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       Theoretical-empirical Articles

     RESUMO

Objetivo: descrever e analisar criticamente o processo de manejo 
participativo do pirarucu, prática desenvolvida e monitorada pelo 
Instituto de Desenvolvimento Sustentável Mamirauá (IDSM) na região 
da Amazônia, destacando seu impacto nas comunidades locais, sua 
contribuição para a bioeconomia, e seu alinhamento com os Objetivos de 
Desenvolvimento Sustentável (ODSs). Marco teórico: fundamentado na 
premissa da bioeconomia o artigo também considera teorias relacionadas 
à gestão participativa de recursos naturais e conservação da biodiversidade. 
Método: adota-se abordagem qualitativa alinhada a resultados 
quantitativos oriundos de análise de dados provenientes de pesquisa-ação 
junto aos especialistas do Instituto Mamirauá sobre o manejo participativo 
do pirarucu na Amazônia Central. Resultados: os resultados mostram que a 
abordagem contribui para a conservação da espécie e seu habitat, promove 
o desenvolvimento ecossocioeconômico local, fortalece comunidades com 
equidade e alinha-se à bioeconomia, além de oferecer lições para os ODSs. 
Conclusões: conclui-se que o manejo do pirarucu realizado pelo Instituto 
Mamirauá integra comunidades ribeirinhas, incorporando conhecimentos 
tradicionais às práticas de gestão e conservação. Essa iniciativa conserva a 
espécie e fortalece a economia local, assegurando renda estável.

Palavras-chave: cadeia produtiva do pirarucu; desenvolvimento sustentável; 
Amazônia Central; bioeconomia; Objetivos de Desenvolvimento 
Sustentável (ODS).

    ABSTRACT

Objective: to describe and critically analyze the participatory management 
process of pirarucu, a practice developed and monitored by the Mamirauá 
Institute for Sustainable Development (IDSM) in the Amazon region, 
highlighting its impact on local communities, its contribution to the 
bioeconomy and its alignment with the Sustainable Development Goals 
(SDGs). Theoretical approach: based on the premise of bioeconomy, 
the article also considers theories related to participatory management 
of natural resources and biodiversity conservation. Method: a qualitative 
approach was adopted aligned with quantitative results from data 
analysis of action research with experts from the Mamirauá Institute on 
participatory management of pirarucu in the Central Amazon. Results: 
The results show that the approach contributes to the conservation of the 
species and its habitat, promotes local eco-socioeconomic development, 
strengthens communities with equity, and is aligned with the bioeconomy, 
in addition to offering lessons for the SDGs. Conclusions: it is concluded 
that the management of pirarucu carried out by the Mamirauá Institute 
integrates riverside communities, incorporating traditional knowledge 
into management and conservation practices. This initiative conserves the 
species and strengthens the local economy, ensuring stable income.

Keywords: pirarucu supply chain; sustainable development; Central 
Amazon; bioeconomy; Sustainable Development Goals (SDG).
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INTRODUCTIONINTRODUCTION

The Central Amazon region faces complex challenges, 
such as unsustainable exploitation of natural resources, 
deforestation, and socioeconomic pressures on local 
communities. Finding solutions that balance environmental 
conservation, economic development, and community well-
being is of significant importance to mitigate these problems. 
In this scenario, discussions on the bioeconomy emerge as a 
promising approach, aiming to use the sociobiological and 
cultural diversity of the Amazon to create innovative business 
arrangements that reconcile environmental conservation and 
technological development (Costa et al., 2021; Nobre & 
Nobre, 2019).

The bioeconomy, initially introduced into the 
scientific debate by mathematician and economist Nicholas 
Georgescu-Roegen (1906-1994) (Georgescu-Roegen, 
1975), is now supported by advances in science, technology, 
and innovation (Bioökonomierat, 2018; Lopes & Chiavari, 
2022). This involves the production, use, and conservation 
of biological and natural resources, incorporating new 
technologies, such as industrial enzymes, new plant varieties, 
biofuels, and cosmetics, to promote a sustainable economy, as 
reported by the Center for Strategic Studies and Management  
Centro de Gestão e Estudos Estratégicos (CGEE, 2020). 
The central premise of the bioeconomy is the sustainable 
use of resources, valuing biodiversity, and developing 
environmentally sustainable production chains (CGEE, 
2020; Global Bioeconomy Summit [GBS], 2015; Santos et 
al., 2023). This study seeks to fill the gap in the literature by 
integrating the participatory management of pirarucu with 
the principles of bioeconomy and adaptive governance. The 
research problem that this article proposes to answer is: How 
can participatory management of pirarucu, developed by the 
Mamirauá Institute for Sustainable Development (IDSM), 
contribute to the conservation of the species, the sustainable 
development of local communities and the achievement of 
the Sustainable Development Goals (SDGs) in the Amazon?

The objective of this study is to describe and critically 
analyze the participatory management process of pirarucu, a 
practice developed and monitored by the Mamirauá Institute 
for Sustainable Development (IDSM) in the Amazon 
region, highlighting its impact on local communities, its 
contribution to the bioeconomy, and its alignment with 
the Sustainable Development Goals (SDGs). In addition to 
documenting the management experience, this work seeks to 
advance knowledge by exploring how adaptive management 
practices can simultaneously generate economic, social, and 
environmental results.

Created in 1999, the Mamirauá Institute is a 
Ministry of Science, Technology, and Innovation research 
unit. Its central objective is to develop and consolidate 
models for small riverside communities’ economic and 

social development through socially and environmentally 
appropriate technologies (Mamirauá Institute, 2021). The 
Mamirauá Institute’s activities are aligned with the premise 
of bioeconomy (Instituto de Desenvolvimento Sustentável 
Mamirauá, 2021). The Mamirauá Institute’s activities are 
aligned with the premise of bioeconomy (Costa et al., 2021; 
Nobre & Nobre, 2019), incorporating socio-environmental 
elements that meet the United Nations’ 2030 Agenda, aiming 
to achieve the Sustainable Development Goals (SDGs).

In this way, the Mamirauá Institute is configured as an 
experience in eco-socioeconomics. This eco-socioeconomic 
approach seeks to positively impact the territory as a whole, 
benefiting those directly involved in management and 
promoting environmental conservation and social justice 
(Sampaio & Alves, 2019; Santos et al., 2020). Furthermore, 
the dynamics that trigger actions and their impacts on 
territories are as important as the results themselves (Sampaio 
& Alves, 2019; Sampaio & Santos, 2021; Santos, 2020; 
Santos et al., 2020; Vieira & Sampaio, 2022). 

Participatory management of pirarucu exemplifies the 
bioeconomy in practice by including traditional communities 
and urban fishermen in the sustainable management of 
this species. This contributes to the recovery of stocks, the 
generation of jobs and income, and the promotion of social 
and gender equity.

The main advance of this study is the introduction 
of participatory management of pirarucu as a replicable 
bioeconomy model that integrates environmental 
conservation, income generation, and community 
participation within an adaptive governance system. Unlike 
conventional conservation approaches that focus exclusively 
on species preservation, pirarucu management incorporates 
adaptive governance and regenerative economics concepts, 
demonstrating how conservation practices can simultaneously 
ensure food security and promote sustainable economic 
development.

Compared to the existing literature on participatory 
management of natural resources (Folke et al., 2005; 
Ostrom, 1990), this study advances by demonstrating how 
community-based management can be an effective means 
not only for ecological sustainability but also for mitigating 
climate change and promoting social equity. The unique 
feature of this article is the integration of bioeconomy 
principles and adaptive management practices, going beyond 
the simple preservation of species to promote the sustainable 
use of natural resources, generating social inclusion and 
income for riverside communities.

Previous studies on pirarucu have focused primarily 
on the species’ population recovery Castello, Stewart et al., 
2011; Viana et al., 2007). This article, however, broadens the 
debate by including a more comprehensive socioeconomic 
and ecological analysis, which examines how participatory 
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management positively affects gender equity, local governance, 
and the SDGs. This multidimensional approach, which 
connects natural resource management to the bioeconomy 
and social justice, still needs to be explored in the literature 
and constitutes the main innovation of this study.

