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RESUMO

As mudancas climaticas, fendmeno global que tem produzido sérias consequéncias
aos ecossistemas, vém afetando em larga escala a natureza e as populacdes
humanas que vivem e dependem dos seus bens e servi¢os, e as areas costeiras por
estarem mais expostas os efeitos desse fendmeno vém sendo impactadas a taxas
sem precedentes. A diminuicdo nos beneficios prestados por essas areas afeta
diretamente o modo de vida das populagdes humanas ali estabelecidas, as quais
construiram uma relacao de dependéncia com a natureza e seus recursos. A Reserva
Extrativista Marinha de Soure, localizada na costa da Amazonia Oriental, caracteriza-
se por compreender uma area composta por trés comunidades tradicionais que
apresentam um modo de vida pautado na relacdo sustentavel e de subsisténcia com
a natureza. Apesar de inseridas em uma Unidade de Conservacao e apresentarem
praticas sustentaveis, os efeitos das mudancas climaticas podem figurar sérias
ameacas. Neste contexto, este trabalho, que se caracteriza como uma pesquisa
interdisciplinar, levantou percep¢cfes sobre as mudancas climaticas e buscou
compreender a luz dessas percepc¢des, como 0s moradores associam alteragdes no
fluxo de bens e servicos ecossistémicos costeiros a este fendbmeno. As percepcdes
levantas revelam o alto nivel de concordancia para a ocorréncia das mudancas
climéaticas. Embora as comunidades apresentem praticas sustentaveis de uso e
manejo com dos recursos, as percepcdes apontam que os efeitos globais das
mudancas climéaticas podem ser sentidos em escala local, afetando a provisdo dos
recursos da natureza. As percepcdes sdo moldadas, pela idade, tempo de residéncia
e pelo grau de dependéncia dos bens e servicos do ecossistema costeiro, resultando
gue as pessoas com a idade mais avancada, residentes a mais tempos nas
comunidades, com maior dependéncia dos recursos, sdo as que apresentam as
maiores percepcdes. Essas variaveis que explicam os niveis de percepgdes
encontrados, reforcam que sua construcao possui base nos saberes tradicionais, 0s
guais sao fruto da intensa relacdo da natureza e seus recursos, resguardando a
histéria, a cultura e identidade dos povos locais.

Palavras-chave: comunidades costeiras; percepgbes climéticas; servicos

ecossistémicos; Amazonia.



ABSTRATC

Climate change, a global phenomenon with serious consequences for ecosystems, is
affecting nature and the human populations that live in it and depend on its goods and
services on a large scale, and coastal areas, being more exposed to the effects of this
phenomenon, have been affected to an unprecedented extent. The reduction in the
services provided by these areas has a direct impact on the way of life of the human
populations living there, who have established a relationship of dependence on nature
and its resources. The Marine Extractive Reserve of Soure, located on the coast of the
Eastern Amazon, is characterized by the fact that it encompasses an area composed
of three traditional communities whose way of life is based on a sustainable and
subsistence relationship with nature. Despite its location in a protected area and its
sustainable practices, the effects of climate change may pose serious threats. In this
context, this work, which is characterized as interdisciplinary research, raised
perceptions about climate change and sought to understand, in the light of these
perceptions, how residents associate changes in the flow of goods and services from
coastal ecosystems with this phenomenon. The raised perceptions reveal the high
level of agreement for the occurrence of climate change. Although the communities
demonstrate sustainable practices in resource use and management, the perceptions
indicate that the global impacts of climate change can be felt at the local level and
affect the provision of natural resources. High perceptions are shaped by age, length
of residence, and degree of dependence on the goods and services of the coastal
ecosystem, indicating that people who are older, live longer in one of the communities,
and consequently have greater dependence on the resources, are the ones with the
highest perceptions. These variables, which explain the high perceptions found,
reinforce that the construction of these perceptions is based on traditional knowledge,
which is the result of an intense relationship with nature and its resources,
safeguarding the history, culture and identity of local peoples.

Keywords: coastal communities; climate perceptions; ecosystem services; Amazon.
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CAPITULO 1 REFERENCIAL TEORICO

1.1 Mudancas Climaticas em areas costeiras e alteracdes no bem-estar

A mudanca climdtica € uma mudanca no estado do clima que pode ser
identificada por alteracdes na média e/ou na variabilidade de suas propriedades e que
persiste por um periodo prolongado, tipicamente décadas ou mais. Tal mudanca pode
ser devida a processos naturais ou antrépicos, como modula¢cdes dos ciclos solares,
erupcdes vulcanicas e alteragbes antropogénicas persistentes na composi¢do da
atmosfera ou no uso da terra (IPCC, 2014). De acordo com o Painel
Intergovernamental de Mudancas Climaticas, as atividades humanas (por exemplo,
gueima de combustiveis fosseis e desmatamento) aumentaram consideravelmente os
gases de efeito estufa na atmosfera terrestre, os quais estao diretamente ligados ao
aumento da temperatura média global (IPCC, 2014).

Apesar de grande parte dos efeitos dessas mudancas estarem previstas para
o futuro, alguns ja estdo sendo sentidos mundialmente e os ambientes costeiros estdo
entre as areas mais afetadas do planeta, pois inundacbes e erosdes vém O0s
impactando severamente (Mehvar et al., 2019), o que pode levar ao seu
desaparecimento, dada a vulnerabilidade dessas areas (Ferro-Azcona et al., 2019).
As zonas costeiras de baixa elevacdo na América Central e do Sul estdo cada vez
mais expostas aos efeitos de riscos relacionados ao clima, devido, particularmente,
aos fendbmenos de elevagédo do nivel do mar, El Nifio i Oscilacdo do Sul (ENSO) e
tempestades (Villamizar et al., 2017). Estudos como os de Gabler et al. (2017), Feher
et al. (2017) e Osland et al. (2017) reiteram que as mudancas nos regimes de
temperatura minima e precipitacdo estdo entre os fatores climaticos que mais irdo
afetar ecossistemas costeiros no futuro.

Estudos realizados para a Amazo6nia tém registrado aumentos consideraveis
na temperatura média do ar, ao longo de 30 anos, como € o caso dos trabalhos de
Almeida et al. ( 2016), o qual mostra que de 1973 a 2013 esse aumento foi de 0,6 °C;
Jiménez-Mufioz et al. (2016) que detectaram um aquecimento de 0,5 °C, a partir de
1980, e Gloor et al. (2015) que registraram um aumento de 0,7 °C. O trabalho de
Souto, Beltrdo e Oliveira (2019) avaliou secas meteoroldgicas por detec¢ao remota no
Marajé. Além disso, o estudo indicou que a regido norte do arquipélago, onde esta
localizado o municipio de Soure, sofreu com a impactante reducédo nos indices de

valores totais pluviométricos anuais (PRCTOT), maiores numeros de dias
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consecutivos com chuva (CWD) e menores numeros de dias consecutivos sem chuva
(CDD), apresentando maiores taxas para 0os anos de 2015 e 2016. Nesse mesmo
contexto, o trabalho de Oliveira et al. (2020) revela que alteragcdes nos padroes
climatolégicos como o0 aumento da temperatura e reducdo da umidade relativa foram
observados de 1998 a 2016 em cinco municipios paraenses, incluindo Soure,
localizado na costa da Ilha do Maraj6. Os autores relatam que tais alteracdes seguem
um padrdo em todos 0s municipios analisadas, inferindo que sua causa pode estar
relacionada a um processo em larga escala (global).

Eventos climaticos extremos podem comprometer as populagbes que se
estabeleceram em areas costeiras (Baills; Garcin; Bulteau, 2020), haja vista que os
danos ambientais podem levar a uma diminui¢do dos servigos prestados por esses
ambientes (Mehvar et al., 2019). Diversos estudos tém sido realizados nessas regioes
e revelam que as comunidades costeiras percebem as mudancas climaticas como
uma ameaca para sua permanéncia e sobrevivéncia nesses locais (Carson et al.,
2016; Wdowinski et al., 2016; Dongeren et al., 2018; Gibbs, 2019).

