recruits and adults of builder corals was found by Correia et al.
(2016) (Peérez, 2019). Deforestation in the coast of the municipality of Ipojuca, for
urban, industrial and agricultural development, caused great pressures on the coastal
ecosystem, increasing erosion from the coast and, therefore, the runoff of water

carrying sediments and organic matter to the reef environment (Pérez, 2019).

These findings highlight our results that reef environments found next to the
shore have suffered much more impacts due to human activities compared to the
reef community in Abrolhos showing the importance of taking action to mitigate

impacts.
Changes in species abundances

Declines in species abundances give the opportunity for other ones, with
different life strategies to conquer the bottom. Studies based on species traits
indicate that ‘weedy’ species (smaller corals, with brooding reproduction and fast
growth) are likely to be more resistant to consequences of reef degradation
(KNOWLTON, 2001). Darling et al. (2012) used a trait-based approach and identified
four life strategies of scleractinian coral: competitive, weedy, stress-tolerant and
generalist taxa. Weedy species can thrive in disturbed environments due to their
faster reproduction being able to opportunistically settle in freshly perturbed
environments and they are poor competitors with algae (DARLING et al., 2012;
RANDAZZO-EISEMANN; GARZA-PEREZ; FIGUEROA-ZAVALA, 2022).
Furthermore, this group may be better survivors because of a greater variation in
their species traits in comparison to others (DARLING et al., 2012). Species
classified as weedy by Darling et al. (2012) present in the Brazilian reef fauna are:
Agaricia humilis, Madracis decactis, Porites astreoides, Agaricia fragilis and Agaricia

humilis.
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Our results showed that Porites astreoides gained ranking positions from
1962 to 2016 in both locations, this ascension indicates a greater contribution of
Porites astreoides to Brazilian coral reef fauna. In the Caribbean some studies
(GREEN; EDMUNDS; CARPENTER, 2008; EAGLESON et al., 2021) have shown an
increase in the relative abundance of this species probably due to its weedy life-
history strategy. In the Florida Keys Reef Tract, a comparison between Holocene and
contemporary assemblages revealed that relative species composition from the
Lower, Middle and Uppers Keys is significantly different from the one in the middle
Holocene in the same regions, mostly due to relative decreases in A. palmata, and
Orbicella spp (massive coral reef builders) and relative rises in P. astreoides and S.
siderea (weedy species) (TOTH et al., 2019). However, further studies are necessary

to understand if this specific group is gaining bottom coverage in Brazil.

In the 1960s, Mussismilia harttii was one of the most abundant species in
northeast Brazil. Lima (2017) evaluated the state of conservation of the endemic
coral Mussismilia harttii and registered its local extinction of Porto de Galinhas; only
cemeteries of this species could be found. Silva (2018) sampled different sites
compared to Lima (2017) and no live colonies of Mussismilia harttii were found. A
sharp decline was detected in the species abundance for northeast Brazil, from Areia
Vermelha reef in the state of Paraiba to Recife de Fora reef in the state of Bahia
(LIMA, 2017). The pattern of decreasing abundance of Mussismilia harttii could have
been widespread in the Brazilian coast, including Abrolhos based on the declines
reported by Lima (2017) in nearby areas. Furthermore, the genus Mussismilia plays
an important role in harboring a great diversity of invertebrate species with higher
densities associated to Mussismilia harttii, showing its importance on maintaining
biodiversity (NOGUEIRA; NEVES; JOHNSSON, 2015). Recently, the Brazilian
Ministry of Environment updated the status of Mussismilia harttii to an endangered
species (MMA, 2022).

The taxa Siderastrea spp was the only one which presented high abundance
in recent years in Porto de Galinhas. The most common species of this taxa in Brazil
is Siderastrea stellata, a species resilient due to its brooding reproduction mode in
which larvae is released in an advanced stage of development, for having an early

onset of reproduction, for its massive skeletons, and medium size colonies (DE
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BARROS; PIRES; CASTRO, 2003; DE BARROS; PIRES, 2006). In the Caribbean, a
congeneric, very similar species, Siderastrea radians is one of the most stress-
tolerant species. lts resilience is attributed to the capability of recovering after losing
a great percentage of their tissue (LIRMAN; MANZELLO; MACIA, 2002).

Decreases in the abundance of Millepora alcicornis are very concerning. This
species, alongside Millepora braziliensis, are the only branching species in the
Brazilian coral fauna and play a critical functional role: they harbor several fish
species, mainly small-bodied fishes and juveniles of larger species (CONI et al.,
2012). Fire-corals have poisonous nematocysts offering protection to those who
associate with it (LEWIS, 2006; HOLBROOK, SCHIMITT, 2002). Coni and
collaborators (2012) found that juveniles of three species of surgeonfish and three
parrotfishes inhabit fire-coral colonies in Abrolhos, showing their importance to the
conservation of these species. A recent study reports a greater sensibility of
Millepora alcicornis to thermal stress, registering a very high mortality rate (~86% in
Itacolomis Reef Complex and ~43% in Coroa Vermellha reef) after the 2019 thermal
stress (DUARTE et al., 2020).

Furthermore, touristic development is accompanied by urbanization which
has much more impacts. In such places infrastructure comes in form of resorts,
marinas, harbor, and housing. This urbanization process causes devastation of green
areas increasing erosion and pollution due to lack of sanitation and incorrect disposal
of garbage (GALVAO et al. 2021). Other possible aggravating factor is the
sedimentation. Costa (2012) calculated a sedimentation rate of 229,94 mg.cm2.day""
for Porto de Galinhas. Burke et al. (2001) estimated levels of threat for coral reefs all
over the world. In the northeastern region of Brazil, the great majority of reefs are
considered as high or very high threatened by overfishing and destructive fishing,
coastal development, watershed-based pollution, and marine-based pollution and

damage.
Coping with changes

Marine Protected Areas (MPAs) are delimited areas in the marine
environment, created to preserve biodiversity (EDGAR; RUSS; BABCOCK, 2007)