METHODOLOGY METHODOLOGY 

The research methodological approach involves 
a combination of action research and case study. This 

methodological approach is particularly suitable for 
understanding socioecological systems’ complex and 
multifaceted dynamics, such as those found in the Mamirauá 
Sustainable Development Reserve, monitored by the 
Mamirauá Institute for Sustainable Development (IDSM). 

The following table systematizes the main categories 
highlighted in this article, divided into analytical and 
operational categories based on the principal works and 
authors relevant to each theme. 

Table 1. Main categories highlighted in the article.
Analytical categories Operative categories Authors and works

Bioeconomy Concepts, principles, definitions Birch et al. (2010), Georgescu-Roegen (1971), Stahel (2016)
Regenerative economy Concepts, principles, definitions Fullerton (2015), Raworth (2017), Webster (2017)

Sustainability Concepts, principles, definitions Brundtland (1987), Elkington (1997), Sachs (2015)
Ecological sustainability Concepts, principles, definitions Amaral (2009), Viana et al. (2007)

Governance Concepts, principles, definitions Kooiman (2003), Rhodes (1996), Stoker (1998)
Participatory governance Concepts, principles, definitions Arnstein (1969), Cornwall (2008), Fung (2006)

Participatory management (natural resources and bio-
diversity) Concepts, principles, definitions  Berkes et al. (2000), Folke et al. (2005), Ostrom (1990)

Sustainable Development Goals (SDGs) Concepts, principles, definitions Le Blanc (2015), Sachs (2012), United Nations (2015)

Note. Table 1 highlights the main analytical and operational categories highlighted in this article.

Each analytical and operational category was 
selected based on its relevance to participatory pirarucu 
management and its relationship to the bioeconomy. 
The categories bioeconomy, regenerative economy, and 
sustainability, for example, were chosen to support the 
theoretical analysis, given that they provide a framework for 
understanding how natural resources can be used sustainably 
to promote economic and social development. The category 
participatory governance was included to highlight the 
role of riverine communities in resource management, 
connecting the theory of adaptive governance with the 
practice of participatory natural resource management.

In addition, the rationale for choosing the analytical 
categories is related to the need to understand pirarucu 
management from ecological, social, and economic 
perspectives. For example, ecological sustainability helps 
assess how management practices affect ecosystems, while 
participatory management refers to the direct involvement 
of local communities in the decision-making process, 
ensuring conservation and responsible use of resources. 
All operational categories were selected based on their 
practical applicability, providing a guide for implementing 
participatory management efficiently.

This research adopts a qualitative approach based on 
action research and case studies, combined with quantitative 
techniques for monitoring ecological and socioeconomic 

indicators. The process was designed to capture the 
perceptions of local communities involved in pirarucu 
management and the ecological and economic implications 
of this practice. Action research is a participatory 
methodology that involves researchers and study participants 
working together to understand a problem and develop 
practical solutions. In the context of this study, action 
research was implemented through ongoing collaboration 
between researchers from the Mamirauá Institute and 
local communities involved in pirarucu management. This 
approach allows for incorporating traditional and scientific 
knowledge, promoting the more effective and sustainable 
management of natural resources.

The case of pirarucu was selected due to its ecological, 
economic, and cultural relevance in the Amazon. The 
management of pirarucu in the Mamirauá Sustainable 
Development Reserve serves as a practical example of 
bioeconomy and participatory governance. The Mamirauá 
Institute has been important and challenging in implementing 
and monitoring management practices since 1999. Thus, this 
study covers a 24-year analysis period from 1999 to 2023, 
allowing a comprehensive understanding of changes and 
impacts over time. Semi-structured interviews and focus 
groups were chosen as the core qualitative methods due to 
their ability to explore the experiences and perceptions of 
stakeholders in depth. 
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The interviews were conducted between March and 
June 2022 with 15 experts from the Mamirauá Institute 
for Sustainable Development and local fishermen. The 
interviewees were selected for their active participation 
in pirarucu management. Ethical aspects were carefully 
observed, following research ethics guidelines, including 
informed consent from participants.

The methodological choices were based on the theory of 
participatory governance (Arnstein, 1969; Fung, 2006), which 
emphasizes the importance of direct citizen participation in 
the management of shared resources. Furthermore, the theory 
of socioecological resilience (Folke et al., 2005) also supported 
the choice of methods since pirarucu management involves 
continuous interaction between communities and the local 
ecosystem. 

Quantitative monitoring techniques, such as counting 
pirarucu stocks and recording sustainability indicators, 
are justified by the need to provide concrete data on the 
effectiveness of participatory management. The theoretical 
basis that supports this choice is anchored in the premise of 
bioeconomics (Birch et al., 2010; Georgescu-Roegen, 1971), 
which requires the integration of sustainable practices with 
the measurement of ecological and socioeconomic impacts. 
The theoretical approach will be presented below, focusing 
on the analytical and operational categories highlighted in 
this section. Next, the practical implications will be discussed 
based on the description of the participatory management 
process of pirarucu, a practice developed and monitored by 
the Mamirauá Institute for Sustainable Development (IDSM) 
in the Amazon region.

BIOECONOMY AND PARTICIPATORY BIOECONOMY AND PARTICIPATORY 
GOVERNANCE: A THEORETICAL APPROACHGOVERNANCE: A THEORETICAL APPROACH

This study’s theoretical approach is based on 
bioeconomy and participatory governance. Bioeconomy, 
according to Georgescu-Roegen (1971), seeks the sustainable 
use of natural resources, while participatory governance, 
according to Arnstein (1969) e Fung (2006), promotes the 
direct engagement of local communities in the management 
of natural resources.

Bioeconomy represents an intersection between 
biology and economics, aiming at the sustainable use of 
biological resources. Georgescu-Roegen (1971) was a pioneer 
in approaching economics from the perspective of entropy, 
emphasizing the need for a revaluation of natural resources 
within the economy. According to Birch et al. (2010), the 
bioeconomy is undergoing a process of neo liberalization. 
This means that the principles of neoliberalism are being 
applied to this sector, integrating scientific knowledge and 
biological resources with the aim of promoting economic 
sustainability. However, it is crucial to criticize this neoliberal 

approach to prevent the bioeconomy from becoming 
trapped in the dictates of the market economy and purely 
economic rationality. By treating nature merely as a resource 
to be exploited economically, we run the risk of neglecting 
fundamental social, ethical, and environmental aspects. The 
neoliberal vision can lead to the excessive commodification of 
natural resources, prioritizing profit and economic efficiency 
to the detriment of environmental preservation and social 
well-being. Therefore, it is necessary to adopt a more holistic 
approach that values ecological sustainability and respect for 
natural limits, in addition to promoting broader social justice.

Stahel (2016) contributes to the discussion by 
introducing the circular economy, emphasizing the recycling 
and reuse of biological resources as fundamental principles of 
the modern bioeconomy. In parallel, the regenerative economy 
emerges as an evolution of the bioeconomy, focusing not only 
on sustainability, but also on the regeneration of ecosystems.

Raworth (2017) presents Doughnut economics, which 
proposes planetary and social limits to ensure sustainable 
economic development. Fullerton (2015) explores the 
principles and limits of regenerative capitalism, highlighting 
how universal patterns can shape a new economy that 
promotes ecological health. Webster (2017) complements 
this vision with the idea of circular flows, where waste is 
minimized and product life cycles are extended. Participatory 
(or adaptive) management of natural resources and biodiversity 
conservation are essential for sustainability.

Participatory (or adaptive) management of natural 
resources and biodiversity conservation are essential for 
sustainability. Folke et al. (2005) discuss adaptive governance, 
which involves the capacity of social and ecological systems 
to respond to change and uncertainty. Berkes et al. (2000) 
address the resilience of socioecological systems, emphasizing 
the importance of participatory management in biodiversity 
conservation. Ostrom (1990) points to the need to establish 
organized collectives so that they can govern common goods 
effectively and sustainably.

