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RESUMO 

 

Os trópicos estão enfrentando as maiores taxas de degradação florestal globalmente, 
impulsionadas pela produção de commodities, silvicultura, agricultura de commodities e 
incêndios florestais, resultando em apenas 20% de florestas intocadas. Além disso, a 
superexploração de peixes e vertebrados terrestres pode levar à síndrome de floresta 
vazia, prejudicando os serviços ecossistêmicos. A contínua perda de cobertura florestal 
e espécies animais ameaça a segurança alimentar de milhões de pessoas que 
dependem da caça e pesca. Esta crise de biodiversidade, aliada à pobreza e 
desigualdade social, desafia a criação de novos caminhos de desenvolvimento que 
alinhem a conservação da biodiversidade com a melhoria do bem-estar local. A 
Amazônia, representando mais de 50% das florestas tropicais remanescentes, é crucial 
para a regulação do clima e a manutenção da biodiversidade global. Embora as Áreas 
Protegidas sejam fundamentais para a preservação, muitas unidades de conservação 
amazônicas carecem de estrutura e gestão adequadas, e terras indígenas enfrentam 
invasões e exploração ilegal. Iniciativas de manejo comunitário dos recursos naturais 
que acomodam múltiplos interesses locais estão surgindo como ferramentas poderosas 
para recuperar populações de espécies historicamente superexploradas na Amazônia. 
A pesca manejada do pirarucu (Arapaima gigas) é um exemplo de sucesso, no entanto, 
desafios como monopólio pesqueiro, pesca ilegal, logística e remuneração justa para os 
manejadores persistem. Esta tese, explora a pesca manejada do pirarucu no Rio Juruá, 
oeste da Amazônia Brasileira, através de entrevistas com gestores, presidentes de 
associações e pescadores, para investigar a multidimensionalidade dessa atividade na 
proteção territorial, organização social e contribuição da natureza para as pessoas. 
Observamos que o manejo comunitário do pirarucu apresenta um sistema de 
governança policêntrico e adaptativo para promover tomadas de decisão participativas 
e que apresentou um aumento de inclusão e aperfeiçoou os mecanismos de 
monitoramento e sanções de punição  ao longo do tempo, o que pode inspirar outros 
modelos de bioeconomia para a Amazonia. Adicionalmente, a proteção comunitária dos 
lagos para a pesca manejada promove diferentes percepções locais sobre a 
contribuição da natureza para as pessoas principalmente na criação e manutenção de 
habitats, qualidade do ar, materiais e preservação de recursos genéticos. 
Demonstramos que o mapeamento das rotas de vigilância percorridas pelos 
manejadores é substancialmente superior a área de interesse direto para o manejo 
(área do lago). Porém, os custos associados à proteção são desproporcionais aos 
benefícios gerados por essa atividade que pode ser valorizada por mecanismos de 
pagamentos por serviços ambientais para melhor remuneração dos manejadores. 
 

Palavras-chave: Amazônia, co-manejo, conservação. 



    

ABSTRACT  

 

The tropics are facing the highest rates of forest degradation globally, driven by 
commodity production, forestry, agricultural commodities, and forest fires, resulting in 
only 20% pristine forests remaining. Additionally, the overexploitation of wildlife can lead 
to the empty forest syndrome, impairing ecosystem services. The continued loss of 
forest cover and animal species jeopardize the food security of millions of people who 
depend on hunting and fishing. This biodiversity crisis, coupled with poverty and social 
inequality, challenges the creation of new development pathways that align biodiversity 
conservation with the improvement of local well-being. The Amazon, representing over 
50% of the remaining tropical forests, is crucial for climate regulation and the 
maintenance of global biodiversity. Although Protected Areas are fundamental for 
preservation, many Amazonian Protected Areas lack adequate structure and 
management, and indigenous lands face invasions and illegal exploitation. Community-
based natural resource management initiatives that accommodate multiple local 
interests are emerging as powerful tools to recover historically overexploited species 
populations in the Amazon. Community-based Arapaima (Arapaima gigas) fisheries is a 
success story; however, challenges such as fishing monopolies, illegal fishing, logistics, 
and fair compensation for managers persist. This thesis explores the managed fisheries 
of Arapaima in the Juruá River, western Brazilian Amazon, through interviews with 
managers, association presidents, and fishers, to investigate the multidimensionality of 
this activity in territorial protection, social organization, and the contribution of nature to 
people. We observed that community management of pirarucu presents a polycentric 
and adaptive governance system to promote participatory decision-making, which has 
led to increased inclusion and improved monitoring and punishment mechanisms over 
time. This model can inspire other bioeconomy models for the Amazon. Additionally, the 
community protection of lakes for managed fishing promotes different local perceptions 
of nature's contribution to people, mainly in the creation and maintenance of habitats, air 
quality, materials, and the preservation of genetic resources. We demonstrate that the 
mapping of surveillance routes taken by managers substantially exceeds the area of 
direct interest for management (lake area). However, the costs associated with 
protection are disproportionate to the benefits generated by this activity, which can be 
valued through payment mechanisms for environmental services to better compensate 
managers. 
 

Key-word: Amazon, co-management, conservation.
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APRESENTAÇÃO 

Os trópicos atualmente experimentam as maiores taxas de degradação florestal em 

todo o mundo. A produção de commodities, a silvicultura, a agricultura itinerante e os 

incêndios florestais são os principais motores do desmatamento (Curtis et al. 2018), restando 

apenas 20% de florestas intocadas. Além disso, a superexploração de peixes e de 

vertebrados terrestres pode levar a uma síndrome de floresta vazia, carente de serviços 

ecossistêmicos (Wilkie et al. 2011; Antunes et al. 2016). O declínio contínuo da cobertura 

florestal e de espécies animais coloca em risco a segurança alimentar de milhões de 

pessoas indígenas e não indígenas que dependem da caça e da pesca como principais 

fontes de proteínas, gorduras, calorias e micronutrientes (Tregidgo et al. 2020). A crise da 

biodiversidade, combinada com altos níveis de pobreza e desigualdade social, impõe às 

sociedades contemporâneas o desafio de estabelecer novos caminhos de desenvolvimento 

que alinhem a conservação da biodiversidade com a melhoria do bem-estar local (Nobre et 

al. 2016; Campos-Silva et al. 2021). 

A Amazônia representa mais de 50% das florestas tropicais remanescentes e é um 

ambiente crucial para a regulação do clima (Malhi et al. 2008) e para a manutenção da 

biodiversidade em escala global (Pimm et al. 2014). A substituição de florestas por 

agricultura mecanizada de commodities, pecuária e instalação de hidrelétricas em grande 

escala tem sido historicamente responsável pelo desmatamento massivo da Amazônia, que 

alcançou 838.600 km² até o final de 2022. Além disso, 38% da floresta remanescente está 

atualmente degradada por incêndios, efeitos de borda, extração de madeira e secas 

extremas (Lapola et al. 2023), aproximando-se do limiar de não retorno de 40% de 

desmatamento (Sampaio et al. 2007; Lovejoy e Nobre 2019). Embora as Áreas Protegidas 

sejam o principal obstáculo contra a perda de habitat e biodiversidade, a maioria das 

reservas amazônicas carece de estrutura adequada, gestão e monitoramento. Um terço de 

todas as terras indígenas amazônicas ainda não completou seu processo de demarcação 

física e 85% enfrentam regularmente invasões por grileiros, extração ilegal de madeira e 

mineração, que degradam a estrutura florestal e os recursos naturais essenciais para seus 

ocupantes legítimos. 
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Iniciativas de base-comunitária que acomodam os interesses de múltiplos atores 

locais estão emergindo como uma poderosa ferramenta para recuperar populações de várias 

espécies historicamente superexploradas em toda a bacia amazônica (Campos-Silva et al. 

2017). A pesca manejada do pirarucu (Arapaima gigas) praticada em Unidades de 

Conservação, Terras Indígenas e em áreas de Acordos de Pesca é o caso de maior sucesso 

de manejo comunitário dos recursos naturais.  Além dos benefícios de conservação para 

este icônico peixe amazônico, o manejo do pirarucu também se tornou uma grande 

oportunidade para melhorar o bem-estar da população rural amazônida podendo ser 

replicado em diversas bacias hidrográficas e de diferentes contextos sociais. Os principais 

desafios para essa cadeia produtiva são a quebra do monopólio pesqueiro, o combate à 

pesca ilegal, logística, infraestrutura e a remuneração justa para o manejador na beira do 

lago. 

Para construir essa tese  naveguei pelo Rio Juruá, no oeste da Amazônia Brasileira e 

entrevistei gestores, presidentes de associações, pescadores e pescadoras para entender a 

multidimensionalidade dessa atividade na proteção territorial, organização social e na 

contribuição da natureza para as pessoas em comunidades manejadoras e não manejadoras 

de pirarucu. Ela é composta por três capítulos em formatos de artigos científicos que se 

complementam de maneira cronológica na implementação dessa atividade. 

“Você consegue fazer tudo sozinho aqui no Médio Juruá, menos manejar. Você 

precisa ter uma comunidade organizada! O manejo começa impactando a organização 

social das famílias…” Essas frases de Manoel Cunha, liderança do Médio Juruá ilustram 

muito bem o que apresento no primeiro capítulo intitulado: “ The community management of 

Arapaima (Arapaima gigas) in an Amazonian bright spot: a history of institutional 

strengthening” . Nele, descrevo o histórico da implementação do manejo do pirarucu no rio 

Juruá, o sistema policêntrico de governança e analisamos as modificações nos regimentos 

internos das comunidades manejadoras ao longo do tempo de acordo com os princípios 

propostos por Elinor Ostrom para o manejo de recursos comuns. Manoel segue com sua 

fala: “Depois, traz uma colaboração e um impacto também na biodiversidade, se 

protege um lago para tirar uma ou duas espécies, mas acaba ficando protegido todo 

aquele ecossistema dentro daquele ambiente, né? Até a floresta, porque não se pode 
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derrubar uma árvore nem para tirar uma abelha (mel) sequer na redondeza desses 

lagos de manejo, porque algum peixe daquele ambiente se alimenta daquela fruta…”. 

Inspirada nessas palavras, o capítulo 2 “Community-based conservation catalyzes 

multidimensional nature’s contributions to people”, revela como o manejo do pirarucu é uma 

atividade mantenedora de serviços ecossistêmicos através da comparação das percepções 

locais antes e depois da implementação da atividade para comunidades manejadoras de 

pirarucu, que são contrastadas com as percepções atuais de comunidades não manejadoras 

de pirarucu. Por fim, Fernanda Moraes, moradora e liderança feminina da comunidade Lago 

Serrado é minha grande inspiração para o capítulo 3: “ Se um dia eu pudesse ter contato 

com alguém de fora, e que se alimenta do peixe que tem no nosso lago, eu gostaria de 

dizer: - Olha, você está comendo fruto de união, de um cuidado que as pessoas têm 

para que esse alimento chegue até você! Você está tendo o privilégio de se alimentar 

de um peixe que engloba amor, cuidado, proteção e união juntos.”. Nesse artigo, 

Intitulado “Community-based fisheries management exert a vast value-added effective 

protection footprint in Amazonian forests” mapeei as rotas de vigilância percorridas pelos 

manejadores de pirarucu e descobri que a área localmente protegida por eles é 

substancialmente maior do que a área de interesse direta para o manejo (área do lago), no 

entanto todos os custos associados à vigilância são pagos pelos próprios manejadores, o 

que é desproporcional aos benefícios gerados por essa atividade. Por isso, discuto que 

mecanismos de pagamentos por essa atividade devem ser desenvolvidos para melhor 

valorização do pirarucu de manejo e consequente melhor remuneração para o pescador na 

beira do lago. Boa leitura! 
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1. REVISÃO DA LITERATURA 

1.1 As várzeas amazônicas 

As zonas úmidas são ecossistemas globalmente importantes para a conservação 

da biodiversidade e para o bem-estar humano ((Butchart et al., 2010; Junk et al., 

2014a). Apesar de cobrirem somente 0.8% da superfície terrestre, esses ecossistemas 

abrigam cerca de um terço de todas as espécies de vertebrados, além de sustentarem 

diretamente os meios de vida de milhões de pessoas pela exploração de peixes e 

vertebrados, solos férteis para agricultura, água potável, ciclagem de nutrientes e 

regulação do clima (Groot et al., 2012). A Amazônia corresponde a mais de 50% dos 

remanescentes de florestas tropicais sendo que uma vasta proporção de sua área é 

formada por mosaicos de paisagens naturais de áreas úmidas inseridas dentro de uma 

matriz de florestas de terra firme sob solos geralmente pobres em nutrientes e acima do 

nível máximo da água das planícies aluviais adjacentes(Tuomisto et al., 1995). As 

planícies aluviais amazônicas compreendem uma variedade de habitats, incluindo 

florestas alagadas, savanas hidromórficas, áreas úmidas costeiras, florestas de maré e 

florestas sazonalmente alagadas. Essas áreas úmidas amazônicas são classificadas de 

acordo com suas características climáticas, edáficas e florísticas (Junk et al., 2014b, 

2011). Com base nesses critérios, dois grandes grupos de áreas úmidas podem ser  

distinguidos: aquelas com níveis de água (i) relativamente estáveis ou (ii) oscilantes 

(Junk et al., 2011). 

As zonas úmidas amazônicas de nível de água variável podem ser sazonalmente 

alagadas por rios de água branca, como o Solimões, Madeira, Japurá e Juruá, de águas 

pretas como o Negro, Tefé e Jutaí, ou ainda por rios de águas claras como o Tocantins, 

Tapajós e Xingú (Wittmann et al., 2006). Os rios de águas brancas são ricos em 

nutrientes, pois possuem as suas nascentes na Cordilheira dos Andes (Junk et al., 

2011) que depositam anualmente sedimentos em suas águas. As florestas 

sazonalmente alagadas por rios de água branca são conhecidas como várzeas, que 

são as zonas úmidas mais ricas em espécies de árvores no mundo, compartilhando 

muitas espécies com as florestas de terra firme, além de possuir um alto número de 
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espécies endêmicas adaptadas para sobreviver ao longo período de inundação 

(Wittman et al., 2017). A alternância anual entre períodos de inundação e de seca é a 

principal responsável por moldar as formas de sobrevivência das espécies nas 

diferentes épocas do ano (Costa et al., 2018). A fácil acessibilidade de transporte pelos 

rios, a provisão de solos férteis para plantio durante a estação seca e a alta 

produtividade pesqueira favorecem a ocupação das várzeas pelas comunidades 

humanas rurais (Junk et al., 2011; Wittmann et al., 2006). 

1.2 Serviços Ecossistêmicos e Contribuição da Natureza para as Pessoas 

Os ecossistemas dão suporte à vida no planeta(Corvalan et al., 2005; Costanza, 

2020; Costanza et al., 1997). As funções ecossistêmicas são conceituadas como 

serviços ecossistêmicos (SE) quando trazem ideias de valor, saúde, bem-estar, meios 

de subsistência e sobrevivência para o ser humano (Daily and Matson, 2008). Estas 

funções provêm benefícios às pessoas, gerando soluções econômicas e sociais devido 

ao uso direto e indireto dos recursos naturais (COSTANZA et al., 2017). Através dos SE 

é possível medir a integridade ecológica de um ecossistema, e sua capacidade em 

realizar as funções de regulação, produtividade e resiliência (Groot et al., 2002). 

O conceito de SE se transformou ao longo do tempo objetivando unir a ciência, 

os recursos naturais, e questões sociais para que fosse possível interligar as políticas 

ambientais e socioeconômicas. Seguindo o conceito de SE, a Plataforma 

Intergovernamental de Políticas Científicas sobre Biodiversidade e os Serviços de 

Ecossistema (IPBES) desenvolveu o conceito de "Contribuição da Natureza para as 

Pessoas" (NCP – nature's contribution to people - em inglês) (Díaz et al., 2015). Este 

conceito surgiu para ampliar pontos abordados pelos serviços ecossistêmicos, com a 

inclusão das partes interessadas, perspectivas e conhecimentos de populações 

tradicionais e indígenas. Assim, o NCP inclui as relações (positivas ou negativas) das 

pessoas com a natureza, e as relaciona com a diversidade de ecossistemas e à 

qualidade de vida (Díaz et al., 2018). 