playing an important role in sheltering biodiversity in coral reef ecosystems from
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climate-related impacts and in the recovery of corals from massive bleaching events
(SALM; SMITH; LLEWELLYN, 2001). In Brazil, MPAs increased the abundance of
species, length of individuals, and community diversity in 17%, when related to open-
access areas, fully protected MPAs increased biodiversity by 45% (FERREIRA et al.,
2021). Our results emphasize the importance of legally protecting reef environments.
When comparing changes in species abundance from both locations, decreases in
Porto de Galinhas are far worse than in Abrolhos likely due to the existence of
protected areas and distance from the shoreline. In the areas surveyed in this study,
in the Abrolhos Bank reef there are two protected areas with different degrees of
protection and distinct distances from shoreline: the APA Ponta da Baleia/Abrolhos is
a Multiple use area which comprises the coastal arc about 10 to 20km off-shore and
the Abrolhos Marine National Park is a No-take zone about 70 km off-shore (LEAO,
1999; UNIDADES DE CONSERVACAO NO BRASIL, 2022). Porto de Galinhas is an
open-access area next to the shore with partially protected areas (approximately 85%
of the total reef area) (SANTOS et al., 2015), much more susceptible to direct and

indirect effects of human impacts.

One way to improve the effectiveness of MPAs is by planning, designing, and
implementing it using participatory and broad thinking approaches which consider
trophic interactions, connectivity, ecosystem functioning factors and how human
activities interact with species and ecosystem services (RUCKELSHAUS et al.,
2008). In the Great Barrier Reef, a large-scale study over 20 years provided robust
evidence that decreasing anthropogenic impacts could make coral reefs more
resilient to a range of stressors, including coral bleaching (MELLIN et al., 2016).
Furthermore, diminishing sedimentation and nutrient enrichment possibly will improve
ecosystem health for next decades and consequently, improve coral reef resilience to
face global threats (HARVEY et al, 2018).

Historical data sets have a considerable potential to shed light on species
distribution and abundance gaps, although these data do not come without their
challenges. For those researching historical ecology it is common to come across
non standardized and incomplete data. In addition, new methodologies were
developed through the years becoming a challenge to compare information collected

with different protocols. In this study we bumped into the same challenges cited
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above. The data gathered for his work came from different sources, with different
sampling methods becoming necessary to find a way to standardize the data.
Furthermore, in order to use the data from Lima (2017) and Silva (2018) regarding
Porto de Galinhas we had to estimate coral cover based on the literature available
given that these authors made available the relative abundance. However, making
the right choices to explore the data are crucial to extract correct and useful

information.

Since 2000, coral reef research in Brazil has improved, however we have
much more to discover and understand about our reefs. Threats to this environment
only worsened with the arising of diseases (FRANCINI-FILHO et al., 2008), growth of
tourism industry and escalation of the effects of climate change (LEAO; KIKUCHI;
OLIVEIRA, 2019). In the Caribbean, long thermal and anthropogenic stress are
considered as one of the causes for higher level of diseases (BARTON; CASEY,
2005). We strongly recommend and support continued efforts of coral reef monitoring
in the areas studied here and others. Furthermore, we suggest that design of marine
protected areas is combined with projects of costal urban development and includes
coastal reefs with remaining populations of threatened species. Standardized

sampling is crucial to make further comparisons without losing resolution.

5CONCLUSION

In the last 60 years there was a decline in relative abundance of some
important species to coral reef maintenance, such as reef builders and providers of
structural complexity, in both locations. The most affected species were the highly
branched Millepora alcicornis and the endemic Mussismilia harttii. In addition to the
decrease in abundance, in Porto de Galinhas, two species could not be found, rising
concerns about the health of the reef environment in this location. This reduction
could mean an opportunity for species with faster reproduction and growth, being
able to opportunistically settle in perturbed environments, changing the functioning of
the reef system. These results reinforce the need to continuously monitor our coral

reefs to deepen the knowledge about it and to identify species that demand specific
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actions to ensure their preservation. This study can be considered as a first attempt
in comparing different data sets to contribute to continuous data analysis on two

representatives of important systems in the South Atlantic.
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Brazilian coral reefs' contributions by the eyes of its users

Abstract

Healthy coral reef environments provide many benefits to people. At least 500 million
people living in coastal communities around the world are highly dependent on
benefits provided by coral reefs. Nature’s contributions to people is a concept
recently proposed to introduce a new framework for human beings' relationships with
nature, they are all contributions, both positive and negative, of living nature to
people's quality of life. This study analyzes the perception of researchers, divers, and
users of coral reefs about the provision of ecosystem services by these
environments, that is, the contributions of these environments to people. We
collected data through an online questionnaire investigating respondent's
socioeconomic profile and people's perception of the contributions of reef
environments in Brazil, focusing on different types of reefs (biogenic and rocky reefs).
We classified the NCPs cited by the participants into 18 categories according to the
conceptual framework of the Intergovernmental Platform on Biodiversity and
Ecosystem Services. A total of 71 people answered our questionnaire. The main
benefits of coral reefs perceived by respondents were classified as "Physical and
Psychological experiences" (35.5% of 269 total statements), followed by "Habitat
creation and maintenance" (20%) and "Learning and inspiration" (17.7%). The
perception of changes was not related to the respondent's experience (Fisher's exact
test, p=0.11) or main activity (research, tourism, and others; Fisher's exact test
p=0.12). Most statements of changes were negative, highlighting the decrease in
biodiversity, increase in solid waste, disorganized growth in tourism and reduced
water quality. Improvement statements were related to biodiversity, use,
environmental quality, governance/management, and learning. Shifting baseline
syndrome was not observed in this study probably due to the great number of
scientists that answered the questionnaire, and the low participation of elderly people
probably due to the online method chosen. Published literature supports the changes
perceived by reef users and the few positive perceptions can be influenced by social
initiatives towards biodiversity conservation that contributed to raise awareness about
the sea environment.