Sustainability, as a central concept, was popularized 
by the Brundtland (1987), which defines sustainable 
development as that which meets the needs of the present 
without compromising the ability of future generations to meet 
their own needs. Elkington (1997) introduced the concept of 
the triple bottom line, which integrates the economic, social, 
and environmental dimensions of sustainability. Sachs (2015) 
expands this discussion by addressing sustainable development 
in a global context, highlighting the interconnection between 
economic, social, and environmental objectives, which 
provides the basis for thinking about eco-economies.

In the context of governance, Rhodes (1996) 
defines new governance as a process of governing without 
government, where multiple actors collaborate in complex 
networks. Kooiman (2003) explores the idea of governing as 
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governance, emphasizing the need for new approaches to deal 
with the complexity and dynamics of social systems. Stoker 
(1998) proposes five propositions for governance theory, 
highlighting the importance of participation and shared 
responsibility.

Participatory governance focuses on including citizens 
in decision-making processes. Arnstein (1969) apresents the 
‘ladder of participation,’ which illustrates different levels of 
citizen engagement, from manipulation to citizen control. 
Fung (2006) discusses the diversity of forms of participation 
in complex governmental contexts, while Cornwall (2008) 
analyzes the models, meanings, and practices of participation, 
highlighting the importance of local and cultural contexts.

The Sustainable Development Goals (SDGs), 
established by the UN in 2015, constitute a global agenda 
to promote peace and prosperity. Sachs (2012) outlines the 
transition from the Millennium Development Goals (MDGs) 
to the SDGs, highlighting the need for integration to achieve 
sustainability. Le Blanc (2015) argues that the SDGs should 
be seen as interconnected goals, promoting a holistic approach 
to sustainable development. 

Based on these theoretical concepts, the next section 
of this paper will address the practical application of these 
highlighted themes in the participatory governance of 
pirarucu. The challenges and opportunities in implementing 
a sustainable and regenerative bioeconomy will be discussed, 
highlighting the importance of participatory management 
and inclusive governance for conserving this species and 
Amazonian ecosystems.

BIOECONOMY AND PREMISES OF BIOECONOMY AND PREMISES OF 
PARTICIPATORY MANAGEMENT OF PARTICIPATORY MANAGEMENT OF 
PIRARUCU (ARAPAIMA GIGAS): A PIRARUCU (ARAPAIMA GIGAS): A 
NECESSARY GOVERNANCENECESSARY GOVERNANCE

This section aims to bring the concept of participatory 
governance and participatory management closer to a practical 
experience based on the case of participatory management 
of pirarucu (Arapaima gigas). Therefore, the background 
is the bioeconomy, supported by science, technology, and 
innovation, which seeks to use biological and natural resources 
to establish sustainable production chains (Bioökonomierat, 
2018; GBS, 2015; Lopes & Chiavari, 2022). Sustainable 
production chains are established when community socio-
productive arrangements are included, as in the case of the 
Mamirauá Institute for Sustainable Development (IDSM), 
giving prominence to riverside fishermen, in line with 
what Ostrom (1990) which highlights the need to establish 
organized collectives so that they can govern common goods 
effectively and sustainably. This is an effort to include ways of 
life, knowledge, and wisdom, typically of indigenous peoples 
and traditional populations, which function on an artisanal 

time scale under the logic of short, eminently territorial chains, 
in long chains, typically on an industrial scale (Sampaio & 
Alves, 2019; Santos, 2020; Santos et al., 2020; Santos et al., 
2023).

In this context, participatory management of 
pirarucu represents a concrete example of the application 
of the bioeconomic premise, which demands participatory 
governance, as conceptualized in the previous section by 
Arnstein (1969), Fung (2006) and Cornwall (2008), as 
well as participatory management (natural resources and 
biodiversity) highlighted by the authors Folke et al. (2005), 
Berkes et al. (2000) e Ostrom (1990). This approach involves 
a wide range of actors along the sustainable production 
chain, from suppliers of inputs, such as ice, fuel, and food, 
to end consumers. This model promotes environmental 
sustainability and contributes to local economic development 
and social equity along the pirarucu value chain.

The pirarucu (Arapaima gigas) is a freshwater fish 
that can reach up to three meters long and weigh around 
200 kilograms (Queiroz, 2000). It has significant economic 
importance for the rural populations of Amazonas (Viana et 
al., 2007) It plays an important role in the region’s ecology as a 
species at the top of the food chain (Castello, 2004). Pirarucu 
fishing involves a combination of traditional technologies, 
such as the harpoon, and modern ones, such as gillnets 
(Queiroz & Sardinha, 1999). Due to intense commercial 
exploitation, fishing of the species was banned entirely in 
1996 (Instituto Brasileiro do Meio Ambiente e dos Recursos 
Naturais Renováveis [IBAMA], 1996).

Before the ban, pirarucu fishing occurred yearly but 
intensified during the dry season. Sales were generally made 
in small quantities at the ports of each location, directed to the 
bosses and regatões, traditional intermediaries who provided 
goods on credit in exchange for the production (Lima-Ayres, 
1992). Due to these characteristics, the sale prices of the 
production were generally lower than those practiced in the 
market.

Community management of the species was a 
management measure aimed at conserving stocks and 
resuming commercial exploitation of pirarucu. To provide 
technical support for this management process, scientific 
research was conducted on the biology of the species and its 
fishing practices (Araripe et al., 2013; Arantes et al., 2010; 
Arantes et al., 2013; Castello, 2008a; Castello, 2008b; 
Castello, Stewart et al., 2011; Coutinho et al., 2010; Lopes & 
Queiroz, 2009; Queiroz, 2000; Queiroz & Sardinha, 1999). 
In addition, research was conducted on social and economic 
aspects (Amaral, 2007; Lima & Peralta, 2017; Peralta, 2010).

The traditional knowledge of local populations about 
pirarucu was identified, validated, and used (Arantes et al., 
2007; Andrade et al., 2011; Castello, 2004). The proposal for 
a formal management system was approved and implemented 
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and has been monitored since 1999 in the Mamirauá 
Reserve (Castello et al., 2009; Figueiredo, 2013; Viana et al., 
2007). Studies conducted to guide the development of the 
management plan for the Mamirauá Sustainable Development 
Reserve (RDS) identified that pirarucu accounted for 40% 
of all fishing production and 15% of the residents’ income  
(Queiroz & Sardinha, 1999).

Even with the ban, some fishermen did not stop 
fishing pirarucu due to the lack of effective monitoring by the 
competent agencies. Given the status of the sustainable use 
conservation unit and the economic importance of pirarucu 
for local riverside families, efforts have been made to regulate 
the activity (Viana et al., 2007).

Thus, the first managed pirarucu fishing took place in 
1999 and has been developed and improved over time, with 
a focus on adaptive management, guided by (1) principles of 
ecological sustainability; (2) principles of justice and equity 
in the distribution of obligations, benefits, and penalties; (3) 
economic return for fishermen; and (4) mitigation of the 
impacts of restrictive measures on the use of natural resources 
in the reserves (Amaral, 2009; Viana et al., 2007).

Adaptive management is understood as the condition 
of being able to adjust or improve technical guidelines and 
procedures, aiming at best practices for the conservation, use, 
monitoring, and control of species, as well as governance and 
management, based on the results obtained by biological, 
social, and economic research.

Although there are significant studies on pirarucu 
conservation (Castello, McGrath et al., 2011; Castello, 
Stewart et al., 2011; Viana et al., 2007), the literature lacks a 
detailed analysis that integrates the participatory management 

of this species with the premise of the bioeconomy and its 
relationship with the Sustainable Development Goals (SDGs). 
One of the gaps identified is the lack of studies that explicitly 
link community management of pirarucu to the generation of 
sustainable income for local communities and the preservation 
of Amazonian ecosystems while also providing a replicable 
bioeconomy model in other regions. Another underexplored 
aspect is the direct impact of this participatory management 
on gender equity and the reduction of socioeconomic 
inequalities in riverside communities.

