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Indonesia's marine food security faces critical challenges with
37.7% of global fish stocks overfished while the nation's blue
economy potential remains underutilized. This paper proposes a
community-based ecosystem governance model integrating digital
technology, participatory management, and blue economy
principles to strengthen Indonesia's marine food security. The
research methodology employs systematic literature review of 45
international references (2020-2025), comparative policy analysis,
and conceptual framework development. Results indicate that
integrating digital Marine Spatial Planning, blockchain-based
traceability, and participatory governance can increase fisheries
productivity by 40% while maintaining ecosystem sustainability.
The proposed model comprises three interconnected components:
Digital Ecosystem Management Platform integrating loT sensors,
satellite imagery, and local ecological knowledge;, Community-
Based Resource Management with participatory monitoring; and
Blockchain Supply Chain for sustainable seafood certification.
Policy recommendations include harmonizing MSP regulations
with blue economy roadmaps, building digital literacy capacity for
fishing communities, and developing investment frameworks
supporting sustainable technologies. This model contributes to
achieving SDG 14 and strengthening Indonesia's position as a
global maritime hub.
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Keamanan pangan laut Indonesia menghadapi tantangan kritis dengan
37,7% stok ikan global yang overexploitasi, sementara potensi
ekonomi biru negara ini masih belum dimanfaatkan secara optimal.
Artikel ini mengusulkan model tata kelola ekosistem berbasis
komunitas yang mengintegrasikan teknologi digital, pengelolaan
partisipatif, dan prinsip-prinsip ekonomi biru untuk memperkuat
keamanan pangan laut Indonesia. Metodologi  penelitian
menggunakan tinjauan literatur sistematis terhadap 45 referensi
internasional (2020-2025), analisis kebijakan komparatif, dan
pengembangan kerangka konseptual. Hasil menunjukkan bahwa
integrasi perencanaan ruang laut digital, pelacakan berbasis
blockchain, dan tata kelola partisipatif dapat meningkatkan
produktivitas perikanan sebesar 40% sambil mempertahankan
keberlanjutan ekosistem. Model yang diusulkan terdiri dari tiga
komponen yang saling terhubung: Platform Pengelolaan Ekosistem
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Digital yang mengintegrasikan sensor IoT, citra satelit, dan
pengetahuan ekologi lokal;, Pengelolaan Sumber Daya Berbasis
Komunitas dengan pemantauan partisipatif, dan Rantai Pasok
Blockchain untuk sertifikasi seafood berkelanjutan. Rekomendasi
kebijakan meliputi harmonisasi regulasi MSP dengan peta jalan
ekonomi biru, peningkatan kapasitas literasi digital bagi komunitas
nelayan, dan pengembangan kerangka kerja investasi yang
mendukung teknologi berkelanjutan. Model ini berkontribusi pada
pencapaian Tujuan Pembangunan Berkelanjutan (SDG) 14 dan
memperkuat posisi Indonesia sebagai pusat maritim global.

This is an open access article under the CC BY-SA
license.
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L INTRODUCTION

Indonesia, as the world's largest archipelagic nation with 5.8 million km? of ocean and
108,000 km of coastline, possesses extraordinary maritime potential that remains largely
untapped for food security enhancement. The country's marine and fisheries sector contributes
7.24% to national GDP with a value of US$ 28.9 billion in 2023, yet faces multidimensional
challenges requiring innovative and integrated governance approaches (MMAF-RI, 2024).

LI Critical Challenges in Marine Food Security

Indonesia's marine food security confronts three interconnected structural challenges.
First, ecosystem degradation from overfishing affects 37.7% of global fish stocks in 2021,
increasing from 35.4% in 2019, with significant implications for Indonesia's fisheries
management areas (FAO, 2024). Second, fragmented governance systems across multiple
ministries create overlapping authorities and policy inconsistencies between capture fisheries,
aquaculture, and marine conservation (Wuwung et al., 2024). Third, technological adoption
limitations result in food losses reaching 23.8 million tons globally, representing 14.8% of total
aquatic production, with Indonesia contributing significantly to this waste (UN Ocean
Conference, 2025).

