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 This study aims to review the impact of digitalization on marine 

ecosystem management with a specific focus on Sulawesi, Indonesia. It 

explores how advanced technologies such as remote sensing, 

Geographic Information Systems (GIS), machine learning, and 

blockchain are revolutionizing the monitoring, predictive capabilities, 

and sustainability practices in marine resource management. The 

review highlights both the transformative potential of these 

technologies and the associated challenges including infrastructural 

limitations, skill gaps, and the lagging adaptation of policy 

frameworks. The integration of traditional ecological knowledge (TEK) 

with modern digital tools is emphasized as a critical approach for 

enhancing the effectiveness and acceptability of technological 

interventions in marine conservation efforts. The findings suggest that 

while digital tools offer substantial benefits for ecosystem 

management, their full potential can only be realized through strategic 

solutions to overcome existing barriers, fostering an inclusive approach 

that combines innovation with traditional practices. This review 

contributes to the understanding of digitalization's role in marine 

ecosystem sustainability and provides a foundation for future research 

directions. 
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1. INTRODUCTION  

In recent years, the digitalization of 

environmental monitoring and resource 

management has emerged as a pivotal 

development in sustaining marine ecosystems 

[1]. Particularly in regions like Sulawesi, 

which are rich in biodiversity, the integration 

of digital tools has revolutionized the 

methods by which marine resources are 

studied and managed [2]. Digital technologies 

such as remote sensing, GIS, and data 

analytics enable more precise and real-time 

tracking of marine conditions, significantly 

enhancing the ability to respond to ecological 

changes promptly [3], [4]. This technological 

advancement is crucial in areas affected by 

overfishing, pollution, and climate change, 

which threaten marine biodiversity and the 

livelihoods dependent on these ecosystems 

[5]. 
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The role of technology in natural 

resource management extends beyond 

monitoring and encompasses active 

management and restoration strategies [6], 

[7]. In Sulawesi, where marine ecosystems 

form an essential part of the regional economy 

and social structure, technology has 

facilitated the development of more 

sustainable fishing practices, effective marine 

protected areas, and community-led 

conservation efforts [8]. By harnessing digital 

tools, stakeholders are better equipped to 

make informed decisions that align with long-

term sustainability goals [9]. Moreover, these 

technologies help bridge the gap between 

local ecological knowledge and global 

environmental strategies, fostering a more 

integrated approach to ecosystem 

management [10]. 

However, the rapid adoption of 

digital solutions also presents challenges, 

including the need for substantial 

infrastructure, skilled personnel, and effective 

policy frameworks to ensure that the benefits 

of technology are maximized and equitably 

distributed [11]–[13]. The potential impacts of 

digitalization on marine ecosystems in 

Sulawesi are complex and multifaceted, 

requiring a comprehensive understanding of 

both the opportunities and the obstacles [14], 

[15]. By examining how these technologies are 

implemented and their effects on the 

ecosystem, significant insights can be gained 

into the optimal strategies for promoting 

ecological health and resource sustainability. 

This study aims to systematically 

explore the effect of digitalization on marine 

ecosystem alignment in Sulawesi and assess 

the role of technology in the broader context 

of natural resource management. The 

objective is to synthesize existing research to 

identify effective digital tools and practices 

that enhance ecosystem health and 

sustainability. Additionally, the review seeks 

to highlight the gaps in current knowledge 

and suggest areas for further research, 

thereby contributing to the development of 

more robust and adaptive management 

strategies that can respond to both current 

and future environmental challenges.  

2. LITERATURE REVIEW  

2.1 Digitalization in Marine 

Ecosystem Management 

The onset of digital technologies has 

introduced a transformative shift in how 

marine ecosystems are managed and 

conserved. A substantial body of research has 

focused on remote sensing and Geographic 

Information Systems (GIS) as critical tools for 

marine conservation. According to (1), remote 

sensing technology facilitates the monitoring 

of oceanic and coastal environments at a 

granular level, allowing for the detection of 

illegal fishing activities, habitat destruction, 

and the impacts of climate change. GIS 

applications further enhance these 

capabilities by enabling the integration and 

analysis of spatial data, thus providing a 

comprehensive view of marine ecosystems 

and their varying dynamics over time. The 

integration of these technologies into marine 

resource management in Sulawesi has been 

instrumental in developing targeted 

conservation strategies and enhancing the 

enforcement of marine protected areas. 

2.2 Role of Technology in Sustainable 

Resource Use 

Technology's role extends to 

promoting sustainable resource use within 

marine environments. Innovations in data 

analytics and machine learning have paved 

the way for predictive modeling of ecosystem 

behavior, which significantly aids in resource 

allocation and management decisions. As 

highlighted by [16], machine learning models 

can predict coral bleaching events and other 

ecological disturbances with high accuracy, 

allowing for preemptive conservation actions. 