Therefore, this article seeks to fill these gaps by exploring 
how pirarucu management contributes to biodiversity 
conservation and sustainable economic development, 
proposing an innovative approach combining participatory 
governance and bioeconomy. Furthermore, by aligning this 
practice with the SDGs, the study provides new insights 
into how natural resource management can mitigate climate 
change and promote social justice.

Governance of participatory pirarucu 
management: Fishermen, technicians, and 
environmental authorities

The governance system of pirarucu management 
projects is based on local management committees and 
the involvement of institutions capable of establishing and 
enforcing standards, monitoring them, and distributing 
the benefits generated equitably, ensuring the continuity of 
the actions. Figure 1 highlights the participants and their 
commitments.

Figure 1. Participants in the governance of pirarucu management and their commitments.
Source: The authors. The participants in the participatory management of pirarucu are fishermen, technicians, and environmental authorities

Fisherman
Fishermen are responsible for carrying out practical activities, which include protecting the area, characterizing 
fishing environments and their zoning, conducting an annual stock survey, catching fish, pre-processing and 
marketing them, local monitoring of activities, and equitable sharing of benefits
Technician
The technicians are responsible for guiding the fishing groups and supervising their actions, ensuring compliance 
with the guidelines and procedures established in the management plan. This includes compliance with resource 
use rules and monitoring environmental, social, economic, and sustainability indicators. These indicators include 
the density and population structure of the species, the size of the fish and their reproductive status, the increasing 
inclusion of users, decentralized management, the actions of leaders, the equitable distribution of benefits, the 
group’s revenue, family income, and the viability of the activities.
Environmental authority
Environmental authorities at the state and federal levels are responsible for licensing, monitoring, and evaluating 
activities. Research institutions maintain investigation programs aimed at assessing the sustainability of activities 
and their ecological, socioeconomic, and sociopolitical impacts. Technicians also adjust their guidelines based on 
the research results, following an adaptive approach (Gonçalves, 2013).
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Fishermen carry out a series of activities to manage 
pirarucu. At different times throughout the year, they are 
called upon by the boards of directors of organizations 
to discuss fundamental issues related to management. 
This includes monitoring and evaluating activities 
(surveillance, training, counting, etc.), reviewing 
agreed rules, protecting the management area, planning 
fishing, dividing catch and sale quotas, and conducting 
a general assessment of annual activities. These forums 
are also suitable for developing and reviewing resource 
use rules, management area zoning agreements, and 
internal regulations (Amaral et al., 2011).

The governance system of pirarucu management 
projects is based on the concepts and principles of 
participatory governance, with a focus on including 
citizens in decision-making processes in local and 
cultural contexts, as highlighted above all by Arnstein 
(1969), Fung (2006) and Cornwall (2008).

Participatory management of pirarucu in 
the Middle Solimões

As highlighted by Gonçalves (2013), the pirarucu 
management project, which has been in effect since 
1999, proposes extraction at sustainable levels. This 
includes adapting the mesh size of the nets used, 
establishing a percentage of removal of the species with 
due control and monitoring, and identifying the fish 
captured.

According to this line of reasoning, the themes 
of participatory (or adaptive) management of natural 
resources and biodiversity conservation are configured 
as analytical categories addressed in the theoretical basis. 
Effective and sustainable participatory management is 
necessary for the resilience of socioecological systems, as 
highlighted by Folke et al. (2005), Berkes et al. (2000)
e Ostrom (1990).

Participatory management, or as we will now 
discuss it, participatory management of pirarucu 
(sustainable management), is a process that involves 
numerous activities carried out by technicians and 
fishermen involved in the projects. The activities carried 
out by the fishermen include:

(1) Mobilization and promotion of meetings; 

(2) Zoning of the area; 

(3) Surveillance patrols; 

(4) Counting pirarucu;

(5) Defining rules of use; 

(6) Making and repairing equipment; 

(7) Fishing; 

(8) Transporting and cleaning fish; 

(9) Monitoring production; 

(10) Marketing; 

(11) Sharing profits from fishing and reporting.

The technical team at the Mamirauá Institute 
works on the following activities: (1)Supporting the 
social organization of groups, proposing actions, and 
developing mechanisms to strengthen self-management; 
(2) Guiding the legislation inherent to the activity; (3) 
Proposing adjustments to management procedures based 
on research results; (4) Promoting and coordinating 
training courses requested by fishing groups or deemed 
necessary to improve the performance of the activities; 
(5) Assisting in the development of usage standards; 
(6) Recording and systematizing information resulting 
from the activities of fishermen, preparing reports 
that are forwarded to the fishing licensing agency for 
monitoring and evaluation, which is a prerequisite for 
the continuity of the project of each group assisted.

Any sustainable management initiative for fishing 
resources that aims to capture pirarucu must advance in 
the development of a management plan to be submitted 
for assessment by the fishing licensing agency, which 
in the state of Amazonas is the Brazilian Institute of 
the Environment and Renewable Natural Resources 
(Ibama). This technical document describes in detail 
the socio-environmental context of the activity’s 
implementation, thus making it possible to demonstrate 
alignment with the premise of the bioeconomy.

The management plan for fisheries resources in a 
given area must be based on the general objectives of a 
conservation unit (UC), establish zoning based on the 
definition of use and non-use zones, and develop a set 
of rules that should guide the use of the area and the 
management of the various fish species.

The objectives outlined in the pirarucu 
management plan include the following:

(1) Recovery of fish stocks in the system’s aquatic 
environments, using fishing techniques that allow the 
capture of species with the minimum size permitted by 
law, ensuring the maintenance of population densities 
and structures; (2) guarantee of food security and 
generation of income for the communities directly 
involved in the management actions. 

The goals are aimed at:

(1) Promoting the sustainable annual extraction 
of a maximum of 30% of adult pirarucu individuals 
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(≥ 150 cm); (2) maintain efforts to provide technical 
advice, follow-up, monitoring, and auditing of the 
management system to ensure that 70% of the pirarucus 
captured annually have a total length equal to or greater 
than 165 centimeters (Lopes & Queiroz, 2009). This size 
is appropriate from a biological point of view, ensuring 
the ecological sustainability of management through the 
biological regeneration of stocks.

Process for implementing participatory 
management of pirarucu: Participatory 
management

The management of pirarucu involves a set of 
procedures configured in practices experienced throughout 
the year. These practices, as named by Amaral et al. (2013), 
consist of seven main actions for implementing management, 
as shown in Figure 2.

Figura 2. Seven main actions for the implementation of Pirarucu Management.
Source: Basead on Amaral, E., Torres, A. C., & Peralta, N. (2013). A avaliação participativa como 
ferramenta para tomadas de decisão em processos de manejo de pirarucu (Arapaima gigas). In E. S. 
A. Figueiredo (Ed.), Biologia, conservação e manejo participativo de pirarucus na Pan-Amazônia (pp. 
213-236). Instituto Mamirauá. https://www.researchgate.net/publication/346609186_Avaliacao_
Participativa_como_Ferramenta_de_Gestao_Compartilhada_no_Manejo_de_Recursos_Pesqueiros
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Each practice presented in Figure 2 is detailed below:

(1) Organizing

The first practice requires greater availability from 
fishing groups and involves periodic assemblies or 
meetings. These moments are essential for evaluating 
the established rules and agreements and for planning 
activities. Management group assemblies are crucial 
for decision-making, including the preparation and 
review of internal regulations.

(2) Zoning

Zoning is an activity carried out during management 
group assemblies and in smaller meetings by 
communities. It is based on two important 
assumptions: guaranteeing access to and control 
of the resource and enabling the productive and 
sustainable use of the natural resource. This is crucial 
since pirarucu fishing is prohibited year-round in 
Amazonas, permitted only in conservation units 
(UCs) for sustainable use, indigenous lands, and 
areas of fishing agreements with management plans 
approved by Ibama/AM. Zoning involves defining 
the boundaries of the area and the use and non-use 
zones, as well as georeferencing the environments and 
classifying them as maintenance, commercialization, 
and breeding.