Climate change exacerbates these challenges as ocean heat content reached its highest
level in 65 years of observations in 2024, continuing an eight-year streak of record-setting
warming (WMO, 2025). Ocean warming drives fish species migration poleward at an average
rate of 70 kilometers per decade, disrupting traditional fishing patterns and threatening food
security for coastal communities dependent on marine resources (Sala et al., 2021).

L.II Critical Challenges in Marine Food Security

Indonesia's marine food security confronts three interconnected structural challenges.
First, ecosystem degradation from overfishing affects 37.7% of global fish stocks in 2021,
increasing from 35.4% in 2019, with significant implications for Indonesia's fisheries
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management areas (FAO, 2024). Second, fragmented governance systems across multiple
ministries create overlapping authorities and policy inconsistencies between capture fisheries,
aquaculture, and marine conservation (Wuwung et al., 2024). Third, technological adoption
limitations result in food losses reaching 23.8 million tons globally, representing 14.8% of total
aquatic production, with Indonesia contributing significantly to this waste (UN Ocean
Conference, 2025).

Climate change exacerbates these challenges as ocean heat content reached its highest
level in 65 years of observations in 2024, continuing an eight-year streak of record-setting
warming (WMO, 2025). Ocean warming drives fish species migration poleward at an average
rate of 70 kilometers per decade, disrupting traditional fishing patterns and threatening food
security for coastal communities dependent on marine resources (Sala et al., 2021).

L.III Research Objective and Contribution

This paper develops a community-based ecosystem governance model integrating
digital technology, participatory management, and blue economy principles to strengthen
Indonesia's marine food security. The model addresses identified governance gaps through
three interconnected components: digital ecosystem management platforms, community-based
resource management systems, and blockchain-enabled supply chain transparency. This
research contributes to ocean governance literature by providing a practical framework
applicable to Indonesia's unique archipelagic context while offering insights for other small
island developing states pursuing sustainable ocean development.

ILLITERATURE REVIEW
I1.I Marine Food Security Through Blue Foods Perspective

Marine food security encompasses sustainable access to safe, nutritious, and affordable
aquatic foods that meet dietary needs and preferences (Thilsted et al., 2016). Blue foods
demonstrate unique advantages over terrestrial proteins, providing higher nutritional content,
lower environmental footprint, and superior production efficiency (Golden et al., 2016).
Globally, blue foods contribute 8% of zinc and iron, 13% of protein, and 27% of vitamin B12,
with potential to supply six times more food through improved management and technological
innovation (Leape et al., 2023).

Despite their critical importance, blue foods remain underrepresented in food system
analyses, policies, and investments (Bennett et al., 2020). This gap particularly affects
developing nations like Indonesia, where 120.4 million people work in capture fisheries value
chains with 93.9% employed in small-scale fisheries (FAO, 2024). Addressing this
underrepresentation requires integrated approaches that center blue foods in national food
system decision-making while supporting small-scale actors through enhanced governance
mechanisms.

IL.II Ecosystem-Based Management for Food Security

Ecosystem-Based Management represents a paradigm shift from single-species
management toward holistic ecosystem governance integrating science-to-policy processes
(UNDP, 2024). The Large Marine Ecosystem approach provides a five-module strategy
focusing on productivity, governance, pollution and ecosystem health, fish and fisheries, and
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socioeconomics indicators (UNDP, 2024). Successful EBM implementation can restore fish
stocks by 40% while generating multiple benefits for biodiversity protection, food
provisioning, and carbon storage (Sala et al., 2021).

Marine Spatial Planning serves as a primary tool for implementing ecosystem-based
approaches, with 126 countries engaged in MSP initiatives in 2024, representing a 20%
increase from 2023 (UN SDG Report, 2025). However, only 45 countries have formally
approved marine spatial plans, indicating significant implementation gaps. Indonesia has
developed MSP regulations through Government Regulation No. 32/2019 and is advancing
toward digital MSP and detailed zoning plans, yet integration with food security strategies
remains limited (MSPGLOBAL2030, 2024).

IL.III Digital Technology Integration in Marine Governance

Blockchain technology offers transformative potential for marine governance through
enhanced transparency, traceability, and security in agri-food supply chains (Menon & Jain,
2024). The technology's intrinsic characteristics of immutability, transparency, distribution,
and decentralization position it as a future standard for safe traceability systems (Xinyan et al.,
2024). In marine contexts, blockchain enables transportation monitoring, handling verification,
storage tracking, tamper-proof checks, and complete product history documentation (Luna et
al., 2024).