Devido o crescente efeito dessas mudancas, as populagbes costeiras tém
sofrido com a diminuicdo no fluxo de beneficios que proporcionam bem-estar. Neste
contexto, o bem-estar inclui componentes materiais, como: salde, meios de
subsisténcia e qualidade ambiental, além dos componentes afetivos ou emocionais,
como significado, propdsito, identidade, senso de controle e conexdes sociais
(Ruggeri et al., 2020; TAY; Diener, 2011). Essa perda de bem-estar, também, inclui o
interrompimento das relagcdes de longa data entre os seres humanos e 0 meio
ambiente e os significados, identidades e visbes de mundo que surgem dessas
relagbes (Cosgrove, 1984; Crate, 2009; Cunsolo; Ellis, 2018; Jurt et al., 2015).

Diante desse cenario, as pessoas podem ter que reavaliar suas visdes de
mundo e tradi¢gbes (Crate; Nuttall, 2016) e renegociar identidades sociais e individuais,
0 que pode ser desconfortavel e angustiante (Greider; Garkovich 1994). O bem-estar
também pode ser afetado pela perda do patrimdnio cultural e natural importante para
0 senso de identidade, significado na vida e conexdo com o lugar das pessoas (Bieling
etal., 2014; Wu, 2013).

Diante dessas consideracdes, entende-se que as mudancas climaticas
compBem um cenario ameagador para as populacdes costeiras, ndo somente do
ponto de vista material e da paisagem, mas podendo, também, afetar o modo de vida,

a cultura e os valores que compdem o sentimento de pertencimento e bem-estar. Por
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isso avaliar como as comunidades compreendem tais mudancas € essencial para
direcionar iniciativas locais de adaptacdo e enfrentamento dessas mudancas.
Segundo Carlton e Jacobson (2013) os estudos de percepcdo de comunidades
costeiras sobre mudancas climaticas podem oferecer uma visao importante sobre as
ameacas nesses ambientes, ao passo que ajudam na compreensao de fatores que

podem esclarecer como essas percepc¢des sao moldadas.

1.2 Percepcado Ambiental das mudancas climéaticas em areas costeiras

A percepcdo ambiental € um processo de interpretacdo do individuo com o
ambiente, o qual da-se por meio de mecanismos perceptivos e cognitivos (Dutra;
Higuchi, 2018). Para a neurociéncia 0s mecanismos perceptivos sao dirigidos por
estimulos externos, captados através dos cinco sentidos (Ribas et al., 2010). Dentro
da oOtica socioambiental os aspectos cognitivos sdo moldadas a partir das
caracteristicas e vivenciais socioculturais (Dutra; Higuchi, 2018). Neste sentido, a
percepcdo ambiental demonstra as relacdes estabelecidas entre ser humano e o
meio, destacando suas expectativas, julgamentos e condutas (Doria et al., 2019). Orsi
et al. (2015) reiteream que a percepcao ambiental consiste na forma como o ser
humano vé o ambiente e como compreende as leis que o regem; esse ver é resultante
de conhecimentos, experiéncias, crencas, emocoes, cultura e acdes, traduzindo-se
em vivéncias. E inerente a cada pessoa, a partir de como percebe, reage e responde
de forma diferente tanto as relacdes interpessoais quanto as acdes sobre o meio
(Rodrigues et al., 2012).

As percepcOes das pessoas variam de acordo com os valores e experiéncias
individuais que adquiriram ao longo de suas vidas, o que, por sua vez, influenciara
suas acbes (Takakura et al., 2020). Por exemplo, pescadores, agricultores,
empresarios e turistas podem ter diferentes visdes quanto ao uso da regiao costeira;
assim, qualquer analise de possiveis solucdes para os problemas ambientais, deve
considerar o comportamento do ser humano (Barradas; Ghilardi-Lopes, 2020).
Considerando que a reacao dos individuos parte de sua interpretacdo de determinado
evento (Almeida; Scatena; Luz, 2017), compreender as percep¢des ambientais de
populacbes costeiras e os fatores que as influenciam pode oferecer uma visao
importante para comunicadores sobre ameacas no ambiente costeiro, a0 mesmo
tempo que ajuda a esclarecer as influéncias nas percepcdes gerais sobre 0s riscos

relacionados ao clima (Carlton; Jacobson, 2013).
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Para a compreensédo da percepcdo das mudancas climéaticas a aplicacédo de
guestionarios tem sido amplamente utilizada em diversos trabalhos. Rakib et al. (2019)
fizeram uso de questionario estruturado para levantar percep¢des sobre o risco das
mudancas climaticas em éareas costeiras no sudoeste de Bangladesh. Luis et al.
(2018), usaram questionarios estruturadas na escala de Likert de 5 pontos para avaliar
a percepcéo sobre os perigos das mudancas climaticas em 33 paises da Ameérica,
Eurésia, Oceania e Africa do Sul. E para levantar percep¢des de comunidades na
Amazonia, Funatsu et al. (2019) valeram-se do uso de questionarios composto por
questbes abertas e fechadas.

Para entender melhor os fatores relacionados a percepcdo das mudancas
climéticas, diversos estudos tém considerado a hip6tese de variaveis preditoras. O
trabalho de Rothermich et al. (2021) mostrou que o sexo e a idade estao positivamente
relacionados com a tomada de atitude frente as mudancgas climaticas. A pesquisa de
Carlton e Jacobson (2013) revelou que as percepgdes dos inquiridos sdo moldadas
pelas crencas e fatores como sexo, idade, status econémicos e posicionamento
politico. E o trabalho de Goeldner-Gianella et al. (2019) apontou que pessoas com
maior idade e moradias mais afastadas dos centros urbanos apresentam mecanismos
de percepcao de risco mais sensiveis.

A partir dessas consideracfes, compreende-se que a pesquisa cientifica pode
ajudar a capturar como as populacdes percebem, interpretam e entendem 0s riscos
costeiros locais no contexto das mudancas climéaticas, bem como os fatores
relacionados a esses conhecimentos (Goeldner-Gianella et al., 2019). Assim, o estudo
das percepcbes € importante como suporte para a andlise de risco e para a
preparacao da resposta publica aos perigos (Rudiak-Gould, 2014). Pode, também,
ajudar na comunicacédo de informacfbes de ameacas locais entre a populacéo, os
especialistas técnicos e os formuladores de politicas (Funatsu et al., 2019). Para
desenvolver uma sociedade resiliente as mudancas climaticas, o compartilhamento
de informacdes sobre padrdes de percepcdes e os fatores que afetam a formacao de
percepcdes entre as partes interessadas € uma abordagem importante (Takakura et
al., 2020). Um melhor conhecimento das formas como os diferentes grupos
socioculturais percebem as mudancas climaticas é crucial para a implementacéo
eficaz das politicas climaticas (Ruiz; Faria; Neumann, 2020).

Ademais, ao se estudar a percepcao de populacdes sobre os riscos causados

pelas mudancas climaticas no ambiente costeiro, é importante, também, se considerar
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as alteracdes ocasionadas por esse fendmeno no fluxo de beneficios da natureza.
Nesse cenario, contemplar as percepcdes sobre o0s servicos ecossistémicos e
alteracbes em sua provisdo, € extremamente importante, pois, segundo Queiroz et al.
(2017) a dimenséao sociocultural dos servicos ecossistémicos deve ser levada em
consideracao pelos formuladores de politicas como um critério indispensavel para

enfrentar os principais desafios na conservacao dos ecossistemas costeiros.

1.3 Percepcéo dos Servicos ecossistémicos e alteracdes no fluxo de beneficios
no contexto das mudancas climaticas

Os Servicos Ecossistémicos (SE) sao definidos como os beneficios diretos e
indiretos que o homem obtém a partir dos ecossistemas para satisfazer suas
necessidades, ou que contribuam para melhorar seu bem-estar (Costanza et al., 1997,
De Groot et al., 2002). De acordo com a Avaliagdo Ecossistémica do Milénio (MEA,
2005), esses servigos podem ser categorizados em: servigos de provisdo, servigos de
regulacédo, servicos culturais e servigcos de suporte. Os servicos de provisao incluem
0s produtos que sao obtidos diretamente dos ecossistemas, tais como: alimentos,
fibras, madeira para combustivel e outros materiais que servem como fonte de
energia, recursos genéticos, produtos bioquimicos, medicinais e farmacéuticos
(Andrade; Resende, 2013). Os servicos de regulacdo compdem processos de
regulacdo dos ecossistemas, como por exemplo o servico de regulacao de gés, que
por meio dos gases Oz e CO2 regulam a composicdo quimica da atmosfera para a
manutencao da vida na biosfera (Costanza et al., 2017).