(3) Protect

The area is protected by daily surveillance patrols 
carried out in a joint effort. The management groups 
establish a surveillance schedule and distribute the 
participants into teams. Women’s participation is 
optional due to the activity’s unhealthy and risky 
nature. Effective protection of the area requires in-
depth knowledge of the region, careful observation, 
and team strategies.

(4) Count

Counting the pirarucu, called the population census 
of the species, involves fishermen counting juveniles 
and adults of the species in each environment of the 
area. This is done using visual and auditory counts at 
20-minute intervals.

(5) Fishing

Fishing takes place during the dry season, generally 
between September and November, and may be 
brought forward according to the river’s low water 

level. Pirarucu fishing involves the use of gillnets and 
harpoons. The gillnet is the main equipment and is 
used in both purse seine fishing and lead-and-wait 
fishing. Fishing is a specialized activity that requires 
specific skills.

(6) Selling

The commercialization of the production of managed 
pirarucu occurs in several stages. Before management, 
pirarucu fishing took place throughout the year, with 
small quantities sold at the port of each location, 
mainly to traditional intermediaries. In the context of 
management, the commercialization process involves 
more elaborate stages, such as offering the product in 
a business round promoted by the technical advisory 
team, preparing a purchase and sale contract for the 
production, monitoring the production, issuing the 
fish transit guide, etc.

(7) Evaluating

The annual evaluation is conducted at the end of the 
one-year cycle and includes the sale of the production, 
the distribution of the income among those involved, 
and the accounting of the resources. This evaluation 
occurs in two stages, first restricted to the management 
group and then with the participation of the technical 
team from the Mamirauá Institute. This assessment is 
essential to identify the strengths and weaknesses in 
the conduct of activities and to define improvement 
strategies. Furthermore, it supports the request for a 
new fishing quota to Ibama/AM. 

The pirarucu management process advised by the 
Mamirauá Institute involves, in general , the efficiency of 
collective organization, respect for established standards, 
the ability to deal with unforeseen events, the frequency 
of surveillance rounds, and the reliability of counting data, 
performance in production and marketing processes, the 
distribution of fishing income and the commitment of 
beneficiaries to the execution of activities.

RESULTADOS DO PROCESSO DE MANEJO RESULTADOS DO PROCESSO DE MANEJO 
PARTICIPATIVO DE PIRARUCUPARTICIPATIVO DE PIRARUCU

The participatory pirarucu management process 
results are remarkable, with significant impacts on the 
social, ecological, and economic spheres, which align with 
the bioeconomy’s premises. Throughout the article, natural 
resources are reassessed every year using techniques such 
as pirarucu counting for decision-making, which is in line 
with the premise of Georgescu-Roegen (1971). Likewise, 
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scientific knowledge is being integrated with biological 
resources to promote economic sustainability (Birch et al., 
2010). In order to give robustness to these results, the main 
ones are highlighted:

Beneficiaries and scope: Os projetos de manejo, de 
forma geral, beneficiam diversas populações tradicionais e 
pescadores urbanos em mais de 22 municípios do estado do 
Amazonas. Estima-se que entre 2019 e 2021 mais de 4.500 
pessoas tenham sido diretamente beneficiadas, gerando 
renda a partir do manejo de pirarucu (Relatório Seminário 
Projeto Parceria para conservação da biodiversidade da 
Amazônia, 2018, p. 8).

In 2017, it was identified that pirarucu management 
covered seven federal conservation units (UCs), sevens 
state UCs, five indigenous lands, and four areas of fishing 
agreements. Of these, 23 areas were surveyed, representing 
78% of the total and 12,501,043 hectares of forest in 
protected areas (Relatório Seminário Projeto Parceria para 
conservação da biodiversidade da Amazônia, 2018, p. 8).

Social organizations involved: A wide variety of 
organizations are involved in pirarucu management, 
including community associations, sectoral associations, 
formal fishermen’s organizations (associations, colonies, and 
fishing unions), and cooperatives. Currently, it is estimated 
that more than 250 organizations work with pirarucu 
management in the state of Amazonas.

Production, income, and markets: Pirarucu 
management occurs in more than 1,200 aquatic 
environments in the Amazon. In 2016, the stock of adult 
and juvenile pirarucus was 417,982, representing a 60% 
increase between 2012 and 2016, an average annual growth 
of 12%. Fishing in Amazonas in 2016 involved 33,204 
pirarucus, generating a gross income of R$ 7 million for 
the communities (Relatório Seminário Projeto Parceria 
para conservação da biodiversidade da Amazônia, 2018, 
p. 8). Figure 3 highlights the main results of participatory 
management in the areas assessed.

Figure 3. Results of management in areas supported by the Mamirauá Institute.
Source: Instituto de Desenvolvimento Sustentável Mamirauá. (2021). Relatório Anual de Atividades. Instituto de Desenvolvimento Sustentável Mamirauá. As shown in the 
graph in Figure 3, in 2021, the Mamirauá Institute advised 42 communities in 12 management areas. The data in Table 1 indicate the number of communities and fishing 
organizations served, the number of people benefited per year, gross revenue, and average earnings per fisherman. Over 22 years of activity (1999-2021), more than 6,750 tons of 
pirarucu were produced, generating gross revenue of more than R$ 32 million. From 2003 to 2004, it is noteworthy that the average earnings per fisherman more than doubled 
in value, increasing from R$ 634.23 to R$ 1,409.62. This is because, in 2003, the four management groups did not receive the full value of the production delivered by the buyer.

The recovery of pirarucu stocks was visible 
in the first years of management implementation. 
Data from 2017 show a population growth of 427% 

in the areas assessed by the Mamirauá Institute. 
Figure 4 shows the indicators of managed pirarucu 
production.

 
 

 

https://creativecommons.org/licenses/by/4.0/


A. C. T. Gonçalves, L. C. R. dos Santos
Bioeconomy in Central Amazon: Participatory Management of Pirarucu 
(Arapaima gigas)

10 11RAC, Rev. Adm. Contemp., v. 28, n. 6, e240195, 2024 | doi.org/10.1590/1982-7849rac2024240195.en| e-ISSN 1982-7849 | rac.anpad.org.br

Evidence of increased income for fishermen, recovery 
of stocks, and reduced pressure on the species (Campos-
Silva & Peres, 2016; Figueiredo, 2013) has led to the 
dissemination of the experience and created conditions for its 
replication (Campos-Silva & Peres, 2016; Castello, McGrath 
et al., 2011; Figueiredo, 2013). Currently, participatory 
management of pirarucu fishing includes hundreds of small 
local communities, inside and outside protected areas, in 
several states of the Brazilian Amazon and with international 
scope, in parts of the Amazon, such as Peru, Colombia, Bolivia, 
and British Guiana (Gonçalves et al., 2018).

The pirarucu products that reach the market are 
fresh meat, dried meat, skin and leather, scales, tongues, 
and carcasses. Most of these products are consumed in the 
metropolitan region of Manaus, the capitals of the Southeast 
region, and countries abroad, such as the United States, 
Mexico, Italy, Chile, Germany, Spain, and Japan.

According to Dias (2021) pirarucu management 
also benefits the local economy considerably. The Amazon’s 
extractive communities work with a basket of forest products 
— there is a period dedicated to pirarucu, another to latex for 
rubber production, then to collecting seeds for the cosmetics 
industry, and so on, but pirarucu has, each year, represented 
an increasing volume within this basket, generating the largest 
revenue.

Although the achievements are significant, the pirarucu 
extractive chain still needs help. One of them is that the 
consumer needs to perceive the value of the initiative, which 

means that the communities earn little per kilo of fish sold, 
often not even covering its cost. Asproc believes that to reverse 
this situation, better communication is necessary. “People go to 
the supermarket, see our brand of fish, and do not know what 
sets us apart from other pirarucus, which came from a process 
that exploits communities and destroys the environment. 
We still have not been able to communicate this difference 
well” (Dias, 2021, p. 5). The lack of public policies that 
recognize the importance of the protection service provided 
by these communities is another point that is constantly 
debated. However, there are challenges related to the need for 
more infrastructure, which makes the work challenging and 
expensive. “In places that are so isolated, sometimes there is 
no place to buy ice to transport the fish, or there is no boat 
to rent, like renting a truck or a car, to do our service” (Dias, 
2021, p. 5).