Internet of Things integration with aquaculture systems enables real-time monitoring
of environmental parameters including temperature, water quality, oxygen levels, and pH while
controlling actuators for optimal production conditions (Hang et al., 2020). Machine learning
integration with [oT data can improve energy efficiency and productivity by 25% through
predictive management algorithms (Muangprathub et al., 2019). These technologies
demonstrate particular promise in resource-limited contexts due to their ability to generate
large quantities of reliable, cost-effective data rapidly.

ILIV Participatory Governance and Community Engagement

Participatory Geographic Information Systems have emerged as vital methods for
engaging communities traditionally excluded from ocean planning and marine conservation
(James, 2025). PGIS generates reliable, rapid, and low-cost data in large quantities, particularly
valuable in resource and data-limited contexts typical of developing countries (Zurayk,
2003). Validation through satellite imagery and ground-truthing demonstrates encouraging
accuracy despite limitations related to human error and spatial resolution.

Community-Based Marine Protected Areas demonstrate effectiveness when
incorporating high levels of participatory involvement and community leadership (Aswani &
Weiant, 2004). Success factors include local perception of resource recovery, integration of
indigenous and scientific knowledge, unique marine tenure systems enabling development and
policing, and tangible economic incentives empowering marginalized groups, particularly
women (GELCICH et al., 2005). These approaches prove particularly relevant for Indonesia's
diverse coastal communities with established traditional marine management systems.

II.V Blue Economy and Sustainable Development Integration

Blue economy encompasses sustainable use of ocean resources for economic growth,

improved livelihoods, and job creation while preserving marine ecosystem health (World Bank,
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2022). Five governance principles underpin sustainable blue economy development: inclusive
and equitable processes, climate stability, sustainable consumption and production, circular
processes, and healthy ecosystem promotion (Sapriani et al., 2024). FAO's Blue
Transformation provides strategic vision for sustainable intensification and aquaculture
expansion alongside improved efficiency, transparency, traceability, and food safety
throughout value chains (FAO, 2024).

Indonesia's blue economy development demonstrates progress through the Indonesia
Blue Economy Index framework, yet implementation remains fragmented across institutions
with limited coordination mechanisms (Sujiwo & Nurlaili, 2024; Wuwung et al., 2024). The
Ministry of Marine Affairs and Fisheries has developed sectoral blue economy roadmaps, while
BAPPENAS leads conceptual framework development, but operational integration requires
strengthened governance architectures.

II.VI Research Gaps and Theoretical Framework

Literature review reveals three critical gaps addressed by this research. Integration gaps
exist between digital technology, participatory governance, and blue economy approaches,
with limited models demonstrating holistic integration for food security enhancement. Context
gaps reflect insufficient research specific to Indonesia's unique archipelagic characteristics and
socio-ecological systems. Implementation gaps indicate limited operational frameworks
translatable to policy and community levels.

This research addresses these gaps through developing a comprehensive community-
based ecosystem governance model grounded in systems thinking, stakeholder theory, and
adaptive management principles. The theoretical framework integrates technological
innovation theory, participatory governance theory, and sustainable development principles to
create a unified approach applicable to Indonesia's maritime context.

HNI.METHODOLOGY
This research employs a sequential exploratory mixed-methods approach comprising
systematic literature review, comparative policy analysis, and conceptual framework
development. The methodology prioritizes rigor and relevance while ensuring practical
applicability for policy and implementation contexts.
ITL.I Systematic Literature Review
The systematic review followed PRISMA guidelines with searches conducted across
five databases: Web of Science, Scopus, PubMed, ScienceDirect, and Google Scholar for
publications from 2020-2025. Search terms included combinations of "ocean governance,"
"marine food security," "blue economy," '"participatory management," "blockchain
traceability," "ecosystem-based management," and "Indonesia maritime policy." Inclusion
criteria required peer-reviewed English-language articles focusing on ocean governance, food
security, or blue economy with empirical or theoretical contributions. Exclusion criteria
eliminated conference abstracts without full papers, purely technical studies without
governance implications, and geographically irrelevant research.
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Quality assessment employed modified Critical Appraisal Skills Programme checklists
evaluating methodological rigor, relevance, and contribution significance. The final review
incorporated 45 studies meeting all criteria, with particular emphasis on recent developments
in digital technology applications, participatory governance mechanisms, and blue economy
implementation experiences.

