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Abstract 

This research investigates the application of artificial intelligence (AI) in the management 

domain of aquaculture, focusing on improving strategic planning, operational efficiency, and 

sustainability. The study aims to develop a decision support framework powered by AI that 

assists aquaculture managers in optimizing resource allocation, forecasting production outputs, 

managing risks (such as disease outbreaks or market fluctuations), and ensuring compliance 

with regulatory and environmental standards. By integrating AI-driven analytics with business 

intelligence, the paper highlights how data-informed decision-making can transform the 

aquaculture industry into a more resilient and profitable sector. 

1. Introduction 

Aquaculture, the farming of aquatic organisms including fish, crustaceans, mollusks, and 

aquatic plants, has emerged as one of the fastest-growing food production sectors globally. 

With the increasing demand for seafood, driven by population growth, dietary shifts, and 

overexploitation of wild fish stocks, aquaculture plays a pivotal role in global food security and 

economic development. However, the sector faces significant management challenges, 

including fluctuating market conditions, disease outbreaks, environmental degradation, 

inefficient resource utilization, and stringent regulatory requirements. In this context, 

traditional management approaches often fall short in addressing the complex, dynamic, and 

data-intensive nature of modern aquaculture operations. 

Artificial intelligence (AI) has the potential to revolutionize aquaculture management by 

analyzing large volumes of data, generating actionable insights, and supporting strategic 

decision-making. This research focuses on the management domain of aquaculture, examining 
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how AI-driven tools can streamline operations, foster sustainability, and improve productivity 

and profitability. However, challenges include data governance issues, skill gaps, high 

implementation costs, and resistance from traditional operators. The integration of AI aligns 

with the shift towards precision aquaculture and smart farming. 

This paper aims to explore the current and potential applications of AI in strategic aquaculture 

management, identify the key benefits and limitations of AI adoption, and propose a conceptual 

framework for AI-assisted decision-making in the sector. Through a combination of literature 

review, case studies, and expert interviews, the study seeks to contribute to both academic 

discourse and practical advancements in aquaculture governance. 

2. Literature Review 

The integration of artificial intelligence (AI) in aquaculture has gained increasing attention in 

recent years, particularly in domains such as automated monitoring, disease detection, and 

precision feeding (Føre et al., 2018). However, its application in strategic management—

including planning, forecasting, and risk mitigation—remains an emerging area with 

significant potential. 

2.1 AI in Aquaculture Operations vs. Management: 

Most existing studies focus on the technical aspects of AI, particularly in areas like computer 

vision for fish biomass estimation (Ranjan et al., 2021), sensor-based water quality monitoring 

(Li et al., 2019), and machine learning algorithms for disease prediction (Mohan et al., 2020). 

While these advancements enhance farm operations, relatively few studies examine how AI 

tools can support managerial decisions such as production planning, inventory control, or 

market forecasting. 

2.2 Decision Support Systems (DSS) and AI: 

Earlier research introduced Decision Support Systems (DSS) as tools to aid farm managers in 

planning and operational control (Silvert, 2001). Recent advancements combine DSS with AI 

techniques—such as machine learning and neural networks—to create more adaptive and 

intelligent systems. For instance, Thanh et al. (2022) developed an AI-based DSS that provides 

feeding and harvesting recommendations based on environmental data, demonstrating the 

potential of AI in facilitating more dynamic, data-driven farm management. 
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2.3 Forecasting and Risk Mitigation: 

Studies such as those by Martínez-Porchas et al. (2020) highlight the role of predictive analytics 

in forecasting growth rates, yield outputs, and potential disease outbreaks. These predictive 

tools are crucial for strategic risk management and long-term planning. Incorporating external 

variables like weather data, market trends, and regulatory changes allows AI to function as a 

comprehensive early warning system for aquaculture businesses. 

2.4 Supply Chain and Market Analytics: 

A growing area of interest is the application of AI in supply chain optimization and market 

trend analysis. Studies have shown that AI can be used to forecast demand patterns, optimize 

logistics, and reduce post-harvest losses (Jin et al., 2021). This is particularly valuable in 

aquaculture, where perishability and fluctuating prices pose serious challenges to profitability 

and planning. 

