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Abstract 
Aquaculture industries are increasingly expected to pay greater attention to environmental impacts and food safety concerns. The global paradigm has shifted from a primary focus on productive efficiency toward broader considerations of public safety and sustainability. Consequently, aquaculture systems must be designed to ensure efficient production while maintaining environmental responsibility. This paper reviews marine product certification, particularly the Aquaculture Stewardship Council (ASC) and Marine Stewardship Council (MSC) schemes, as sustainability tools for aquaculture-based marine products. The review highlights the role of certification in promoting sustainable production practices, conservation, and traceability within marine supply chains. In conclusion, further studies on sustainable marine product certification are necessary. ASC–MSC certification schemes demonstrate strong potential as tools for improving future stock sustainability. Such studies may provide valuable insights into integrating industrial practices with ecological approaches to support ecosystem sustainability and effective management of marine living resources
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1. Introduction
Approximately 44% of the world’s population lives on or near coastal areas (United Nations Environmental Programme, 2010), making seafood a crucial contributor to global food security, particularly in developing coastal countries. In Indonesia, the fisheries sector plays a significant role in supporting national economic growth, livelihoods, and food security for more than 60 million people living within 30 km of the coastline (Burke et al., 2012). Over the past five years, Indonesia’s aquaculture sector has experienced substantial growth of 23.74%, reaching a production volume of 14.52 million tons in 2015. Despite this growth, only a small proportion of the approximately 15 million hectares of aquaculture potential identified and designated by the Ministry of Marine Affairs and Fisheries (MMAF) has been actively developed, limiting its contribution to employment generation and sustainable economic development.
Indonesia is also one of the world’s major producers of Kappaphycus, cultivating a wide diversity of seaweed species. Together with China, Indonesia dominates global seaweed production, accounting for more than 23 million tonnes of aggregated output worldwide. Indonesian production is largely composed of carrageenophyte species, particularly Kappaphycus spp. (Buschmann et al., 2017). Against this backdrop, the primary aim of this paper is to review the role of the Aquaculture Stewardship Council (ASC) and Marine Stewardship Council (MSC) certification schemes as sustainability tools for marine products. This review seeks to provide a comprehensive understanding of the sustainability and conservation components embedded within ASC–MSC certification frameworks, which may serve as a reference for future comparative studies on sustainable marine product development.
Given the complexity of sustainability challenges in marine industries, this study adopts a multidisciplinary perspective by integrating insights from environmental, economic, and governance approaches. Further research should place greater emphasis on traceability systems and certification-based business models to better understand the ecological and sustainability performance of marine products in Indonesia. Although increasing numbers of stakeholders are attempting to adopt traceability practices and develop sustainable products, significant challenges remain in achieving effective and consistent sustainability outcomes. Due to the limited number of existing studies focusing on certification-driven sustainability in Indonesian marine industries, several aspects require further testing and reassessment. This paper therefore serves as a foundational analysis, offering an environmentally sound framework for sustainable marine product development at the regional and industry levels in Indonesia.
2. Review: Framework For Sustainable Marine Product Development At The Regional And Industry Levels In Indonesia
2.1 Aquaculture
Aquaculture plays a significant role in increasing fish production, particularly in tropical countries. In recent decades, aquaculture industries have been increasingly expected to place greater emphasis on environmental impacts and food safety considerations. The global paradigm has shifted from a primary focus on productive efficiency toward broader concerns related to public safety and sustainability. Consequently, aquaculture systems must be designed to maintain efficient animal production while ensuring the sustainability of aquatic ecosystems.
The primary objective of aquaculture production is to supply safe food for human consumption while taking into account animal welfare and environmental protection (Gaggia et al., 2010). Similar to terrestrial farming and animal husbandry, the concentration of aquaculture activities presents specific challenges, as high yields are often achieved within relatively limited spatial areas. The intensification of aquaculture, together with the globalization of seafood trade, has contributed to significant technological and structural developments within the industry (Wang et al., 2008).
Since the 1970s, aquaculture has become the fastest-growing food-producing sector worldwide, with global production reaching hundreds of millions of tonnes (Qi et al., 2009). However, the economic demands of modern aquaculture frequently require high-density cultivation, which increases the likelihood of organisms being exposed to elevated stress levels and associated health risks (Wang et al., 2008). As aquaculture continues to intensify and commercialize, sustainability challenges including environmental degradation, disease outbreaks, and resource inefficiency inevitably emerge.