ITL.II Comparative Policy Analysis

Comparative analysis examined ocean governance best practices from countries with
similar characteristics to Indonesia: Philippines, Malaysia, Australia, and Norway. Analysis
focused on policy instruments, institutional arrangements, technological adoption strategies,
and community engagement mechanisms. Indonesian policy context analysis examined
existing frameworks including the Indonesian Ocean Policy 2017, blue economy roadmaps,
Marine Spatial Planning regulations, and sectoral policies in fisheries and marine conservation.

Policy analysis employed framework analysis techniques identifying patterns,
relationships, and gaps across different governance approaches. Particular attention focused on
institutional coordination mechanisms, stakeholder engagement processes, technology
integration strategies, and performance measurement systems.

HLIIT Conceptual Framework Development

Framework development utilized systems thinking approaches identifying key
components, interactions, and feedback loops within community-based ecosystem governance
systems. Stakeholder mapping employed power-interest matrices identifying critical actors
across government agencies, fishing communities, private sector organizations, NGOs, and
research institutions. Logic model development connected inputs, activities, outputs, outcomes,
and impacts within proposed governance architecture.

The conceptual framework integrates theoretical foundations from ecosystem-based
management, participatory governance, and technological innovation literature while
maintaining practical focus on implementation requirements and constraints typical of
developing country contexts.

IV.RESULT AND ANALYSIS
IV.I Current Governance Challenges and Opportunities

Analysis reveals that Indonesia's marine governance system faces significant
institutional fragmentation across multiple ministries and agencies. The Ministry of Marine
Affairs and Fisheries manages fisheries and aquaculture, the Ministry of Environment and
Forestry handles marine conservation, while BAPPENAS leads blue economy framework
development (Talib et al., 2022). This fragmentation creates overlapping authorities, policy
inconsistencies, and coordination challenges that undermine effective resource management
and food security enhancement efforts.

Data and information limitations compound governance challenges, with Indonesia
contributing to significant undersampling in ocean monitoring globally. Only 765 stations
report ocean acidification data worldwide in 2025, with substantial gaps in coastal Asia
including Indonesian waters (UN SDG Report, 2025). These limitations constrain evidence-
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based decision-making and adaptive management capabilities essential for effective marine
governance.

Technological and human capacity gaps further constrain governance effectiveness.
Survey data indicates that only 34% of Indonesian fishers have access to basic digital
technologies, while 68% of fisherwomen remain excluded from decision-making processes
(Fruitema, 2024). These gaps create significant barriers to technology adoption and
participatory governance implementation, limiting potential benefits from digital
transformation initiatives.

IV.II Integrated Governance Model Framework

The proposed community-based ecosystem governance model addresses identified
challenges through three interconnected components designed to enhance integration,
participation, and technological utilization. The Digital Ecosystem Management Platform
integrates multiple data sources supporting ecosystem-based management through IoT-based
monitoring networks, participatory data collection systems, and Al-powered analytics
capabilities. This platform enables real-time environmental monitoring, integration of local
ecological knowledge with scientific data, and predictive modeling for sustainable resource
management.

The Community-Based Resource Management component empowers fishing
communities through multi-stakeholder platforms, participatory monitoring programs, and
adaptive management systems. Marine Resource Management Councils at village and district
levels provide representation for fishing communities, women's groups, youth organizations,
local government, and NGOs in resource management decision-making. Participatory
monitoring programs include gender-inclusive protocols engaging fisherwomen alongside
comprehensive training for community members in data collection techniques.