Furthermore, blockchain technology has been 

identified as a potential tool for ensuring the 

traceability and transparency of seafood 

supply chains, thus reducing the incidence of 

overfishing and illegal catch [17]. These 

technological advancements are critical in 

places like Sulawesi, where the marine 

economy is heavily dependent on the 

sustainability of natural resources. 
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2.3 Challenges and Barriers to 

Technology Implementation 

While the benefits of digitalization in 

marine ecosystem management are evident, 

several challenges hinder their full potential. 

Infrastructure deficits, particularly in remote 

or underdeveloped regions, pose significant 

barriers to the deployment of advanced 

technologies [18]. There is also a noted skill 

gap in local populations regarding the 

operation and maintenance of high-tech tools, 

which complicates the scalability of digital 

solutions [19]. Policy and regulatory 

frameworks have not kept pace with 

technological advances, often resulting in 

mismatches between the capabilities of digital 

tools and the legal provisions that guide their 

use [20]. Addressing these challenges is 

crucial for maximizing the positive impacts of 

technology on marine ecosystem 

management. 

2.4 Integration of Local Knowledge 

and Digital Tools 

An emerging theme in the literature is 

the integration of traditional ecological 

knowledge (TEK) with modern digital tools. 

Studies have shown that combining TEK with 

digital monitoring systems enhances the 

accuracy and cultural relevance of 

environmental management practices [21]. In 

Sulawesi, the incorporation of local 

fishermen's knowledge into GIS databases has 

improved the effectiveness of marine spatial 

planning and fostered greater community 

involvement in conservation efforts. This 

approach not only leverages the strengths of 

both knowledge systems but also promotes 

more sustainable and socially equitable 

environmental practices.  

 

3. METHODS  

This literature review was conducted 

through a systematic search of academic 

database including Scopus, and Google 

Scholar to identify relevant studies published 

in the last decade that address the impacts of 

digitalization on marine ecosystem 

management and natural resource 

conservation, with a particular focus on 

Sulawesi. Keywords used in the search 

included "digitalization", "marine 

ecosystems", "technology in resource 

management", "Sulawesi", and combinations 

thereof. The selection criteria involved peer-

reviewed articles, conference papers, and 

credible reports that explicitly discussed the 

roles and outcomes of digital technologies in 

marine settings. The extracted data were 

categorized based on technology type, 

application, outcomes, and geographical 

focus. 

 

4. RESULTS AND DISCUSSION  

The systematic review of literature 

provided a deep dive into the effects of 

digitalization on marine ecosystem 

management and highlighted the intricate 

role that technology plays in the management 

of natural resources. 

4.1 Enhanced Environmental 

Monitoring 

The use of remote sensing technology 

and Geographic Information Systems (GIS) 

has been revolutionary in tracking and 

managing marine ecosystems. For instance, 

high-resolution satellite images allow for the 

precise monitoring of coastal erosion, coral 

reef conditions, and the spread of invasive 

species. Several studies have pointed out that 

these technologies facilitate near-real-time 

surveillance of marine areas, crucial for rapid 

response to environmental threats like illegal 

fishing or sudden ecological changes. 

The deployment of underwater 

sensor networks has provided continuous 

monitoring of water quality parameters such 

as temperature, pH levels, and pollutants. 

This technology has been particularly useful 

in detecting early signs of environmental 

distress, allowing for timely interventions to 

mitigate damage to marine life. 

4.2 Predictive Modeling and 

Adaptive Management 

The application of machine learning 

techniques to predict marine phenomena has 

become a focal point in several studies. These 

models have successfully predicted fish 

migration patterns, algal bloom occurrences, 

and even the potential impact of climatic 

changes on marine biodiversity. This 
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predictive capacity is essential for managing 

fisheries and preserving endangered marine 

species. 

Several papers highlighted the 

development of decision support systems that 

integrate various data sources to aid in 

resource management. These systems provide 

comprehensive tools for managing marine 

protected areas, optimizing resource use, and 

conducting scenario analysis to foresee and 

plan for future environmental conditions. 

4.3 Technological Advancements 

in Sustainability 

Blockchain's role in enhancing the 

traceability of seafood supply chains was 

prominently featured. This technology 

ensures that all stakeholders in the supply 

chain adhere to sustainable fishing practices 

by providing a transparent, unalterable 

record of the catch, thereby reducing the 

incidence of overfishing and ensuring 

compliance with environmental regulations. 

IoT applications have enabled more 

dynamic management of marine resources. 

For example, IoT devices on fishing vessels 

can monitor catch amounts and techniques in 

real-time, ensuring adherence to sustainable 

practices and regulations. 

4.4 Challenges and Barriers 

The review consistently highlighted 

infrastructural and skill-related challenges 

across different regions, particularly in less 

developed areas. The lack of robust digital 

infrastructure and the shortage of trained 

professionals to manage and maintain high-

tech tools are significant barriers to the full 

adoption of these technologies. 

The misalignment between 

technological capabilities and regulatory 

frameworks is a recurrent theme. There is an 

urgent need for updated policies that 

recognize and integrate the capabilities of 

modern technologies into marine 

conservation and resource management 

strategies. 

4.5 Integration of Traditional and 

Modern Knowledge Systems 

A notable trend in the literature is the 

effective integration of traditional ecological 

knowledge (TEK) with modern digital tools. 