Despite the challenges related to the economic issue, the 
demands of communities for technical assistance to implement 
and approve their management plan for the species grow every 
year. This is because (1) most communities do not want to 
work illegally or marginalized; (2) fishing for the species is 
part of the culture of these populations; and (3) the income 
from management is concentrated, enabling investment in the 
acquisition of goods and services, which is not possible with 
the fragmented income from other fisheries.

In addition to contributing to the composition of 
domestic income, the revenue from pirarucu fishing has 
enabled investment in the acquisition of fishing gear and 
improvements to vessels, as well as in the construction and/

Figure 4. Indicators of managed production in areas supported by the Mamirauá Institute.
Source: Instituto de Desenvolvimento Sustentável Mamirauá. (2021). Relatório Anual de Atividades. Instituto de 
Desenvolvimento Sustentável Mamirauá. OIt can be seen that over the years, despite the growth in production and 
the fact that fishing occurs every year, the average length of fish has been increasing, from 170 centimeters in 1999 to 
184.2 centimeters in 2021, which corroborates the statement that fishing, as it has been occurring, respecting basic 
management premises such as minimum size, reproductive period, and established quotas, is sustainable.
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or adaptation of floating units to support surveillance and also 
for the reception and pre-processing of production, providing 
significant improvements in the hygienic and sanitary 
conditions of production.

Work and social benefits: In management, income 
comes from the production obtained by catching pirarucu in 
annual fishing events. All group members receive in fish or 
revenue, the amount or value proportional to their dedication 
to activities inherent to management. In 2016, production 
in Amazonas was around 1,900 tons, which generated gross 
revenue of almost R$ 10 million. It is estimated that the 
activity mobilizes more than 15 thousand people, whether 
in the supply of inputs (ice, fuels, and foodstuffs), in local 
commerce in the cities, in the transportation of production 
and pre-processing of production, and the fish industries.

The formal inclusion of urban fishermen from the 
surroundings of protected areas and other fishing associations 
in the management system occurred through formal processes 
and documents brokered by the government called fishing 
agreements (Figueiredo, 2013). There was social recognition 
of fishermen for their sustainable actions and participation in 
forums for dialogue on public policies for the class and their 
access to social rights. In addition, the promotion of gender 
equity in management was observed. In 2017, 38% of the 
participants and beneficiaries of pirarucu management were 
women, an unprecedented milestone in the region (Gonçalves 
et al., 2018).

Future projections: By 2024, Amazonas’ production of 
5,000 tons of pirarucu and revenues of over R$ 25 million 

are expected. Furthermore, the aim is to expand management 
organizations’ access to two important public policies: (1) 
Minimum Price Guarantee for Sociobiodiversity Products 
(PGPM-Bio), with a price set at R$ 9.33/kg, and (2) economic 
subsidy for fishermen in a sustainable pirarucu management 
regime, with the payment of R$ 1.00/kg sold (Decree No. 
41,829/2020 (Decreto n.º 41.829, 2020).

Several action fronts aim to add value to managed 
pirarucu. The first of these, initiated in 2015, with the support 
of Sebrae/AM and Instituto Innovates, refers to the recognition 
of the geographical indication (GI) of the Mamirauá Region 
for managed pirarucu with the National Institute of Industrial 
Property (INPI). The GI in the denomination of origin 
(DO) category includes the floodplain areas of the territory 
of nine municipalities (Tefé, Alvarães, Uarini, Maraã, Japurá, 
Fonte Boa, Jutaí, Tonantins, and Juruá) (Figure 5). This 
process aims to recognize the notoriety of this area, allowing 
production with quality standards that result in a product 
with high added value aimed at reaching unique markets. 
The legal representation of the handlers for the use of the 
GI is the Federation of Pirarucu Handlers of the Mamirauá 
Region (Femapam), which, in addition to regulating the use 
of the seal, represents the handlers in political dialogues and in 
mapping new markets for the product.

 
Figure 5. Scope of the Geographical Identification project and Femapam’s 
activities.
Source: Instituto de Desenvolvimento Sustentável Mamirauá (IDSM). (2021). Relatório Anual de 
Atividades. Instituto de Desenvolvimento Sustentável Mamirauá. Legend: Municipal headquarters, 
D.O. Pirarucu, RDS Mamirau and Amanã, Conservation units, Indigenous territories, Municipal 
boundary, State boundary, International boundary.
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Another ongoing initiative, in collaboration with 
the Institute of Forest and Agricultural Management and 
Certification (IMAFLORA) and a group of institutions in the 
Middle and Upper Solimões region, is the Rede Origens Brasil. 
This digital platform offers information provided by local 
producers of a specific product. In the case of industrialized 
products, the Origens Brasil Seal is combined with a QR 
Code. When decoded with a cell phone, this QR Code directs 
the consumer to the location of origin of the raw material. It 
provides information about the producers, such as their names, 
ages, and photographs, as well as information about the culture 
of the people and the territory of origin. This seal has proven 
to be an important tool for promoting and valuing pirarucu 
managers and their production. In 2023, this initiative reached 
its fourth successful year.

Another ongoing initiative is led by the State Commission 
for Organic Production (CPOrg) to certify managed pirarucu. 
This recognition will be a differentiating factor in the 
market, contributing to the appreciation of production and, 
consequently, to an increase in managers’ incomes.

The continued growth of management is attracting 
more support organizations to participate in this process, 
including city halls, through the production and environment 
departments. They are becoming potential technical managers 
for ongoing management projects. In this sense, they seek to train 
their technical teams to assist communities. In addition, there 
was a movement to create central associations, federations, and 
cooperatives to represent more groups in a given territory, thus 
increasing the negotiating power for better production prices. 
These organizations seek to structure themselves by acquiring 
and financing vessels, ice factories, and cold storage facilities to 
gain greater autonomy over production and replace important 
links in the chain. Institutional markets maintained by the 
government, such as the National School Feeding Program 
(PNAE), the School Meal Regionalization Program (PREME), 
the Food Acquisition Program (PAA), and the Armed Forces, 
among others, are also stakeholders in the pirarucu chain.

International organizations, such as the United States 
Agency for International Development (USAID), the United 
States Forest Service (USFS), and the Gordon & Betty Moore 
Foundation, have supported actions aimed at a sustainable 
pirarucu production chain. Figure 6 summarizes the main 
results of participatory pirarucu management.

Figure 6. Summary of the main results of participatory management 
of pirarucu.
Source: The authors. The main results of the participatory management of pirarucu 
included six distinct stages and achieved significant results in 2021. 

Participatory management of pirarucu and 
its alignment with the SDGs

Since the United Nations (UN) Sustainable 
Development Goals (SDGs) should promote a holistic 
approach to achieving sustainable development (Le Blanc, 
2015; Sachs, 2012; United Nations, 2015), athe actions 
carried out by the Mamirauá Institute within the scope 
of participatory management of pirarucu in the Middle 
Solimões region, in the Central Amazon, directly contribute 
to nine SDGs.
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SDGs 1, 2, and 12 (no poverty; zero hunger and 
sustainable agriculture; and responsible consumption and 
production) are directly aligned with the initial conception 
of pirarucu management, which originated between 1996 
and 1999. The initiative was created to reverse the scarcity 
of fishery resources, particularly pirarucu, which resulted 
from disorderly fishing in several areas. In its early years 
(1999-2001), the initiative demonstrated that by respecting 
the basic premises of sustainable management, such as the 
species’ reproductive period, the minimum size established 
for slaughter (150 cm), and the removal of sustainable quotas 
of no more than 30% of the fish stock, combined with 
the protection of the territory and solid governance of the 
projects, it is possible to guarantee food security and, at the 
same time, generate jobs and income for the rural populations 
of the Amazon. The management of pirarucu transformed 
areas that previously suffered from a scarcity of resources 
into regions with overpopulations of several species of fish. A 
statement that supports this transformation is the following: 
“At the beginning of the work, it was difficult to even catch 
piranha for bait; today, we choose what to eat.” Noble fish, 
such as pirarucu and tambaqui, became part of the diet of 
these families. In addition, the management significantly 
reduced the time dedicated to fishing for subsistence and 
small-scale commercial and large-scale collective activities of 
pirarucu and other species.