2.2 Aquaculture Development
Aquaculture industries have increasingly recognized the importance of effectively managing biological and conservation-related aspects in order to produce high-quality commercial aquaculture products. Inadequate management of these aspects remains one of the major causes of crises within the aquaculture industry. Losses resulting from poor biological and conservation management not only affect production performance but also generate broader economic and social impacts on aquaculture-dependent communities.
Industry actors are confronted with multiple challenges, including environmental variability, nutritional requirements, disease outbreaks, and long-term sustainability concerns. Achieving successful production therefore requires continuous monitoring, informed decision-making, and the ability to respond effectively to emerging risks. Failure to adequately address any of these challenges may compromise productivity and prevent economically viable harvests.
In recent years, aquaculture industries have been increasingly encouraged to adopt technological innovations aimed at improving production efficiency and product quality. In Indonesia, technological development in aquaculture has expanded across various subsectors. However, significant gaps remain in the integration of technological advancement with comprehensive management and conservation frameworks. As a result, efforts to improve quality control and production efficiency have not always been aligned with sustainability objectives.
Moreover, many Indonesian aquaculture producers continue to face difficulties competing with international producers that are able to supply high-quality products in large volumes for export markets. This limitation is largely attributable to the continued reliance on relatively simple and traditional production methods and equipment. Consequently, strengthening innovation in aquaculture development has become a national priority.
Innovation through sustainable intensification and modernization—particularly in seaweed cultivation—has the potential to reduce resource use while supporting integrated production and conservation systems. In this context, ASC–MSC certification may serve as an effective mechanism to address conservation and sustainability challenges, while simultaneously enhancing the competitiveness and international market value of Indonesian marine products.

2.3 Ecolabel (Marine Product Certification) 
A wide range of ecolabelling schemes has been developed worldwide, implemented by governments, non-governmental organizations, and industry bodies. These certification schemes vary in their objectives and are designed to target aquaculture farms or fisheries operating at different scales and levels of production. Seafood certifications, commonly referred to as eco-labels, aim to incentivize producers to adopt environmentally sustainable practices throughout the production process.
To encourage meaningful environmental improvements, certification bodies establish specific sustainability thresholds that producers must meet in order to obtain certification. These standards must be carefully calibrated to promote industry-wide improvements while avoiding the risk of misleading consumers. Ecolabelling schemes typically apply comprehensive assessment frameworks to evaluate a broad range of environmental impacts. In aquaculture systems, certification assessments commonly examine production location (e.g. land-based, riverine, or marine systems), feed composition, the use of pesticides or antibiotics, and the frequency of farmed species escaping into surrounding ecosystems (Jonell et al., 2013).
The Aquaculture Stewardship Council (ASC) and Marine Stewardship Council (MSC) have jointly developed standards to ensure sustainable seafood production and traceability. These standards provide assurance that ASC–MSC-labelled seafood originates from responsibly managed aquaculture or fisheries systems and can be traced throughout the supply chain. The ASC–MSC certification requirements are aligned with internationally recognized best-practice guidelines for certification and ecolabelling programmes. Furthermore, the ASC–MSC fisheries standard defines the criteria that industry actors must satisfy to demonstrate that their products are sourced from well-managed and sustainable production systems.

2.4 ASC-MSC Certification
The ASC–MSC ecolabel is a globally recognized mark for seafood products that can be fully traced throughout the supply chain to sustainably managed aquaculture or fisheries operations. Products certified under the ASC–MSC framework demonstrate verified environmental performance by adhering to established management standards and minimizing negative environmental impacts.
Through the use of the ASC–MSC ecolabel, seafood buyers, processors, retailers, and food service providers are able to communicate to consumers that the seafood they purchase originates from responsibly managed and sustainable production systems. These market actors play a critical role in expanding the availability of certified sustainable seafood and in generating market demand for products sourced from well-managed aquaculture and fisheries (Deere, 1999).
In the context of seaweed aquaculture, the implementation of the ASC–MSC Seaweed Standard is expected to enable consumers and commercial buyers to source seaweed from certified producers that actively mitigate environmental and ecological risks. In the absence of such certification frameworks, rapid expansion of wild seaweed harvesting may result in biodiversity loss comparable to that associated with deforestation and monocropping practices observed in terrestrial commodities such as palm oil and soy.
The ASC–MSC certification system is anticipated to perform at a level comparable to other internationally recognized best-practice chain-of-custody standards. Furthermore, the standard is informed by the evolving scientific understanding of the ecological roles of seaweed within marine ecosystems, thereby supporting precautionary management approaches and reducing the risk of unsustainable exploitation that could transform seaweed into the “palm oil of the sea” (Dowson, 2018).