Os SE culturais sdo os beneficios ndo materiais que as pessoas obtém dos
ecossistemas através de enriquecimento espiritual, desenvolvimento cognitivo,
reflexdo, recreacdo e experiéncias estéticas (Sanna; Eja, 2017). Estes séao
considerados dificeis de serem operacionalizados devido sua intangibilidade (Milcu et
al., 2013; Obeng; Aguilar, 2018). Os servicos de suporte sado responsaveis pela
producdo dos outros servicos ecossistémicos, estes se diferenciam das demais
categorias na medida em que seus impactos sobre o homem séao indiretos e/ou
ocorrem no longo prazo. Como exemplos, pode-se citar a produgdo primaria,
producdo de oxigénio atmosférico, formacdo e retencdo de solo, ciclagem de
nutrientes, ciclagem da agua e provisdo de habitat (Andrade; Romeiro, 2011).

Diante da importancia dos SEs, a politica internacional tem criado estratégias

gue visam garantir o bem-estar humano e a sustentabilidade do planeta, seja através
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do desenvolvimento sustentavel da sociedade ou da conservagdo da biodiversidade
(Geijzendorffer et al., 2017; Hicks et al., 2016). Discussdes dentro dessa o6tica vém
ganhando forga, em decorréncia dos impactos ambientais ocasionados pelo aumento
da demanda dos recursos naturais, processo que acaba provocando danos aos
ecossistemas na forma de diminuicdo desses ativos, comprometendo o fluxo de
servigcos para as geracoes futuras (Silveira et al., 2013).

Além da acao antrdpica figurar entre as principais ameacas na reducao do fluxo
de SEs, as mudancas climaticas desencadeiam fenbmenos que alteram 0s processos
ecologicos (Zarrineh; Abbaspour; Holzkamper, 2020). Tais alteragbes podem
ocasionar o desequilibrio nos ecossistemas alterando sua estrutura e funcionamento,
comprometendo, desta forma, o fluxo futuro de SEs (Diaz et al., 2019; Weiskopf et al.,
2020). Portanto, os impactos das mudancas climaticas nos ecossistemas afetam a
disponibilidade e a entrega de seus servigos, incluindo mudancas no fornecimento dos
servigos de provisao, regulagéo, suporte e culturais (Weiskopf et al., 2020).

Como o bem-estar humano é dependente dos SE, tem crescido o interesse
académico nessa area de estudo, mas a énfase tem sido principalmente nos aspectos
biofisicos e econémicos. No entanto, os estudos sociais podem fornecer novos
insights sobre a valoragcédo de SEs, bem como sobre a opinido publica e o clima politico
no que diz respeito a degradacdo ou gestao de ecossistemas (Vihervaara; Ronka;
Walls, 2010). O valor dos SEs pode ser compreendido a partir de trés dominios:
ecoldgico, sociocultural e econémico (De Groot et al., 2010). Enquanto os valores
econbmicos e ecoldgicos de um determinado SE podem ser quantificados mais ou
menos diretamente (Bianchi et al., 2018), os valores socioculturais sao atribuidos com
base nas percepcdes sociais, preferéncias, demandas e as qualidades percebidas de
ecossistemas naturais como fonte geradora do bem-estar humano (Bryan et al., 2010;
Van Riper et al., 2012; Lima; Bastos, 2019).

Uma forma de compreender os valores socioculturais é entender as
percepcdes das partes interessadas sobre os SE e seus beneficios (Iniesta-Arandia
et al.,, 2014; Rodriguez-Caballero et al.,, 2018), considerando fatores sociais,
demograficos e econdbmicos (Moutouama et al., 2019; Lima; Bastos, 2019).
Compreendendo a importancia das percepcdes sociais nos estudos de avalicdo dos
servigos ecossistémicos, Mara et al. (2020) exploraram em seu trabalho a ligacdo
entre as decisbes de manejo de agricultores e suas caracteristicas demogréficas e

percepcdes dos SEs, e concluiram que caracteristicas demograficas e sentimento de
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pertencimento local contribuiram para as altas percep¢gbes encontradas. De
semelhante modo, Rodriguez-Morales et al. (2020) valeram-se do estudo de
percepcdo ambiental para destacar e valorizar 0s servicos ecossistémicos em
florestas, concluindo que pessoas com maior contato e vivéncia nessas areas
apresentaram maior percepgao.

A partir dessas exposicdes torna-se clara a importancia das percepcdes dos
comunitérios sobre os SEs prestados por areas de interesse ambiental, dentro do
contexto das mudancas climaticas, pois, além de mostrar como as pessoas veem e
compreendem os beneficios proporcionados pela natureza, Moutouama et al. (2019)
destacam que essa compreensdo € importante para projetar informacdes ambientais

eficazes e campanhas de educacao mais pontuais.

1.4 A Reserva Extrativista Marinha de Soure

A Reserva Extrativista Marinha de Soure i Resexmar Soure (figura 1) € uma
Unidade de Conservacao (UC) Federal, criada a partir do decreto s/n de 22 de
novembro de 2001 com o objetivo de assegurar a sobrevivéncia dos extrativistas
locais e a sustentabilidade dos ecossistemas (Lobato et al., 2014). Esta reserva foi a
primeira c¢riada, no estado do (©hveirg, 2012
Cardoso, 2014). A mesma esta localizada a leste do municipio de Soure e abrange
uma area com cerca de 27.463,58 ha (CNUC/MMA, 2014).

entr
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Figura 1 - Localizacdo da Reserva Extrativista Marinha de Soure, Para.

ES_CALA B America do Sul [] Area de Agricultura
1:1000 I Amazonia Brasileira [T Pasto com Manejo
DATUM [ Area de Integragdo do Marajé [[_] Ocupagdo em Area de Floresta
SIRGAS 2000 B Area da RESEX B Silvicultura

PROJECAD e Comunidades / Vilas B Vegetac3o Florestal

UTM 225 Uso e Cobertura da Terra (X3 Vegetagdo de Pastagem
A e Il Ocupacdo em Area Rural
FONTE: IBGE 2022 Area Artificial [ Corpo D'4gua Continental

Fonte: AUTOR.

A Resexmar Soure trata-se de uma UC de uso sustentavel, concedida as
populacdes tradicionais extrativistas. Seu contexto de criacdo parte da luta dos
extrativistas locais, em 1996, por meio da Associacdo dos Caranguejeiros de Soure
(ACS), que lutavam contra a superexploragdo dos recursos pesqueiros por pessoas
gue migravam de outras regides do Marajo para competir com a populacéo local.
Dentro dos limites da Resexmar de Soure, estabeleceram-se a Vila do Pesqueiro, 0
Povoado do Céu e a Comunidade do Caju-Una (Cardoso, 2012). Estas est&o inseridas
em ambientes naturais cuja vegetacdo é composta por areas de restinga,
representada por arbustos e ervas dos géneros Anacardium sp., Byrsonima sp.,
Annona sp. e Acacia sp., que ocorrem em planicies de areia e dunas perto da costa
(Cohen et al., 2008).

Observa-se também nestes ambientes, florestas de manguezais, com as
espécies (Rhizophora mangle L.), siriba (Avicennia germinans (L.) L. Stearn) e
tinteiro (Laguncularia racemosa (L.) C. F. Gaertn) (Rocha; Tavares-Martins; Lucas,
2017; Lobato et al., 2014). Os campos secos e alagados com ocorréncias de Poaceae,
Cyperaceae e Fabaceae, e finalmente os tesos, 0s quais sao de origem antropogénica
formados durante a ocupacdo da ilha pelas populagbes pré-colombianas,
representados por taxons de Arecaceae, Rubiaceae e Bignoniaceae (Lisboa, 2012).

A Vila de Pesqueiro é a comunidade mais proxima do polo municipal, distante

apenas 7 km, onde as familias vivem basicamente do comércio em geral, do turismo,
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mas principalmente da atividade pesqueira e do extrativismo vegetal. Esta
comunidade possui energia elétrica, agua encanada, uma igreja catélica, uma igreja
evangeélica, um posto de salde, uma escola de Ensino Fundamental | (1° ao 5° ano),
Centro Comunitario, além de estar organizada socialmente por meio da Associacao
de Mulheres do Pesqueiro e Associacdo de Pescadores do Pesqueiro.