2.5 Challenges and Limitations: 

Despite its promise, AI adoption in aquaculture management faces several barriers. These 

include data quality and availability, lack of technical expertise among managers, and the high 

cost of implementation (Gonzalez et al., 2022). Ethical concerns surrounding data privacy and 

AI transparency also pose significant hurdles, particularly in small- and medium-scale 

operations. 

2.6 Organizational and Policy Perspectives: 

From a broader perspective, studies by FAO (2021) and OECD (2020) emphasize the need for 

supportive institutional frameworks and capacity-building to enable AI-driven transformation 

in aquaculture. These reports suggest that strategic integration of AI must be accompanied by 

policy development, investment in digital infrastructure, and training for aquaculture 

professionals. 
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3. Research Objectives 

1. To explore how Artificial Intelligence (AI) technologies can support strategic decision-

making in aquaculture management, particularly in areas such as forecasting, risk 

mitigation, and resource optimization. 

2. To develop a conceptual framework that maps AI tools to key decision domains in 

aquaculture management. 

3. To propose a theoretical model of AI-enabled aquaculture management and suggest a 

future research agenda for empirical validation. 

4. Methodology (Theoretical Research Approach) 

This research adopts a theoretical and conceptual methodology aimed at exploring the 

potential role of Artificial Intelligence (AI) in strategic aquaculture management. Instead of 

conducting empirical fieldwork, this study synthesizes existing literature, models, and 

frameworks to propose a new AI-driven decision-making model tailored to the aquaculture 

sector. The methodology consists of four main phases: 

4.1 Conceptual Exploration through Literature Synthesis 

The research begins with an integrative literature review to examine and consolidate 

knowledge across three key domains: 

● Strategic aquaculture management and decision-making practices. 

● Applications of AI in agriculture, aquaculture, and other resource-intensive industries. 

● Digital transformation and technological adoption frameworks relevant to aquaculture. 

Sources include peer-reviewed journal articles, industry reports (e.g., FAO, OECD), white 

papers, and case study documentation. The goal is to identify core themes, challenges, and 

emerging patterns related to the integration of AI into high-level managerial functions. 

This phase provides the foundational material for theory building and identifies the key 

variables influencing AI adoption and effectiveness in aquaculture management. 
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4.2 Theoretical Framework Construction 

Based on insights from the literature, a conceptual framework will be developed to illustrate: 

● How AI technologies (e.g., predictive analytics, decision support systems, optimization 

algorithms) can influence strategic decision-making in aquaculture. 

● The interaction between AI capabilities and managerial outcomes (e.g., risk 

management, productivity, sustainability). 

● The enabling and inhibiting factors that influence AI integration at the organizational 

level (e.g., digital readiness, skill level, investment capacity, data infrastructure). 

The framework will be grounded in theories such as: 

● Technology-Organization-Environment (TOE) Framework 

● Diffusion of Innovations Theory (Rogers, 2003) 

● Resource-Based View (RBV) for technology as a strategic asset 

These theories will help explain the conditions under which AI can generate value in 

aquaculture management. 

4.3 Model Proposition and Theoretical Contribution 

The study will then propose a new model or typology—for example, an AI-Enabled 

Decision-Making Model for Aquaculture Management—which outlines: 

● Decision domains where AI can be applied (e.g., production forecasting, input 

optimization, compliance). 

● Types of AI tools suitable for each domain. 

● Expected outcomes (economic, environmental, operational). 

● Organizational and contextual factors influencing adoption. 

The model will be evaluated logically through alignment with existing theoretical constructs 

and tested hypothetically through scenario mapping or logical reasoning. 
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4.4 Critical Analysis and Future Research Agenda 

The proposed framework and model will undergo critical evaluation, comparing it to existing 

models in agri-tech, smart farming, and digital transformation literature. This phase will: 

● Discuss the model's theoretical robustness and practical relevance. 

● Identify limitations, assumptions, and boundaries of the model. 

● Propose a roadmap for future empirical validation of the framework through case 

studies, field experiments, or simulation-based research. 

A research agenda will be proposed to guide future studies in testing, refining, or expanding 

the model across different aquaculture systems and regions. 