Neste contexto, a valoração de NCP (daqui em diante substitui o conceito de 

serviços ecossistêmicos) significa qualificar e quantificar os serviços da natureza que 
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estão sendo usados e percebidos pelas atividades humanas. Com isso é possível 

verificar o quão melhor ou pior estão os recursos naturais e o bem-estar das pessoas 

envolvidas em determinado período (Pascual et al., 2017). Ou seja, através das 

medidas adequadas, a valoração será capaz de mostrar quais são os NCPs que estão 

em evidência para o bem-estar humano (Pascual et al., 2017) 

A valoração dos NCPs é uma importante ferramenta para ser utilizada no 

planejamento de estratégias de conservação de modo que combinem adequadamente 

proteção e formulação de planos que garantam a sustentabilidade e a qualidade de vida 

dos povos locais (Díaz et al., 2018; Pascual et al., 2017). Quando se usa a mensuração 

dos NCPs em valores monetários, pode-se tornar mais palpável a utilidade daquele 

recurso utilizado pela sociedade, direta ou indiretamente (Costanza, 2001), de acordo 

com os modelos de mercado. Desta forma, isto poderá auxiliar no entendimento de 

como ocorre o declínio dos NCPs para evitar declínios e prejuízos futuros (Carpenter et 

al., 2009; Corvalan et al., 2005). Sendo assim, a valoração, não só a monetária, 

integrada à percepção da sociedade sobre os recursos naturais visa reconhecer a 

diversidade de valores existentes a partir dos sistemas de conhecimento locais, 

entendendo o valor social dos NCPs e como são utilizados. Porém, além das 

valorações de mercado, que são baseadas em moedas de mercado, há uma 

necessidade de reconhecer também valores não monetários, que também são de 

grande valia para o funcionamento dos ecossistemas e bem-estar da população 

mundial. 

Há uma grande lacuna de conhecimento sobre os NCPs e sua valoração na 

Amazônia, especialmente sob a perspectiva das comunidades locais (Strand et al., 

2018) Reconhecer e integrar esses conhecimentos é essencial para desenvolver 

políticas ambientais e socioeconômicas que sustentem esses serviços a longo prazo 

(Kiker et al., 2005). A valoração dos recursos naturais é crucial, pois estima os fluxos 

desses recursos para identificar os impactos ou melhorias da natureza no bem-estar 

humano (Chan et al., 2016; Díaz et al., 2018). 

As comunidades locais possuem um entendimento profundo e específico do 

ecossistema, que pode complementar os dados científicos e contribuir para estratégias 
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de conservação mais abrangentes (Brondízio et al., 2021). A colaboração entre 

cientistas, formuladores de políticas e comunidades locais pode levar a soluções mais 

sustentáveis e equitativas para a gestão dos recursos naturais na Amazônia. Assim, a 

integração de conhecimentos científicos e locais não só preserva a biodiversidade, mas 

também promove o bem-estar humano ao garantir que os benefícios dos recursos 

naturais sejam compartilhados de maneira justa e sustentável (Campos-Silva and 

Peres, 2016). Não obstante, a inclusão das comunidades locais no processo de 

valoração é fundamental para garantir que as políticas sejam eficazes e justas. 

Nesse contexto, o pagamento por serviço ambiental (PSA) surge como uma 

ferramenta eficaz para a conservação e a sustentabilidade. Os primeiros programas de 

PSA na Amazônia foram iniciados por volta dos anos 2000 e se destacam pela 

aplicabilidade e pelas lições aprendidas a longo prazo. Um exemplo notável é o 

Programa de Desenvolvimento Socioambiental da Produção Familiar (Proambiente), 

que prevê pagamentos pela redução do desmatamento, programas de sequestro e 

carbono evitado, diminuição ou finalização do uso de agrotóxicos, redução de 

queimadas, conservação do solo, água e da biodiversidade (Onishi, 2019). Esses 

programas demonstram como incentivos econômicos podem alinhar os interesses das 

comunidades locais com objetivos de conservação, promovendo práticas sustentáveis 

que beneficiam tanto o meio ambiente quanto as populações que dependem dele. 

 Os programas de PSA mais frequentes globalmente incluem o sequestro 

de carbono ou a emissão evitada de gases carbônicos na atmosfera. Para a 

implementação desses programas, são necessários trabalhos técnicos para obter 

estimativas de quanto carbono seria emitido e evitado, estabelecer metas de redução 

de emissão e calcular o carbono sequestrado por áreas de floresta protegidas ou 

reflorestadas. Embora os projetos do REDD+ (Reducing Emissions from Deforestation 

and Degradation) sejam amplamente reconhecidos, é importante notar que o foco aqui 

está na ampla aplicabilidade dos PSAs (Matthews et al., 2014; Parker et al., 2008). 

Um exemplo no estado do Amazonas é o Programa Bolsa Floresta (PBF) que 

oferece apoio e fomento para comunidades tradicionais, visando contribuir com a 

conservação das florestas e a melhoria da qualidade de vida. Para assessorar essas 
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comunidades, o programa promove diferentes medidas que visam desde o 

fortalecimento da participação, autonomia e protagonismo de grupos populares até o 

desenvolvimento do empreendedorismo e da capacidade de autogestão mantendo a 

floresta conservada. Atualmente, o benefício abrange cerca de 35 mil pessoas 

distribuídas nas Unidades de Conservação do Estado do Amazonas (Cisneros et al., 

2022). 

De acordo com (Campos-Silva and Peres, 2016), no Rio Juruá, o manejo do 

pirarucu aumenta a receita anual média das comunidades para US $10.601 ao ano em 

lagos protegidos, aumentando os benefícios financeiros locais, incluindo melhorias nas 

condições de vida da população, fortalecendo os valores culturais e a conservação da 

biodiversidade. Os PSAs promovem a conservação ambiental, aumentam a consciência 

global sobre a importância dos serviços ecossistêmicos e incentivam novas formas de 

sustentabilidade. Ao valorizar economicamente os serviços prestados pelos 

ecossistemas, os PSAs oferecem um modelo sustentável que pode ser replicado em 

diferentes contextos, adaptando-se às necessidades específicas de cada região e 

comunidade(Pascual et al., 2014; Wunder, 2015). 

1.3 . A pesca do pirarucu (Arapaima gigas) 

A pesca é um importante meio de subsistência em todo mundo, principalmente 

para as comunidades de baixa renda. Na Amazônia é a principal fonte de aquisição de 

proteína, tornando a população dependente deste recurso. No entanto, e a pesca 

comercial desregrada resulta muitas vezes na superexploração e no colapso dos 

estoques pesqueiros (Darimont et al., 2015; Tregidgo et al., 2020). Esse colapso, 

também resultante da alta demanda comercial, tem sido uma preocupação para a 

conservação da biodiversidade e para economia local, principalmente pela exploração 

de pescados de maior tamanho e reprodução lenta, como o pirarucu , (Arapaima gigas) 

(Campos-Silva and Peres, 2016; Castello et al., 2009; Petersen et al., 2016). 

De acordo com as instruções normativas do IBAMA n. 34, de 18 de junho de 

2004 e n.º 001, de 01 de junho de 2005, a pesca, o transporte, a armazenagem e 

comercialização do pirarucu são proibidos em todo o Estado do Amazonas, exceto se 
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proveniente de manejo de lagos. Tais instruções dão suporte ao decreto n.º 36.083 de 

23/07/2015 que regulamenta a pesca manejada do pirarucu no Estado em Unidades de 

Conservação Estaduais, Áreas de Relevante Interesse Socioambiental e em Áreas de 

Acordo de Pesca, instituídas pelo órgão estadual competente. Os acordos de pesca 

estabelecem regras de regulação para as práticas pesqueiras entre comunidades de 

pescadores locais, podendo ser de subsistência e comercial, buscando lidar com os 

conflitos de pressão sobre os recursos pesqueiros e com sanções a serem aplicadas 

aos infratores (Castro and McGrath, 2001). Nestes acordos de pesca, os lagos são 

divididos em três categorias: I) lagos abertos à pesca comercial; II) lagos de 

subsistência para as comunidades; III) lagos protegidos pela comunidade para a 

recuperação populacional do pirarucu e das demais espécies de pescado. Neste último, 

a cota de retirada de arapaima é de 30% ao ano para cada lago, porcentagem que é 

determinada pelo IBAMA a partir da contagem feita nos mesmos lagos no ano anterior 

(Castello et al., 2009; decreto do Amazonas N.º 36.083, 23 de julho de 2015). 

Na década de 1990 na Reserva de Desenvolvimento Sustentável Mamirauá, a 

pesca manejada do pirarucu foi implementada e devido ao alto nível de engajamento 

comunitário tem se replicado em todo o Estado do Amazonas. Esta atividade representa 

um raro exemplo onde a conservação da biodiversidade está alinhada à melhoria da 

qualidade de vida. Tais benefícios incluem a recuperação populacional dessa espécie 

historicamente super explorada, regulação das cadeias tróficas nos lagos, a proteção 

dos ambientes de várzea, melhorias nas condições de vida, promoção da equidade de 

gênero na pesca fortalecimento dos valores culturais e aumento da geração de renda 

(Campos-Silva et al., 2019; Campos-Silva and Peres, 2016; Freitas et al., 2020). 
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2. THE COMMUNITY MANAGEMENT OF ARAPAIMA (Arapaima gigas) IN AN 

AMAZONIAN BRIGHT SPOT: A HISTORY OF INSTITUTIONAL 

STRENGTHENING 

Revista pretendida: Land Use Policy 
 

Ana Carla Rodrigues, Adevaldo Dias, Richard James Ladle, Ana Claudia Mendes Malhado, João Vitor 
Campos-Silva, Eduardo Sonnewend Brondizio 

2.1  Abstract 

Management of common-pool resources is important for sustainability and 

community well-being, particularly in complex socio-ecological systems like the Amazon. 

However, developing effective systems of resource management is challenging, and 

there are few successful examples that can be used as model systems. Here, we 

describe one such success story, the co-management of pirarucu (Arapaima gigas) in 

the Middle Juruá River. We explore the factors that have led to its success, focusing on 

polycentric governance, institutional design principles and socioeconomic impacts. We 

carried out open and semi-structured interviews with different actors involved in co-

management. Furthermore, we collected the registered internal regulations of the 

communities involved in co-management. We observed significant changes that 

involved decentralization, increased inclusion and improved monitoring and sanctioning 

mechanisms. These adjustments reflect an adaptive approach to arapaima 

management, incorporating local needs and promoting participatory decision-making. 

Collaborative management of pirarucu serves as a model for other natural resource 

systems in the Amazon, illuminating ways to reconcile the protection of biodiversity while 

generating diverse benefits for local communities. 

Keywords: common-pool resources, polycentric governance, co-management, 

socio-bioeconomy, sustainability, community management 
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2.2  Introduction 

The Amazon basin is a critical conservation and cultural region due to its 

unparalleled biodiversity, sociolinguistic diversity, and numerous ecosystem services 

(Levis et al., 2020). Water resources, represented by the Amazon River and its vast 

network of tributaries, streams, lakes, and floodplains, are fundamental to ecological 

processes and the food security and well-being of indigenous peoples, local 

communities, and urban populations (Lopes et al., 2021). These bodies of water support 

high biodiversity, serving as habitat for many species and maintaining hydrological and 

climatic cycles (Junk et al., 2007). They are also vital for fishing, agriculture, and 

subsistence of riverside and indigenous communities, in addition to serving 

transportation and communication needs. The conservation of these resources is crucial 

for environmental preservation and the continuity of the life and culture of Amazonian 

populations (Castello et al., 2013). However, environmental protection policies in Brazil 

focus more on terrestrial environments, making scientific support essential for the 

protection of Amazonian aquatic environments (Castello et al., 2013). 

Sustainable management of natural resources is fundamental for the preservation 

of ecosystems and the well-being of local communities (Brondizio & Le Tourneau, 2016). 

In the vastness of the Amazon, community management of Arapaima (Arapaima gigas), 

also known as pirarucu or paiche, is a model of success (Campos-Silva & Peres, 2016). 

The involvement of fishers in management processes has played a fundamental role in 

the conservation of small-scale fisheries in various ways, consolidating institutions over 

time (Ostrom, 1990). The commercial overexploitation of arapaima in recent decades 

has brought the species' population to the brink of extinction. The response to this crisis 

began to emerge in the 1990s, marked by the launch of the Pirarucu Project in 

Mamirauá, a Sustainable Development Reserve in Amazonas. Since its creation in 

1999, the project has actively involved local communities in practices regulated by the 

Brazilian Natural Resources Agency (IBAMA), establishing standards for fishing 

seasons, minimum sizes, and annual quotas. 

Co-management of the Arapaima in the Amazon is an example of community-

based natural resource management that has been successful in conserving this 
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important species (Campos-Silva & Peres, 2016). The co-management process involves 

the active participation of local communities in monitoring, surveillance, fishing, and 

selling the fish (Castello et al., 2009). In addition, these communities participate in 

decision-making together with federal and state institutions, NGOs, universities, and 

associations. The communities usually establish agreements categorizing the lakes into 

areas for fish reproduction only, subsistence fishing lakes, and Arapaima management 

lakes. Besides the agreements signed between communities and regulatory institutions, 

there are restrictions on access to certain fishing areas and the establishment of quotas 

that can be fished. One of the benefits of the co-management of the Arapaima is that it 

contributes to food security and the subsistence of the local communities, which depend 

on the fish for their diet, and its sale results in income generation. These goods and 

services, subject to different levels of exclusion, subtraction, and overlapping types of 

property regimes in their production or consumption (Mcginnis, 2012; Ostrom, 1990), 

reflect the complexity of relationships between local communities and the co-

management of the Arapaima in the Amazon. 

Community-Based Management (CBM) is notable because of its ability to actively 

engage local communities in decision-making processes and implementing sustainable 

practices (Brosius et al., 1998). This approach promotes the conservation of 

ecosystems, social sustainability, and improved quality of life. The success of 

Community-Based Management combines traditional knowledge and the active 

participation of communities in natural resource management processes (Berkes, 2009; 

Ostrom, 2008). This pioneering project in the Mamirauá Sustainable Development 

Reserve has served as a model for implementing Arapaima management in other 

regions, such as the Juruá River. These initiatives have positively impacted the 

conservation of the species and the development of social organizations, both within and 

between local communities (Campos-Silva et al., 2018). 

The management of Arapaima in the Juruá River is deeply intertwined with 

economic phases, historical influences, and power dynamics that have shaped the 

region. This CBM is the result of the economic and social scenarios that culminated in 

the first fishing agreements and moulded the evolution of institutions over time. The 
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trajectory of communities in the Juruá River region, influenced by the rubber cycles and 

the economic transformations of the 1980s, highlights the resilience and adaptability of 

local populations in the face of historical and environmental challenges. In this dynamic 

context, the creation of the Médio Juruá Extractive Reserve (Resex) in the 1990s was a 

fundamental milestone. In addition to preserving the environment, the Resex redefined 

social relationships, granting collective rights and promoting sustainable practices. 

The trajectory of the communities in the Rio Juruá region was influenced by the 

rubber cycles and the economic transformations of the 1980s. This highlights the 

resilience and organizational capacity of the local populations in the face of the historical 

challenges of exploitation. With the process of community organization also came the 

social pressure to create the Médio Juruá Extractive Reserve (Resex) in the 1990s. This 

directly contributed to conserving the environment, redefined social relations, granted 

collective rights and promoted sustainable practices. The community organizations, 

state organizations, conservation units, and NGOs, formed a broad collaborative 

network to develop comprehensive solutions to local challenges. A relevant example of 

social organization is the Association of Rural Producers of Carauari (ASPROC), which 

brought together approximately 800 families from 55 riverside communities, becoming 

an important link between partner institutions and conservation units. 

In addition to relations between communities, ASPROC also extends to 

partnerships with research institutions and NGOs, further strengthening the 

organization's capacity. This synergy between the community, scientific, and non-

governmental sectors contribute to sustainable management, highlighting the 

importance of interdisciplinary cooperation and the exchange of knowledge in the 

development of effective management practices. These partnerships expand the 

spectrum of influences, allowing a more holistic approach to promoting sustainable 

Arapaima management in the Juruá River region. 

The success of Arapaima management on the Juruá River will be evaluated 

through institutional principles, with the active participation of community members in 

decision-making processes. Applying Ostrom's design principles can provide valuable 

guidance for developing effective community management systems. This approach can 
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help increase the resilience and adaptive capacity of local communities involved in the 

co-management of natural resources. This analytical tool is particularly useful for 

examining changes in various categories of rules and the social-organizational co-

management processes involved in crafting them as social groups cooperate. 