This integration has not only enhanced the 

relevance and effectiveness of technological 

interventions but also ensured higher 

community engagement and compliance with 

conservation efforts. 

The studies suggest that co-

management models, which involve 

community stakeholders along with 

government and non-governmental 

organizations, benefit significantly from 

digital tools. These tools facilitate better 

communication, data sharing, and 

collaborative decision-making, leading to 

more sustainable and locally adapted 

conservation strategies. 

DISCUSSION 

The Potential and Limitations of 

Remote Sensing and GIS 

Remote sensing and GIS have 

undeniably transformed marine ecosystem 

management by providing detailed, timely 

data that supports conservation efforts. The 

ability of these technologies to map and 

monitor marine environments on a granular 

level is invaluable, especially in regions like 

Sulawesi where biodiversity is high and 

ecosystems are complex. However, the 

dependence on these technologies also raises 

concerns about their limitations under 

adverse weather conditions and in areas with 

dense cover, where signals can be obstructed. 

Additionally, the high costs associated with 

satellite data and the need for technical 

expertise to interpret complex geospatial 

information can limit accessibility for local 

communities and small-scale organizations. 

Advancing Predictive Modeling 

Techniques 

The application of machine learning 

in predicting environmental changes 

represents a significant advancement in 

resource management. Predictive models can 

provide early warnings and inform proactive 

measures, which are crucial for preventing or 

mitigating ecological damage. However, 

these models require vast amounts of accurate 

data to be effective, and there are ongoing 

challenges related to data scarcity, especially 

in under-researched regions. Furthermore, 

while predictive models can forecast potential 
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outcomes, their accuracy and reliability 

depend heavily on the quality and range of 

input data, which might not always be 

available or standardized across different 

studies or regions. 

Blockchain's Role in Sustainability 

Blockchain technology's impact on 

ensuring sustainability through traceability in 

the seafood supply chain is promising. By 

making the supply chain transparent, 

blockchain can help enforce regulations and 

promote ethical practices. However, the 

discussion must also acknowledge the 

technological and operational challenges, 

such as the need for widespread adoption and 

the high initial setup costs. Moreover, 

blockchain solutions require a robust 

regulatory framework to be effective, which 

may lag behind technological advancements. 

Overcoming Infrastructural and Skill 

Barriers 

The infrastructural deficiencies and 

skill gaps identified in the literature are 

significant barriers to implementing 

advanced technologies in marine ecosystem 

management. Developing countries, in 

particular, face challenges in adopting high-

tech solutions due to these factors. 

Addressing these barriers requires concerted 

efforts in capacity building, education, and 

infrastructure development, tailored to the 

specific needs and contexts of different 

regions. Partnerships between governments, 

educational institutions, and international 

organizations could be pivotal in bridging 

these gaps. 

Policy Frameworks and Regulatory 

Challenges 

The misalignment between existing 

policy frameworks and the capabilities of new 

technologies is a recurrent theme. There is a 

critical need for regulatory bodies to evolve 

and adapt to accommodate new technological 

potentials. Policymakers must work closely 

with scientists and technologists to create 

flexible, dynamic regulations that can keep 

pace with technological advancements and 

ensure that these tools are used ethically and 

effectively. This is especially important in 

environments like Sulawesi, where ecological 

systems are delicate and the impacts of 

mismanagement could be irreversible. 

Integrating Traditional Ecological 

Knowledge (TEK) 

The integration of traditional 

ecological knowledge (TEK) with modern 

digital tools highlights a synergistic approach 

that leverages the strengths of both 

indigenous practices and scientific 

innovations. This integration not only 

enhances the effectiveness of technological 

solutions but also fosters greater community 

involvement and acceptance. Moving 

forward, more structured frameworks for this 

integration need to be developed, ensuring 

that TEK is not only preserved but also 

actively incorporated into scientific research 

and resource management strategies. This 

approach not only enhances conservation 

outcomes but also respects and promotes the 

cultural heritage of local communities. 

 

5. CONCLUSION 

This literature review has 

comprehensively explored the transformative 

effects of digitalization on marine ecosystem 

management, particularly within the context 

of Sulawesi's diverse marine environments. 

The findings highlight the critical role of 

advanced technologies like remote sensing, 

GIS, machine learning, and blockchain in 

enhancing the monitoring, predictive 

modeling, and sustainability of marine 

resource management. While these 

technologies present substantial 

opportunities for conservation and 

management, they also introduce challenges 

such as high implementation costs, 

infrastructural and skill deficits, and the need 

for robust regulatory frameworks. The 

integration of traditional ecological 

knowledge with these modern tools emerges 

as a promising practice that can bridge the gap 

between old and new, ensuring that 

technology deployment is both culturally 

sensitive and ecologically effective. Going 

forward, continued research, collaboration, 

and policy adaptation will be essential to fully 

harness the potential of digital tools in 

maintaining the health and sustainability of 
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marine ecosystems, with the ultimate goal of 

achieving a balanced coexistence between 

human activity and natural marine 

environments.
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