A comunidade do Caju-Una encontra-se a 18 km de distancia do municipio de
Soure, na qual a renda das familias € basicamente proveniente de atividades
pesqueiras. Entretanto, existem familias que sobrevivem do extrativismo do coco, das
aposentadorias e dos salarios de funcionéarios da Prefeitura Municipal de Soure. Esta
comunidade conta com energia elétrica, agua encanada, Escola de Ensino
Fundamental I, um posto de saude e um Centro Comunitario para o desenvolvimento
de projetos de assisténcia social e realizacdo de eventos culturais e religiosos.

O Povoado do Céu, o mais distante, localiza-se a 23 km da sede municipal de
Soure, sua populagéo vive basicamente da pesca artesanal e do extrativismo vegetal.
Esta comunidade possui energia elétrica, agua encanada, uma igreja catélica, uma
evangélica, um posto de salde e um saldo para as reunides comunitarias e para a
realizacdo de eventos culturais e religiosos.

Por estarem inseridas em um ambiente natural, os comunitarios desenvolveram
praticas de sobrevivéncia a partir de sua relacdo com a natureza, pois, muitas familias
na Resexmar de Soure sobrevivem de atividades como a pesca, catacdo do
caranguejo, fabricacdo de carvao, criacdo de animais domeésticos, cultivo de plantas
medicinais e confeccdo de artesanatos (Oliveira, 2012). Apesar das praticas de
sobrevivéncia nessa UC serem pautadas em atitudes sustentaveis, as comunidades
enfrentam ameacgas ambientais que pdem em risco a sobrevivéncia das populagbes
locais (Lobato et al., 2014). Além da acdo direta do homem no local, observa-se,
também, ao longo da histdria das comunidades que houve algumas mudangas no
territdrio, em decorréncia do fendmeno de entrada de marés, designacao dada pelos
proprios comunitarios.

Em virtude desse fendbmeno, muitos moradores, ao longo dos ultimos anos
foram obrigados a mudar os locais de suas moradias, adentrando o territério; e hoje o
espaco, antes habitado, constitui area de praia. Segundo os trabalhos de Souto;
Beltrdo e Oliveira (2019) e Oliveira et al. (2020) os quais analisaram mudancgas nos
padrdoes de precipitacdo e temperatura ao longo de 30 anos na llha do Marajo,

constaram que o municipio de Soure, localizado a leste, foi um dos municipios que
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apresentou maiores variagdes nesses parametros. Neste sentido, o trabalho de Assis
et al. (2020), revelou que esses comunitarios possuem percepcdes que fundamentam
0 conhecimento de que as mudancas climaticas estdo ocorrendo e afetando a regido
costeira da Resexmar Soure.

A partir desse contexto, nota-se, com base em evidéncias cientificas e nas
percepcbes dos comunitarios, que a Resexmar de Soure vem sofrendo pressoes,
causadas por fatores meteoroldgicos, as quais constituem ameacas a permanéncia e
sobrevivéncia das comunidades. Assim, busca-se compreender quais 0s niveis de
percepcao local sobre as mudancgas climaticas, como se como se estruturam e quais

fatores moldam essas percepcgoes.

1.5 Justificativa e interdisciplinaridade da pesquisa

Conforme descrito nos topicos anteriores, vimos que, dentro do contexto das
mudancas climaticas, esforcos voltados para a avaliacdo da compreensdo das
populacdes humanas sobre esse fenbmeno, ainda é pouco utilizado. Assim como as
avaliacdes sobre os SE vém limitando-se a atribuicdo de valor econémico, dando
pouca énfase as percepcdes dos povos que estabelecem relacdo direta com os
recursos da natureza. Nesse sentido, estudar e compreender como comunidades
costeiras percebem e compreendem determinados eventos é extremante Gtil para
criar medias de conservacgao e educacao ambiental mais pontuais.

Dada a influéncia antropica nos processos globais de clima, circulacdo de
nutrientes, deslocamento de espécies, por exemplo, € notério que a desvinculacéo
entre natureza e pessoas se torna cada vez mais sem sentido (Buschbacher, 2014).
Dentro desse contexto, a presente proposta de pesquisa pode ser definida como um
estudo interdisciplinar, pois, visa compreender a partir das percepcdes locais a
ocorréncia das mudancas climaticas, alteragdes no fluxo de servi¢cos ecossistémicos
face a essas mudancas e quais fatores socioeconémicos moldam essas percepcoes,

aliando conhecimentos das ciéncias ambientais, ecoldgicas e humanas.

1.6 Objetivos
1.6.1 Geral

Compreender como as comunidades estabelecidas na Reserva Extrativista
Marinha de Soure tém percebido as mudancas climaticas e como esse fendmeno tem

afetado a provisao de servicos ecossistémicos.
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1.6.2 Especificos

Avaliar a congruéncia da percepcdo sobre alteracbes no padrdo da

precipitacdo, na Reserva Extrativista Marinha de Soure, com dados cientificos;

Aferir a percepcao sobre mudancas climaticas a partir de diferentes escalas de

tempo, espaco geografico e niveis de incerteza;

Compreender a partir das percepc¢des locais como as mudancas climaticas

afetam o fluxo de recursos pesqueiros, madeireiros e ndo madeireiros;

Compreender a partir das percepc¢des locais como as mudancas climaticas

afetam o fluxo de servigos ecossistémicos.

1.7 Hipo6teses

As comunidades pertencentes a Reserva Extrativista Marinha de Soure
apresentam altas percep¢fes sobre mudancas climéticas, construidas a partir dos

saberes tradicionais;

Dada a relacao dos tradicionais com 0s ecossistemas locais, a partir de suas
praticas de uso e manejo dos recursos naturais, estes construiram saberes que

denotam altas percep¢des sobre 0s recursos e servicos ecossistémicos;

1.8 Estrutura da tese

A tese esta estruturada em 6 capitulos (figura 2). O capitulo 1 apresenta o
referencial teérico que norteia este estudo interdisciplinar, nele sdo abordadas as
mudancas climéaticas em areas costeiras e alteracdes no bem-estar; percepcdes sobre
mudancas climaticas e a perda de servicos ecossistémicos em areas costeiras; a
caracterizacdo socioecologica da area de estudo, a Reserva Extrativista Marinha de
Soure, seguida da justificativa da interdisciplinaridade.

O capitulo 2 traz o primeiro artigo, que avaliou a congruéncia da percepcao
sobre os padrdes local de chuva com dados cientificos. O artigo foi publicado na
revista Heliyon, intitulado flLocal perceptions do not follow rainfall trends: A case study
in traditional Marajo Island communities (eastern Para state, BR)a

No capitulo 3 é apresentado o segundo artigo que levantou as percepcgdes

sobre mudancas climaticas em diferentes escalas de tempo, espaco geografico e
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cenarios de incertezas. O artigo foi publicado na revista Heliyon, intitulado: fAre
perceptions of climate change in Amazonian coastal communities influenced by
socioeconomic and cultural factors?0 .

O capitulo 4 traz o terceiro artigo: Th@ perception of the effect of climate
change on the provision of nature's resources is affected by the age and isolation of
communitiesq no qual foram levantadas as percepcdes sobre a perda de beneficios
pesqueiros, madeireiros e ndo madeireiros dado o cenario das mudancas climéticas
e os fatores sociais que influenciam as percepcoes.

No capitulo 5 ® apresentado 0 Perrepedo tdas seavicds
ecossistémicos costeiros no contexto das mudancas climaticas: um estudo em
comunidades costeiras ha Amazoniao , gvalieu a partir das percepcgdes locais a
perda de servicos ecossistémicos (regulacéo, habitat ou suporte, provisao e culturais).

Por fim, o capitulo 6 traz uma concluséo geral, mostrando os resultados mais
expressivos e globais apresentados na tese, mostrando como estes podem contribuir
para a criacdo de politicas publicas e a¢des de mitigacdo dos impactos das mudancas

climéticas.