Organizing these social dynamics as “action situations” provides us with analytical 

resources “that can be used to describe, analyses, predict and explain behavior within 

groups of institutional arrangements” (Ostrom, 2005). In this way, the design principles 

help us organize institutional characteristics to determine the tensions, contradictions, 

limitations, and catalysts of collective action at various levels. We must recognize that 

the design principles seek to understand how the governance structure of CBM can be 

maintained in the long term and replicated in other regions, as it has been a successful 

case of co-management. 

Despite the clear success of co-management of Arapaima, there are still nuances 

to be understood and strengths to be leveraged. This study explores how the 

community-based institution has organized itself for the management of arapaima and 

how governance structures have been established. By analyzing the integration of Elinor 

Ostrom's design principles in management activities, we evaluate the relationships 

among institutions throughout the management process. Our goal is to further 

strengthen and replicate the successful model of Arapaima management, providing a 

robust foundation for effective natural resource management policies and practices 

worldwide. 

2.3  Methods 

2.3.1 Study Area and socioecological context of Jurua River 

The Juruá River is notable for its extensive, highly productive floodplains, 

supporting hundreds of indigenous and non-indigenous human settlements. The 

landscape consists of seasonally flooded (várzea) forests throughout the floodplain and 

adjacent upland (terra firme) forests (Junk et al., 2011). The Juruá, particularly its middle 

section, played a crucial role during the rubber boom, when thousands of people from 
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northeastern Brazil migrated to the Amazon to work as rubber tappers. These individuals 

lived under conditions akin to slavery, without social rights, and often suffered from 

severe poverty, debt patronage, tropical diseases, and lack of access to healthcare and 

education (D’Almeida, 2006). With the assistance of the Catholic Church and the 

environmental movement that emerged around the social activist Chico Mendes, these 

local communities began a process of self-organization to secure essential social and 

land rights (Fearnside, 1989). In this context, two large sustainable-use protected areas 

were established in this region. The federally managed Médio Juruá Extractive Reserve 

(ResEx Médio Juruá; 5°33′54″S, 67°42′47″W) was created in 1997 and hosts 

approximately 700 people distributed across 13 villages within its 253,227 hectares. The 

state-managed Uacari Sustainable Development Reserve (RDS de Uacari; 5°43′58″S, 

67°46′53″W) was created in 2005, is home to about 1200 residents living in 32 

communities within its 632,949 hectares. The local economy in both reserves is 

sustained by fisheries, slash-and-burn agriculture, and non-timber forest products such 

as oil seeds and palm fruits (Newton et al. 2011) and supported by payments for 

environmental services (Alves-Pinto et al., 2018). However, two examples of community-

based management (CBM) stand out for generating significant social and economic 

benefits for rural communities: the CBM of arapaima and freshwater turtles. 

 

Arapaima management  

The Arapaima (Arapaima gigas) is the largest freshwater scaled fish, reaching up 

to 3 meters in length and over 200 kilograms in weight (Nelson, 1994). This iconic 

species has been crucial for subsistence in the Amazon since pre-Columbian times 

(Prestes-Carneiro et al., 2016). However, in the past century, arapaima populations 

have plummeted due to intense commercial fishing, leading to their local extinction in 

many areas (Castello et al., 2015). Despite a ban by the Brazilian government, illegal 

fishing persisted, hindering recovery efforts (Castello & Stewart, 2010; Cavole et al., 

2015). In response, local communities, experienced fishers, and researchers initiated a 

community-based management (CBM) model in 1999 at the Mamirauá Sustainable 

Development Reserve (Castello et al., 2009, 2011). 
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The arapaima adapted to anoxic lake environments by developing a swim bladder 

suitable for breathing air (Brauner et al., 2004). Consequently, arapaima frequently 

surface to breathe, allowing trained fishers to visually count them using a standardized 

protocol (Castello, 2004). This unique trait facilitates reliable population estimates, 

enabling the government to assign a harvest quota of up to 30% of adult individuals per 

CBM unit (Castello et al., 2011). Another vital aspect of the CBM approach is that local 

communities must zone their water bodies, designating protected no-take lakes and 

ensuring surveillance against poaching. This initiative has been highly successful 

(Castello et al., 2009), and CBM schemes for arapaima have since expanded throughout 

the Amazon. 

Research has demonstrated that arapaima CBM yields significant outcomes for 

both biodiversity conservation and the well-being of rural communities (Campos-Silva & 

Peres, 2016; Castello et al., 2009; Petersen et al., 2016). Along the Juruá River in the 

western Brazilian Amazon, community-based lake protection has led to a remarkable 

425.2% increase in arapaima populations over 11 years (Campos-Silva et al., 2019). 

Even outside protected areas, populations have shown a 397.5% annual increase 

(Campos-Silva et al., 2019). A single protected lake can host over 2800 individuals, 

compared to an average of just nine in unprotected lakes (Campos-Silva et al., 2019; 

Campos-Silva & Peres, 2016). Similar patterns have been observed in other river 

basins, where arapaima have also recovered significantly (Castello et al., 2009; 

Petersen et al., 2016). Additionally, the protection of lakes benefits numerous co-

occurring species, including caimans, freshwater turtles, and other fish species (Arantes 

& Freitas, 2016; Campos-Silva & Peres, 2016; Miorando et al., 2013). 

Beyond ecological benefits, arapaima CBM has driven substantial social 

transformations in Amazonian communities. Protected lakes provide a steady annual 

income for rural residents who often lack other cash-earning opportunities. This financial 

security allows for savings and emergency expenditures, such as urgent healthcare 

(Campos-Silva and Peres 2016). Profits from the harvest also contribute to improving 

basic infrastructure and living conditions within households and communities (Campos-

Silva & Peres, 2016). Other significant social benefits reported by participants in 
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arapaima CBM include enhanced food security, community pride, cultural preservation, 

and a more equitable distribution of fishery profits (Campos-Silva & Peres, 2016). 

2.3.2 Data Collection and Analysis 

First, we conducted open and semi-structured interviews with the main leaders 

who led the implementation process of Arapaima management at Juruá River. These 

interviews aimed to elucidate the different actors involved in the arrangements, the 

governance, and the decision-making structure. Secondly, we collected all the recorded 

internal regulations of the communities engaged in co-management within the Juruá 

River region. These internal regulations delineate guidelines, norms, and rules 

governing the utilization and conservation of resources associated with Arapaima co-

management. As part of the updating process, each community convened individual 

focus meetings to propose modifications to the existing regulations.  The regiments 

were organized, initially, by sector, reflecting the structure of the groups of communities 

that collaborated. The initial regulations underwent review and adjustments in 2014 and 

complete reformulation in 2023.  

 Based on the standardized principles for the co-management of Arapaima, 

we carried out a quantitative and qualitative accounting of the changes that have 

occurred over time in the internal regulations, in addition to a textual analysis approach 

based on analytical reference and coding of the elements of the internal regulations. We 

used Ostrom's design principles to guide the analysis process and synthetically capture 

the conditions that define the configuration of the communities' institutional 

arrangements. Subsequently, the texts were coded according to thematic categories, 

using design principles in textual analysis, which enabled the quantitative analysis of the 

data. After collecting data from the internal regulations, a radar plot was created to 

illustrate the evolution of the internal regulations (Figure 1). Furthermore, we included 

data on people's perceptions of improvements in nature over time, as well as data on 

arapaima counts in the lakes during the regime periods. 

 Following Ostrom's design principles for managing common-pool 

resources, we implemented the following evaluation strategies:  
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(1) Clearly Defined Boundaries: It is essential to establish clear and well-defined 

boundaries for the common resource so that users understand their rights and 

responsibilities. In our case, the allocation of lakes among communities is explicitly 

defined, specifying which lakes are designated for fishing, breeding, or management.  

(2) Adaptive Rules: Resource usage rules must be flexible and responsive to the 

changing needs of the community. Our evaluation allows for adaptive rules, where 

community members can propose changes, and institutions act as intermediaries to 

facilitate these adjustments. This ensures that the allocation and use of lakes can be 

renegotiated as needed.  

(3) User Participation and Involvement: Active participation of users in the 

management and decision-making processes is crucial. In our model, management is 

entirely carried out by community members, who collectively determine participation in 

various management activities, ensuring that decisions are made inclusively and 

transparently.  

(4) Monitoring: Continuous monitoring of common resources and institutional 

compliance is necessary to ensure rules are followed and issues are promptly 

addressed. This involves regular checks and assessments of the resources and the 

governance structures in place. 

(5) Graduated Sanctions: Effective and appropriate sanctions must be in place for 

those who violate resource usage rules. For instance, in cases of unauthorized lake 

usage or failure to fulfill management responsibilities, community-defined sanctions are 

enforced to maintain order and compliance.  

(6) Conflict Resolution Mechanisms: There must be fair and efficient mechanisms 

for resolving conflicts among users. Our framework includes defined processes for 

conflict resolution, involving relevant stakeholders to ensure equitable and timely 

outcomes.  

(7) Recognition of User Rights: The rights of users must be recognized and 

respected concerning the common resource. This includes clearly delineated rights 
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about which fish can be caught and the quantities allowed, ensuring sustainable use and 

equity among users.  

(8) Supportive External Authorities: Involvement of external bodies such as state 

agencies and NGOs can enhance resource management. For instance, fishing quotas 

regulated by the state ensure that the resource is used sustainably. 

In addition, we applied the polycentric governance framework to analyze 

organizational structures and their contributions to co-management (Ostrom, 1990, 

2010; Schröder, 2018). Data collection involved interviews with local community 

members, community leaders, and organization representatives to gather insights into 

the implementation of management practices and current activities. 

 

2.4  Results and discussion 

2.4.1   Implementation history 

The community-based management of Arapaima on the Juruá River benefited 

from a history of community-led protection of lakes supported by the catholic church in 

the 1970s. These actions strengthened social organization and, critically, resulted in the 

exclusion of large commercial boats. The spatial zoning of lakes and an experimental 

harvesting quota was initially initiated in São Raimundo, an emblematic local community 

with strong social organization and the presence of respected regional leaders. After the 

implementation success at São Raimundo, several rural communities adopted the same 

model in an attempt to replicate the same rules and dynamics. 

Local community leaders played a crucial role in the implementation of Arapaima 

arrangement at Juruá River. Their intimate understanding of local contexts, cultural 

norms, and community dynamics enabled them to mobilize and engage community 

members. As trusted figures, they acted as a bridge between external conservation 

agencies and local populations, ensuring that conservation strategies are culturally 

sensitive and locally relevant. By advocating for sustainable practices and facilitating 

transparent communication, local leaders also helped foster a sense of ownership and 
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responsibility towards conservation efforts. Their leadership ensured that the stated 

conservation goals aligned with the community's needs and aspirations, thereby 

enhancing the sustainability and impact of conservation programs. Furthermore, local 

leaders also mentored future generations, building a legacy of environmental 

stewardship and community resilience that supported the long-term success of the 

project. 

2.4.2  Polycentric governance 

Territorial governance along the Juruá River can be examined through the lens of 

polycentric governance (Ostrom, 2010), which involves multiple decision-making entities 

governing a resource within defined boundaries and includes a variety of organizations, 

scales, autonomies, and non-hierarchical processes (Figure 1). Along the river, several 

decision-making centers engage multiple stakeholders, from individuals to various 

organizations such as community associations, non-profits, universities, government 

institutions, and private companies (e.g., from the cosmetics industry). This collaborative 

approach fostered a democratic decision-making system and numerous opportunities for 

knowledge co-production. This multi-sector partnership aims to conserve natural 

resources, improve rural community well-being, and integrate local people into profitable 

and accountable value chains for processing diverse aquatic and terrestrial resources, 

including managed fish, agricultural produce, palm fruits, and natural plant oils used in 

the cosmetics industry. Each decision-making center operates with a high degree of 

autonomy, reflecting diverse cultural backgrounds and spatial scales. In this context, 

community meetings are essential to improve local rules and ensure high levels of 

compliance. If the communities face stronger or unexpected challenges, local 

assemblies of grassroots associations provide a platform for them to voice their 

concerns and demands for collective action. If a local issue cannot be addressed at this 

level, it can be taken up at broader decision-making centers. For instance, the Mid-Juruá 

Territory Forum brings together multiple stakeholders to implement comprehensive 

programs that expand the scale of local projects or single community interventions. 
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The Rio Juruá Ramsar site, designated in 2019, exemplifies wetland conservation 

through international legislation aligned with local aspirations. Protected areas also have 

their own decision-making centers, which help implement federal and state government 

rules and plans. Each protected area hosts a management council, a highly participatory 

body composed of diverse local actors that determines territorial priorities. Although 

these decision-making centers operate at different levels and spatial scales, they are 

interconnected around the common goal of conserving natural resources and enhancing 

rural community well-being. 

Another decision-making body that is configured as an axis of polycentric 

governance is the Pirarucu Collective. The Pirarucu Collective (PC) is a network of 

community-based organizations, supporting NGOs and government agencies involved in 

the management of the Arapaima. This network was created by communities that 

successfully managed the Arapaima to address larger-scale processes that influence 

the value chain, ultimately determining the price paid to fishers for the Arapaima. The 

PC became a decision-making platform to coordinate efforts and interventions along the 

value chain to strengthen and recognize local participation, transforming it into a socially 

and economically fair chain that promotes biodiversity conservation. Currently, the PC is 

composed of community-based organizations representing 20 management units and 

nearly 2500 families. The network operates according to principles of trust and mutual 

understanding between members, humility, collaboration, and respect for the autonomy 

of participating organizations. The PC also helps to create and strengthen public policies 

such the Arapaima minimum price, which is a policy created by the Brazilian government 

to ensure fairer commercial relationships. Undoubtedly, the results achieved by this 

network reflect the relationship between its members and the collaborative environment. 

As a result of the existence of the PC, individual experience and knowledge have 

been shared among members improving their management and commercial practices. 

At the individual level, peer recognition allows members to gain more confidence and 

restore a sense of identity and local pride. It also empowers community-based 

organizations and NGOs to have a voice in political and technical forums, often 

negotiating sensitive issues as a group instead of as a lone organization. Moreover, the 
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PC allowed decisions and interventions to be implemented simultaneously at several 

sites, affecting the value chain at a regional scale. Among its main achievements is the 

strengthening of different public policies and the creation of a collective brand called 

“Gosto da Amazônia” (“the taste of the Amazon” in English) 

(www.gostodaamazonia.com.br). This still embryonic collective brand raised the price of 

managed Arapaima from 50% to 85% higher than the average in the state, depending 

on where the Arapaima is sold (in the community, in the nearest city, or in the state 

capital, Manaus). 
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2.4.3   A positive example of common pool resource management 

The management of Arapaima at Jurua River involves the complex use of a 

network of resources and social-ecological systems. As such, these activities related to 

arapaima management exemplify a situation of Common-Pool Resources 

(CPR’s)(Ostrom, 2005). Specifically, the resources used in arapaima co-management 

activities are characteristic of common resources (subsistence fishing and fish sales), 

highlighting the role of subsistence fishing and trade among communities. Furthermore, 

administrative management has been achieved through the implementation of 

community-based normative institutions. The complexity resulting from the expansion of 

co-management is also highlighted, adding institutional and socioeconomic complexity 

to the management of CRP (Stronza, 2010). 

The co-management of Arapaima, strongly shaped by the communities, 

demonstrates participatory development in the creation of institutions aimed at 

developing a participatory and multi-level governance system. Natural resource 

Figure 1. Territorial governance along the Juruá River examined through the lens of polycentric 
governance. This approach involves multiple decision-making entities managing resources within defined 
boundaries, encompassing diverse organizations, scales, autonomies, and non-hierarchical processes. 



39 

 

management can illustrate the application of Common-Pool Resources (CPR’s) 

principles in natural resource management. CPR theory can be applied to understand 

how institutions play roles in the management of natural resources. The sustainable 

management of Arapaima has led to the creation of effective organizations that 

coordinate and facilitate joint decision-making among the involved parties. Continuous 

monitoring of agreements and regulations is essential to ensure adherence to 

institutional rules and to identify and resolve any issues or violations that may arise. 

Additionally, community-based organizations promote cooperation among different 

groups and institutions involved in Arapaima management. The creation of cooperative 

networks and the establishment of agreements between organizations are fundamental 

to ensuring an integrated and collaborative approach to resource management. These 

organizations actively promote and participate in local community dynamics, assisting in 

the formation of institutions, and in the development and adjustment of norms and 

regulations in line with the communities' needs and demands. This involves discussing 

and negotiating agreements that consider the needs and perspectives of all 

stakeholders. 