Keywords: environmental changes, perceptions, coral reefs
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1 INTRODUCTION

At least 500 million people living in coastal communities around the world are
highly dependent on benefits provided by coral reefs (HOEGH-GULDBERG,;
PENDLETON; KAUP, 2019). Healthy coral reef environments provide many benefits
to people, attracting tourists, moving the local economy, acting as a nursery for many
species and inspiring people and their cultures all around the world (MOBERG;
FOLKE, 1999; WOODHEAD et al., 2019).

The concept of nature’s contributions to people (NCP) was recently proposed
by Diaz and collaborators (2018) in an attempt to introduce a new framework for
human beings' relationships with nature, aiming to overcome the limitations of
structure in the approach to ecosystem services (ES) and provide a new discourse
for the work developed by the Intergovernmental Platform for Science Policies on
Biodiversity and Ecosystem Services (IPBES) (DIAZ et al., 2018; MURADIAN;
GOMEZ-BAGGETHUN, 2021). NCPs are all contributions, both positive and
negative, of living nature (diversity of organisms, ecosystems, and their associated
ecological and evolutionary processes) to people's quality of life (DIAZ et al., 2018)
This approach recognizes the central and overarching role that culture plays in
defining all the links between people and nature (DIAZ et al., 2018)

In Brazil, compared to other regions of the world, studies on coral reefs took
a long time to start (LEAO; KIKUCHI; TESTA, 2003). Perhaps, this is one of the
reasons that reef science in Brazil is not recognized worldwide, being left out of
several global studies (e.g., see HUGHES et al., 2018; ANDRELLO et al., 2022),
although the country has the only coral reefs in the south Atlantic. One of the modern
pioneering research efforts began in the summer of 1961 with the arrival of Jacques
Laborel arrived at the Institute of Maritime Biology and Oceanography in Recife
(LEAO; KIKUCHI; TESTA, 2003; LABOREL-DEGUEN et al., 2019). He was the first
researcher to use compressed air cylinders and take underwater photos of Brazilian
reef environments (LABOREL-DEGUEN et al.,, 2019). Recent research indicates
threats to these environments, such as coastal runoff and urban development,
tourism, predatory fishing, invasive species, exploitation of fossil fuels and the
consequences of global warming (LEAO et al., 2016). In addition, in 2019 a large oil

spill on the northeast coast impacted not only the ecosystem, but also the local
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populations that depend on the sale of fish and tourist activities to survive (SILVA et
al., 2022).

Different perceptions of the environment influence on how coral reef's users
perceive contributions of these environments to people. Perception happens when
the activity of sensory organs is associated with brain activities (DE OLIVEIRA;
CORONA, 2008; MELAZO, 2009). This stimulation is translated into values that are
attributed according to culture, history, age, sex, education, social class, politics,
religion, individuality (DE OLIVEIRA; CORONA, 2008; MELAZO, 2009). Intra and
intercultural differences in perception, influenced by age, individual social role, time of
residence and time of experience with certain environments, can also influence the
perception of nature (SILVA et al., 2016).

In this context, our objectives are to analyze the perception of researchers,
divers and users of coral reefs (any person who uses the reef for personal or
professional purposes) about contributions of these environments to people. We
expect that, due to the greater degradation of reef environments in recent decades,
users with more experience with these coral reefs will perceive more changes,
compared to those with less time of experience in these same environments, and we
expect that people with different occupations in the reef perceive changes in different

ways.

2 MATERIALS AND METHODS

Study area

For this study, three sites were chosen: Porto de Galinhas (08°30° S),
Abrolhos (18°00’ S), and Arraial do Cabo (23°00’ S). They are scattered along the
Brazilian coast, with Porto de Galinhas and Abrolhos in the Northeast region and
Arraial do Cabo in the Southeast region. In addition to geographic representation,
they also harbor a diversity of reef formations. The Cabo Frio area (where Arraial do
Cabo is located) is well known for its rocky shores rich in biodiversity, already called
“coral oasis” by Jacques Laborel (1970) due to very dense coral populations,
especially in Arraial do Cabo Bay. The Abrolhos reef complex there are unique
shapes, known as “chapeirdes”, which can form 20-meter-high pinnacles (LABOREL,
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1970); and Porto de Galinhas is known for its coastal reef forming natural pools
(Mendonga, 2004 apud Machado et al, 2009).

Arraial do Cabo

This municipality is located in the State of Rio de Janeiro (22° 58" S, 42° 02'
W), and is known for the occurrence of coastal upwelling, a phenomenon in which
deep waters emerge on the sea surface near the coast, enriching the water column
with nutrients and causing high productivity. Its coastal region consists of rocky
shores, important marine ecosystems that contain very rich and extremely complex
benthic communities (BATISTA; GRANTHOM-COSTA; COUTINHO, 2020).

From the 1970s, travel to the region was facilitated due to the construction of
the Rio-Niterdi bridge, encouraging summer and weekend tourism and, from the
1990s onwards, the region was consolidated as a tourist destination (DE MIRANDA
MENDONCA; DE MORAES; MACIEL, 2013). Currently, the resident population is
approximately 29,000 people, which may triple during the high season (BATISTA;
GRANTHOM-COSTA; COUTINHO, 2020).

Porto de Galinhas

Located in the municipality of Ipojuca in the State of Pernambuco (08°30' S,
35°00' W) these reef formations are found along 900 meters divided into three main
blocks, separated by two channels (LABOREL, 1970; BARRADAS et al., 2012).
These formations are very close to the coast. It is possible to reach the reefs by
swimming or walking at low tide, allowing tourists to walk freely, and resulting in
trampling (RANIERO et al., 2007). Tourism is the main economic activity in this area.
In a year, Porto de Galinhas receives over 750 thousand visitors (ZAMBONI; PEREZ,
2013).