Figurai 2 Estrutura da Tese
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CAPITULO 2 LOCAL PERCEPTIONS DO NOT FOLLOW RAINFALL TRENDS: A CASE
STUDY IN TRADITIONAL MARAJO ISLAND COMMUNITIES (EASTERN PARA STATE,

BR)
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ARTICLE INFO ABSTRACT

Keywords: The great current challenge for the conservation and use of natural resources refers to global
Climate perception climate change, because of its impacts felt in different intensities at global, regional, and local
Amazon

spatial scales. Within the system of environmental protection areas in Brazil, the extractive re-
serves ensure the sustainable use of natural resources by traditional populations, thus maintaining
the cultural and biological aspects of a region. Such populations, being in close management of
the surrounding environments, tend to perceive changes in ecological processes that many need
for their livelihoods. The use of this perception of local populations in conjunction with academic
research evidence has a high potential to allow a whole and systemic view of possible changes in
natural phenomena. This study developed an integrated analysis of scientific evidence and local
perceptions to understand the variation of precipitation in a community inserted in an extractive
reserve in the eastern Amazon. We used 30 years of precipitation data from the Brazilian National
Institute of Meteorology - INMET, the Southern Oscillation Index - SOI, and the Atlantic Merid-
ional Mode Index - AMM. Furthermore, we applied a form to measure the population’s perception
of possible changes in rainfall cycles in the region. The meteorological data indicate that the
region of the community has been presenting a rainfall reduction; however, people in the com-
munity do not perceive this trend. Although it is public knowledge that the global climate is
undergoing changes, a fact noted after the integrating analysis of scientific evidence with local
knowledge in Resexmar Soure is that the perceptions of traditional populations often focus on
smaller temporal and spatial scale visions.

Coastal zones
Marine Extractive Reserve of Soure

1. Introduction

Human activities such as burning fossil fuels and deforestation are related to the considerable increase in greenhouse gases in the
earth’s atmosphere, contributing to climate change [1]. A direct consequence of this scenario is that low-lying coastal areas in Central
and South America are increasingly exposed to climate-related risks, particularly due to temperature-increasing phenomena, South El
Nifio Oscillation (SENQ), and storms [2].
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Considering this scenario of changes, the projections of the Intergovernmental Panel on Climate Change (IPCC) estimate an average
global increase in sea level, which is accelerating and can increase from 0.29 to 1.10 m until 2100 [3]. Given this scenario, coastal
environments are the most vulnerable and, consequently, most affected areas [4] by this event, and may undergo changes in their
current configuration [5], resulting in degradation and, in extreme cases, its disappearance [4]. Although climate change risk pro-
jections for coastal areas are dated to the future [6-8], and are among the main threats to the security of human populations estab-
lished in these areas [9], their current effects need to be measured. In this context, studies show considerable increases in average air
temperature over 30 years [10]. These changes are directly associated with the decline of forest vegetation [11], compromising the
populations of Extractive Reserves (Resex) in the Amazon that depend on these resources [12].

Different of the increasing number of studies to understand the phenomenon and its negative effects, the local knowledge of
populations had a little attention of the science [13,14]. Considering man as an integral part of nature, we understand that the social
approach to understanding the phenomenon is as relevant topic. Perception consists of how human beings see the environment and
how they understand the laws that govern it, this view is the result of knowledge, experiences, beliefs, emotions, culture and actions,
translating into experiences [15]. It is inherent to each person, based on how they perceive, react and respond, both to interpersonal
relationships and actions in the environment [16]. Considering that the reaction of individuals is part of their interpretation of a given
event [17], the understanding of the environmental perceptions of coastal populations and the factors that influence them can provide
important information to communicators about threats in the coastal environment, while helping to clarify the influences on general
perceptions of climate-related risks [18].

Climate has received much importance in scientific studies, employing various approaches and as a result different trends of
precipitation and temperature have been found [19-23]. However, it can be seen that studies that jointly evaluate data from mete-
orological variables and local perceptions have been advancing timidly, requiring a greater effort by the scientific community to
overcome this gap [24-27].

The congruency of social perception and scientific data enables a more effective communication between academia and society,
influencing the acceptability of local communities in relation to possible interventions and/or public policies for mitigation and
adaptation to climate change [28,29]. However, this congruency isn’t a currently pattern, resulting in a divergence between the
subjective evaluations of the residents and the objective data on the dynamics of changes in certain environmental elements [30,31].
To test that local communities had an environmental perception in congruency with the scientific data, we studied the social
knowledge of three coastal communities in eastern Amazonia about changes in rainfall patterns.

The coastal communities covered by this study are inserted in the area delimited by the Marine Extractive Reserve of Soure
(Resexmar Soure) which is located in a coastal region, being therefore more exposed and vulnerable to variations in weather patterns,
according to current forecasts. These variations may compromise the well-being of the local population that uses the preservation area
of Resexmar Soure for the exploitation of natural resources and marine fishing, activities that make up the livelihood and complement
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PROJECTION e Community / Villages [l Forest Vegetation i
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SOURCE: IBGE 2022 || Bl Artificial Area VILA DO PESQUEIRO

Fig. 1. Location of Resexmar Soure and land use and land cover in its vicinity.
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their family income. Based on these considerations and based on the characteristics of the region, the following hypotheses were
tested: 1 - The population of Resexmar Soure perceives changes in local rainfall patterns recorded through meteorological stations; 2 -
Changes in these patterns have affected the well-being of the local population. To answer these hypotheses, precipitation and indi-
vidual perception data were collected from meteorological indices from the application of forms to residents, which were analyzed
from the geographic perspective of perception.

2. Material and methods
2.1. Characterization of the study area

Resexmar Soure is a Conservation Unit located in the coastal region of Marajé Island, bordered to the north by the Atlantic Ocean,
to the south by the municipality of Salvaterra, to the east by the Marajé Bay, and to the west by the municipalities of Chaves and
Cachoeira do Arari [32] (Fig. 1). The Resexmar Soure is composed of three communities, which are respectively distant from the urban
center of Soure: Vila do Pesqueiro, 7 km; Comunidade do Caju-[’lna, 18 km; and Povoado do Céu, 23 km [33].

In the region the average annual precipitation is greater than 3000 mm. year ' [34], and the period of December occurs the
greatest accumulation of precipitation [> 400 mm; 41]. The relative humidity during this period is 84% and the air temperature varies
between 23.3 °C and 31.5 °C. Between June and November, the average monthly precipitation is less than 105.0 mm, with a relative
humidity of 78% and temperatures between 24 °C and 32 °C [35]. Thus, it is characterized by a typical rainy and humid climate regime
with relatively low air temperatures in the first half of the year and, conversely, a dry regime with relatively high air temperatures in
the second half of the year [36].

The primary source of income for traditional human populations is the use of natural resources, in an orderly manner and with little
predatory potential, in addition to wages for civil servants and retired people, as well as the payment of government benefits for
traditional communities, such as Seguro Defeso, Bolsa Verde and Bolsa Familia. The main extractive activities are fishing, crab and
shrimp harvesting, and extraction of forest products [33]. These populations coexist and develop themselves based on the knowledge
transmitted by their ancestors or their experiences in the field [37]. The target audience of this study, the residents of the Resexmar
Soure, is located in natural environments, whose vegetation is composed of restinga areas [38], dry and flooded fields, as well as tesos,
which are areas of anthropogenic origin formed during the occupation of the island by pre-Columbian populations [39].

The community members build their houses on wooden pillars (palafitas type) to prevent them from flooding and being carried
away by the current, which is stronger between the months of February and March. They built their houses with federal government
funds in partnership with the National Institute for Colonization and Agrarian Reform (INCRA) [33]. The houses have electricity, piped
water, and some have internet access. Each community has a primary school, a meeting center for cultural and religious events, and a
primary care clinic that treats common illnesses such as flu, cold, headaches, gastrointestinal problems, and injuries [40].

2.2. Data acquisition

2.2.1. Meteorological data

We used data on precipitation from the Brazilian National Institute of Meteorology (INMET), from the Soure station, located at
—0.73 latitude and —48.52 longitude and 12.6 m altitude, for the period from 1989 to 2019 (31 years). The Climate Prediction Center/
National Oceanic and Atmospheric Administration (CPC/NOAA) provided Southern Oscillation Index - SOI and Atlantic Meridional
Mode - AMM index data to characterize precipitation variability. These data provide monthly Sea Surface Temperature (SST) and Mean
Sea Level Pressure (MSLP) anomaly values for the period January 1989 to December 2019, with a total of 372 values, for both the
Atlantic (AMM) and Pacific (SOI) Oceans.

2.2.2. Processing of the meteorological data

Calculation of the standard deviation of the 31 years of rainfall data provided by INMET, determined the range of precipitation
variability [41]. In this sense, the most expressive deviation results considered are those above or below the established variability
range.