This process usually involves establishing effective communication mechanisms, 

such as dialogue forums and discussion spaces, where different actors within the 

organizations exchange knowledge, experiences, and relevant information for 

management. In summary, the CPR framework can be applied to organizational 

development, highlighting the importance of joint decision-making, the establishment of 

agreements, and the implementation of effective monitoring mechanisms within and 

between organizations. Therefore, the management of Arapaima involves the complex 

use of natural resources in conjunction with an extensive network of socio-ecological 

systems. As such, these activities related to Arapaima management exemplify a 

common-pool resources (CPR’s) situation. 
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2.4.4 . Regulations and Institutional Effectiveness in Community 

Management of Arapaima: An Analysis through Design Principles 

This study provides a comprehensive overview of the presence of design 

principles (Ostrom, 1990) and their effectiveness within Arapaima co-management 

regulations. The evolution of these regulations reflects practical adjustments based on 

experiences from management activities over three periods. Initially, the regulations 

were defined by sector when the communities joined the management process. In the 

second phase, around 2014, changes to these regulations were introduced and 

formalized in response to community demands. Finally, in the third phase, in 2023, 

regulations were individualized by community rather than by sector, as the areas within 

the Extractive Reserves (Resex) and Sustainable Development Reserves (RDS) had 

previously been divided (Figure 2). 

The main changes in the regulations, in relation to design principles, were notably 

the decentralization of the regulations during these review and reformulation periods. In 

the third revision, each set of regulations was tailored to the preferences of the 

respective community. However, this introduced new challenges for local families and 

communities, necessitating the development of testable sets of rules and norms that 

may require complex adjustments in the future: (1) Boundaries: The most significant 

changes in boundary definitions involved decisions and adjustments related to lakes, 

often due to logistical reasons or agreements between communities and management 

facilities. (2) Local Rules: The most notable modifications to local rules involved changes 

in who could participate in management activities, the conditions of rights and duties, 

and the timing for new members to gain full management rights. (3) Recent updates 

have also emphasized the inclusion of women, elders, and youth in management 

activities, reflecting a shift towards more inclusive and adaptive rulemaking. (4). 

Monitoring: The changes in monitoring involved enhancing the oversight of compliance 

with community agreements and management activities. Monitoring now focuses on 

ensuring that members adhere to established roles and responsibilities, with more 

robust mechanisms for tracking adherence to community and management agreements. 

(5). Changes in sanctions for non-compliance with management activities and 
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community regulations became more pronounced. Additionally, gradual sanctions were 

introduced, including temporary suspension of management profits, restrictions on 

fishing in certain lakes, and even expulsion from the community. (6) Conflict Resolution: 

conflict resolution continues to rely on dialogue, community expulsion, and notifications 

from the management of the RDS and Resex. (7) Recent revisions have refined the 

recognition of user rights concerning resource use, quantities, and qualities. Specific 

increases in fish catches and sales in the community lakes may occur due to food 

shortages, financial crises, or health issues within the community. Additionally, the use 

of the community financial fund may be required to address such needs critics. (8). 

Multiple Layers: Various entities are involved and continue to participate in management 

actions, including bureaucratic processes, sanctions, regulations, and associations that 

address members' demands. NGOs providing scientific and technical support are also 

involved. Notably, there was an increase from Period 1 to Period 2, likely due to the 

growing number of NGOs and the creation of community associations. 

Regulations influence the behavioral processes associated with claims and use of 

natural resources, thereby impacting all aspects of resource management and its 

outcomes. The rules and norms established by institutions at various organizational 

levels help reduce uncertainties among the population and contribute to mediating 

competing actions and the values that individuals and groups bring to biodiversity 

management. 

This analysis is rooted in a holistic approach to examining collective actions; it 

considers how individuals and communities operate within shared contexts of rules and 

constraints related to the use of biophysical, political, cultural, and economic resources 

(Ostrom et al., 1994). The design principles framework reveals how institutions are 

defined in relation to participants, existing rules, and proposed changes in co-

management activities, evaluating the different types of design principles (Ostrom et al., 

1994). 
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Figure 2. The evolution of design principles (DPs) and their main features across three periods: T1, Initial 
Phase: Sector-based regulations established as communities joined the management process (blue). T2, 
Second Phase, around 2014: Regulations revised, and f formalized in response to community demands 
(yellow). T3, Third Phase, 2023: Regulations individualized by community (red) 

 

Ostrom's (1990) design principles outline the characteristics of institutional 

systems involved in the management of common-pool resources. These principles have 

practical applications in guiding the creation and management of governance systems 

aimed at ensuring the sustainable use of common resources. Specifically, the principles 

can help design institutions that support the sustainable use of resources and establish 

effective mechanisms for monitoring, enforcing, and discussing rules and norms among 

stakeholders. This approach can help increase the resilience and adaptive capacity of 

local communities involved in the management of various resources.  

Based on the review of the internal regulations of the communities and following 

the application of the design principles, it is assumed that the presence of clear rules, 

active community participation in decision-making, effective monitoring, and the 

existence of sanction mechanisms are correlated with the success of natural resource 
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management and the sustainability of resources in the Amazon region. In the context of 

Arapaima management, the implementation of clear rules, such as fishing seasons, 

minimum catch sizes, and controlled catch quotas, reflects efficient mechanisms to 

ensure the sustainability and oversight of common resource management in the 

Amazon. 

2.4.5  Arapaima as a symbol of the new Amazonian sociobioeconomy 

The formation of the institutions described above resulted from a participatory 

process of joint decision-making, within local communities and with intra-organizational 

support. In addition, the strengthening of social organizations, such as fisher's 

associations and community cooperatives, emphasizes the importance of social 

organization in strengthening the effective management of resources, helping with 

external bureaucratic processes and contacts with other organizations and bodies. The 

interaction between the implementation of the Arapaima management institution and the 

strengthening of social organizations in the collaboration illustrates the principles of the 

CPR, demonstrating the orientation and effectiveness of this governance model in the 

Amazon context. 

Using design principles, organizations manage and protect common pool 

resources (CPRs), ranging from the creation and application of participatory rules, 

adjusted to the local reality for the use of common resources, monitoring and enforcing 

these norms and rules, acting in managed decision-making with active and participatory 

decisions to resolve bottlenecks and conflicts in the institutions. Even so, the multi-level 

management of CPRs, as in this case of co-management, allows for greater use of 

resources by ensuring that the rules and policies are fair and effective for all 

stakeholders. In this way, CPRs prevent ecosystems from collapsing by using them in 

ways that don't deplete them, guaranteeing common resources for the communities that 

depend on them, as well as the resources originated and used by the cascade effect. 

The inclusion of all organizations in different decision-making environments 

increases the resilience of the entire model, ensuring solutions for various bottlenecks 

throughout the value chain. The strategy based on the design principles can be 
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replicated for many other value chains implemented by similar actors. Several aspects of 

this governance model are based on knowledge and social organization, agreed upon 

by community members over many decades of resource scarcity, exploitation, and lack 

of technical support. Currently, they may have inspired the use of common-pool 

resources in remote regions, where infrastructure and logistics needs were absent. The 

sociobioeconomy has become a target strategy to align biodiversity protection and 

wellbeing in Amazonia.  

There are several challenges in terms of a consolidation of an Amazonian 

concept of sociobioeconomy beyond the monetary dimension (Vatn et al., 2024). In this 

context, the community management of Arapaima serves as a model that can inspire 

new bioeconomic models, illuminating pathways to reconcile biodiversity protection, 

local well-being, and strong governance structures in previously disadvantaged 

environments. 
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3.1  Abstract 

The Amazon rainforest and its ecological processes significantly contribute to 

ecosystem services for humanity. As human activities threaten its maintenance, the 

Amazon sustain of traditional indigenous and non-indigenous communities that 

intimately connect to their surroundings and play a vital conservation role. The Arapaima 

co-management is a successful example of the recognition of a social technology that 

enhance local protagonism in conservation. The benefits of Arapaima co-management 

are clear, encompassing ecological, economic, and social aspects. However, it is 

necessary to understand and value the relationships between communities and nature, 

revealing their diverse values. This study aims to elucidate the benefits of sustainable 

community-based activities as a tool to improve the quality of life and protect the 

Amazon rainforest. Interviews with 186 expert fishermen and fisherwomen from 39 

communities along the Juruá River, western Brazilian Amazon, were conducted to 

collect data based on their perceptions over time about high commercial-value and 

ecologically important species, in addition to social aspects from their communities. 

Each response was classified within the Nature's Contributions to People (NCP) 

framework and Ecosystem Services (IPBES). We compared benefits generated and 

restored in nature between Arapaima-managing communities and non-Arapaima-

management communities. The results show significant differences between the 

contributions of nature among communities that do and do not practice Arapaima co-

management. Co-management activities have unintentionally increased the abundance 

of economically valuable hard wood species aiding in climate change mitigation. 

Arapaima-managing communities also perceive higher catch-per unit effort in fisheries 
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and increased and high-value economic species like Tambaqui (Colossoma 

macropomum). Additionally, these communities report more intangible contributions, 

such as cultural revival and strengthening. This study reinforces that Arapaima co-

management has led to the recovery and maintenance of nature's benefits in the 

Amazon. It also highlights the importance of recognizing and economically 

compensating the benefits provided by communities, incentivizing the continuation of 

practices that sustain these benefits. 

Keywords: Ecosystem services, traditional ecological knowledge, common pool 

resources  

3.2  Introduction 

Indigenous and non-indigenous people have cultivated deep interactions with and 

detailed perceptions of biodiversity throughout history. Human communities' 

understanding of the forest acknowledges the dynamics that generate well-being and 

quality of life, intrinsically linked through social interactions, cultural norms, practices, 

and beliefs (Braga-Pereira et al., 2024; Díaz et al., 2018; Pascual et al., 2017; Schröder, 

2018). However, various human activities have caused profound changes in the global 

ecological dynamic, leading to severe crises, including climate change, deforestation, 

and biodiversity loss (Pörtner et al., 2023). Such changes severely impact socio-

ecological systems, where local communities heavily depend on natural resources. 

Therefore, profound and immediate changes in decision-making processes and public 

planning are imperative to build more just and sustainable futures for socio-ecological 

systems (Campos-Silva et al., 2021). 

The Brazilian Amazon stands out as an exemplary ecological system due to its 

immense size, exceptional primary productivity, and highly variable spatial and climatic 

conditions. Its vast expanse, coupled with diverse age structures and stable ecosystems 

maintained over long periods, has fostered an unparalleled level of biodiversity. As one 

of the most species-rich regions on the planet, the Amazon plays a critical role in global 

ecological processes and biodiversity conservation (Hubbs and Nelson, 1978; Malhado 

et al., 2013). The Amazon region is characterized by a diversity of traditional 
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communities, each intimately connected to the environmental conservation of their 

surroundings. These communities play a vital role in conservation efforts, driven by their 

historical resilience to external pressures and the pressing sociopolitical dynamics of 

their social and cultural contexts, territorial claims, and organizational structures (Davis 

and Wagner, 2006). In the Brazilian Amazon, natural resources, including fruits, 

medicinal plants, hunting, fishing, and timber, are indispensable for the subsistence of 

local communities. These resources support daily survival and sustain important cultural 

practices (Camilotti et al., 2020). The effective and sustainable management of these 

resources by local communities is crucial for their well-being and the preservation of the 

region’s rich ecological systems (Albuquerque et al., 2024; Mori et al., 2013). 

The Amazon represents over 50% of remaining tropical forests and is a crucial 

environment for regulating climate (Malhi et al., 2008) and sustaining biodiversity on a 

global scale (Pimm et al., 2014; Sullivan et al., 2020). Replacing forests with 

mechanised commodity agriculture, cattle ranching, and large-scale hydropower 

generation has historically led to massive deforestation, which reached 846,640,600 km² 

by late 2023 (INPE, 2022). Furthermore, 38% of the remaining forest is currently 

degraded by fire, edge effects, timber extraction, and extreme drought (Lapola et al., 

2023), approaching the no-return threshold of 40% deforestation (Lovejoy and Nobre, 

2019; Sampaio et al., 2007). The ongoing decline of both forest cover and wildlife 

jeopardizes food security for millions of indigenous and non-indigenous people who rely 

on bushmeat and fish as major sources of protein, fats, calories, and micronutrients 

(Tregidgo et al., 2020) 

Protected Areas (PAs) cover more than 28.4 million square kilometers worldwide 

and represent the major strategy to ensure biodiversity conservation, protection of 

ecological processes, and ecosystem services (Folke and Berkes, 2002; Palomo et al., 

2014; Watson et al., 2014). Most Brazilian PAs are in the Amazon and represent the key 

strategy against tropical biodiversity loss and deforestation (Bruner et al., 2001; Mori et 

al., 2013a; Ricketts et al., 2010) Currently, sustainable-use PAs and Indigenous Lands 

compose an important and promising strategy to increase local governance, contributing 

to the broad sustainable goals of the socio-environmentalist movement (Brondízio et al., 
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2021). Therefore, beyond its conservation value, PAs are in constant evolution in terms 

of conception, goals, and management strategy (Watson et al., 2014). In tropical 

countries, where poverty alleviation is also imperative, PAs (especially those for 

sustainable use) face the additional challenge of integrating the goals of biodiversity 

conservation and social aspiration (Naughton-Treves et al., 2005). Education, health, 

and minimum income are, therefore, still imperative. There have been incontestable 

advances with the creation of the PAs system in Brazil, but important concerns 

regarding its implementation remain. In fact, it has been suggested that many of the 

world’s PAs exist only as ‘paper parks’ (Dudley and Stolton, 1999), lacking human 

resources, funding, and infrastructure, and failing to deliver effective conservation 

(Joppa et al., 2008). In a constant shortage of funding and human resources, the future 

of the Amazon cannot rely solely on the implementation of protected areas. In this 

context, community-based conservation emerges as a window of opportunity to align 

biodiversity protection and social needs (Albuquerque et al., 2024). 

Community-based initiatives that accommodate the interests of multiple local 

stakeholders are proving to be a powerful tool in the recovery of several historically 

overexploited species throughout the Amazon basin (Campos-Silva et al., 2017). These 

initiatives promote gender equity in fisheries (Freitas et al., 2020), enhance local 

livelihoods, and reduce rural exodus among youth (Campos-Silva et al., 2021) 

Additionally, they strengthen governance structures and contribute to the protection of 

territories. To achieve this, it is necessary to include the most diverse social groups in 

decision-making processes, especially rural communities, to ensure that a wide range of 

values and perceptions are expressed and considered (Brondizio et al., 2021; Vatn et 

al., 2024). Including and recognizing all stakeholders in decision-making processes 

ensures the identification of various values of nature, surpassing evaluations limited to 

only monetary values. 

Negotiations that exclude local and indigenous communities, favoring other 

groups and considering only market values in decision-making processes, result in 

crises in the use of natural resources. Thus, it is urgent to identify the diversity of values, 

including different worldviews, social conditions, and distinct relationships with nature, as 
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these elements are fundamental for the creation and implementation of strategic actions 

that promote sustainable changes (Bennett et al., 2021; Fischer and Riechers, 2019; 

Malmborg et al., 2022). Ecosystem services are the functions and resources provided by 

nature that influence human well-being, giving rise to the idea of Nature's Contributions 

to People (NCPs) (Díaz et al., 2018; Pascual et al., 2017). NCPs expand the concepts of 

ecosystem services to include local and indigenous knowledge, allowing for a deeper 

understanding of the interactions between nature and humans (Kadykalo et al., 2019). 

Strategies based on NCPs transcend ecological, economic, and social analyses, 

providing a holistic understanding of the benefits this knowledge can offer (Díaz et al., 

2018; Pascual et al., 2017; Quintas-Soriano et al., 2018). 

Local Communities and Indigenous People possess profound knowledge about 

the use of their territories (Brondízio et al., 2021), which is reflected in substantially lower 

deforestation rates in their areas. This significantly contributes to the preservation of 

NCPs (Corlett, 2015). Additionally, local communities have demonstrated the capacity to 

protect areas much larger than those directly used for sustainable community-based 

management of Arapaima (Arapaima gigas), highlighting the effectiveness of their lake 

protection systems and, consequently, vast forest expanses. The co-management of 

Arapaima stands out as a symbol of significant change in conservation actions in the 

Amazon basin. This activity has ecological benefits, recovering the Arapaima population 

by up to 425% in 11 years, including the increase of other species (Campos-Silva et al., 

2019; Campos-Silva and Peres, 2016; Castello et al., 2009; Petersen et al., 2016). 