Abrolhos

The Abrolhos National Marine Park (ANMP) (17° 20' - 18°10'S and 038°35' -
39°20'W) was created in 1983 with the aim of conserving biodiversity and promoting
sustainable tourism (GIGLIO; LUIZ; SCHIAVETTI, 2016). It is located in the south of
State of Bahia, and concentrates the most extensive and richest area of corals in

Brazil and the Southwest Atlantic. It occupies approximately 6,000 km? of the
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northern bank of Abrolhos, comprising two reef arcs, volcanic islands, sandbanks,
and channels (LEAO et al., 2001). Fishing is one of the most important economic
activities in the region: estimates suggest that around 20.000 fishers, mostly
artisanal, use natural resources from the region as their main source of livelihood
(DUTRA et al., 2011). However, in recent years, an increasing number of industrial
fishing vessels have moved to the region, escalating the pressure on fish stocks and
competing with artisanal fisheries (DUTRA et al., 2011). Tourism is another important
economic activity. The ANMP receives approximately 1300 scuba divers per year
totaling 9100 dives in 15 sites annually (GIGLIO; LUIZ; SCHIAVETTI, 2016). In 2018,
6403 vessels visited the ANMP and 8063 visits were registered in the visitor center,
an increase of 67.7% since 2010 (ICMBIO, 2019).

Data collection

We collected data through an online questionnaire containing questions about
the respondent's socioeconomic profile and questions aimed at people's perception
of the contributions of reef environments, focusing on Porto de Galinhas, Abrolhos
and Arraial do Cabo. Sampling was intentional, through the authors' contacts with
potential respondents who had diving experience or living in proximity to reef
environments in at least one of the three focus areas. The invitation to participate in
the survey and the online form were sent on May 19, 2021, initially to 45 people via
email and through social media network, being available for 3 months. The voluntary
participation of each respondent was conditioned to a prior informed consent. We
also used an adaptation of snowball sampling (GOODMAN, 1961), requesting
indications of other potential respondents at the end of each questionnaire. This
study was authorized by the Ethics Committee of the Federal University of Santa
Catarina (CEPSH-UFSC, 37193120.0.0000.0121).

To understand the perception of NCPs from coral reefs, we asked about the
benefits and harms of reef environments for the personal and professional life of the
respondent, which aspects have changed in the reef landscape comparing the first
and last visit to the site, what was the degree of change in environment, and year of
first and last site visit (the full questionnaire is available in Supplementary Material 1).
Subsequently, we classified the mentioned changes by themes: solid waste, tourism,

tourism/fisheries, biodiversity, water quality, use, abiotic environment, sediments,
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pollution, environmental quality (general), coral bleaching, climatic changes (general
changes in climate), climate changes (changes associates with climate change),
associated environments, invasive species, governance/management, learning, and
fisheries.

We classified the NCPs cited by the participants into 18 categories according
to the conceptual framework of the Intergovernmental Platform on Biodiversity and
Ecosystem Services (IPBES) (DIAZ et al., 2018) following the description of each
category present in table S1. The difference between the dates of the first and last
visit to the site is what we call experience, reflecting how many years a participant
has known that reef environment (Porto de Galinhas, Abrolhos, or Arraial do Cabo).
The answers were also grouped by types of activity carried out in the reef
environment: research, tourism, and others and we also indicated to which broad
group the NCP category belongs. Diaz et al. (2018) distinguished the 18 NCP
categories in 3 broad groups: Material NCP, Non-material NCP and Regulating NCP.
A single category can belong to one or more broad group (e.g., “Maintenance of
options” is a category that comprises the many dimensions of potential opportunities
offered by nature and for this reason occupies all three NCP groups).

To verify if the perception of change in the reef environment varied according
to the activity performed on the reef and the experience of the respondent, we
applied a Fisher's exact test. A Sankey diagram was produced to visualize the most
cited categories for personal and professional life. The main changes perceived
comparing the first and last visit were classified into themes and made available in a
bar graph. The small number of respondents, especially for Porto de Galinhas, did

not allow for a comparison between sites.

3 RESULTS

A total of 71 people responded our questionnaire, with a higher proportion of
women, of people with ages between 31 and 40 years old (29.5%), and researchers
(55%). As for the locals of interest, 36,5% of respondents refer to Arraial do Cabo,
43,5% to Abrolhos and 20% to Porto de Galinhas. Comparing the first and the last
visit to the same coral reef environment, the average years of experience of the

respondents was approximately 14 years (minimum 1 year and maximum 53 years).
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Age of respondents with more than 30 years of experience in the same reef varied 41
to 70 years old, respondents between 1 to 5 years of experience were aged from 18

to 60 years old.

Table 1. Socioeconomic characteristics of respondents (n=71).

Variable Category Total
Sex Men 31
Women 40

Between 18 and 30 years 16

Between 31 and 40 years 21

Age group Between 41 and 50 years 15
Between 51 and 60 years 15

Between 61 and 70 years 4

Activity practiced at reef Research 39
. Tourism 22
environment Other 9
Arraial do Cabo 26

Sites Abrolhos 31
Porto de Galinhas 14

*Socioeconomic questions were not mandatory, and some participants did not answer all questions.

The main benefits of coral reefs perceived by respondents belonged to the
categories "Physical and Psychological experiences" (35.5% of 269 statements),
followed by "Habitat creation and maintenance" (20%) and "Learning and inspiration"
(17.7%). Other benefits were mentioned with frequencies lower than 8%.

The NCPs mentioned by respondents were split in those reflecting benefits for
personal life, and for professional life (Figure 1). The majority of contributions
mentioned were non-material NCP, followed by regulating NCP. When asked about
the benefits of coral reefs in relation to personal life, 40% of responses were
classified as “Physical and Psychological experiences", followed by “Habitat creation
and maintenance” with 17% and “Learning and inspiration” with 12.6%. When asked
about the benefits of coral reefs in relation to professional life, 31.5% of the
responses fall into the category “Learning and inspiration", followed by “Habitat
creation and maintenance” with 27.2% and “Physical and Psychological experiences”
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with 24.6%. Other categories of NCPs for personal life with proportions higher than
4% were: “Formation, protection, and decontamination of soils and sediments”,
“Supporting identities”, “Food and feed” and “Materials, companionship, and labor”.
For activities carried out in the reef environment the remaining categories mentioned
in proportions lower than 5.2% were: “Materials, companionship, and labor”, “Food
and feed”, “Supporting identities”, “Maintenance of options” and “Formation,

protection, and decontamination of soils and sediments”.