The Northeast of Pard annual climatology, where the Marajé mesoregion is located, is related to the large-scale influence systems
such as the ITCZ (Intertropical Convergence Zone), strong local convection, Cumulunimbus agglomeration and because of the location
near coastal areas, to the squall lines [42]. Large-scale systems are influenced by planetary ocean-atmospheric mechanisms, such as the
Atlantic dipole (showing opposite signs of anomalies to the equator north and south) and El Nifio-Southern Oscillation (ENSO). These
mechanisms contribute to changes in the atmospheric circulation that are responsible for interannual precipitation variability over the
Amazonian northeast. As a result, it was decided to use the Southern Oscillation Index (SOI) and Atlantic Meridional Mode (AMM)
index since the phenomena to which these indices refer (El Nino, La Nina, and Atlantic Dipole, respectively) directly affect the
interannual variability of precipitation.

The Southern Oscillation Index is a numerical development and intensity indication of the El Nifio Southern Oscillation (ENSO),
and it is calculated using the average pressure differences at sea level/atmospheric pressure between Tahiti and Darwin based on a
monthly analysis in order to define the high and low SOI values, related to the phases: cold.

(La Nina, SOI+) and hot (El Nino, SOI-) from ENSO [43]. The Atlantic Meridional Mode (AMM) is calculated based on the Sea
Surface Temperature (SST) that shows the interhemispheric gradient performance (Atlantic Dipole). The AMM does not contribute to
the rain formation at its positive phase and contributes to rain formation within the region due to ITZ north-south modulation over the
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ocean at its negative phase [44].

We also chose to apply the nonparametric Mann-Kendall test [45] in the time series of precipitations from Soure station between
1989 and 2018 (30 years) where the monthly precipitation values were added to generate annual precipitation (PRP) and seasonal
rainy regime (December to May) and Dry regime (June to November) - to detect positive/negative - or increase/decrease - significant
trends, according to Refs. [46-48].

2.3. Obtaining the social data

2.3.1. Sampling

Resident informers were selected from one of the communities within Resexmar Soure, with ages equal to or over 18 years old. In
total 112 interviews were made with 46 in Vila do Pesqueiro, 31 in Comunidade do Caju-Una and 35 in Povoado do Céu (Table 1), This
number reflects the maximum sample effort obtained in the data collection and, according to the last survey [49], corresponds to
44.98% of these communities’ population counted 249 families. Our sample presents a 93% confidence index which is an acceptable
rate for human population research [50].

2.3.2. Preparation of the perception forms'

A two-section structured form (supplementary material 1) served to obtain the data. The first section was: I. Socioeconomics, and
comprise variables such as: i. gender; ii. age; iii. years of residence; iv. annual income; v. number of people in the household; and vi.
years of schooling. The second was: II. Perception of precipitation in the community. The levels of perception in section Il had assertive
characteristics, on a 5-point Likert scale (where 2 means strongly disagree, and 10 means strongly agree) [51]. By answering the
assertions, respondents indicate their degree of agreement regarding a situation or scenario presented. This tool has been widely used
to understand perceptions of climate change [52-54].

The framing of the assertions considered the context of changes in rainfall patterns in order to understand how the residents of Vila
do Pesqueiro perceived this phenomenon. In this sense, considering the empirical knowledge of traditional communities, the com-
munity members contributed by answering how often they have perceived changes in rainfall patterns, and whether this has affected
their local well-being.

2.3.3. Assessment of the agreement of changes in local rainfall level and well-being

The development of an agreement scale based on the work of Assis et al. (2020) [40] made it possible to quantify the degree of
agreement on perceived changes in local precipitation patterns. The quantification of the assertions derived from the answers in the
forms indicated the level of agreement of the respondents in relation to the phenomenon presented. The agreement scale, which
assessed the degree of agreement, ranged from 2 to 10, considering 2 as the minimum score scale (no agreement) and 10 as the
maximum score scale (very high agreement, Table 2).

To assess the well-being of community members, we considered Kahneman’s approach [55] that proposes five conceptual levels for
well-being research: 1. External conditions (e.g., income, neighborhood, housing); 2. Subjective well-being (e.g., self-reports of
satisfaction and dissatisfaction); 3. Persistent mood level (e.g., optimism/pessimism); 4. Transient emotional states, immediate
pleasures or pains (e.g., joy, anger); and 5. Biochemical and neural bases of behavior. We chose to use "subjective well-being," to

Table 1

Sociceconomic data of respondents in Resexmar Soure.
Gender N° %
Male 56 50.00
Female 56 50.00
Age
18 to 20 8 7.14
21 to 40 26 23.21
41 to 60 42 37.50
61 or more 36 32.14
Education level
Incomplete elementary school 60 53.57
Complete elementary school 7 6.25
Incomplete high school 10 8.92
Full high school 28 25.00
Complete higher education 7 6.25
Length of residence
1to 10 14 12.50
11 to 20 20 17.86
21 to 40 21 18.75
41 or more 57 50.89
Household size
103 58 51.79
4to6 44 39.29
7 or more 10 8.93
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Table 2
Classification of levels of perceived changes (Adapted from
Assis et al. (2020).

Classification Score

No agreement 20

Low agreement 21to4.0
Agreement 4.1 to 6.0
High agreement 6.1 to 8.0
Very high agreement 8.1 to 10.0

capture the degree to which respondents are satisfied or dissatisfied with possible perceived changes in rainfall patterns. Such an
approach focuses on people’s subjective judgments and experiences [56].

To complement the analysis of perceptions, we adopted a field diary to record the events relating to the days of interviews, as well
as people’s understandings, transcribed in speeches, about the phenomenon studied and their relationships with nature [57]. The
descriptions reported by the community members were interpreted based on Content Analysis [58], which aims to extract expressed or
latent meanings from a message. In this type of analysis, the researcher seeks to penetrate the ideas, mindsets, values, and intentions of
the communication producer to understand his message. The content is analyzed from the sociocultural context of the message
producer: the intentions, pressures, conjuncture, and ideology that conditioned the production of the message in an effort to articulate
the objective, quantitative rigor with comprehensive, qualitative richness.

The analysis of the socioeconomic data of the residents applied descriptive statistics with the measurement of the percentage in the
different categories, namely: age, years of residence, education, and household size. The analyses were conducted in R software [59],
presenting the data in a table (Table 1).

3. Results
3.1. Annual precipitation and the SOI and AMM indices

The region’s precipitation varied in the analyzed period between 1500 mm and approximately 3500 mm annually, according to
INMET data (Fig. 2). Precipitation on an annual scale and in the rainy season showed a tendency to decrease in the observed period
(Table 3). There is a marked variability of annual rainfall in this period, with highlights for some years that reached expressive rainfall
values, as in the cases of 1991, 1994, 1995, and 2009, in which values close to 3500 mm of annual rainfall are noted. The variability of
annual precipitation shows a pattern within normality, except for the years 1991, 1994, 1995, and 2009, when there were episodes of
occurrence of rainfall above the normal pattern (anomaly), indicating that the respective years were very rainy. On the other hand,
anomalies also occurred in the years 2007, 2010, 2015, and 2016. However, these were years the rainfall volume was below the
expected standard. Such variation observed in that precipitation might be associated with the ocean-atmospheric phenomena that act
in both the Pacific (El Nifio and La Nifia) and Atlantic (Atlantic Dipole) Oceans.

We observed the balance of occurrences of rainfall extremes (pattern outside the range of rainfall - in dashed lines), with four years
of the occurrence of high rainfall volume and four years of low rainfall volume. In addition, most of the events of high rainfall occurred
in the 1990 decade, with the exception of only the year 2009, while the years that presented low rainfall volume, became frequent from
the year 2007, and started to occur at intervals ranging from three to five years.

A small increase in tendency is observed in the SOI positive phase (La Nifa, Fig. 3a), which suggests a pluviometry increase.
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Fig. 2. Annual precipitation series, from Soure station for the period 1989 to 2019, where PRP = precipitation; Desv (+) = Standard deviation
above the mean; Desv (—) = Standard deviation below the mean.
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Table 3
Annual precipitation (PRP) and Seasonal trend - seasonal rainy regime (December to May) and Dry regime (June
to November) at Soure station based on Mann-Kendall test during 30 years, between 1989 and 2019.

