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Abstract

Marine-based food security has become a crucial strategy in addressing the growing global demand for
food and increasing pressure on natural resources. Marine biota, including fish, shrimp, shellfish, and
seaweed, possess significant potential as sustainable food sources. Marine biota breeding represents a
strategic approach to improving genetic quality, productivity, and resilience to diseases, pests, and
environmental stressors in marine ecosystems. This study aims to examine the role of marine biota
breeding in supporting marine-based food security and to identify the methods and challenges associated
with its implementation. The research employs a literature review approach by analyzing scientific
journals, books, and research reports related to marine biota breeding, biotechnology, and marine
aquaculture systems. A descriptive-analytical method is used to identify trends and developments in
breeding technologies, ranging from conventional selection and hybridization to the application of modern
biotechnology. The findings indicate that marine biota breeding can significantly enhance growth
performance, disease resistance, and adaptability to changing marine environmental conditions. When
supported by marine engineering technologies and sustainable management practices, breeding programs
contribute to increased production efficiency and the long-term sustainability of marine-based food
systems. Therefore, the integration of marine biota breeding, marine technology, and supportive policies is
essential to strengthening marine-based food security in the future.
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1. Introduction

Food security has become a critical global issue due to rapid population growth, climate
change, and increasing pressure on terrestrial natural resources. In this context, marine resources
play an increasingly important role as alternative and sustainable sources of food. Marine biota
such as fish, shrimp, shellfish, and seaweed offer significant potential to meet global nutritional
needs, particularly as sources of high-quality protein and essential nutrients [1].

The utilization of marine resources for food security, however, faces various challenges,
including environmental degradation, overexploitation of wild stocks, and the impacts of climate
change on marine ecosystems. Rising sea temperatures, ocean acidification, and pollution have
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affected the growth, reproduction, and survival of marine organisms. These challenges highlight
the need for innovative and sustainable approaches to ensure the long-term availability of marine-
based food resources [2].

Marine aquaculture has emerged as a strategic solution to reduce pressure on wild fisheries
and increase food production. Nevertheless, aquaculture systems are also vulnerable to disease
outbreaks, environmental stress, and fluctuations in water quality. Improving the resilience and
productivity of cultured marine organisms is therefore essential to enhance the sustainability and
reliability of marine food production systems [2].

Marine biota breeding represents a key approach to addressing these challenges by
improving the genetic quality of cultured species. Through selective breeding, hybridization, and
the application of modern biotechnological tools, breeding programs aim to produce superior
strains with faster growth rates, higher feed efficiency, and increased resistance to diseases and
environmental stressors. These improvements can significantly enhance aquaculture productivity
and reduce production risks [3].

Advances in genetics and biotechnology have expanded the scope of marine biota breeding.
Techniques such as marker-assisted selection, genomic selection, and molecular breeding enable
more precise and efficient genetic improvement. When integrated with appropriate marine
engineering technologies and farming systems, these approaches contribute to more controlled
and optimized aquaculture environments [3].

From a food security perspective, marine biota breeding plays an important role in ensuring
the availability, stability, and sustainability of marine-based food supplies. Genetically improved
organisms that are better adapted to changing environmental conditions can help stabilize
production and support continuous supply chains. This is particularly important for coastal and
island communities that depend heavily on marine resources for food and livelihoods [3].

In addition to its contribution to food production, marine biota breeding supports broader
economic and social development within the framework of the blue economy. Increased
productivity and resilience in aquaculture can enhance income opportunities, promote
employment, and strengthen the competitiveness of the marine sector. Sustainable breeding
practices also align with environmental conservation goals by reducing pressure on natural
ecosystems [4].

2. Materials and Methods

This study employed a qualitative research design using a literature review approach to
examine the role of marine biota breeding in supporting marine-based food security. This
approach was selected to synthesize existing knowledge on breeding technologies, genetic
improvement strategies, and sustainable aquaculture practices, allowing for a comprehensive
understanding of current developments and research trends in marine biota breeding [5].

The materials used in this study consisted of secondary data sources, including peer-
reviewed journal articles, academic books, conference proceedings, institutional reports, and
policy documents related to marine biota breeding, marine biotechnology, aquaculture systems,
and food security. Sources were selected based on their relevance to the research topic and
credibility, with priority given to publications from the last ten years to ensure up-to-date
information [5].

Data collection was conducted through a systematic literature search using academic
databases such as Scopus, Web of Science, Google Scholar, and other reputable scientific
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platforms. Keywords used in the search included “marine biota breeding,” “selective breeding,”

“marine aquaculture,” “biotechnology,” and “marine-based food security.” The selected
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literature was screened and categorized according to breeding methods, target species, and
research focus [5].

The data analysis method involved descriptive and thematic analysis. The collected data
were systematically reviewed to identify patterns, similarities, and differences in breeding
approaches, including conventional selection, hybridization, and advanced biotechnological
techniques. The analysis also focused on assessing the impacts of breeding programs on
productivity, disease resistance, environmental adaptability, and sustainability of marine
aquaculture systems [5].