Physical and psychological experiences: 73

Materials, companionship, and labor: 14

Personal life: 182 Professional life: 77

Learning and inspiration: 23 I

Habitat creation and maintenance: 31 I

Food and feed: 13 I

Formation, protection, and decontamination of soils and sediments: 8 Bl
Supporting identities: 10

Maintenance of options: 4
Regulation of climate: 2 =
Regulation of air quality: 2 =

Medicinal, biochemical, and genetic resources: 2

Figure 1- Comparison of the perception of NCP for personal life and for professional life by the
interviewees. The thickness of the lines shows how much the category is cited, the thicker, the more
mentions of benefits that fit that category. The lines are colored according to the type of NCP: material
NCP are presented in rose, non-material NCP are presented in blue, and regulating NCP are
presented in orange; maintenance of options is a category which contains benefits of all three types
(material, non-material and regulating), and it is colored in gray.

Changes noticed between the first and last visit to the reef environment were
mentioned by 86% of respondents. The perception of changes was neither related to
the respondent's experience (Fisher's exact test, p=0.11) nor to main activity
(research, tourism, and others; Fisher's exact test p=0.12).

Figure 2 summarizes the changes noticed between the first and last visit to the
reef environment. On the left, they are separated by themes and on the right, by the

NCP category affected. For example, one change cited was the increase in the
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number of vessels — this increase could have occurred because of fishing or tourism,
or both — impacting both the material and non-material category. Most of the
statements regarding changes were negative, highlighting the decrease in
biodiversity, increase in solid waste, disorganized growth in tourism, and worsening
of water quality. Statements of improvement mentions related to biodiversity, use,
environmental quality, governance/management, and learning. Changes reflecting
improvements in Arraial do Cabo were related to creation of no-fishing zones with
more surveillance and sighting of more sea turtles in coastal reefs compared with
previous years. In Abrolhos, there was a statement for recover of the recovery of
some species from a bleaching event and perception of improvement in awareness

towards the marine environment.
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Figure 2- Main changes perceived comparing the first and last visit to the coral reef.

Gray bars indicate a worsening in quality and orange bars show an improvement.
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4 DISCUSSION

Perceived benefits from coral reef environments are mostly related to
"Physical and Psychological experiences", "Habitat creation and maintenance" and
"Learning and inspiration" categories. These results are similar to other coral reefs’
users studied in other locations. Results from Santavy and collaborators (2021) show
that beneficiaries who use coral reefs in the U.S. perceived similar benefits, such as
diving, snorkeling, contemplation (classified here as “Physical and Psychological
experiences”), abundance of species classified here as "Habitat creation and
maintenance") and pharmacological species; and showed the same concerns with
water quality. Fisher’s perceptions of most important benefits from coral reefs in
Seychelles were habitat services related to coral reefs and recreation services
(WOODHEAD et al., 2021), which are in consonance with our results. Non-material
NCP were more than 50%, altogether with regulating NCP represented 78% of all
NCP mentioned for respondents of all locations studied here.

We investigated if a person's experience influences their perception of the
environment. Our results indicate that the perception of changes in coral reefs did not
differ between experienced users and those with less experience, contradicting our
hypothesis. We understand that frequency of visitation is an important component of
experience, however we did not collect this information. Experience here is scored by
how many years the respondent knows the reef. Perceptions of change also did not
differ between the main groups of activities of the interviewees (researchers, tourism
related jobs, and other). However, some interesting results were obtained when
comparing NCP for personal lives and professional activities of the participants, who
reported a deterioration of reef environments investigated here.

The shifting baseline syndrome (SBS) refers to the change in human
perceptions about biological systems due to the lack of experience over previous
conditions (PAULY, 1995). In his study, Pauly (1995) noted that each generation of
scientists considers the abundance and composition of species observed at the
beginning of their careers as a baseline and uses this baseline to assess over time.
Despite some authors reporting SBS (SAENZ-ARROYO et al., 2005; BUNCE et al.,
2008; FOGLIARINI et al., 2021), this phenomenon was not observed in this study.
The non-observation of SBS may be attributed to some factors. Firstly, in order to

evaluate the perception of change through time a larger sample of people with more
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experience was needed. Additionally, the online form was spread through a research
network and most of our respondents were researchers, who tend to have knowledge
based not only on their own observations, but also based on the worldwide literature.
Even so, the number of scientists who participated in the research represents a small
fraction of marine scientists in Brazil (on CNPq Lattes platform, we found 2678
curriculum vitae of doctors researching marine biology, marine ecology, and
oceanography in Brazil) (PLATAFORMA LATTES, 2022).

The use of online forms, disseminated electronically, confers several
advantages, such as cost reduction and the possibility of carrying out a larger
sample. However, they also bring disadvantages that can bias the sample, such as a
less chance to include people with a limited computer knowledge, lack of internet
access and a low participant motivation (LATKOVIKJ; POPOVSKA, 2019). The use
of an online form was probably one of the factors that hampered the reach of elderly
people due to lack of familiarity with the internet and electronic equipments.
According to Freitas & De Carvalho (2012), in 2011 internet users in Brazil were
younger than the world’s average, 60% of them were less than 34 years old.
Furthermore, this methodology may have excluded people with little or no internet
access; it is also worth mentioning that during the COVID-19 pandemic, many people
got exhausted from social media, becoming unmotivated to answer the
questionnaire.

When comparing the benefits mentioned for personal life and activity
performed in the reef, the category “Learning and inspiration” was the most cited,
most likely due to more than 50% of participants having lines of research associated
with reef environments. Regarding the benefits for personal life, many cited well-
being and contemplation, making “Physical and psychological experiences” the
category with the highest number of statements. According to Bratman and
collaborators (2019), different types of experiences with nature are associated with
benefits for mental health. Furthermore, Robinson et al. (2021) reported that during
the pandemic, people generally visited nature for health and well-being benefits and
the majority felt that going out helped them manage through the pandemic.