Variables 4 s tau

PRP annual —2.72 —161 —0.35
Rainy —2.75 —163 —0.35
Dry —-1.24 -74 -0.16

Z is the Mann-Kendall parameterized statistical test, S is the score of Mann-Kendall and tau is correlation coef-
ficient value to Mann-Kendall. The values in bold indicate P < 0.01.

However, it disagrees with the data presented for the INMET Soure station (Figs. 2 and 3) since it exhibits a negative rain tendency,
especially in the last decade. Moreover, there is an accentuated tendency in the positive AMM phase (Fig. 3b) corroborating with the
precipitation information from the analyzed period. In that way, we consider that the Soure precipitation during the research period is
under a greater influence of the phenomenon that occurs in the Atlantic (Atlantic Dipole), as it influences Intertropical Convergence
Zone oscillation (north-south), contributing directly when it is positioned further south, in the precipitation of the Amazon in austral
autumn (March, April, and May).

3.2. Perception in Resexmar Soure

3.2.1. Socio-economic characterization and rainfall perception of the interviewees

The majority of that population is within an older age group between 41 and 60 years old, and the younger minority is in an 18 to 20
age group, and the distribution of age was similar on the three communities (Fig. 4). It is also noted that the majority have an
incomplete basic education level and is less than where capable of concluding the basic education level. Concerning residence time, the
age pattern is repeated. The majority of the population lives is living in the same community for a period longer than 41 years. As for
the size of the household, it is noted that families are largely composed of 1-3 people in the household.

Local perception revealed that community members mostly believe rain has become more amounts in the community (7.80)
(Table 4). This finding is endorsed by a low concordance level on the statement that addresses the low amounts of rainfall (2.74) and
the low level of agreement in the assertion that address the stability of rainfall patterns in communities. Community members do not
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Fig. 3. Monthly precipitation series (PRP) and SOI(A) and AMM(B) index for periods between 1989 and 2019. The dashed lines show the index and
precipitations tendency.
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Fig. 4. Age distribution in the three communities.

Table 4

Level of perception about precipitation in Resexmar of Soure.
Assertives Perception level scores
1 - It started to rain more in the community 7.80
2 — It started to rain less in the community 2.74
3 — Rainfall patterns remain the same since I have been established in this community 3.07
4 — I haven't been able to notice changes in rainfall patterns since I've been established in this community 3.27
5 ~The decrease rainfall started to harm community residents 2.18
6 —The Increased rainfall started to harm community residents 3.47
7 — The People in the community became more ill due to changes in rainfall patterns 6.50
8 - Community residents began to complain more about climate change 7.72

relate recognized changes in the rainfall pattern to the population damage of Resexmar Soure, as the level of agreement for such a
statement is low (3.47). The reported consequence of increased rainfall in the region is the population’s illness (6.50), as evidenced in
the speech of some community members below.

“With rainfall increase, diseases such as the flu appear”
NASCIMENTO, L., 54 years old.

“With climate change, the most common diseases in the community always appear, such as cough and diarrhea” SANTOS, R. M.
N., 54 years old.

It is relevant to highlight that when residents use speech to refer to the term “climate change” they are referring to changes between
dry and rainy periods. In this sense, based on the statements results and on the speeches of the community members, it is observed that
the reported increase in the amounts of rain does not present significant damages that compromise the community’s well-being since
they offer access to a health center that facilitates treatment, in addition to traditional knowledge that, through the use of medicinal
plants, provide alternative medical care that helps treat and restore these illnesses.

The speech of AMARAL, L., aged 35, resident of Caju-Una, highlights the ability to adapt to changes in the sentence below:

“The Community residents adapt over time to climate changes AMARAL, L., 35 years old.

It is noticed this belief is common among communitarians since they believe that because they are exposed to the alterations, they
will be capable of developing adaptative mechanisms in order to reestablish themselves from the illness. This result reaffirms once
again the communitarians’ perception that the rain pattern observed changes do not generate consequences that constitute severe
threats to the well-being of communities.

As a general rule, they also agree that community residents began to complain more about climate change (7.72), believing that its
effects can already be seen in the gradual loss of coastal environment in certain areas, which has been occurring in Resexmar Soure
over the years. This perception can be reiterated in the speech of SALES, S., 64 years old, Povoado do Céu resident:

“With the beach rise, I lost my old house and had to rebuild it in another part of the community” SALES, S., 64 years old.

Besides the natural loss, which is a natural dynamic of the local coastal environment, the residents attribute the acceleration of this
process to human action in nature - the main cause of climate change - as NASCIMENTO, A., 52 years old, a resident of Vila do
Pesqueiro, claims:

“Nature doesn’t mess with anyone, we mess with it” NASCIMENTOQ, A., 52 years old.

Thus, we note that the perceptions of residents about changes in rainfall patterns, as well as how this can affect the collective well-




34

D.M.S. Assis et al. Heliyon 9 (2023) e15497

being in Resexmar Soure, are based on their observations about the phenomenon. Besides that, we also notice that traditional
knowledge is present in the construction of these perceptions, which are evidenced in the speeches. This knowledge shapes their
worldview, governs their actions, and characterizes the traditional Amazonian lifestyle.

4. Discussion

The coastal area of Maraj6, where Resexmar Soure is located, has undergone changes due to changes in local precipitation patterns
over a 30-year period (1989-2018). Considering this scenario, perceptions reveal that community members have noticed changes, but
these do not follow the downward trend demonstrated by the weather station data, which the MMA index corroborates. Furthermore,
the perceptions also reveal that the perceived changes do not affect the well-being of communities.

The precipitation results in this study are in agreement with others that have used different indices and analyses to assess changes in
weather patterns in the region, such as precipitation estimated by the Tropical Rainfall Measuring Mission (TRMM) satellite [60] and
the use of indicators of climate extremes, the Standardized Precipitation Index (SPI) [61]. These observed trends of decreased pre-
cipitation may lead to disasters associated with droughts, as highlighted by other studies [60,62]. As for the causes of its variability,
they can be attributed to the dominant patterns in the Pacific and Atlantic oceans, which are associated with the occurrence of rainfall
in the Eastern Amazon (location of the area of this study), such as the ENSO phenomenon (El Nifio and La Nina) and the Atlantic Dipole
[63], thus having a direct relationship with the increase or decrease of rainfall in the Amazon.

As perceived in the monthly series of the SOI and AMM indices, the positive trend of the MMA is in agreement with the negative
trend of the variability of precipitation at the Soure station, evidencing the interrelationship between the variability of precipitation
and the sea surface temperature of the Atlantic Ocean. In this regard, Limberger and Silva [64] showed the importance that the Atlantic
has in modulating rainfall in the Amazon basin, which occurs by the entry of moisture by the trade winds such as the positioning of the
ITCZ.

Furthermore, as anomalously warm waters in the tropical North Atlantic define the positive AMM, it results in decreased rainfall for
the rainy season in the Amazon basin, due to the weakening of the northeast trade winds, which causes the ITCZ to position further
north than normal. In addition, according to the AMM index data, this has been occurring frequently in recent years. During the
positive AMM, the moisture flux divergence is less negative in the austral summer months (when the rainy season starts in the
Amarzon), indicating less moisture flux to the region in these periods [65].

As for the fact that the community members believe that rainfall has become more frequent in the region, this is due to their
perceptions being centered on observations made over the last few years, in which the community members have noticed a high
amounts of rainfall in periods considered unusual for the region. One can understand this fact better from the speech of some
members of the Vila do Pesqueiro:

“The rains have become more frequent in the community; it is raining out of season™ RIBEIRO, C., 50 years old.

“It was not common to have rains in the months of July and August; in times past, the rains would have already ceased”
CARNEIRO, M. L., 57 years old.

We noticed that the communitarians’ perception regarding precipitation is based on shorter periods as months. In this regard, we
raise the hypothesis of short temporal distance addressed by the Psychological Distance Theory [66,67]. According to this approach,
the longer the time of an event, the more abstract its understanding becomes [68,69]. In the present study, the precipitation analysis
follows a meteorological pattern, considering a minimum period of 30 years; for perceptions, these follow a personal interpretation
perspective, and that generally presented an understanding pattern within a shorter time scale (months). In this context, Pahl et al.
[70] points out that this is due to the human thinking limitation about the future, which hardly exceeds ten years since its social
constructions are short and based on 4-year electoral cycles and time horizons of 5-20 years used in community planning.