To enhance the validity and reliability of the findings, data triangulation was applied by
comparing information from multiple sources and research contexts. The synthesis of results
aimed to provide an integrated perspective on the effectiveness and challenges of marine biota
breeding. The outcomes of this study are expected to serve as a scientific reference for
researchers, practitioners, and policymakers in developing sustainable breeding strategies to
strengthen marine-based food security [5].

3. Results

The results of this study indicate that marine biota breeding plays a significant role in
improving the productivity and resilience of marine aquaculture systems. Various breeding
approaches, including selective breeding, hybridization, and biotechnology-based methods, have
been widely applied to key marine species such as finfish, shrimp, shellfish, and seaweed. These
approaches demonstrate positive outcomes in enhancing growth performance and overall
production efficiency [5].

The analysis shows that selectively bred marine biota exhibit faster growth rates and
improved feed conversion efficiency compared to non-selected populations. Improved genetic
traits contribute to reduced cultivation time and lower production costs, which are critical factors
in increasing the economic viability of marine aquaculture. These improvements directly support
the stability and availability of marine-based food supplies [6].

In terms of health and resilience, breeding programs have successfully increased resistance
to diseases and tolerance to environmental stressors such as temperature fluctuations, salinity
changes, and water quality variations. Genetically improved biota demonstrate higher survival
rates, which reduces the risk of mass mortality and production failure. This enhanced resilience is
particularly important in the context of climate change and increasing environmental uncertainty
in marine ecosystems [6].

The findings also highlight that the integration of marine biota breeding with appropriate
marine engineering and aquaculture technologies enhances overall system performance.
Controlled farming environments, improved water circulation systems, and monitoring
technologies support the expression of superior genetic traits. This integration results in more
stable and sustainable production systems capable of meeting growing food demands [6].

Overall, the results indicate that marine biota breeding contributes significantly to
strengthening marine-based food security by improving productivity, stability, and sustainability of
marine food production. The combined effects of genetic improvement, technological support,
and sustainable management practices create a strong foundation for the long-term development
of marine-based food systems, particularly for coastal and island communities that rely heavily on
marine resources [6].

4. Discussion

ACROCOMPLEX



Journal of Agro Complex Development Society 4

The findings of this study demonstrate that marine biota breeding is a strategic approach for
enhancing the productivity and resilience of marine-based food systems. Improvements in growth
performance, feed efficiency, and survival rates observed in selectively bred marine organisms are
consistent with previous studies highlighting the importance of genetic improvement in
aquaculture. These results suggest that breeding programs can significantly contribute to
stabilizing marine food production and reducing dependence on wild-caught fisheries [6].

The increased resistance to diseases and environmental stressors identified in this study
underscores the critical role of breeding in addressing challenges posed by climate change and
environmental degradation. Genetically improved marine biota are better able to tolerate
fluctuations in temperature, salinity, and water quality, which are becoming more frequent in
marine environments. This enhanced adaptability supports more reliable production outcomes
and strengthens the sustainability of aquaculture systems [6].

Furthermore, the integration of marine biota breeding with marine engineering and
aquaculture technologies enhances the effectiveness of breeding programs. Controlled production
systems, improved infrastructure, and environmental monitoring technologies enable optimal
expression of genetic traits and reduce production risks. However, the successful implementation
of breeding programs requires adequate institutional support, skilled human resources, and
appropriate regulatory frameworks. Addressing these factors is essential to maximize the
contribution of marine biota breeding to long-term marine-based food security [6].

5. Conclusion

The findings of this study demonstrate that marine biota breeding is a strategic approach for
enhancing the productivity and resilience of marine-based food systems. Improvements in growth
performance, feed efficiency, and survival rates observed in selectively bred marine organisms are
consistent with previous studies highlighting the importance of genetic improvement in
aquaculture. These results suggest that breeding programs can significantly contribute to
stabilizing marine food production and reducing dependence on wild-caught fisheries.

The increased resistance to diseases and environmental stressors identified in this study
underscores the critical role of breeding in addressing challenges posed by climate change and
environmental degradation. Genetically improved marine biota are better able to tolerate
fluctuations in temperature, salinity, and water quality, which are becoming more frequent in
marine environments. This enhanced adaptability supports more reliable production outcomes
and strengthens the sustainability of aquaculture systems.

Furthermore, the integration of marine biota breeding with marine engineering and
aquaculture technologies enhances the effectiveness of breeding programs. Controlled production
systems, improved infrastructure, and environmental monitoring technologies enable optimal
expression of genetic traits and reduce production risks. However, the successful implementation
of breeding programs requires adequate institutional support, skilled human resources, and
appropriate regulatory frameworks. Addressing these factors is essential to maximize the
contribution of marine biota breeding to long-term marine-based food security.
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