The decrease in the quality of the NCPs noticed by the respondents, mainly in
terms of biodiversity and water, is also noticed by the scientists who study these

environments. Sedimentation and pollution are considered chronic threats to these
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environments and have been the main cause of coral loss in Brazilian coastal reefs
(FERREIRA et al., 2020). Other authors report damage caused by disordered urban
development (LEAO et al., 2016) and tourism and overexploitation of reef organisms
due to the proximity of the coast facilitating access (LEAO et al., 2001; FRANCINI-
FILHO et al., 2013). In Seychelles, fishers also perceived a decrease in coral reef
ecosystem services such as less fish, loss of habitat services and coral bleaching
(WOODHEAD et al., 2021). The degradation of natural landscapes is perceived in
other biomes in Brazil, reflecting a widespread change. In the Amazon Forest, Brito
et al. (2020) found out that the great majority of problems mentioned by respondents
was environmental degradation. This decline is not something particular to Brazil, but
it is perceived around the globe. Diaz et al. (2019) estimate a decline in nature’s
capacity to support quality of life in the majority of categories considered by the
IPBES. Although the main changes perceived were negative, there were a few
statements of positive differences. For example, a statement of improvement in
awareness towards the marine environment can be a result of social initiatives
towards biodiversity conservation such as Coral Vivo Project and Tamar Project.
Since 2003, the Coral Vivo Project works on the conservation of marine
environments, using environmental education as a tool to sensitize different social
groups (GOUVEIA; CASTRO, 2015). Tamar Project was first created because of
international pressure to preserve sea turtles and in 1982, two experimental bases
were created (BAPTISTOTTE, 1994). After 13 years, more than one million young
turtles were released in the sea, this positive outcome is a result of environmental
education and engagement with local communities (BAPTISTOTTE, 1994).

Findings of this research gave us an idea of how some of the different groups
that use coral reefs perceive the benefits provided by them. Despite the general
perception of environmental decline, statements of positive changes help us to think
about alternative approaches to ensure the future of coral reefs. In 2017, the United
Nations proclaimed that an Ocean Decade (2021-2031) would be held as an initiative
to support efforts to reverse the decline in ocean (TURRA, 2021). Perhaps it is time
to enroll in the movement and raise engagement of world’s citizens to increase

awareness about human impacts in the ocean.
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5CONCLUSION

The perception of changes in coral reefs in Porto de Galinhas, Abrolhos and
Arraial do Cabo was not influenced either by age or by the type of activity practiced.
Overall, the main benefits most noticed by participants fall into the categories
“Physical and psychological experiences”, “Habitat creation and maintenance” and
“Learning and inspiration”. In this study, most respondents belonged to the research
or tourism area, resulting in a possible bias. Future studies with face-to-face and
more wide sampling are needed for a better investigation. Finally, most of changes
observed were negative, showing a worsening in the quality of the reef environments

investigated by this research.
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Supplementary Material 1

Percepcgao de servigos ecossistémicos associados aos ambientes recifais

Quem pode participar dessa pesquisa? Qualquer pessoa (pescadores,
mergulhadores, pesquisadores, turistas, moradores locais e outros) que visitou ou
mora em Porto de Galinhas-PE, Abrolhos-BA e Arraial do Cabo-RJ. Caso vocé tenha
vivéncia em mais de um lugar, se puder, responda o questionario duas vezes; se
nao, escolha aquele que vocé julga ter mais memorias...

Este questionario é curto, em geral, as pessoas levam em média 10 minutos para
respondé-lo. Mas, esse tempo pode variar dependendo da experiéncia do
participante.

Se precisar tirar qualquer duvida sobre a pesquisa ou tiver comentarios, fique a

vontade para entrar em contato comigo pelo e-mail: marianasumi@hotmail.com

Caso vocé tenha intresse em receber os resultados desta pesquisa, deixe seu

endereco de e-mail abaixo:

Termo de Consentimento Livre e Esclarecido Simplificado

Durante a pesquisa vocé respondera a um questionario a respeito da sua interagao
com os ambientes recifais. O objetivo é avaliar as mudangas no provimento de
servigos ecossistémicos associados a esses ambientes ao longo dos ultimos 60
anos. Nao existe nenhum objetivo financeiro com esta pesquisa e para participar
deste projeto, vocé ndo tera nenhum custo, nem recebera qualquer vantagem
financeira. Essa pesquisa ndo traz nenhum beneficio imediato. Caso sinta-se
desconfortavel em participar da pesquisa, ou por qualquer outro motivo, a qualquer
hora o (a) senhor(a) pode fechar a guia, sem nenhum prejuizo pessoal ou financeiro.
Os aspectos éticos desta pesquisa sdo regulamentados pela resolucédo 466/12 do
Conselho Nacional de Saude e leis complementares, das quais a
professora/pesquisadora e seu orientador estdo cientes e comprometem-se a seguir

rigorosamente. O projeto de pesquisa, seus objetivos e metodologia, bem como este
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termo de consentimento livre e esclarecido, foram avaliados e aprovados pelo
Comité de Etica em Pesquisa com Seres Humanos da Universidade Federal de
Santa Catarina (CEPSH-UFSC), que pode ser contatado pessoalmente na rua
Desembargador Vitor Lima 222, Prédio Reitoria Il, 40. andar, sala 401, Floriandpolis,
SC, pelo telefone (48) 3721-6094 e pelo e-mail cep.propesq@contato.ufsc.br. O
CEPSH é um 6rgao colegiado interdisciplinar, deliberativo, consultivo e educativo,
vinculado a Universidade Federal de Santa Catarina, mas independente na tomada
de decisbes, criado para defender os interesses dos participantes da pesquisa em
sua integridade e dignidade e para contribuir no desenvolvimento da pesquisa dentro

de padrdes éticos.

O Termo de Consentimento Livre e Esclarecido na integra pode ser acessado neste
link:

https://drive.google.com/file/d/197bfLXTEzBZSSk1FxD-
M7EpT71WCSN9D/view?usp=sharing

Concordo em participar voluntariamente do projeto “Recifes Brasileiros no
Antropoceno: estimando os impactos da perda da biodiversidade no funcionamento
e provisao de servigos ecossistémicos". Responderei a um questionario sobre a
minha percepgdo sobre os ambientes recifais. Estou ciente de que minha
identificacdo sera mantida em sigilo e que as informagdes por mim fornecidas seréao
usadas exclusivamente para fins deste projeto de pesquisa.