Importantly, most of the survey participants are older people, fishermen, and direct descendants of the first Resexmar Soure settlers
[32], therefore longtime residents within their respective communities. Because they have been established in the region for years and,
particularly in a Conservation Unit, they have built a world vision that is little degraded, based on sustainability and environmental
balance [40,71]. We believe that this reflects in the way they face global climate change and precipitation patterns since although they
perceive such changes, they assume that these events do not constitute threats to the communities, despite current forecasts
demonstrating that this is real [2,12].

Although community members believe that changes in the pattern of precipitation and climate change can cause the emergence of
some diseases, they do not attribute significant damage to climatic events. Our results reveal that they make use of alternative methods
to treat these diseases, with practices that take place through the use of plants to prepare tea, infusion, and baths, in addition to their
use in mystical and spiritual rites [49,72] believe this explains the low-risk perception, as from all the knowledge gathered throughout
their experiences at Resexmar Soure, they were able to develop an adaptation strategy given this scenario of changes.

A recent study for the Amazon reveals that global climate change is the main factor that alters precipitation [73]. In this sense, our
results of the meteorology analysis suggest that Resexmar Soure, being located in the Amazon biome, is facing the results of these
changes, even if in small proportions. The perceptions of the communitarians show the same direction of these changes within that
context it is important to highlight that community members believe that the world has been experiencing climate change, a viewpoint
that follows a common thought pattern among people [74,75].

A study published on the Amazon depicts a common pattern for the entire region, with rainfall occurring more frequently in the
months from December to May, and less frequently in the months from July to November [76]. However, based on local perceptions in
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Resexmar Soure, we noticed that the communities have been experiencing frequent unseasonable rainfall. In this regard, the work of
Paca et al. [77] revealed that rainfall trends in the Amazon are not spatially uniform. Thus, by integrating perception and scientific
data, it is evident that although the temporal (monthly) patterns of precipitation seem altered in Vila do Pesqueiro, it does not mean to
say that the residents’ observation is accurate, since their perceptions are tied to changes in the amounts of rainfall in months that were
previously uncommon, and not in relation to years.

‘We believe this is also due to the community members’ difficulty in portraying information that takes into account a long period of
time, considering that they presented a scenario based on their most recent observations. Although expected, in general, that people
portray perceptions according to climate trends [78], it is important to stress that they can vary greatly from individual to individual,
and particularly from community to community [79]. Besides, in the case of Resexmar Soure, we noted that residents were unable to
indicate a decrease in precipitation patterns as indicated by meteorological data.

5. Conclusions

Our study show that local perceptions are not congruent with scientific data, and considering that the longer the phenomenon last,
the more abstract its understanding becomes, carrying out future studies based on the Theory of Construction Levels is important for us
to understand from which temporal, social, or geographic scales these perceptions are shaped. With regard to perceptions of climate
change, a more in-depth study is necessary, given that we carried out a secondary assessment of this phenomenon.

For policy makers and local interveners, the results highlighted in this study are important because they point out that clarification
actions about the direction of changes in rainfall patterns are useful for the future. This is necessary, since in any successful adaptation
or mitigation strategy, the object to be mitigated needs to be known by the actors involved in the process, generating a certain degree of
acceptance. Thus, our results help in directing future actions, considering that drastic changes in rainfall patterns, and even the in-
fluence of climate change can have serious consequences for the permanence and survival of communities in Resexmar Soure.
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ARTICLE INFO ABSTRACT

Keywords: Climate changes have become undisputed, as have their consequences for global ecosystems and

Marajg island mankind. The coastal areas are among the most affected areas on the planet due to their

Climate perception geographical location. The effects suffered by coastal areas can render the residing populations

f;{s::ﬁf;:l I:ljdt:fe homeless, as well as compromise the continuity of the history and culture of these environments.
The Marine Extractive Reserve of the city of Soure (coastal area of eastern Amazonia) stands out
for housing populations that have developed an intimate relationship with nature and have
knowledge that can explain people's perception of climate changes. In this context, this study
investigated how local residents perceive climate change and its consequences considering
different temporal and spatial scales. To this end, questionnaires were developed and applied
using a 5-point Likert scale. Our results indicate that perception is shaped by socioeconomic and
demographic factors, and that they are perceived on different time scales and geographic space.
These findings reflect the awareness-raising efforts of the management body of this Conservation
Unit and the local knowledge, derived from the relationship of the residents with the natural
environment, which, together, provided the population with assertive information that favor a
better understanding of this phenomenon.

1. Introduction

Climate changes are defined as a modification in the state of the climate that can be identified by changes in the mean and/or the
variability of climatic parameters that persist for a long period of time, typically decades or longer [1]. The perceptions of these
changes have been widely studied along with climatological studies [2,3] to better understand the phenomenon and possible com-
munity responses to these changes. However, the methods used to capture and analyze these insights vary widely [4], limiting the
comparison and integration of the results, and restricting the coherent and cumulative understanding of the phenomenon [5] (see
Fig. 1).
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In this field of study, focusing on a specific context is an excellent path towards a more comprehensive understanding of climate
perception [7]. Studies designed from the Theory of Construct Levels (TCL) provide important information through different di-
mensions of psychological distances, supporting the understanding of how these dimensions can affect decisions and the behavior of
individuals [8]. People understand that climate change is real, caused by society, and that it will have negative consequences. Yet they
may not engage in mitigation and adaptation initiatives if they believe that these consequences will take place far away in time and/or
space [9,10]. Thus, studying peoples’ perceptions broadens compression, as it enables access to different perspectives of psychological
distance, specifically, temporal (when something happens), spatial (where it happens), social (for whom it happens), and hypothetical
(whether it is likely to happen) distances [11,12].

Studies considering TCL have been conducted on several different countries and regions of the world, including Pakistan [13,14],
Italy [15], England [16], Germany [17], the United States [18], the southwestern United Kingdom [19] and Southern Africa [20].
Combining climate perceptions with the psychological distance approach, these studies provide results that demonstrate that the more
temporally, spatially and socially close the interviewees are in terms of how they view the phenomenon, the more willing they are to
accept and participate in actions to mitigate and combat the effects of climate change.

Coastal communities tend to perceive climate change and see it as a threat to their permanence and local survival given its
occurrence [21-24]. The Marine Extractive Reserve of Soure (Resexmar Soure) is a traditional coastal community located in the
eastern Amazon [25]. The populations that reside within the community perform sustainable practices of use and management of
natural resources [26]. Such, activities derive from their close relationship with nature, and from the awareness activities carried out
by the Chico Mendes Institute for Biodiversity Conservation (ICMBio) in partnership with Teaching and Research institutions through
projects focused on Environmental Education [27]. Climate change threatens the communities residing in this Conservation Unit due
to its coastal location [28]. In addition, studies show that climate changes are already taking place in the region [29,30]. In addition,
the Amazon region has been experiencing considerable increases in mean air temperature [31-33] and reductions in precipitation
patterns [34], indicating that the effects of climate changes are already being experienced in the different ecosystems of this biome.

Based on evidence that point to regional changes in weather patterns and the local knowledge present in the communities, we
sought to understand the perceptions about the climate in the Soure Extractive Marine Reserve. We adopted the Construal Level Theory
[35] for a better and broader understanding of the phenomenon. The study was guided by the following questions: 1. Is the population
of the Soure Marine Extractive Reserve able to perceive climate change and link its main causes? 2. Are these changes perceived locally
and/or globally? 3. do these changes occur in the present or will they be a future problem? 4. Are they shaped by any socio-economic
and/or cultural factors? The study was conducted by applying forms containing 5-point Likert scale assertions used to capture climate
perception at different scales of psychological distance (temporal, spatial, social, and hypothetical).

1_1035 Il South America [] Agriculture Area
- B Brazilian Amazon [ Pasture with Management
DATUM B Marajo Integration Area [[Z] Ocupations in Forest Area

SIRGAS 2000 Il Soure Marine Reserve [l Forestry
e Community / Villages [l Forest Vegetation

PROJECTION

UTM 225 Land Use in Soure [ Grassland Vegetation
S [ Ocupations in Rural Area
SOURCE: IBGE 2022 | Ml Artificial Area [ Continental Bobie of Water

Fig. 1. Location of the communities within the Marine Extractive Reserve of Soure (Source: Assis et al. [6]).
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