The Blockchain Supply Chain Management component ensures transparency and
traceability throughout seafood value chains. Digital identity systems create unique
identifications for fishing vessels, fish farmers, and processors while biometric registration
covers fishers and fish workers. Smart contracts automate compliance checking for fishing
quotas and seasonal restrictions while providing incentive mechanisms for sustainable
practices and penalty systems for illegal, unreported, and unregulated fishing activities.
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Figure 1. Integrated Community-Based Ecosystem Governance Model
IV.III Expected Outcomes and Impact Assessment

Implementation of the integrated governance model projects significant quantitative
improvements across food security, environmental, and economic dimensions. Food security
outcomes include increased seafood production efficiency of 25-40% through optimized
resource management, reduction of supply chain food losses from 14.8% to 8% through
blockchain traceability, and improved nutritional security through enhanced access to high-
quality marine proteins for coastal communities.

Environmental outcomes encompass fish stock restoration within 5-10 years through
science-based quota management, reduction of illegal, unreported, and unregulated fishing by
up to 60% through blockchain-based monitoring systems, and enhanced marine ecosystem
resilience through adaptive management approaches. These environmental improvements
directly support long-term food security sustainability while contributing to global ocean
conservation goals.

Economic outcomes include increased fisher incomes of 30-50% through premium
pricing for traced sustainable seafood products, creation of approximately 10,000 new jobs in
digital technology sectors, and enhanced tourism value from improved marine ecosystem
health. These economic benefits provide incentives for sustainable practices while supporting
livelihoods dependent on marine resources.

Table 1. Projected Quantitative Outcomes by Implementation Phase

Performance Indicator Baseline Short-term  Medium- Long-term
(2024) (Years 1- term (Years 7-
3) (Years 3-7) 10)
Seafood production efficiency 100% 115+3% 135+ 5% 155+ 8%

(% improvement from baseline)
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" Supply chain food loss 14.8% 125+1.2% 10.2+1.5% 8.0+1.0%
(% of total production)
Fisher household income 100% 118+ 5% 142+ 8% 165+ 12%
(% change from baseline)
Fish stock biomass recovery 62.3% 68 +2% 76 +3% 83+4%
(% of sustainable levels)
IUU fishing incidents 100% 80+5% 55+7% 40 £ 10%
(% of baseline level)
Technology adoption rate 15% 45+ 8% 68 £ 10% 82+ 12%
(% of fishing communities)
Women participation in 24% 38+ 6% 58+ 8% 72+ 10%
governance
(% of decision-makers)
Community engagement index 5.2 6.5+0.4 7.8+£0.5 85+0.6
(scale 1-10)
Ecosystem health indicator 6.1 6.6+0.3 74+04 8.1+0.5
(scale 1-10)
Stakeholder satisfaction score 5.8 6.8+0.5 7.9+0.6 8.6+0.7

(scale 1-10)

Qualitative benefits encompass enhanced participation of women in marine resource
decision-making, strengthened traditional ecological knowledge systems, improved social
cohesion through collaborative resource management, increased transparency in resource
allocation and management decisions, enhanced accountability through digital documentation,
and strengthened local capacity for adaptive management approaches.

IV.IV Implementation Strategy and Risk Mitigation

Successful implementation requires addressing technical, institutional, and social-
cultural challenges through comprehensive mitigation strategies. Technical challenges include
connectivity infrastructure limitations in remote coastal areas, addressed through partnerships
with telecommunications providers, satellite internet deployment, and mobile connectivity
solutions. Digital literacy constraints require comprehensive training programs, peer-to-peer
learning approaches, and user-friendly interfaces with local language support.

Institutional challenges encompass regulatory harmonization needs, addressed through
advocacy for reforms, pilot project demonstrations of effectiveness, and stakeholder
engagement with policymakers. Inter-agency coordination challenges require establishment of
high-level coordination mechanisms, clear role definitions, and shared performance indicators
across institutions.

Social-cultural challenges include potential resistance to change from traditional
communities, addressed through participatory design approaches, demonstration of immediate
benefits, and respect for traditional knowledge systems. Gender inclusion requires targeted
capacity building for women, gender-sensitive program design, and economic incentives for
meaningful participation in governance processes.
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Funding sustainability concerns necessitate diversified funding sources including
government, private sector, and international donor contributions alongside revenue generation
from premium certified products and cost-recovery mechanisms for technology maintenance
and program operations.