No que se refere ao ODS 8 (trabalho decente e 
crescimento econômico), os projetos de manejo sustentável 
representam um modelo de negócios que não apenas 
atende às necessidades das populações rurais da Amazônia, 
aprimorando suas atividades culturais e cotidianas, mas que 
também facilitam o acesso a políticas públicas, como linhas 
de crédito para produtores familiares, benefícios assistenciais 
junto à Previdência Social e o Seguro Defeso. Essa iniciativa 
contribui para o fortalecimento da economia dos municípios. 
Em 2019, estima-se que tenham sido gerados mais de 
10 milhões de reais diretamente com o manejo naquele 
ano, dos quais mais de 2,5 milhões foram arrecadados por 
grupos de pescadores assessorados pelo Instituto Mamirauá, 
promovendo investimentos na economia local por meio da 
aquisição de bens e serviços.

About SDG 8 (decent work and economic growth), 
sustainable management projects not only represent a 
business model that meets the needs of rural populations in 
the Amazon, improving their cultural and daily activities, but 
also facilitate access to public policies, such as credit lines for 
family farmers, social security benefits, and unemployment 
insurance. This initiative contributes to strengthening the 
economy of municipalities. In 2019, it was estimated that 
more than R$ 10 million were generated directly from 
management that year, of which more than R$ 2.5 million 
were raised by groups of fishermen advised by the Mamirauá 
Institute, promoting investments in the local economy 

through the acquisition of goods and services. SDGs 5 
and 10 (gender equality and reduction of inequalities) are 
also considered in management projects, especially when 
defining criteria for obtaining the right to fish for pirarucu 
commercially. These criteria include participation in meetings 
and assemblies, surveillance patrols of the territory, and 
involvement in various management-related activities. As a 
result, any person, whether young or adult, male or female, 
in good health, can participate in some of the activities and 
receive gains, whether in fish or income, proportional to their 
effort and performance. In 2021, women’s participation in 
management projects advised by the Mamirauá Institute 
represented 42% of the beneficiaries.

Another significant contribution of pirarucu 
management to the SDGs is related to its intrinsic connection 
with forest preservation. Pirarucu management areas do 
not suffer deforestation or fires since the flooded forest acts 
as a food source for many species of fish that make up the 
pirarucu diet and provides habitat and shelter for these fish. 
Therefore, pirarucu management contributes to maintaining 
the rain cycle, playing an effective role in the fight against 
global climate change (SDG 13).

In addition, pirarucu management aligns with SDGs 
6, clean water and sanitation, and 7, affordable and clean 
energy. This is due to the implementation of pirarucu pre-
processing units that improve working and production 
conditions. These innovative units treat river water, making it 
drinkable for consumption and use in production processes. 
The production of photovoltaic solar energy is also an essential 
part, powering the pumping and water treatment systems and 
the lighting of the production units. The Mamirauá Institute 
has installed two units in 2022 and plans to build three more 
between 2024 and 2026.

These floating units for receiving and pre-processing 
pirarucu have the following objectives: to improve working 
and production conditions, to strengthen groups of 
pirarucu handlers in the Middle Solimões region and their 
production arrangements, and to develop and implement 
technologies appropriate to the production reality in the 
Amazon floodplain. This is complemented by training on 
good practices in pirarucu handling, raising awareness among 
producers about the importance of adopting care when 
handling fish to improve the hygienic and sanitary quality 
of production. The summary of the SDGs and the actions 
developed by the Mamirauá Institute is shown in Table 1, and 
it is worth emphasizing that all the practices mentioned are 
related to the premise of the bioeconomy. 
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Table 2. Participatory management of pirarucu in the Middle Solimões region and its contribution to the SDGs.
SDG Action by Instituto Mamirauá

SDG 1 — Eradication of poverty Work and income for communities
SDG 2 — Zero hunger and sustainable agriculture Food security
SDG 5 — Gender equality Women participate in the production process
SDG 6 — Drinking water Production unit with river water treatment
SDG 7 — Affordable and clean energy Production unit with photovoltaic solar energy
SDG 8 — Decent work and economic growth Sustainable management of fishing resources
SDG 10 — Reduction of inequalities Access to public policies and credit lines
SDG 12 — Responsible production and consumption Sustainable management of the pirarucu chain
SDG 13 — Action against global climate change Protection and maintenance of the forest

Note. Table 1 highlights the actions carried out by the Mamirauá Institute that were identified as corresponding to the fulfillment of the mentioned SDGs.

GENERAL ANALYSIS AND DISCUSSION OF GENERAL ANALYSIS AND DISCUSSION OF 
RESULTSRESULTS

The results of this study were obtained from the 
theoretical knowledge described, combined with interviews 
and focus groups, which allowed us to identify the perceptions 
of local communities about the social and economic 
impacts of pirarucu management. These qualitative data 
were complemented by quantitative indicators, such as 
population growth of the fish, exemplified by the 427% 
increase in stocks, demonstrating sustainable management’s 
effectiveness.

Thus, the participatory management of pirarucu, 
developed and monitored by the Mamirauá Institute 
for Sustainable Development (IDSM) in the Amazon, 
presents itself as an example of integration between 
participatory governance and bioeconomy, aligned with the 
UN Sustainable Development Goals (SDGs). The study 
highlights the effectiveness of this approach in mitigating 
climate change and promoting economic and environmental 
sustainability.

Regarding governance and its participatory 
approach, according to the definitions of Rhodes (1996), 
Kooiman (2003) e Stoker (1998), the new governance 
is seen as a collaborative process without a centralized 
command, where multiple actors are involved in complex 
networks for decision-making. In the context of pirarucu 
management, this is evident in the active participation of 
local communities in resource management, reflecting the 
idea of participatory governance (Arnstein, 1969; Cornwall, 
2008; Fung, 2006). Levels of citizen engagement vary but 
tend to promote greater control and shared responsibility 
over natural resources. 

The participatory approach of the Mamirauá Institute 
incorporates the principles of adaptive governance discussed 
by Folke et al. (2005) and the resilience of socioecological 
systems according to Berkes et al. (2000). Pirarucu 

management, involving local communities in monitoring 
and decision-making, demonstrates the effectiveness of 
participatory management in promoting sustainability and 
conserving biodiversity. Ostrom (1990) emphasizes the need 
for organized collectives to effectively manage common 
goods, which is clearly observed in the Mamirauá Institute 
model.

Likewise, the practice described by the Mamirauá 
Institute is intrinsically linked to the premise of the 
bioeconomy, which aims to use biological resources 
sustainably to promote economic development (Costa et 
al., 2021; GBS, 2015; Nobre & Nobre, 2019).  Integrating 
traditional and scientific knowledge in pirarucu management 
exemplifies how the bioeconomy can be applied practically 
and sustainably, providing economic benefits to local 
communities and preserving ecosystems.

Participatory arapaima management is aligned 
with several UN Sustainable Development Goals (SDGs), 
especially those related to life below water (SDG 14), 
climate action (SDG 13), and poverty eradication (SDG 
1). The practice promotes the conservation of aquatic 
resources, contributes to climate change adaptation and 
mitigation, and provides a sustainable source of income for 
local communities, helping to reduce poverty.