Additionally, the model provides socioeconomic benefits, such as financial resources for 

local communities, improving infrastructure, and promoting the inclusion of women in 

fisheries management (Campos-Silva and Peres, 2016; Freitas et al., 2020) 

Despite the evident ecological, economic, and social benefits, it is necessary to 

understand the nuances of NCPs in co-management. This is essential to value the 

relationships between communities and nature, revealing the diverse values associated 

with activities like Arapaima co-management (Quintas-Soriano et al., 2018). Therefore, it 

is crucial to understand other benefits and values, including the new and emerging ones 

in this context (Kadykalo et al., 2019). Here, we evaluated the benefits generated and 
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restored in nature, based on the perceptions of local communities that practice 

Arapaima co-management and those that do not. By analyzing these perceptions, we 

aim to provide a comprehensive understanding of the benefits of sustainable 

community-based activities as a tool to improve people's quality of life and protect the 

Amazon rainforest. 

3.3  Methods 

3.3.1 Study Area 

The study was conducted in the mid-section of the Juruá River, located in the 

state of Amazonas, which is one of the main tributaries of the Solimões River, in rural 

communities within and outside two contiguous Extratctive Reserves: the Uacari 

Sustainable Development Reserve (RDS Uacari, 5º43'58"S, 67º46'53"W), covering an 

area of 632,949 hectares, and the Médio Juruá Extractive Reserve (ResEx Médio Juruá, 

5º33'54"S, 67º42'47"W), with an area of 253,227 hectares. The ResEx Médio Juruá and 

RDS Uacari were officially established in 1997 and 2005, respectively, and currently 

house approximately 4,000 inhabitants spread across 74 communities along 800 km. 

These communities were located mainly near the river channel, but also included those 

situated along tributary streams and lakeshores (Figure 1) (Newton et al., 2012). 
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3.3.2 Data collection 

We conducted a survey consisting of 15 questions with experienced fishermen 

and women from the sampled communities. The responses were recorded on a modified 

Likert scale ranging from 0 to 10, where 0 represents the lowest possible value or total 

disagreement, and 10 represents the highest possible grade or total agreement (Table 

1.). We chose this scale because it is commonly used in rural primary schools, making it 

easier for participants to understand and provide accurate responses. The answers were 

supplemented with open-ended comments about each question, which were either 

recorded or transcribed during the interviews. This approach allowed for a deeper 

understanding of the nuances of co-management in each community and local 

specificities (Maia et al., 2004). We used these additional comments to identify and 

Figure 1. Study area, mid-section of Juruá River, western Brazilian Amazonia. Arapaima-
managing and non-Arapaima-managing communities interviewed during this study are 
represented by purple and yellow dots respectively. 
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classify each response within the 18 Nature's Contributions to People (NCP) framework 

from the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IPBES) (Díaz et al., 2018; Pascual et al., 2017). 

The questions addressed perceptions of various factors, including the abundance 

of high-value timber species, fisheries catch-per-unit-effort (CPUE), Arapaima 

abundance in both protected and unprotected lakes, and the abundance of Tambaqui 

(Colossoma macropomum), the most valuable Amazonian fish and a key seed predator 

and disperser. Additionally, the questions explored aspects such as group celebrations, 

cultural revival and strengthening, learning opportunities, community cohesion, and 

whether the Arapaima could symbolize life in the Juruá River Basin (Table 1.). 

Respondents from communities engaged in Arapaima management reported their 

perceptions of both the period before the implementation of co-management and the 

present day. In contrast, communities not engaged in Arapaima management reported 

only their current perceptions. 



     

 

Table 1. Questions asked to fishermen and women from Arapaima-managing and non-Arapaima-managing communities along the Juruá River in 
the western Brazilian Amazon regarding local perceptions of Nature’s Contribution to People before and after Arapaima management 
implementation, as well as current perceptions. 

Question Local 
communities 

Time Frame Nature’s Contribution to 
People 

How do you perceive the abundance of Assacú (Hura 
crepitans), surrounding the community's lakes?   

Arapaima-
managing  

Before and after Arapaima 
management implementation 

Habitat Creation and 
Maintenance 
Air quality 
Climate Regulation 
Materials 
Genetic Resources 

How do you perceive the abundance of Louro-mamuri 
(Ocotea cymbarum), surrounding the community's lakes?  

Arapaima-
managing  

Before and after Arapaima 
management implementation 

Habitat Creation and 
Maintenance 
Air quality 
Climate Regulation 
Materials 
Genetic Resources 

How do you perceive the abundance of Macacaúba 
(Platymiscium trinitatis), surrounding the community's lakes?  

Arapaima-
managing  

Before and after Arapaima 
management implementation 

Habitat Creation and 
Maintenance 
Air quality 
Climate Regulation 
Materials 
Genetic Resources 

How do you perceive the abundance of Copaíba (Copaífera 
longsdorffii), surrounding the community 's lakes?  

Arapaima-
managing  

Before and after Arapaima 
management implementation 

Habitat Creation and 
Maintenance 
Air quality 
Climate Regulation 
Materials 
Genetic Resources 

 
How do you perceive fisheries CPUE in community’s lakes? 

 
Arapaima-

 
Before and after Arapaima 

 
Food 
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managing  management implementation 

How do you perceive Arapaima (Arapaima gigas) 
abundance in the community's lakes? 

Arapaima-
managing  

Before and after Arapaima 
management implementation 

Habitat creation and 
Maintenance 
Freshwater Quality 
Food 
Physical and 
Psychological 
Experiences 
Maintenance of options 

How do you perceive Tambaqui (Colossoma macropomum) 
abundance in the community's lakes? 

Arapaima-
managing  

Before and after Arapaima 
management implementation 

Habitat creation and 
Maintenance 
Pollination and Dispersal 
Food 
Maintenance of options 

How do you perceive Arapaima (Arapaima gigas) 
abundance in unprotected lakes? 

Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Habitat creation and 
Maintenance 
Freshwater Quality 
Food 
Physical and 
Psychological 
Experiences 
Maintenance of options 

Fisheries can be considered as a recreational activity Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Physical and 
Psychological 
Experiences 
Supporting Identities 

Group celebrations are common in your community Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Learning and Inspiration 
Physical and 
Psychological 
Experiences 
Supporting Identities 
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Culture and traditions are not being lost in your community Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Learning and Inspiration 
Physical and 
Psychological 
Experiences 
Supporting Identities 

Current inhabitants from your community are reviving 
traditions and cultural behaviors from your ancestors  

Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Learning and Inspiration 
Physical and 
Psychological 
Experiences 
Supporting Identities 

The Arapaima can be used as symbol to represents 
livelihoods in the Juruá  

Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Learning and Inspiration 
Physical and 
Psychological 
Experiences 
Supporting Identities 

You have experienced opportunities to learn new techniques 
and good practices in fisheries  

Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Learning and Inspiration 

Inhabitants of your community are very uniting Arapaima-
managing 
and  
Non-Arapaima-
managing 

Current Supporting Identities 

 

 



     

 

3.3.3 Analysis 

To understand the Nature's Contributions to People (NCPs) provided by 

Arapaima co-management, we first performed a paired t-test on the local communities 

engaged in managed fisheries. This analysis utilised respondents' perceptions, 

comparing periods before and after the implementation of Arapaima management in 

each community. Next, we compared the current local perceptions of NCPs between 

Arapaima-managing communities and non-Arapaima-managing communities using a 

Student’s t-test. Both t-tests had their assumptions validated. Finally, we assigned one 

or more of the 18 NCPs to each response and its additional comments to identify which 

NCPs contributed most to differences in perceived NCPs between non-Arapaima-

managing communities and Arapaima-managing communities using a Principal 

Component Analysis (PCA) with the vegan package in R (Oksanen et al., 2022). All 

analyses were conducted in R version 4.4.1 (R Core Team 2024). 

3.4  Results 

We interviewed 186 people from 39 different communities along the Juruá River, 

comprising 15 Arapaima-managing communities and 24, non-Arapaima-managing 

communities. Respondents from Arapaima-managing communities perceived a higher 

abundance of high-value hardwood tree species after the implementation of Arapaima 

management, specifically Assacú (Hura crepitans), Louro-mamuri (Ocotea cymbarum), 

and Macacaúba (Platymiscium trinitatis), with statistically significant differences (p < 

0.05). Although Copaíba (Copaífera longsdorffii) was perceived to have increased in 

value after the implementation of co-management, this difference was not confirmed by 

the t-test. Oxbow lakes used by Arapaima-managing communities showed higher CPUE 

for daily fisheries, greater Arapaima abundance, and higher Tambaqui abundance after 

the implementation of Arapaima management, compared to the periods before 

implementation (Figure 2). When compared with non-Arapaima-managing communities, 

fishermen and women from Arapaima-managing communities perceived lower Arapaima 

abundance in unprotected lakes. Additionally, communities engaged in co- management 

perceived fisheries as a recreational activity, experienced a higher frequency of group 
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celebrations, and reported stronger community unity. Arapaima co-management also 

promoted cultural revival and strengthening, along with the introduction of new 

techniques and learning opportunities. Despite the notable differences mentioned, all 

interviewees agreed that the Arapaima could be used as an icon to represent livelihoods 

in the Juruá River (Figure 3). 

Figure 2. Boxplots comparing local perceptions of hard-wood species abundance (Hura crepitans, 
Copaifera longsdorffii, Ocotea cymbarum, and Platymiscium trinitatis), fisheries CPUE, Arapaima 
gigas, and Colossoma macropomum abundance from rural communities along the Juruá River before 
and after Araparaima co-management implementation. Paired t-test statistical significance is denoted 
as: *p < 0.05, **p < 0.01, ***p < 0.001 and **** p < 0.0001. 
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Principal Component Analysis revealed that non-Arapaima-managing 

communities occupied a broad spectrum in the multivariate space showing that this 

group of communities perceive NCPs differently from each other. In contrast, Arapaima 

managing communities occupies a small area in the multivariate space being more 

concise and related to each other which clearly separates the two groups. PC1 captured 

51 % of data variance being Habitat creation and maintenance the most influential NCP 

in distinguishing the two groups, followed by air quality, climate regulation, materials, 

and genetic resources (Figure 4). 

Figure 3. Boxplots represent local perceptions from both non-Arapaima managing and Arapaima-
managing communities about Arapaima abundance in unprotected lakes, fisheries as a recreational 
activity, frequency of group celebrations, Arapaima as an icon to represent local livelihoods, cultural 
strengthening and revival, learning opportunities and community union. t-test statistical significance is 
denoted as: *p < 0.05, **p < 0.01 and ***p < 0.001. 
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3.5  Discussion 

Co-management of arapaima has led to the creation and recovery of ecosystem 

services in the western Amazon. By integrating local knowledge from communities and 

scientific approaches, we can reveal valuable insights and benefits to nature. 

Community members’ perceptions of improvements in nature’s contributions to people 

highlight the importance of recognizing and economically compensating the community 

efforts to sustain community-based conservation arrangements, thereby incentivizing the 

continuation of sustainable practices (Díaz et al., 2018). 

Figure 4. Principal Component Analysis (PCA) of rural communities along the Juruá River in western 
Brazilian Amazônia and Nature Contributions to People Perceptions. The biplot displays the first two 
principal components (PC1 and PC2), which explain 52% and 29% of the variance, respectively. Purple 
dots represent Arapaima-managing communities while non-Arapaima-managing communities are 
represented in yellow. Arrows represent the loadings of the original variables, showing their contribution to 
the principal components. 
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The co-management of arapaima has brought significant benefits to local 

communities, especially related to socioeconomic improvements and population 

recovery of target species (Campos-Silva et al., 2018). Our studies amplify the range of 

benefits, spot lightening outcomes that are very important for local wellbeing. Among 

these benefits is the increase in Tambaqui (Colossoma macropomum), a species that 

was rare before co-management but has now become an important source of protein for 

local families, enhancing food security. The sustainable sale of Tambaqui and arapaima 

has also increased family incomes (Isaac et al., 2015). Additionally, there has been a 

noted growth in the availability of lower commercial value fish that are consumed daily 

and are quite essential for food security specially during intermittent periods of scarcity 

(Tregidgo et al., 2020). 

Community members have also observed the recovery of high value tree species 

such as Assacú (Hura crepitans), Louro-mamuri (Ocotea cymbarum), Macacaúba 

(Platymiscium trinitatis), and Copaíba (Copaífera longsdorffii), which were previously 

heavily exploited. This demonstrates a cascading effect of management practices, 

benefiting several non-target species (Campos-Silva, 2017). The recovery of these tree 

species plays an important role in mitigating climate change, as the increased 

abundance of trees contributes to carbon sequestration, benefiting global sustainability 

(Mori et al., 2013, Peres et al 2016). 

A diverse range of methods is needed to discern the values of nature, reflecting 

its complexities and multidimensionality (Scholte et al., 2015). In the case of co-

management, it is crucial to involve diverse forms of valuation with financial implications 

and consider the diverse potential impacts on the values of communities and natural 

resources. Current asymmetries in natural resource management can result in simplistic 

valuations based solely on financial criteria, undermining a pluralistic and 

comprehensive approach (Dasgupta and Srikanth, 2020). For example, the unity and 

sense of cooperation between people in co-management activities can ensure 

participation even without direct financial rewards (Brites and Morsello, 2018). Non-

monetary valuations have shown that a sense of belonging within communities engaged 

in co-management improves outcomes (Yates et al., 2010). Considering local 
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perceptions in community management activities provides a more realistic and in-depth 

understanding of the benefits of these initiatives. Integrating local community 

perspectives strengthens natural resource management and promotes sustainable and 

equitable development (Braga-Pereira et al., 2024). Community involvement in resource 

management can increase the effectiveness of co-management programs, improve 

resource conservation, and foster local economic development (Malmborg et al., 2022; 

Wiseman, 2006). 

Community-based conservation is a powerful global force for protecting and 

sustainably managing ecosystems and species (Kothari et al., 2013). In the Brazilian 

Amazon, it has played a crucial role in safeguarding large forest areas and reproduction 

sites for historically overexploited species (Campos-Silva et al., 2017), demonstrating 

the effectiveness of local management. Local communities have successfully protected 

lake areas averaging 47.4 ha and “terra-firme” areas averaging 11,188 ha. This 

conservation effort extends well beyond the pirarucu fishing lakes, highlighting the broad 

impact of community-managed initiatives. These communities' capacity to implement 

effective conservation strategies underscores their vital role in ecosystem-wide 

protection, significantly benefiting both biodiversity and community well-being 

(Rodrigues et al., 2024). 

Amazon floodplain communities employ co-management strategies, integrating 

traditional knowledge with collective agreements to sustain fish productivity and 

minimise conflicts over aquatic resources. This approach has enhanced fish abundance, 

and fisheries yields in tropical floodplain lakes, thereby supporting fisheries sustainability 

and food security in dam-affected areas (Silvano et al., 2014). Co-management not only 

boosts ecological benefits, such as increased species abundance and habitat 

availability, but also improves outcomes by enhancing the diversity and quantity of fish 

catches (d’Armengol et al., 2018). Effective co-management relies on social cohesion 

and well-regulated territories, which bolster subsistence fishing for local communities 

(Gutiérrez et al., 2011; Tregidgo et al., 2020). Co-management practices for Arapaima in 

Amazon floodplain lakes have positively impacted fish assemblage structure and 

composition, leading to greater fish richness, biomass, and improved household income 
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and livelihoods (Donda, 2017). By facilitating species recolonization, co-management 

enhances the abundance, size, and biomass of high-value fish species. The positive 

effects of co-management on fish assemblages have been observed in protected lakes, 

reinforcing its benefits for both ecological and socio-economic dimensions (Medeiros-

Leal et al., 2021; Silvano et al., 2014). 

Biodiversity conservation can ensure food security for local communities 

(Naughton-Treves et al., 2005; Tregidgo et al., 2020). However, public policies in many 

countries treat food security and biodiversity conservation as contradictory goals. The 

productivism discourse argues that to improve food security, it is necessary to increase 

food availability, but this negatively impacts biodiversity (Mooney and Hunt, 2009). Local 

initiatives in the Brazilian Amazon can promote regional sustainability by fostering 

changes in production systems, adding value, providing access to markets, and 

strengthening local governance arrangements (Brondizio et al., 2021). Community-

based management is democratic and collaborative, resulting in a greater sense of 

belonging and responsibility within communities. This approach integrates social, 

economic, and environmental objectives, promoting resilience and adaptability within 

communities (Ostrom, 1990). Traditional ecological knowledge (TEK) is an invaluable 

resource for sustainable resource management, encompassing generations of 

experience and a deep understanding of local ecosystems (Berkes, 2009; Brondízio et 

al., 2021). Co-management also promotes the transmission and sharing of traditional 

knowledge, ensuring its preservation for future generations (Hossain and Ballardini, 

2021). 