2.5 Scope of Assessment
The concept of certification scope within the ASC–MSC Chain of Custody (CoC) programme was originally established to serve several key purposes. First, it provides marketing benefits for certificate holders by facilitating business transactions through platforms such as the “Find a Supplier” database. Second, it assists conformity assessment bodies (CABs) in identifying the risk of product substitution by clearly defining the species and operational activities covered under each certificate. Third, it supplies certifiers with essential information for audit planning, as certain activities such as processing require a higher level of scrutiny than others.
When a company intends to modify its scope of certification, for example, by sourcing additional ASC–MSC certified species or producing new certified products, it must submit an application for a scope extension to its designated CAB prior to implementing such changes. The CAB is responsible for reviewing all scope extension requests to assess whether the certificate holder’s management systems are appropriate for the proposed scope of operations, whether compliance with ASC–MSC standards will be maintained, and whether an on-site audit is required.
Following this assessment, the CAB must document the rationale for its decision and update any approved changes within the ASC–MSC eCert database. After undergoing public consultation procedures, revisions related to the scope of certification were formally approved by the Marine Stewardship Council’s Technical Advisory Board (TAB) and Board of Trustees (MSC, 2014).
2.6 Traceability 
Beyond product certification, a successful ASC–MSC certification outcome is one that enables the seamless flow of certified products throughout the supply chain. The ASC–MSC Chain of Custody (CoC) Standard provides assurance that aquaculture products bearing the ASC and/or MSC ecolabel originate from sustainable and socially responsible sources that are certified in accordance with ASC–MSC standards. Certification of the entire supply chain is therefore required for products from aquaculture farms or wild harvest operations to be marketed as “ASC and/or MSC certified” and for the corresponding ecolabels to be displayed on packaging or menus.
The ASC–MSC Seaweed Standard adopts the existing MSC Chain of Custody framework to ensure that effective traceability systems are implemented across all stages of the supply chain. Chain of Custody certification guarantees that ASC- or MSC-labelled products are legally sourced from certified sustainable operations. As of recent records, more than 3,700 companies worldwide hold MSC Chain of Custody certification, operating across over 42,000 sites globally, while more than 1,300 companies in 66 countries have incorporated ASC-certified species into their business operations (Trott, 2016).
To comply with the traceability requirements of the MSC Chain of Custody Standard, aquaculture farms or wild harvest operations must establish systems that clearly demonstrate the segregation of certified seaweed and seaweed products from non-certified materials. Certified products must be accurately identified and fully traceable back to their origin at the farm or harvest site.
In certain cases, assessment teams may determine that farms, harvest operations, or associated actors within the supply chain such as processors are required to obtain separate Chain of Custody certification. This requirement commonly arises when certified and non-certified seaweed are cultivated or handled within the same facility, creating a risk of mixing or substitution. Implementing separate Chain of Custody certification allows for independent verification of traceability systems from the earliest stages of the supply chain.
Consequently, early consideration of product identification, segregation procedures, traceability mechanisms, and the involvement of subcontractors is essential during the audit preparation process. Such proactive planning enables producers to address potential weaknesses and make necessary adjustments to ensure compliance with ASC–MSC traceability standards (Trott, 2016).

3. Conclusion  
Seafood certification schemes, or eco-labels, aim to incentivize producers to adopt sustainable practices by establishing measurable environmental standards. These certifications employ detailed assessment frameworks to evaluate a wide range of environmental impacts across fisheries and aquaculture systems. The ASC–MSC ecolabel represents a globally recognized standard that enables traceability throughout the seafood supply chain, ensuring products originate from well-managed and sustainable production systems. Through this certification, seafood buyers, processors, retailers, and food service providers can demonstrate their commitment to sourcing responsibly produced seafood. Although aquaculture ecolabelling presents complex challenges, further research is essential to strengthen its implementation and effectiveness. Such studies may contribute to the development of sound strategies for optimizing sustainability across upstream and downstream processes in aquaculture industries
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