() Sim

( ) Nao

Questionario s6cio-econdémico

1- Local de vivéncia (ambiente recifal que tem experiéncia)?
( ) Arraial do Cabo - RJ

( ) Porto de Galinhas - PE

(

) Caravelas/Abrolhos - BA

2-Qual a sua faixa etaria?



( ) Até 18 anos

( ) Entre 18 e 30 anos
( ) Entre 31 e 40 anos
( ) Entre 41 e 50 anos
( ) Entre 51 e 60 anos
( ) Entre 61 e 70 anos
( ) Entre 71 e 80 anos
( ) Mais de 81 anos
3- Qual o seu género?
( ) Feminino

( ) Masculino
( ) Outro
(

) Prefiro nao informar

4- Qual sua profissao?

5- Qual a sua escolaridade?
) Ensino fundamental incompleto
) Ensino fundamental completo
) Ensino médio incompleto

) Ensino médio completo

) Ensino superior completo
) P6s graduacéo nivel mestrado

) P6s graduagao nivel doutorado (até 15 anos de formacgéo)

(
(
(
(
( ) Ensino superior incompleto
(
(
(
(

) P6s graduagao nivel doutorado (mais de 15 anos de formagéao)

86

6- Dentre as opgbes abaixo, qual é a principal atividade associada ao ambiente

recifal que vocé realiza?
( ) Pesca
( ) Mergulho
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) Artesanato

) Turismo

(

(

( ) Mineracao
( ) Pesquisa
(

) Outro

7- Caso vocé tenha respondido outro na questao anterior, qual a atividade associada

ao ambiente recifal que vocé realiza?

8- Ha quanto tempo vocé atua nesta atividade?
( )0 a6 meses
()7 mesesa1ano
( )1ab5anos

( )6a10anos

( )11a20anos

( )21 a30anos

( )31 a40 anos

( )41 a 50 anos

( )51 a60 anos

(

) Mais de 60 anos
Percepgao sobre servigos ecossistémicos
9- Sobre a sua vivéncia em Arraial do Cabo, Porto de Galinhas ou

Caravelas/Abrolhos: vocé se lembra quando foram suas primeiras visitas a este
lugar? Tente colocar a data mais aproximada possivel (exemplo: més/ano).

10- Quando foi a sua ultima visita a este lugar (ou seja, a mais recente)? Tente

colocar a data mais aproximada possivel (exemplo: més/ano).
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11- Os recifes de corais proporcionam algum beneficio e/ou prejuizo para sua vida
pessoal?

() Sim

( ) Nao

( ) Talvez

12- Se vocé respondeu sim ou talvez na questao anterior, quais sédo eles? Detalhe

todos os beneficios e/ou prejuizos que forem possiveis.

13- Com relacéo aos BENEFICIOS citados na questdo 12, vocé consegue dizer se
eles aumentaram ou diminuiram desde as suas primeiras visitas ao local?

Considere que 1 nao aumentaram e 5 aumentaram muito.

()1 ()2 ()3 ()4 ()3

14- Com relagdo aos PREJUIZOS citados na questdo 12, vocé consegue dizer se
eles aumentaram ou diminuiram desde as suas primeiras visitas ao local?

Considere que 1 nao aumentaram e 5 aumentaram muito.

()1 ()2 ()3 ()4 ()9

15- Os recifes de corais proporcionam algum beneficio e/ou prejuizo para a atividade
associada ao ambiente recifal que vocé realiza?

( ) Sim

( ) Nao

( ) Talvez

17- Com relacéo aos BENEFICIOS citados na questdo 16, vocé consegue dizer se
eles aumentaram ou diminuiram desde as suas primeiras visitas ao local?

Considere que 1 ndo aumentaram e 5 aumentaram muito.

()1 ()2 ()3 ()4 ()3
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18- Com relagdo aos PREJUIZOS citados na questdo 16, vocé consegue dizer se
eles aumentaram ou diminuiram desde as suas primeiras visitas ao local?

Considere que 1 ndo aumentaram e 5 aumentaram muito.

()1 ()2 ()3 ()4 ()3

19- Pensando nas suas ultimas visitas a este local: se compararmos o ambiente
recifal de hoje com aquele de suas primeiras visitas, vocé nota mudancgas (ex: na
qualidade da agua, qualidade e quantidade de vida marinha, paisagem marinha)?

Considere que 1 ndo mudou e 5 mudou muito.

()1 ()2 ()3 ()4 ()3

20- Se vocé respondeu 2, 3, 4 ou 5 na questao anterior detalhe todas as mudancas

que vocé notou e se para vocé elas sao positivas (para melhor) ou negativas (para

pior).

21- Com relagao as mudancas percebidas, vocé consegue dizer quando o ambiente
comecou a mudar? Tente colocar a data mais aproximada possivel. Exemplo:

més/ano.

22- Na sua opinido, quais seriam as principais causas dessas mudancgas?

23- Vocé poderia nos indicar outras pessoas (pesquisadores, mergulhadores,
moradores locais, etc.) que tenham familiaridade com os ambientes recifais de
Arraial do Cabo, Porto de Galinhas ou Caravelas/Abrolhos, e que poderiam participar

desta pesquisa? (nome e e-mail se possivel)
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CONCLUSAO GERAL

Neste trabalho nds investigamos o passado recente das comunidades recifais
brasileiras através de duas abordagens distintas. Para entender como era a
composi¢cao dos recifes de corais brasileiros e como ela mudou através do tempo,
utilizamos dados semiquantitativos e qualitativos coletados nas décadas de 1960,
1980, 1990, 2000 e 2010, incluindo dados obtidos pelo primeiro pesquisador a
estudar esses ambientes mais a fundo, o francés Jacques Laborel. Com o intuito de
trazer uma perspectiva humana atual para o trabalho, elaboramos um questionario
on-line para entender como usuarios de ambientes recifais percebem os beneficios
trazidos por estes ambientes e para averiguar se pessoas com mais anos de
experiéncia teriam a percepg¢ao de um ambiente mais preservado no passado.