Non-material values such as trust, joy, increased recreational opportunities, new 

learning experiences, and the strengthening of traditional knowledge and unity are 

inherent in co-management. Consequently, cultural recovery, appreciation, and 

reinforcement help protect socio-biodiversity. This array of benefits demonstrates that 

co-management transcends the economic resources it generates. Additionally, it fosters 

empowerment and enhances social cohesion, improves collaborative efforts, increases 

unity, and encourages active participation in decision-making processes. The 
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reinforcement of social organisation, alongside traditional ecological knowledge, 

promotes equity and social justice (Albuquerque et al., 2024). 

There is a need to strengthen assessments of the relationships between society 

and nature, as well as the use of its resources, based on the perception of local 

communities. This is essential to avoid the simplification of assessments and valuations 

made by groups that focus only on the economic and unsustainable use of natural 

resources (Vatn et al., 2024). The perception of local communities in the protection of 

areas of global importance, such as the Amazon, reveals immense diversity in the 

perceptions of the benefits of nature, where there is a great consensus between human 

perception and changes in natural resources (Braga-Pereira et al., 2024). For example, 

the perception of experienced fishers confirmed the evident notion that local fish 

populations have increased (Campos-Silva et al., 2017). Participatory and deliberative 

methods in the assessment of the perception of NCPs are essential to ensure that the 

values and interests of local communities are included in decision-making processes. 

Such approaches value natural resources and their sustainable uses, and promote a 

sense of belonging and commitment among those involved in the use and conservation 

of resources (Hausmann et al., 2016)  

Community unity can be one of the strongest drivers of local involvement in co-

management (Brites and Morsello, 2018). Changes in people’s beliefs about the impacts 

of human activity on natural resources can ensure community participation in co-

management activities. Recognizing increased unity, sharing the importance of 

conservation actions, and improving community well-being can increase and ensure 

community participation rates. Strengthening policies that support co-management 

arrangements for arapaima is crucial to increasing adaptive capacity and overall 

performance, allowing continued activity even in adverse circumstances. These 

community-based arrangements, involving active local participation in resource 

management, have been shown to be effective in preserving biodiversity and improving 

quality of life (Campos-Silva and Peres, 2016; Ostrom, 1990) Strengthening these 

arrangements increases the capacity of communities to face future environmental and 

socioeconomic challenges, as well as promoting equitable and inclusive management of 
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natural resources (Folke and Berkes, 2002). Therefore, policies that support and expand 

these arrangements are essential for long-term sustainability and increased resilience. 

Implementing policies to strengthen sustainable community management can 

lead to the growth and strengthening of local institutions and better relationships with 

other stakeholders (Villamayor-Tomas and García-López, 2018). Empowering policies 

can improve collective decision-making by making it more inclusive and participatory, 

recognizing and transmitting traditional ecological knowledge, and promoting economic 

autonomy. Community management supported by effective policies can ensure better 

performance, especially when integrated and strategic policies are in place to support it. 

Alternative sources of support for conservation activities and community 

engagement may include compensatory payments for conservation actions that reflect 

global benefits (Akers, 2019). These compensations may be provided by governments 

or other public and private organizations (Ezzine-de-Blas et al. 2016). Partner 

organizations may provide infrastructure support to significantly boost conservation 

efforts by stabilizing activities and building larger coalitions (Osewe et al, 2023). Policies 

and programs aimed at strengthening activities can increase the connection between 

institutions and the resilience of local communities (Nieratkaa et al., 2015). Community 

members are essential in identifying priorities for improvement in activities, and 

supportive policies may include investments in infrastructure, such as territorial 

surveillance. These investments improve relationships within and between communities 

and other institutions, increasing the resilience of activities (Wiseman, 2006). 

Conservation science has often argued that biodiversity conservation and social 

needs are, at worst, incompatible and, at best, difficult to deliver simultaneously 

(McShane et al., 2011). However, few initiatives have tested these ideas in established 

sustainable-use systems. Empowered communities can decentralize natural resource 

management, generating significant sources of self-development while ensuring 

ecological outcomes, as we observed in our study case. There is still a long way to go to 

properly recognize the efforts of local communities in protecting nature and ensure a 

fairer financial return that covers the costs and fairly compensates those communities. 

Nevertheless, highlighting conservation successes can boost optimism, a crucial asset 
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in addressing contemporary socioecological challenges, which is often in shortage 

among conservationists in many developing countries (Cvitanovic and Hobday, 2018). 
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4.1  Abstract 

Community-based conservation has gained traction in the Brazilian Amazon due 

to its potential in combining territorial protection, local well-being, and biodiversity 

conservation. Here, we conducted an innovative assessment of the effective protection 

footprint of the largest community-based fisheries conservation arrangement in the 

Amazon. Local communities effectively protected between 1 and 13 lakes, which were 

on average 47.4 ha in size. However, the effectively protected floodplain area was 

approximately eight-fold larger than the extent of direct protection, defined as the 

immediate focal area sustaining financial returns through co-management. The 

additional protection of a ‘functional area’ was on average 11,188 ha, or 36-fold larger 

than the directly protected area. Although the average cost of effective protection was 

low (US$0.95 ha‒1 yr‒1), this was entirely incurred by low-income local communities 

Our study underscores the remarkable effort leveraged by Amazonian rural communities 

in protecting natural ecosystems and the imperative need to develop compensation 

mechanisms to financially reward them, which are currently lacking. 

Keywords: Communal conservation, co-management, environmental protection, 

Amazonia, sustainable development, tropical forest 

 

4.2  Introduction 

Community-based conservation (CBC), in which local communities lead the 

management and protection of natural resources, is one of the most promising 

conservation strategies in developing tropical countries (Berkes, 2007). There are 

several significant potential co-benefits of CBC initiatives (Brooks et al., 2012). First, 

CBC ensures biodiversity conservation by promoting sustainable land use practices and 

critical habitat protection (Campos-Silva et al., 2018). Second, it can generate income 

and create employment opportunities for local communities through ecotourism, 

sustainable harvesting of natural resources, and other forms of income generation (Ruiz-

Ballesteros and Brondizio, 2013). Third, it can improve social and economic well-being 
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locally by enhancing food security and providing greater access to social services and 

infrastructure (Campos-Silva et al., 2021; Campos-Silva and Peres, 2016). Fourth, it 

promotes participatory decision-making, which can enhance the sense of ownership and 

responsibility among local communities (Ostrom, 2009). Finally, CBC can contribute to 

the achievement of global conservation goals by effectively conserving biodiversity, 

building capacity and facilitating knowledge-sharing among stakeholders (Esmail et al., 

2023).  

CBC is seen as a feasible conservation approach in the Amazon because it 

combines territorial protection, local welfare, and biodiversity conservation, while also 

generating income and preventing biodiversity loss (Campos-Silva et al., 2019; Campos-

Silva and Peres, 2016). A notable CBC initiative in the Neotropics is the co-management 

of pirarucu, or giant arapaima (Arapaima gigas) fisheries in Amazonia (Campos-Silva 

and Peres, 2016; Freitas et al., 2020). Territorial protection is crucial within CBC as it 

supports source-sink dynamics in harvested Amazonian landscapes, aiding the recovery 

of historically overexploited species (Arantes et al., 2022; Campos-Silva et al., 2019). 

CBC-mediated territorial protection is ensured by 24/7 environmental surveillance, 

deterring poaching by local and external resource users (Franco et al., 2021). 

Community surveillance restricts outsider access and enforces protection rules through 

punitive measures, such as confiscating products, removing trespassers, and notifying 

government agencies (Queiroz, 2015). Surveillance, initiated in 1995, was key in 

developing ‘fishing agreements’—formal commitments among communities to comply 

with management rules—and led to the 2002 consolidation of a community-based 

environmental protection system (Franco et al., 2021). 

The CBC approach has been remarkably successful. For example, wild arapaima 

populations increased by 425% along the Juruá River (Campos-Silva et al., 2019), 

mirroring trends in other basins adopting this approach (Castello et al., 2009; Petersen 

et al., 2016). Additionally, this approach positively impacted fish communities' structure 

and composition, increasing species richness, body mass, abundance, and biomass 

(Medeiros-Leal et al., 2021). 
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A major motivation for arapaima fisheries co-management is to generate 

demographic benefits for resource populations, resulting in both subsistence and direct 

income (Campos-Silva et al., 2020). However, the economic burden of territorial 

surveillance falls heavily on disenfranchised local communities, potentially threatening 

the long-term viability of this conservation program (Robalino et al., 2021). Arapaima 

CBC presents a common-pool resource dilemma: enhanced fish populations allow 

fishers to secure predictable quotas, but this requires costly monitoring and enforcement 

to ensure sustainable floodplain management. Besides monitoring costs, fishing 

communities face significant logistical expenses in marketing their fish quotas (Instituto 

Juruá, unpubl. data). Research suggests that conservation policies need to offer 

sufficient incentives to stimulate local economic interests and mobilize commitments to 

formalize conservation actions (Londres et al., 2023). Therefore, the disparity between 

positive large-scale conservation outcomes and low socioeconomic benefits poses a 

significant challenge to the sustainability of CBC efforts (Campos-Silva et al., 2019). 

One way to offset these costs is through Payment for Environmental Services 

(PES) programs co-designed with communities, providing compensation for the use and 

stewardship of resources to ensure environmental services. PES participants can be 

individuals, enterprises, NGOs, private institutions, or the public as direct or indirect 

beneficiaries of territorial protection (Wunder, 2015). PES often involves carbon 

sequestration, water quality, ecotourism, and biodiversity protection (Ezzine-De-Blas et 

al., 2016). Implementing PES for biodiversity is challenging due to indirect, delayed 

benefits, often requiring legal support (Hein et al., 2013). In Latin America, PES uptake 

has increased, targeting forest carbon, hydrological catchments, and biodiversity 

conservation. Balancing payments is complex due to socio-ecological intricacies and 

history; PES can reduce deforestation, especially under long-term contracts (Charoud et 

al., 2023), and bolster ecosystem resilience (Ocampo-Melgar et al., 2024). Even in 

areas with limited governance, PES can yield significant benefits (Salzman et al., 2018). 

Successful PES programs should adapt to diverse conditions and be integrated 

into flexible, existing governance structures. Long-term effectiveness requires 

continuous monitoring of costs, production, and impacts, with a focus on enhancing 
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natural resources rather than merely maintaining the status quo (Börner et al., 2017). 

Effective implementation also hinges on creating schemes that enhance social equity 

and foster intrinsic motivation, which are justified on both normative and instrumental 

grounds (Akers and Yasué, 2019). These schemes should be managed autonomously, 

fairly, and efficiently to maximize socio-environmental benefits and ensure resource 

conservation (Lliso et al., 2021). 

Here, we quantitatively assess the impact of the largest community-based 

conservation program in Brazilian Amazonia by examining the full extent of community-

led environmental surveillance and their associated costs considering 96 protected lakes 

located along the Juruá River, a major tributary of the Amazon. Specifically, we estimate 

the full spatial extent of floodplain and upland forests that local communities can 

effectively guard as a consequence of CBC, and the economic cost incurred by this 

surveillance, which are currently borne out by the communities. We use these estimates 

to highlight the enormous effort invested by Amazonian rural communities to ensure the 

protection of natural ecosystems, arguing for the development of new governance and 

financial tools to reward strong local conservation measures by legitimate resource 

users as a cost-effective and socially just approach to ensure forest protection. Finally, 

we discuss the potential viability of PES approaches to support community-based 

conservation and reduce the asymmetry between the costs of conservation efforts 

incurred locally and environmental benefits accrued at much larger spatial scales. 

 

4.3 . Results 

4.3.1 Operational structure of community-led protection 

Local guards covering a floodplain area are community members who participate 

in arapaima management, and may be organized in pairs or small teams of up to eight 

people. The rotation among teams is determined by the community and is established 

depending on the physical environment, such as lake location, lake accessibility, 

distance to the community support base, and number of guards available in the 
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community (Figure 1A). In general, surveillance forays could range from six hours to 

seven consecutive days, but in a few communities the guard lived in a floating house on 

the lake all year-round. Surveillance costs are mostly paid for by community members 

themselves, in which household food and fuel supplies are made available to enable 

travel to the vicinity of each surveillance site. However, a few communities included 

surveillance activities as part of the total cost of arapaima management. The most 

critical surveillance season was when the level of floodwaters was receding. Illegal 

fishers at this time could rapidly move into a lake and harvest protected stocks of 

commercially desirable fish species, resulting in the remaining stock to relocate from any 

given lake in search of safer sites elsewhere (Figure S1). 

4.3.2 Community-based protection footprint 

A total of 96 protected oxbow lakes under the direct jurisdiction and stewardship 

of 14 rural communities and hosting a population count of approximately 109,000 adult 

arapaima, were mapped along the Juruá River (Figure 1B). These communities were on 

average spaced by 82.8 km from the nearest town (range = 51.78 - 110.9 km). Each of 

these communities on average contained 12.6 families (range = 2 - 32), with a total of 

177 families participating in community-led lake surveillance. On average, 6.4 lakes 

(range = 1 - 13) were protected per community, with individual lakes accounting for a 

mean dry-season area of 47.39 (± 82.26) ha. The spatial extent of direct protection was 

on average 305 ha per community, but the wider territorial protection resulting from 

effective protection was on average 2,346 ha (Table S1, Figure 2A). In other words, the 

extent of effectively protected areas was almost eight-fold larger than the aggregate size 

of all protected lakes within the jurisdiction of any given community, which corresponds 

to the actual focal area that derived financial returns through co-management. The 

functional floodplain area supporting co-management was even larger: on average this 

amounted to 11,189 ha per community, an area ~36-fold larger than the directly 

protected area (ANOVA, df = 3, F = 93.41, p< 0.001; Figure S2; Table S2). Finally, each 

local community included in this study incidentally protected an overall additional 

average upland area of 12,383 ha of terra firme (nonflooded) forests by simply closing 

off those areas by severing physical access through the floodplain area protected by 
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CBC. This area was on average nearly 40-fold larger than the directly protected area. 

Combining all four zones of either direct or incidental protection, each community in fact 

protected a mean total area of floodplain and upland forest nearly 86 times larger than 

the total dry-season area of lakes sustaining local arapaima populations. 

4.3.3 Financial cost of CBC protection 

The current community-scale monetary costs of environmental surveillance were 

calculated based on real-world expenditure information reported by each community. 

The mean annual cost of territorial surveillance was estimated at ~US$31,271 to ensure 

the overall effective protection of 32,844 ha of floodplain environments. In other words, 

on average ~US$0.95 was spent on each hectare of effectively protected area. 

Surveillance expenditure was conservatively estimated at zero labour costs and based 

on only fuel and food supplies consumed by lake guards who volunteered to contribute 

unpaid labour time. These costs are low compared to the estimated community-led costs 

based on our three potential hypothetical PES scenarios. We found that if two lake 

guards were to be rewarded by local daily wages, these costs would increase to 

US$5.30/ha.  Assuming that labour costs for two guards could be met considering the 

Brazilian minimum wage, these costs would slightly increase to US$5.40/ha. Finally, 

considering standard payment rates recently awarded by the official environmental 

protection agency (ICMBio), these costs would further increase to US$9.60/ha (Figure 

2B). 

On average, surveillance costs represented 32% of the overall costs of 

community-based fisheries management and exerted a negative impact of 21% of the 

net community income. Our model selection identified three most parsimonious models 

(Table S3). The model averaging approach revealed that travel distance to the farthest 

lake, which was typically isolated from the river channel, was the most important 

predictor across all plausible models in explaining protection costs (ωAICc = 1). 

Additionally, the authorized arapaima harvest quota (ωAICc = 0.33) and number of 

protected lakes (ωAICc = 0.32) emerged as other important variables, each appearing in 

one of the selected models (Figure S2).  
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To ensure a fair reward system to local fishers who protect wide-ranging fisheries 

resources that transcend local jurisdictions, we identified three potential scenarios 

according to the payment system complying with Brazilian labour regulations. The cost 

of any PES program was calculated considering the fishing quota allowed by the 

regulatory agency, so that PES costs could be equated to a standard unit of fish offtake 

(kg of harvested fish). This facilitates the payment rationale to local fishers, in addition to 

the fact that large quotas translate into more intensive efforts to protect supporting 

habitats. In these terms, local payments would range from US$0.94/kg of fish 

considering local wages to US$1.70/kg of fish considering ICMBio hiring practices 

(Table S4). Considering labour costs in terms of the current minimum salary according 

to Brazilian labour law, cost estimates would be comparable to those based on local 

daily wages (US$0.95/kg). These cost estimates mean that ensuring the viability of a 

PES program covering the entire Central Juruá River basin would require funding in the 

order of between ~US$1,770,000 and ~US$3,170,000 each year. If we were to project 

those values to support CB fisheries management across the entire state of Amazonas, 

this would require between ~US$50.3 million and ~US$90.1 million in annual payments, 

which would benefit over 400 rural communities and ensure the socially just protection of 

approximately 15 million hectares of floodplain forests. 