5. Theoretical Model: AI-Enabled Aquaculture Management Framework 

This model is based on three core components: 

5.1 Antecedents (Determinants of AI Adoption) 

Adapted from the Technology-Organization-Environment (TOE) Framework and 

Resource-Based View (RBV): 

Dimension Factors 

Technological 
Perceived usefulness, system compatibility, data availability, 

technical complexity 

Organizational 
Managerial support, digital readiness, financial capacity, 

workforce skills 

Environmental 
Market volatility, regulatory pressure, ecosystem variability, 

climate risks 
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5.2 Core Components of AI Integration 

Decision Domain AI Applications 
Expected Management 

Outcome 

Production Forecasting 
Time-series models, predictive 

analytics 

Optimized stocking, harvesting 

schedules 

Disease & Risk 

Management 

Pattern recognition, anomaly 

detection 
Early warnings, lower mortality 

Resource Allocation 
Decision support systems, 

optimization tools 

Reduced feed/water waste, cost 

efficiency 

Market & Logistics 
Demand prediction, price 

forecasting 

Informed pricing and supply 

chain agility 

Compliance & 

Sustainability 

Monitoring tools, regulatory 

dashboards 

Transparency, eco-certification 

readiness 

 

5.3 Consequences (Strategic and Operational Outcomes) 

Outcome Type Description 

Operational Efficiency Reduced waste, better yield, automation 

Strategic Agility Fast decision-making, adaptive planning 

Environmental Sustainability Smarter resource use, reduced carbon/water footprint 

Economic Performance Cost reduction, better market timing 
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6. Findings of the study 

 

1. AI's Potential in Strategic Aquaculture Management is Significant but 

Underexplored: While AI applications in operational aspects of aquaculture 

(monitoring, feeding, disease detection) are gaining traction, its use in strategic 

management domains like planning, forecasting, and risk mitigation remains an 

emerging area with substantial untapped potential. 

2. AI-Enhanced Decision Support Systems are Evolving: Traditional Decision Support 

Systems (DSS) are being augmented with AI techniques (machine learning, neural 

networks) to create more adaptive and intelligent systems capable of providing 

dynamic, data-driven recommendations for farm management.    

3. Predictive Analytics is Crucial for Forecasting and Risk Mitigation: AI-powered 

predictive tools can effectively forecast growth rates, yields, disease outbreaks, and 

incorporate external factors like weather and market trends, enabling proactive risk 

management and long-term strategic planning.    
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4. Supply Chain and Market Analytics Offer Opportunities for Optimization: AI can 

be leveraged to forecast demand, optimize logistics, and reduce post-harvest losses, 

addressing critical challenges related to perishability and price volatility in the 

aquaculture industry. 

5. Several Barriers Hinder Widespread AI Adoption: Data quality and availability, a 

lack of technical expertise among aquaculture managers, high implementation costs, 

and ethical concerns regarding data privacy and AI transparency pose significant 

challenges to the broader adoption of AI in the sector, particularly for small- and 

medium-scale operations.    

6. Supportive Institutional Frameworks and Capacity Building are Essential: 

Strategic AI integration in aquaculture necessitates supportive policies, investments in 

digital infrastructure, and training programs for aquaculture professionals to facilitate a 

successful transformation. 

7. The Proposed AI-Enabled Aquaculture Management Framework Offers a 

Structured Approach: The theoretical model, based on the TOE framework and RBV, 

provides a comprehensive structure outlining the antecedents, core AI integration 

components across various decision domains, and the expected strategic and 

operational outcomes of AI adoption in aquaculture. 

7. Suggestions of the study: 

1. Focus Future Research on Empirical Validation of the Proposed Framework: The 

theoretical model presented needs to be empirically tested through case studies, field 

experiments, or simulation-based research across diverse aquaculture systems and 

geographical regions to validate its practical relevance and effectiveness. 

2. Investigate Strategies to Overcome Barriers to AI Adoption: Future research should 

explore solutions to address the identified challenges, such as developing cost-effective 

AI solutions, creating user-friendly interfaces for managers with limited technical 

expertise, establishing data governance frameworks, and promoting ethical AI 

practices. 