Em Abrolhos, quando comparamos a assembleia recifal através do tempo nao
foram notadas mudancas significativas. Porém, ao comparar a abundancia de cada
espécie, grandes declinios foram percebidos desde a década de 1960. No geral, a
abundancia das espécies abordadas neste estudo diminuiu. Espécies construtoras
de recifes como Millepora alcicornis, Mussismilia braziliensis, Mussismilia harttii e
Siderastrea stellata (FERREIRA & MAIDA, 2006) podiam ser encontradas em
classes de abundancia entre superabundante e comum, diminuindo principalmente
para as classes ocasional e raro com o passar dos anos. Em Porto de Galinhas, algo
semelhante aconteceu, com uma grande diminuicdo da abundancia de espécies
como Montastraea cavernosa, Mussismilia hispida e Millepora alcicornis; entretanto,
ainda mais grave foi a auséncia das espécies Millepora braziliensis e Mussismilia
harttii das amostragens mais recentes, indicando uma possivel extingdo local em
breve caso nenhuma medida seja tomada.

Os participantes do questionario online perceberam beneficios diferentes para
sua vida pessoal e para atividade exercida no ambiente recifal. Os beneficios mais
citados estavam relacionados com o bem-estar pessoal, mostrando a grande
importancia destes ambientes para a vida das pessoas, e com a capacidade dos
recifes de corais de manutengéo e criagdo de habitat para outros organismos. Nao
pudemos identificar a percepcdo de um ambiente mais preservado pelas pessoas
com mais experiéncia comparado com as menos experientes. Além disso, a maior

mudanga notada pelos respondentes foi uma diminuicdo da biodiversidade
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provavelmente devido ao declinio geral na abundancia de espécies, tornando o
recife menos atrativo.

E importante ressaltar algumas limitacdes metodoldgicas deste estudo: os
dados de abundancia das espécies foram coletados com métodos e esforgos
amostrais diferentes e, para que pudessem ser comparados, foi necessario
transforma-los e algumas suposi¢cdes tiveram que ser feitas. Por exemplo, a
diferengca nas metodologias utilizadas pelos autores que coletaram dados em Porto
de Galinhas nos forgou a pensar em uma maneira de transformar a abundéancia
relativa em porcentagem de cobertura para que pudéssemos comparar com 0S
dados de Laborel. Entdo, assumimos que a porcentagem de cobertura de corais
nesta localidade era 10% e a partir dessa suposicdo pudemos calcular a
porcentagem de cobertura dos organismos. No capitulo 2, nés optamos pelo uso do
formulario on-line devido a pandemia de COVID-19. O uso dessa metodologia
permitiu a coleta dos dados, porém, muito provavelmente, foi um dos fatores que nos
impediu de alcancar um publico mais variado e, especialmente, pessoas com mais
idade.

Diante das informacdes apresentadas nesse trabalho, frente as ameacgas
locais e globais enfrentadas pelos ambientes recifais, recomendamos:

- 0 monitoramento de espécies oportunistas para entender melhor se elas
estdo realmente se tornando mais abundantes e ganhando cobertura frente a perda
de espécies construtoras e de espécies que proporcionam estrutura tridimensional;

- que os desenhos de areas marinhas protegidas sejam pensados de forma a
incluir areas que abrangem populagbes saudaveis de espécies em declinio (como
Mussismilia harttii) e locais favoraveis para o assentamento de larvas com nivel de
protecao integral. Dessa forma, nestas areas se manterdo individuos saudaveis e,
portanto, mais aptos para enfrentar eventos de ondas de calor e outros impactos
relacionados ao aquecimento global.

- uso de instrumentos como a Gestdo Baseada em Ecossistemas (GBE) com
o intuito de integrar as acdes voltadas aos recifes de corais e areas adjacentes. O
principio basico é baseado em uma abordagem integrada e interdisciplinar que
considera todos os setores e aspectos envolvidos em um ecossistema, inclusive os
seres humanos (TEDESCO et al.,, 2017). A implementagdo da abordagem (GBE)

demanda um pensamento amplo que considere interacbes da cadeia tréfica,
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conectividade, fatores de funcionamento do ecossistema e como as atividades
humanas interagem com as espécies e servi¢os do ecossistema (RUCKELSHAUS et
al., 2008). Este tipo de abordagem pode ser muito benéfica, principalmente para os
ambientes recifais que se encontram muito préximos a costa pois ela levara em
conta as agdes antropogénicas que causam danos aos recifes.

- outras praticas como o cultivo de espécies de corais podem ser utilizadas
para restaurar os recifes. Ja foi testado o cultivo de fragmentos da espécies
Millepora alcicornis, que se mostrou promissor se levadas em consideragdo as
condicdes bidticas e abidticas da area a ser restaurada (OLIVEIRA; LEAO, KIKUCH],
2008).

- maior fiscalizagao de atividades turisticas, principalmente na regido nordeste
que possui recifes costeiros, ja que esta atividade se mostra como predatéria e tem
consequéncias devastadoras para a biodiversidade desse ecossistema;

- acbes direcionadas a espécies com declinios muito acentuados na
abundancia, como por exemplo a Mussismilia harttii, a fim de evitar a extincéo local
de tais espécies e as consequéncias que tal extingdo acarretam (abertura de espago
para colonizacdo de espécies “weedy”’ e, consequentemente, mudangas no
funcionamento do recife de coral);

- 0 monitoramento continuo dos nossos ambientes recifais, que € essencial
para o entender o funcionamento do sistema, seu estado de saude, detectar
doencgas e branqueamentos, sendo fundamental para o seu gerenciamento e para
propor agdes de restauracio;

- e por fim, intensificar agbes de conscientizagdo e engajamento da populagao

em relacao aos ambientes marinhos.