 

4.4  Discussion 

The territorial protection and resource surveillance carried out by Amazonian local 

communities involved in arapaima co-management has ensured the protection of vast 

areas of tropical forest, safeguarding the flow of multiple ecosystem services at different 

scales (Campos-Silva and Peres, 2016). Beyond the ecological benefits reported to 

date, our results show that community-led protection of aquatic environments within 

community-based fisheries arrangements also ensure the added-value protection of 

much larger aquatic and terrestrial areas compared to only the aggregate lake area 

where dry-season fishing activities are conducted. Quantifying this enormous effort 

allocated by Indigenous Peoples and Local Communities to protect their own territories 
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reinforce the positive role of traditional people on conservation of Amazonian 

environments (Brondízio et al., 2021).  

Local communities are always present, thereby protecting their aquatic 

environments all year-round and 24 hours each day. Yet commercially valuable fish 

stocks become more vulnerable during the receding floodwaters, which renders 

community protection efforts even more diffuse, more complex, and more demanding. 

Therefore, surveillance requires enormous dedication of time and effort, in addition to 

incurring a high cost to already low-income families, by limiting their capacity to engage 

in other profitable activities and subsistence food production (Campos-Silva et al., 2020). 

In this context, community-led territorial governance and protection represents a 

substantial opportunity cost for local households. It is therefore critical to recognize, and 

ideally enhance, communal surveillance activities through financial support of local 

communities if the long-term success of these CBC outcomes are to be maintained 

(Charoud et al., 2023). 

 

Spatial footprint of community-led protection  

We show that the scale of effective environmental protection by Juruá 

communities, considering their routine surveillance routes on foot, is almost eight-fold 

larger than the actual aggregate lake area. This extended protection footprint in fact 

becomes much larger, considering that guarding floodplain environments during the 

critical time of the year incidentally precludes access to adjacent upland forests that 

would otherwise be reached. Therefore, by precluding illegal incursions by outside users 

into the floodplain and its anastomosing channels, local communities also ensure the 

added-value protection of vast areas of unflooded upland forests. In this context, beyond 

the strong positive impact on fisheries resources and aquatic biodiversity shown 

elsewhere (Campos-Silva et al., 2019; Campos-Silva and Peres, 2016), the effective 

protection of both várzea and terra firme forests during the low-water season clearly 

delivers strong additional benefits to terrestrial biodiversity conservation by preventing 

illegal exploitation by fishers, hunters, loggers and, more recently, miners. 
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Another key finding reported here is the spatial extent of functional protection, 

which is an important hidden positive impact of community-based conservation. The 

Juruá River experiences a flood pulse that can reach depths of up to 11 m for up to 230 

days a year (Campos-Silva et al., 2021). Arapaima fish exhibit lateral migration patterns 

during this prolonged flood pulse, including habitual movements into flooded forests 

between tributary lakes and perennial streams, and the main river channel (Campos-

Silva et al., 2019). Population recovery of this apex predator is closely associated with 

lateral migration and replenishing of depleted environments (Campos-Silva et al., 2019), 

which can impact the top-down trophic dynamics across an area ~255-fold larger than 

the neighbouring lake area, thereby controlling the abundance of other important prey 

species (Campos-Silva et al., 2021). In addition, the spatial contagion of enforcing 

protection ensures recolonization of previously depleted areas far away from the target 

lake, reinforcing the importance of co-management activities in promoting food security 

for Amazonian rural communities (Tregidgo et al., 2020). 

 

Cost of community-based protection in a seasonal environment 

Arapaima population viability is closely linked to the hydrological cycle, including 

the supra-annually variable seasonal flood pulse, which markedly alters the seasonal 

fluvial connectivity of the floodplains along major meandering rivers of the Amazon (Junk 

et al., 1989). During the flood season, arapaima moves between lakes, the main river 

channel, and the flooded forest, where they have access to high-quality food sources 

(Campos-Silva et al., 2019). When floodwaters begin to recede, arapaima shows a high 

degree of site fidelity, returning to their breeding lakes, particularly when conditions are 

quiet including low ambient noise (Campos-Silva et al., 2019). Our results show a much 

greater community effort during this period in protecting stocks against human 

disruptions induced by fishing gear and poaching (Figure 2B). This leads to a marked 

peak of labour-intensive surveillance activity that requires substantial resources, 

including food supplies, fuel, boats and canoes, and a larger number of volunteers 

because schools of arapaima can flee the lakes prematurely if they perceive a threat 

from outside fishers. 
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Comparing the costs of community-led efforts against alternative scenarios that 

rely on proactive participation of government agencies or NGOs, we easily reach the 

conclusion that local community inclusion in conservation arrangements is the cheapest 

and most cost-effective mechanism to ensure the protection of natural ecosystems, such 

as the Juruá floodplains. However, we emphasise the glaring lack of social justice 

behind this strategy given the heavy burden and local opportunity costs considering that 

the time and effort spent in territorial protection could be allocated to alternative income 

generation activities. In fact, the substantial asymmetry between large conservation 

benefits accrued at multiple scales and the local socioeconomic costs incurred locally 

represents one of the main bottlenecks in implementing community-based 

arrangements.  This distortion thus needs to be addressed to strengthen the CBC model 

in Amazonia and beyond. 

Although the costs of community-led protection can be seen as exceedingly low 

compared to the typical investments in conservation interventions by most external 

agencies (Silva et al., 2019), those values are extremely high for disenfranchised local 

communities, which accept to soldier on because this heavy burden yields many other 

benefits beyond a simple monetary trade-off (Campos-Silva et al., 2021). Our study 

communities have legitimized their interests through co-management actions, 

increasingly engaging in conservation practices with intrinsic motivations that are often 

above economic payoffs. In addition to collective decision-making, there is a collective 

sense of autonomy and belonging that ensures access to natural resources for both 

present and future generations (Gamarra et al., 2019; Ostrom, 2009). Given little or no 

action enacted by toothless environmental agencies throughout the Amazon, this local 

community empowerment has filled the vacuum by successfully protecting their own 

territories against major threats by external enterprises waging predatory 

overexploitation (Levis et al., 2020; Lopes et al., 2021). 

 

Strengthening recognition of hidden environmental services  
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Community-led biodiversity protection thorough local empowerment can ensure 

socio-environmental governance and maintenance of ecosystem services and 

opportunities for self-development both inside and outside protected areas (Campos-

Silva et al., 2021), especially when confronting hostile policies dismantling 

environmental regulations (Vale et al., 2021). However, local communities cannot 

continue to shoulder the heavy burden of 24-by-7 environmental protection without 

external support. This is vital for the maintenance of community-based conservation, 

given that biodiversity-based value chains are not sufficiently fair to cover the intrinsic 

costs of environmental protection. In addition, above and beyond the financial costs 

associated with surveillance efforts, there are other secondary opportunity costs incurred 

by neglecting horticultural investments, which also provide subsistence and income 

(Alves-Pinto et al., 2018; Newton et al., 2012). Furthermore, a relentless state of 

surveillance and readiness imposes a substantial physical and psychological toll, given 

the ever-present possibility of violent hostilities from potential intruders, which in extreme 

cases can be life-threatening (Campos-Silva et al., 2020). 

Payments for Ecosystem (or environmental) services (PES) has the potential to 

contribute highly positive conditional incentives for the provision of ecosystem services 

(Wunder, 2015). Although this approach is more common in terrestrial conservation, it 

has recently grown in fisheries management (Bladon et al., 2016). In sum, PES is more 

likely to succeed within fisheries arrangements that show (i) demand for one or a set of 

ecosystem services or bottlenecks in the value-chain; (ii) evidence-based approach with 

a clear baseline; (iii) clear boundaries and property rights; (iv) strong local governance; 

(v) robust monitoring, control and surveillance; and (vi) financial sustainability (Bladon et 

al., 2016). Arapaima co-management in the Brazilian Amazon shows a high level of 

community organization, in addition to the balanced participation of local institutions, 

NGOs, academic institutions, and government agencies. These conditions provide a 

solid foundation for the implementation, organization, and development of PES 

programs involving established CBC arrangements. This is critical because the lack of 

socio-political organization often makes these schemes unworkable (Salzman et al., 

2018). 
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Our study clearly underscores an imperative moral challenge of directly 

compensating local communities providing a wider public good generated by their 

environmental protection efforts (Arantes et al., 2022). A fairer return on their 

conservation efforts is vital to compensate for their tangible contributions and roles as 

protagonists of these arrangements, aligning biodiversity protection with local wellbeing. 

As such, strengthening and ensuring better surveillance conditions and greater 

economic returns to local communities can capture the long-term goals of local 

environmental and socioeconomic sustainability.  

A co-designed PES model should be transparent in terms of who pays (the 

buyers), who benefits (the beneficiaries), and who sells (the providers) (Mohammed, 

2013). We advocate that a PES mechanism within the arapaima CBM program in Brazil 

should be supported multilaterally between inter-governmental funds, non-governmental 

initiatives, and international cooperation, considering that the ecosystem services 

indirectly provided by local communities operate at a global scale (Levis et al., 2020). 

The Brazilian government has the means to implement a PES program, which could 

become a key financial mechanism, strengthening the economic benefits of 

environmental protection, promoting an increased sense of ownership, and engaging 

new communities into arapaima management, similarly to other PES programs like the 

Bolsa Floresta (Cisneros et al., 2022). However, we highlight the importance of securing 

enough decision-making power for local leaders and community representatives to 

ensure procedural and representative justice throughout the entire process of 

implementing and maintaining programs (Lopes et al., 2021). 

Community participation is a crucial element in the processes of designing, 

implementing, and monitoring the effectiveness and success of PES activities (Kaiser et 

al., 2021). In addition, this must be based on transparency among investors, 

beneficiaries, and providers (Shapiro-Garza et al., 2020; Upton, 2020). Thus, the active 

participation of community members, together with inter-institutional partnerships, can 

render bureaucratic and legal processes enforceable in a participatory manner (Shapiro-

Garza et al., 2020). 
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PES programs have raised significant ethical and social concerns. Treating 

natural resources as commodities, subject to transactions, can exacerbate unequal 

benefit distribution, potentially disadvantaging involved communities (Kaiser et al., 

2021). For initiatives to be effective, equity in PES benefit distribution must be integrated 

throughout the workflow. Ignoring the interconnected aspects of socio-biodiversity can 

undermine conservation efforts. Focusing solely on measurable environmental services 

and oversimplifying ecological processes can undervalue natural resources (Kaiser et 

al., 2021; Shapiro-Garza et al., 2020). A comprehensive resource assessment is 

necessary to avoid excluding critical operational factors in PES development and 

maintenance (Kaiser et al., 2021). 

While benefiting from PES, communities can paradoxically become dependent 

and vulnerable without strategies to mitigate financial and structural risks ensuring 

program continuity (Upton, 2020). Diversifying funding sources reduces risks associated 

with interruptions or delays in payments and benefits (Kaiser et al., 2021). This approach 

ensures long-term viability for community-based surveillance systems, making them fair 

activities (Shapiro-Garza et al., 2020). Our findings show that CBM is a highly viable and 

cost-effective method for implementing PES, allowing for territorial protection across 

vast Amazonian Forest areas with relatively modest investments, significantly enhancing 

frontline conservation efforts. 

 

4.5  Conclusion 

Arapaima management in Brazilian Amazonia has emerged as a strong window 

of opportunity to align biodiversity protection with sustainable and equitable prosperity.  

However, any socioeconomic gains accrued from sustainable offtakes are still very 

modest considering the huge positive conservation impact (Campos-Silva et al., 2021, 

2020, 2019; Campos-Silva and Peres, 2016). We here uncover the hidden added-value 

of community-based territorial surveillance, which ensures both biodiversity protection 

and the provision of a wide range of ecosystem services that, in turn, enhances the 

quality of life of local people. We reinforce the need to both recognize and reward the 
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enormous effort allocated by local communities to protect Amazonian natural 

ecosystems. It is thus imperative to consolidate this new pathway towards a brighter 

future for Amazonia, in which local livelihoods and the protection of Earth’s largest 

tropical forest are inextricably linked. 

4.6  Methods 

4.6.1 Study Area 

This study was conducted along the Juruá River, a major tributary of the Solimões 

(=Amazon) River, and primarily within the ~2.58-million-hectare municipal county of 

Carauari (4° 52′ 58″ S, 66° 53′ 45″ W) in the State of Amazonas, Brazil. This region is 

strongly influenced by commercial and subsistence activities involving fishing, 

agriculture, and Euterpe (açaí) fruit and oilseed extraction (Newton et al., 2012). This 

region contains two contiguous sustainable-use protected areas: the 632,949-ha Uacari 

Sustainable Development Reserve (RDS Uacari, 5º43'58"S, 67º46'53"W; Decree No. 

25,039 of Jun. 1, 2005), and the 253,227 ha Extractive Reserve Médio Juruá (ResEx 

Médio Juruá, 5º33'54"S, 67º42'47"W; Decree No. n/a of Mar. 4, 1997). These reserves 

were decreed in 1997 and 2005, respectively, and currently contain ~4,000 inhabitants 

distributed across 74 communities, most of which near the river channel, along a fluvial 

distance of 800 km, in addition to communities located along the banks of oxbow lakes 

and perennial streams (Figure 1B). 

 

4.6.2 Resource governance resulting from arapaima co-management 

To ensure both economic and food security for rural communities, Fishing 

Accords (i.e. formal agreements) were widely negotiated in the mid-Juruá region during 

the 2010s. These accords involved local communities, including those outside protected 

areas, as well as the Fishers Cooperative of Carauari, the nearest urban centre. The 

agreements created three different categories of access to lake resources during the dry 

season, when lakes become clearly discrete geographic features where fish 

concentrate: (1) Subsistence-use lakes, which are intended to supply local subsistence 
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needs, and which are restricted to artisanal fishers from the resident community who are 

responsible for guarding that lake; (2) Protected lakes, which are managed by local 

communities primarily as arapaima stock recovery sites, and exclude both commercial 

and subsistence fishing boats, except for a brief community-led offtake season based on 

a strict harvest quota predetermined by IBAMA, the Brazilian Natural Resources Agency 

(Campos-Silva and Peres, 2016); and (3) Production lakes, which are open-access to 

both commercial and subsistence fishers. 

A floating wooden watchtower is typically erected at the main strategic entrance 

of the lake. Equipped with makeshift hunting gear and subsistence supplies, these 

stationary posts, which are occupied by a small patrol unit and managed by the resident 

community, conduct round-the-clock armed surveillance. During the arapaima 

management season, some of the protected lakes are harvested by the resident 

community for a brief period of up to 5 days per year, according to a previously 

determined proportional harvest quota based on a stock assessment defined as the 

number of adult and juvenile arapaima counted at that lake in the previous year (see 

Campos-Silva and Peres, 2016). 

Annual arapaima counts began at several lakes along the mid-Juruá in 2005, and 

lake management was implemented in 2010 by a partnership between local 

communities, local associations, and federal and state agencies. Arapaima counts take 

place during the low-water season at each monitored lake each year, and the census 

data are forwarded to IBAMA. IBAMA then authorizes a lake-specific harvest quota of up 

to 30% of all adults (>1.5m in length) counted, depending on the fish processing 

requirements of the resident community and other extenuating factors. 