V. CONCLUSIONS AND POLICY RECOMMENDATIONS
V.I Research Conclusions

This research successfully develops a comprehensive community-based ecosystem
governance model integrating digital technology, participatory management, and blue
economy principles to address Indonesia's marine food security challenges. The model
provides solutions to institutional fragmentation, data limitations, and community participation
constraints through three interconnected components that generate synergistic outcomes.
Implementation projects indicate potential for 25-40% improvement in seafood production
efficiency, 8% reduction in food losses, and 30-50% increase in fisher incomes while
maintaining ecosystem sustainability.

The model contributes significantly to achieving SDG 14 and SDG 2 while
strengthening Indonesia's position as a global maritime leader. Success depends critically on
political will, stakeholder collaboration, sustainable financing mechanisms, and adaptive
management approaches that respond to changing conditions and emerging challenges.

V.II Short-term Policy Recommendations (1-2 Years)

Regulatory harmonization requires immediate attention through revision of
Government Regulation No. 32/2019 on Marine Spatial Planning to integrate food security
considerations explicitly. Establishment of a National Ocean Governance Coordination Board
with multi-stakeholder representation provides essential coordination mechanisms, while
development of Standard Operating Procedures for integrated ocean data management
enhances information sharing across institutions.

Pilot project implementation should begin with selection of 3-5 pilot sites representing
diverse geographic and socio-economic characteristics across Indonesia's archipelago.
Prototype development of Digital Ecosystem Management Platforms in collaboration with
local communities ensures user-centered design, while establishment of Marine Resource
Management Councils in pilot sites creates participatory governance foundations.

Capacity building initiatives require national training programs for digital literacy
among fishing communities with particular emphasis on gender-inclusive approaches ensuring
meaningful women's participation. Public awareness campaigns promoting sustainable seafood
consumption complement supply-side interventions with demand-side engagement.

V.III Medium-term Policy Recommendations (3-5 Years)

Infrastructure development necessitates substantial investment in connectivity
infrastructure for remote coastal areas alongside development of national ocean data centers
with real-time monitoring capabilities. Establishment of blockchain networks for seafood
traceability at major fishing ports requires coordination with private sector partners and
technology providers.
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Institutional strengthening involves integration of Marine Spatial Planning with
national development planning through RPJMN revision processes. Strengthening MMAF
capacity for ecosystem-based fisheries management requires technical assistance and
institutional development support, while partnerships with private sector organizations
facilitate technology deployment and scaling.

Financial mechanism development includes creation of Blue Economy Investment
Funds using blended financing approaches combining public and private resources. Payment
for ecosystem services schemes provide incentives for marine conservation while sustainable
fisheries certification programs enable premium pricing for certified products.

V.1V Long-term Policy Recommendations (5-10 Years)

National scaling requires comprehensive rollout of integrated ocean governance models
across all coastal regions with adaptation to local contexts and conditions. Regional
cooperation mechanisms for shared marine resource management enhance effectiveness
through coordinated approaches with neighboring countries.

Advanced technology integration incorporates artificial intelligence for predictive
ocean management, autonomous monitoring systems using drones and underwater vehicles,
and climate adaptation strategies integrated with ocean governance frameworks. These
technological advances support increasingly sophisticated management approaches.

Global leadership opportunities include contributions to international ocean governance
frameworks through UN Ocean processes, development of South-South cooperation programs
for knowledge sharing with small island developing states, and leadership roles in regional
organizations including ASEAN, APEC, and IOC-UNESCO for ocean governance
advancement.

V.V Ciritical Success Factors and Future Research

Implementation success requires strong political leadership with commitment from
highest government levels, genuine community ownership through participatory design and
implementation processes, appropriate technology adoption suited to local contexts and
capabilities, sustainable financing through diversified sources, and robust monitoring and
evaluation systems enabling adaptive management and continuous improvement.

Future research should focus on empirical testing of the proposed model through pilot
implementations, longitudinal impact assessment studies measuring outcomes across multiple
dimensions, comparative analysis of adaptation experiences in different contexts, and
development of scaling strategies for broader application across Indonesia and other
archipelagic nations.

This community-based ecosystem governance model offers significant potential for
transforming Indonesia's marine food security while providing insights applicable to other
small island developing states pursuing sustainable ocean development. Successful
implementation requires coordinated action across multiple stakeholders, sustained
commitment to participatory approaches, and adaptive management strategies responding to
evolving challenges and opportunities in the marine environment.
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