3. Develop Targeted AI Applications for Strategic Management: More research is 

needed to develop specific AI tools and algorithms tailored to address strategic 
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decision-making needs in aquaculture, including production planning optimization, 

inventory control, market forecasting, and regulatory compliance management. 

4. Promote Collaboration and Knowledge Sharing: Initiatives fostering collaboration 

between AI researchers, aquaculture experts, technology providers, and policymakers 

are crucial for accelerating the development and adoption of AI in the sector. Platforms 

for knowledge sharing and best practices can help overcome resistance and build trust.    

5. Emphasize Capacity Building and Training Programs: Targeted training programs 

should be developed to equip aquaculture managers and professionals with the 

necessary digital literacy and AI-related skills to effectively utilize AI-powered tools 

and integrate them into their decision-making processes. 

6. Explore the Role of Policy and Regulation in Facilitating AI Adoption: Research 

should examine how government policies and regulations can support the responsible 

and effective adoption of AI in aquaculture, including addressing data privacy concerns, 

promoting standardization, and incentivizing innovation. 

7. Investigate the Integration of AI with Other Emerging Technologies: Future 

research could explore the synergistic effects of integrating AI with other advanced 

technologies like IoT, blockchain, and remote sensing to create more comprehensive 

and efficient aquaculture management systems. 

8. Conclusion 

This theoretical study underscores the transformative potential of Artificial Intelligence (AI) in 

revolutionizing strategic decision-making within aquaculture management. By synthesizing 

existing literature and proposing a novel AI-Enabled Aquaculture Management Framework, 

the research highlights how AI technologies can significantly enhance forecasting accuracy, 

mitigate risks proactively, and optimize resource allocation across various decision domains in 

aquaculture. The framework, built upon the TOE framework and RBV, provides a structured 

understanding of the factors influencing AI adoption and its expected operational, strategic, 

environmental, and economic consequences. While acknowledging existing challenges such as 

data governance, skill gaps, and implementation costs, the study concludes that a strategic 

integration of AI, supported by robust institutional frameworks and capacity-building 

initiatives, is crucial for transitioning the aquaculture industry towards a more resilient, 

productive, and sustainable future. 
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9. Future Developments 

Building upon the findings and the proposed framework, several key areas warrant future 

development and research: 

● Empirical Validation and Refinement: The AI-Enabled Aquaculture Management 

Framework requires rigorous empirical testing through real-world case studies, pilot 

projects, and quantitative analyses across diverse aquaculture settings to validate its 

applicability and refine its components. 

● Development of Specific AI-Powered Tools: Future efforts should focus on the 

design, development, and deployment of tailored AI applications addressing specific 

strategic management needs, such as advanced predictive models for disease outbreaks 

and market fluctuations, intelligent resource optimization systems, and automated 

regulatory compliance tools. 

● Addressing Barriers to Adoption: Research and development initiatives should 

actively seek solutions to overcome the identified barriers to AI adoption, including the 

creation of cost-effective and user-friendly AI solutions, development of standardized 

data platforms and protocols, and the design of comprehensive training programs for 

aquaculture professionals. 

● Ethical and Societal Implications: Future studies must address the ethical 

considerations surrounding AI implementation in aquaculture, including data privacy, 

algorithmic transparency, and the potential socio-economic impacts on the workforce 

and traditional aquaculture practices. 

● Integration with Emerging Technologies: Exploring the synergistic integration of AI 

with other cutting-edge technologies like the Internet of Things (IoT), blockchain for 

supply chain transparency, remote sensing for environmental monitoring, and robotics 

for automation holds significant promise for creating more holistic and efficient 

aquaculture management systems. 

● Policy and Governance Frameworks: Future developments should inform the 

creation of supportive policy and governance frameworks at local, national, and 

international levels to facilitate the responsible and equitable adoption of AI in 

aquaculture, ensuring its contribution to global food security and sustainable 

development goals. 
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● Focus on Small-Scale Aquaculture: Specific attention should be directed towards 

developing AI solutions that are accessible and beneficial for small- and medium-scale 

aquaculture operations, considering their unique challenges and resource constraints. 
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