 

4.6.3 Data analysis 

4.6.3.1  Quantifying territorial protection 

We conducted participatory community mapping through semi-structured 

interviews (CAAE research ethics permit 52148721.6.0000.5013) with lake guards, 
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community leaders, and community residents. First, we asked general questions to 

describe the surveillance dynamics, including the main actors, surveillance alternation 

dynamics, impact of seasonality on surveillance dynamics, surveillance pathways, 

conflict resolution strategies, and associated costs. Participatory community mapping 

occurred interactively using A3-sized hardcopy cartographic maps showing LANDSAT-8 

satellite images in RGB (5,4,3) colour composition, with a scale of 1:100,000 for location 

and identification of each lake where territorial surveillance had been deployed by each 

community. Each lake management category was identified by outlining locations on the 

map using colour markers (Wartmann and Purves, 2017). Participatory community 

mapping was carried out with community residents who had extensive previous 

experience with both spatial landmarks across the waterscape, which is the main form of 

transport in this region, the overall landscape, and in-depth knowledge of arapaima co-

management activities (Patton, 2015; Silvano et al., 2023). Floodplain mapping was 

carried out within the scope of either community meetings or visits to resident 

households (Saija et al., 2017). Experienced individuals were identified by community 

leaders. 

Arapaima co-management activities exert varying impacts at different spatial 

scales of influence (Figure 2A). First, there is a (1) direct scale of protection, represented 

by the immediate lake area where actual surveillance takes place. Second, there is an 

(2) effective scale of protection, which is represented by the total area within the 

community surveillance boundaries. Third, there is a (3) functional scale of protection, 

represented by the functional impact zone exerted by spatial exclusion, particularly 

related to the vagrancy and movement capacity of the target species protected at each 

lake. Finally, there is an (4) incidental scale of protection at which local communities 

indirectly protect large portions of upland (terra firme) forests farther inland by simply 

restricting entry to strategic access points within the more accessible adjacent 

floodplains.   

 Direct scale of protection 

During the mapping sessions, all lakes protected through surveillance that are 

managed by any given community were identified and further classed as direct 
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surveillance areas, as they are the focus of management activities, and their total area 

was measured using the MapBiomas Água Project collection 1 dataset (MapBiomas 

2021), which mapped all open water bodies across Brazil.  

Effective scale of protection 

Territorial surveillance for lake protection is a set of actions and adaptive 

strategies that occur on a full-time basis, but intensified in the dry season, to protect 

areas of management interest. These areas include subsistence-use, protected, and 

production lakes that are harvested for local subsistence. Surveillance aims to protect 

lakes from illegal harvesting by either local or external fishers, and any other exploitation 

activities that can disturb the lake and the surrounding forest, such as hunting and 

timber extraction. Surveillance strategies are continuously adapted according to the 

needs of each community and depend on the number of managed lakes, number of 

people available for surveillance, landscape context, and geographic accessibility of 

each lake. 

Surveillance is conducted by travelling around the perimeter of each lake by 

canoe or on foot, depending on the season, searching for any presence or signs of 

intruders. In several communities, floating wooden houses are placed at strategic entry 

points of access to lakes to optimize surveillance. During surveillance, lake guards cover 

a floodplain area much larger than the size of individual lakes, which we refer to as 

“effective scale of protection”, where illegal activities, including poaching, fishing, and 

logging, are excluded. To estimate the effective protection of each lake, we combined 

GPS tracks and spatial data recovered from interviews to map the daily paths that 

community guards frequently travelled to protect each lake. The area effectively 

protected, including seasonally-flooded várzea forest and open-water bodies, was 

estimated, including all reported paths on foot and/or canoes between lakes, and all 

strategic surveillance points that were frequently accessed by outside users attempting 

illegal fishing. Polygons drawn during participatory mapping were reproduced in QGIS 

3.14 (QGIS, 2023) at the same scale using the corresponding satellite image to fine-tune 

estimates of the effective scale of protection. 
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 Functional scale of protection 

We also estimated the functional protection area of each lake based on the 

ranging ecology of giant arapaima (Arapaima gigas), the conservation target species in 

this arrangement. We therefore considered arapaima movement patterns, which had 

been quantified during a previous telemetry study (Campos-Silva et al., 2019), to 

estimate the capacity of each lake to function as a source area of individuals moving into 

depleted lakes and the spatial configuration of landscape-scale population gene flow, 

both of which can sustain ecological interactions and top-down control of food webs 

mediated by an apex predator (Campos-Silva et al., 2021). 

This was estimated using a 1,730-m buffer area around the dry-season perimeter 

of each lake (i.e. the direct scale of protection). This threshold value corresponds to the 

radius of an average circular Arapaima home range area, defined by the Minimum 

Convex Polygon formed by positional fixes obtained for 12 juveniles and adults. Six of 

these individuals were tracked in our study area in 2014 and seven in 2015 using 

conventional VHF telemetry, amounting to 309 locations, 125 and 184 of which during 

the dry and wet seasons, respectively (see Campos-Silva et al., 2019). Individual 

estimates are available within Table S.5. 

Incidental scale protection 

In addition to these three scales of protection, oxbow lake surveillance also 

incidentally protects all the rear areas of upland forests by closing off the physical 

accessibility to unauthorized users of the várzea floodplain. This strategy prevents non-

resident loggers, hunters, and fishers from accessing upland areas, typically to stealthily 

exploit natural resources without the explicit consent of the local community. This scale 

of protection was estimated by multiplying the total width of várzea floodplains protected 

at the effective scale by a conservative 10-km length of upland forests that could be 

potentially affected by illegal extractive activities (Benítez-López et al., 2019; Peres et 

al., 2016). To assess differences in spatial extent between different scales of protection, 

an Analysis of Variance (ANOVA) was performed with the response variable on a 
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logarithmic scale. Assumptions of normality of residuals and homogeneity of variances 

were evaluated using the Shapiro-Wilk and Levene tests, respectively. 

 

4.6.3.2 Assessing protection dynamics and costs 

To better understand local surveillance priorities according to the flood pulse 

dynamics, we organized focal group interviews at each community with 45 experienced 

fishers who had conducted local lake surveillance for at least 15 years. These focal 

groups were adept at mapping the seasonality of surveillance because of previous 

experience and fluctuations in water level change the accessibility to water-bodies and 

their vulnerability. Surveillance costs were acquired during interviews and encompassed 

general operational expenditure including fuel, food, and butane gas used as fuel to 

power outboard motors during surveillance routes, according to the unique ways in 

which each community carried them out. This excludes labour input and expenditure 

related to purchase and maintenance of wooden or aluminium boats, outboard motors, 

paddles, and infrastructure such as strategically positioned floating houses, which 

served to accommodate lake guards during surveillance shifts. To supplement our field 

data, we assessed the annual reports of arapaima management fisheries provided by 

the Association of Rural Producers from Carauari (ASPROC) produced in 2022. 

ASPROC is a grassroots smallholder and fisher-led organization leading the arapaima 

management along the Juruá River. We computed the surveillance expenses associated 

with all four scales of surveillance and subsequently compared costs under three 

different scenarios: 1) current expenditure covered by local communities or guards who 

were community members lacking any labour wage payments, 2) general expenditure 

and costs considering local daily wages of US$14.30 for two people working all year-

round; 3) costs incurred by hiring two individuals receiving a minimum wage of 

US$442.24 (US$247.30 in wages plus US$194.90 in labour taxes) to conduct 

surveillance in compliance with Brazilian labour regulations, and 4) potential expenditure 

of US$852 (US$510.20 in wages plus US$341.80 in taxes) covered by the Brazilian 
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Environmental Agency for two additional environmental agents, according to the hiring 

notice SEI/ICMBio 15343964 and law 7.957/1989. 

We also performed Generalized Linear Models (GLM) using a Gaussian 

distribution for continuous data to investigate the community-scale variation in protection 

costs (response variable) as a function of distance to the nearest town, number of lakes 

requiring protection, distance to the farthest lake, and the locally authorized harvest 

quota.  We mitigated for collinearity between predictors using the Variance Inflation 

Factor (VIF < 3), excluding variables above this threshold (Zuur et al., 2010). We further 

combined all possible models, from the constant to the full model, using the dredge 

function of the MuMIn package. Models were selected based on the lowest Akaike 

information criterion (AIC) corrected for small sample sizes (AICc). The ΔAICc value 

represents the difference between the AICc of a given model and the lowest AICc, 

whereas ΔAICc < 2 represent the most likely set of parsimonious models (Burnham and 

Anderson, 2002). Finally, we applied a model-averaging approach, which represented 

the beta average of all predictors included in the set of most parsimonious models, and 

determined the relative importance of each explanatory variable given their model 

frequency and cumulative Akaike weight. All analyses were conducted in R 4.3.1. All 

monetary costs were standardized and corrected for inflation from October 2021 to July 

2023 and converted into USD using a 4.91 BRL exchange rate. 

Lastly, we estimated the financial imperative of meeting the overall costs of 

territorial protection through a PES mechanism. In an attempt to estimate a value that 

could cover the costs of territorial protection, we built three alternative scenarios i) 

considering all operational costs, including fuel and food requirements and, at least two 

people hired through daily wages, ii) operational costs and  minimum wages following 

Brazilian labour regulations, and iii) operational costs and human resources hired 

through the standard practices followed by the Instituto Chico Mendes de Conservação 

da Biodiversidade (ICMBio), Brazil’s environmental agency responsible for Protected 

Areas and environmental management. These compensation mechanisms provide 

valuable insights into ways of rewarding local dwellers for their role in territorial 

protection. However, it is essential to recognize that community protection of their 
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environments is a collective effort. Therefore, involving local leaders in program design 

is crucial from the outset to identify the most effective ways of rewarding those engaged 

in territorial protection. Finally, we divided these values by the potential fish catch of 

each community to calculate monetary expenditure per unit of fish biomass harvested, 

which can facilitate the rational implementation of a PES program based on territorial 

protection and official catch statistics. 
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Figures 

 

Figure 1. (A) Illustration elucidating the landscape where territorial protection and 

surveillance are implemented. Protection extends far beyond oxbow lakes, covering 

substantially larger areas. Arapaima co-management activities have varying impacts at 

different spatial scales (1) Direct scale of protection: immediate lake areas under 

surveillance; (2) Effective scale of protection: full-time territorial surveillance, intensified 

during the dry season, protecting areas of management interest; (3) Functional scale of 

protection: estimated based on the movement ecology of arapaima , considering their 

ability to sustain ecological interactions; and (4) Incidental scale of protection: indirect 

surveillance of adjacent upland forest areas that are incidentally protected by restricting 

access to the floodplain by outside users. (B). Mid-section of the Juruá River, western 

Brazilian Amazonia. Orange circles represent 14 communities located within two 

contiguous sustainable-use forest reserves, with a combined area of 886,176 ha. These 

communities perform territorial surveillance for co-management of arapaima (Arapaima 

gigas) fisheries within 96 lakes (indicated by blue dots). Inset map shows (i) the effective 

scale of protection (in yellow), which included to the routes that community rangers 

patrol to protect lakes, and (ii) the scale of functional protection (shaded in orange), in 

which arapaima stocks are fully protected to move into floodplains during the high-water 

season. Finally, the wider (iii) scale of incidental protection (shaded in grey) represents 
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the adjacent upland (terra firme) forests that are also closed off by restricting access by 

outsiders into floodplain forests. 

 

 Figure 2. Boxplots depicting (A) the area (in hectares, log10 scale) and spatial scales of 

protection implemented by Amazonian rural communities in Arapaima co-management 

along the Juruá River, and (B) the protection costs (US$/per hectare/year) borne by 

these communities, including estimated costs under three alternative scenarios: (i) 

employing two lake guards per community at local daily wages, (ii) hiring two guards 

under Brazilian labour regulations, and (iii) hiring two environmental agents deployed by 

a government agency. 
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7 Conclusões gerais 

A pesca manejada do pirarucu promove benefícios multidimensionais para 

comunidades rurais na Amazonia brasileira que muitas vezes carecem de acesso a 

serviços públicos, mas demonstram uma governança de recursos comuns eficaz. A 

inclusão de múltiplos atores nos ambientes de tomada de decisão aumenta a resiliência 

desse modelo de governança que é baseado em décadas de conhecimento e 

organização social, demonstrando o potencial da sociobioeconomia para alinhar a 

proteção da biodiversidade com o bem-estar na Amazônia, indo além das dimensões 

meramente monetárias. As comunidades manejadoras de pirarucu percebem as 

contribuições da natureza de forma diferente, principalmente valores não-materiais 

como união, oportunidades recreativas, novas experiências de aprendizado e o reforço 

do conhecimento tradicional. Embora os ganhos socioeconômicos atual com a venda da 

quota autorizada tem transformado a vida ribeirinha, os valores ainda são modestos em 

comparação ao valor agregado não reconhecido da vigilância territorial comunitária. 

Esta vigilância não só garante a proteção da biodiversidade, mas também fornece uma 

ampla gama de serviços ecossistêmicos, como a provisão de materiais, manutenção e 

criação de habitats, regulação climática e segurança alimentar melhorando a qualidade 

de vida das populações locais. Portanto, reconhecer e recompensar os esforços 

substanciais dessas comunidades na proteção dos ecossistemas amazônicos é 

imperativo para um futuro mais brilhante para a Amazônia, onde os meios de 

subsistência dos moradores das várzeas e a proteção da floresta continuem 

profundamente conectados. 
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Figure S.1. The Juruá River flood pulse in meters over the last 38 years and 

community-based surveillance efforts. Community surveillance efforts intensify during 

the period of receding floodwaters in which fish stocks become more concentrated and 

more vulnerable. 
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Figure S.2. Coefficient estimates ± 95% confidence intervals, showing the magnitude 

and direction of different explanatory variables for community-based territorial 

protection obtained by a generalised linear model-averaging approach. 

 



     

 

Table S.2. Spatial scales, total areas (ha), and total costs (US$ ha‒1 yr‒1) of territorial protection 

carried out by local communities engaged in arapaima (Arapaima gigas) co-management 

fisheries along the Juruá River, western Brazilian Amazon.  

Spatial scale  

of protection 

Total area 

(ha) 

 

Protection 

ratio1 

Mean area (ha)  

per community 

Total cost  

(US$ ha‒1 yr‒1) 

 

Direct area 4,263 1.0 305 0.95² 

Effective area 32,844 7.7 2,346 0.95 

Functional area 156,645 36.7 11,189 0.19 

Incidental area 173,359 40.7 12,383 0.18 

All scales of 

protection 
367,111 85.1 26,223 - 

 

¹ Protected area ratio between any given spatial scale and the scale of direct protection of oxbow 

lakes under the jurisdiction of any given community, where Arapaima management activities take 

place. 

² The cost of either direct or effective protection are the same, given that local communities 

conduct broader surveillance protecting areas beyond the immediate scale of direct protection of 

oxbow lakes. 
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Table S.2. Tukey's Honest Significant Difference (HSD) post hoc test performed 

between different spatial scales of protection carried out by Amazonian rural 

communities engaged in Arapaima (Arapaima gigas) co-management along the Juruá 

River, western Brazilian Amazonia 

 

Pairwise comparison Estimate Conf.low Conf.high p value 

Incidental Direct -1.736 -2.044 -1.428 0 

Incidental Effective -0.767 -1.075 -0.459 < 0.0001 

Incidental Functional -0.128 -0.437 0.179 0.684 

Direct Effective 0.968 0.660 1.276 < 0.0001 

Direct Functional 1.607 1.299 1.915 0 

Effective Functional 0.638 0.330 0.946 < 0.0001 
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Table S.3. Top-ranked candidate models (ΔAICc < 2) explaining costs of territorial protection 

performed by rural Amazonian communities engaged in sustainable arapaima (Arapaima gigas) 

fisheries along the Juruá River, western Brazilian Amazonia, including their respective Akaike 

information criterion with small sample size correction (AICc), the difference between a given 

model and the best model (ΔAICc), and the model Akaike weights (ωAICc); d.f. = degrees of 

freedom, logLik = log-likelihood 

 

Model Formula df logLik AICc ΔAICc ωAICc 

Farthest Lake distance  3 -14.293 36.586 0 0.351 

Farthest Lake Distance + Harvest Quota 4 -12.539 36.715 0.129 0.329 

Farthest Lake Distance + Number of Lakes 4 -12.566 36.768 0.182 0.320 

Table S.4. Comparative estimates of community-based protection costs of local Arapaima stocks 

under different governance scenarios. These cost estimates are expressed in terms of both (i) US 

dollars per hectare per year and (ii) the value of a Payment for Ecosystem Services (PES) program, 

expressed in US dollars per kilogram of sustainably harvested fish. 

 

 Governance arrangement 
Protection costs  

US$ -ha -yr 

PES US$ per kg 

ofharvested fish 

Local Community 0.95 0¹ 

Local Community and 

Daily wages 
5.3 0.94 

Brazilian Labour 

regulations 
5.4 0.95 

Brazilian Environmental 

Agency 
9.6 1.70 

 

¹ The costs of protection incurred by local communities are currently not covered within any PES 

arrangement. 

 



     

 

 