Analysis by analytical category

Bioeconomy

Participatory pirarucu management exemplifies a 
practical bioeconomy case, where natural resources are 
managed sustainably, with economic and social benefits for 
local communities. This model is aligned with the principles of 
bioeconomy, as described by Georgescu-Roegen (1971) and 
Stahel (2016), by promoting the efficient and regenerative 
use of natural resources and creating economic value from 
biodiversity conservation.
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Regenerative economy

Pirarucu management goes beyond simply preserving 
natural resources. It involves practices that regenerate the 
Amazon’s aquatic ecosystems, which is close to the proposal 
of a regenerative economy. Authors such as Raworth (2017) 
defend the need to restore ecological systems, and the work 
results demonstrate that community management of pirarucu 
contributes to the resilience of Amazonian ecosystems and the 
recovery of pirarucu populations.

Sustainability

The results show how pirarucu management meets 
the three pillars of sustainability (environmental, social, 
and economic), as proposed by Elkington (1997) and the 
Brundtland Report (Brundtland, 1987). The sustainable 
management model ensures the preservation of pirarucu, 
promotes the economic development of riverside communities, 
and strengthens social cohesion while contributing to the 
Sustainable Development Goals (SDGs).

Ecological sustainability

The study highlights the importance of ecological 
sustainability based on the principles discussed by Viana et 
al. (2007) e Amaral (2009), which address the conservation 
of biodiversity and the integrity of ecosystems. Pirarucu 
management preserves local ecosystem services and strengthens 
natural cycles, demonstrating a direct relationship between 
sustainable resource use and long-term environmental 
protection.

Governance

Governance is an important factor for the success of 
pirarucu management, as shown in the study. The practices 
described in the paper reflect the concepts of governance in 
networks and collaborative processes discussed by Rhodes 
(1996) and Kooiman (2003). The participation of diverse 
actors (local communities, NGOs, governments) in managing 
natural resources is aligned with these principles, creating 
a shared governance model that increases conservation 
effectiveness.

Participatory governance

The participatory management model of pirarucu is 
a clear example of participatory governance, as defined by 
Arnstein (1969), Fung (2006) e Cornwall (2008). The active 
involvement of local communities in decision-making on the 
management of natural resources ensures greater legitimacy, 

equity, and long-term sustainability, in addition to promoting 
the resilience of social and ecological systems.

Participatory management

Participatory management of natural resources, such 
as pirarucu, is approached based on the concepts of co-
management discussed by Folke et al. (2005) and Ostrom 
(1990). The results indicate that pirarucu management, 
by integrating communities’ traditional knowledge with 
scientific knowledge, promotes effective management of 
natural resources, ensuring their sustainability and expanding 
socioeconomic benefits for the populations involved.

SUSTAINABLE DEVELOPMENT GOALSSUSTAINABLE DEVELOPMENT GOALS

Participatory arapaima management is directly aligned 
with the UN Sustainable Development Goals (SDGs), 
as evidenced by the work results. The model contributes 
to goals such as poverty eradication (SDG 1), zero hunger 
(SDG 2), responsible consumption and production (SDG 
12), combating climate change (SDG 13), and reducing 
inequalities (SDG 10). Authors such as Sachs (2012) and Le 
Blanc (2015) discuss the importance of integrating these goals 
into local practices, such as natural resource management, to 
promote sustainable and inclusive development.

The results of the work on participatory arapaima 
management are firmly grounded in the analytical and 
operational categories discussed in the methodology. These 
categories provide the theoretical framework necessary to 
understand how the management model combines aspects of 
bioeconomy, regenerative economy, and sustainability while 
applying principles of participatory governance and natural 
resource management to achieve practical and replicable 
results. Ultimately, pirarucu management demonstrates 
how academic knowledge of bioeconomy and governance 
can be applied in authentic contexts to promote sustainable 
development and meet the Sustainable Development Goals 
(SDGs).

ASPECTS THAT ADVANCE KNOWLEDGEASPECTS THAT ADVANCE KNOWLEDGE

Although the description of the participatory 
management process of pirarucu offers a rich and detailed 
view, it is necessary to advance the analysis to explore how 
this practice contributes innovatively to bioeconomy and 
participatory governance. Pirarucu management, in addition 
to being an exemplary case of species conservation, establishes 
a replicable model of adaptive governance, which can be 
applied to other ecosystems facing similar challenges.
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One of this study’s main advances lies in adaptive 
management’s capacity to respond to constantly changing 
environmental and socioeconomic conditions, reinforcing 
the resilience of socioecological systems. According to 
Ostrom (1990) e Folke et al. (2005),  the effectiveness in 
managing common goods, such as pirarucu, depends on the 
ability to adjust management practices based on continuous 
data on ecosystem health and community needs. This 
study contributes to this discussion by demonstrating how 
continuous monitoring of pirarucu stocks and the active 
engagement of riverside communities results in sustainable 
governance.

In addition, by connecting the practice of participatory 
management with the premise of the bioeconomy, this 
study advances by showing how an integrated approach can 
simultaneously promote natural resource conservation and 
local economic development. Unlike conventional models 
of natural resource exploitation, which often prioritize profit 
over sustainability, pirarucu management incorporates the 
sustainable use of biological resources as a central pillar of the 
bioeconomy (Birch et al., 2010; Georgescu-Roegen, 1971). 
This alignment between conservation and sustainable income 
generation offers a new path for development in vulnerable 
regions such as the Amazon.

By comparing the results of this study with the existing 
literature, participatory management of pirarucu brings 
innovations beyond the simple conservation of the species. 
The practice promotes social equity, generates income, and 
improves food security while preserving biodiversity and 
mitigating the impacts of climate change. These aspects 
advance the field of commons governance, demonstrating 
that the inclusion of local communities in the decision-
making process strengthens ecological and economic 
outcomes.

FINAL CONSIDERATIONSFINAL CONSIDERATIONS

Participatory pirarucu management in the Central 
Amazon exemplifies how environmental conservation can 
be effectively integrated with sustainable development. 
However, more than just preserving an emblematic species 
such as pirarucu, this study advances by showing how 
this management also contributes to local communities’ 
economic and social development, aligning with the United 
Nations Sustainable Development Goals (SDGs).

The study’s main advance is demonstrating that 
participatory management of pirarucu, in addition to being 
a tool for biodiversity conservation, serves as a bioeconomy 
model that promotes environmental sustainability and 
generates positive impacts on social equity. Compared to 
conventional approaches, which often focus exclusively 
on conservation, the model presented here shows that 

conservation practices can generate food security, create 
decent jobs, and promote gender equality and social 
inclusion.

The results directly answer the research question 
by demonstrating how participatory management of 
pirarucu contributes to the conservation of the species, the 
sustainable development of local communities, and the 
achievement of the SDGs in the Amazon. Furthermore, this 
practice incorporates concepts of adaptive governance and 
socioecological resilience, aligning with Folke et al. (2005)
e Ostrom (1990), theories. It allows local communities to 
participate actively in monitoring and making decisions 
about using natural resources.

Despite the advances presented, participatory 
management faces logistical challenges, such as more 
adequate infrastructure and limited communication of this 
model’s benefits to the end consumer. These limitations can 
restrict the economic potential of the communities involved 
and make it difficult to expand the model to other regions. In 
addition, the need to recognize public policies that value the 
environmental services communities provide is also a barrier 
to strengthening this model.

Future studies can investigate ways to overcome these 
logistical challenges, exploring new marketing models that 
improve the economic return to the communities involved 
and more effective communication strategies that value 
products resulting from sustainable management. Further 
research could focus on replicating this model in other 
ecosystems, assessing its applicability in different socio-
environmental contexts, and designing public policies to 
support the development of the bioeconomy in the most 
isolated regions of the Amazon.

Finally, the participatory management of pirarucu 
demonstrates that it is possible to integrate environmental 
conservation, economic development, and social equity in 
a single model. The experience of this study offers valuable 
lessons not only for Amazon but also for other regions facing 
similar challenges. By promoting a sustainable approach to 
using natural resources, this model can be replicated globally, 
contributing to the mitigation of climate change and the 
development of a bioeconomy that is fair and inclusive.
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