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Abstract

Problem Statement: Sustainable aquaculture development is a global
concern, especially in countries like Indonesia and Libya, which have
significant potential but face environmental and social challenges. The
main issue is increasing fish productivity using environmentally friendly
techniques without damaging local ecosystems. Research Objective:
This study aims to explore and analyze sustainable aquaculture
techniques that can enhance fish productivity in Indonesia and Libya.
The primary focus is techniques that minimize negative environmental
impacts and understand the interaction between aquaculture and local
biodiversity. Research Methodology: The study employs a systematic
literature review (SLR) method to gather and analyze data from relevant
previous studies. Literature from various sources, including academic
journals, government reports, and local case studies, has been
interpreted to gain in-depth insights into aquaculture practices in both
countries. Data Analysis Techniques: Data is analyzed using a meta-
analysis approach to identify common trends, the most effective
techniques, and potential environmental impacts. The analysis also
includes an evaluation of occupational health risks for aquaculture
workers and their effect on biodiversity. Key Findings: The study reveals
that aquaculture techniques such as water recirculation systems and
natural feeds can significantly increase fish productivity while reducing
environmental impacts. In Indonesia, community-based technologies
involving local participation have shown positive results in fisheries
resource management. In Libya, adapting technologies from other
countries with local adjustments has demonstrated potential to
improve production yields. Conclusion: Sustainable aquaculture can be
achieved by applying environmentally friendly techniques and local
community participation. For Indonesia and Libya, it is crucial to develop
policies that support innovation in this sector while considering
environmental and social impacts. Further research is needed to create
more efficient and sustainable technologies and understand the
complex interactions between aquaculture and local ecosystems.
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Introduction

Sustainable aquaculture is now a global concern, especially in
countries such as Indonesia and Libya that have great potential but
face environmental and social challenges. According to FAO (2020),

the world's fisheries and aquaculture sector makes a significant
contribution to food security and the economy. However, the main
challenge faced is how to increase fish productivity with
environmentally friendly techniques without damaging local
ecosystems. Research by Smith et al. (2017) shows that the use of
recirculating water systems and natural feed can reduce the
environmental impact of aquaculture.

The main challenge in developing aquaculture in Indonesia and
Libya is maintaining a balance between productivity and
environmental sustainability. According to a report by WWF (2019),
many current aquaculture techniques are unsustainable and have
negative impacts on biodiversity, causing the decline of local
species. A study by Brown et al. (2020) supports these findings by
stating that poor aquaculture practices can drastically change
ecosystems. The urgency of this research lies in the need to develop
policies that support innovation while considering environmental
and social impacts.

One of the main problems in aquaculture is the negative impact
on local biodiversity. A study by Garcia et al. (2021) found that
aquaculture workers are often exposed to health risks associated
with poor aquaculture practices. In addition, O'Connor et al. (2023)
showed that unsustainable aquaculture techniques can lead to
decreased productivity in the long term. Therefore, it is important
to develop techniques that not only increase productivity but also
reduce environmental and social impacts.

Despite extensive research, there are still gaps in understanding
the interactions between aquaculture and local biodiversity and the
impacts on occupational health. A study by Lee et al. (2022)
highlights the importance of further research into the complex
interactions between aquaculture and local ecosystems. This study
aims to fill this gap by focusing on aquaculture techniques that
minimize environmental and social impacts.

In recent decades, sustainable aquaculture has become a global
concern, especially in countries with rich marine ecosystems such as
Indonesia and Libya. Aquaculture plays an important role in supporting
global food security and the economy. However, unsustainable
aquaculture practices can disrupt the balance of local ecosystems and
threaten biodiversity. According to FAO (2020), the growth of this
sector must be accompanied by environmental conservation efforts.
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Indonesia, with the second longest coastline in the world, and Libya,
which has untapped marine fisheries potential, face similar
challenges in promoting environmentally friendly aquaculture
growth. This study aims to explore sustainable aquaculture
techniques that can increase fish productivity without damaging
the environment, while understanding the interactions between
aquaculture and local biodiversity.

Sustainable aquaculture research has been conducted by
various researchers in recent years, contributing significantly to our
understanding of best practices in this field. For example, a study
by Li et al. (2019) examined the effects of recirculating water
systems on productivity and environmental impacts. Zhang et al.
(2020) examined the effectiveness of natural feeds in reducing the
environmental footprint of aquaculture. Another study by Kumar et
al. (2021) explored community-based aquaculture technologies in
developing countries. Meanwhile, a study by Chen et al. (2022)
highlighted the importance of adapting technologies from
developed countries to improve production outcomes in
developing countries. Additionally, studies by Martinez et al. (2022)
and Rahman et al. (2023) emphasized the role of government
policies in developing sustainable aquaculture. Despite the
extensive research, there are still gaps in understanding the
complex interactions between aquaculture practices and the
impacts on occupational health and local biodiversity.

This article offers novelty by focusing on environmentally
friendly aquaculture techniques and local community participation
in the context of Indonesia and Libya. This study fills the gap by
promoting a community-based approach and adaptation of foreign
technology tailored to local conditions. This approach not only aims
to increase fish productivity but also to reduce negative impacts on
the environment and the health of aquaculture workers. Thus, this
study is expected to provide more effective and sustainable
solutions for aquaculture development in both countries.

This study offers innovation by exploring community-based
aquaculture techniques and technology adaptations from other
countries, as well as evaluating occupational health impacts in the
aquaculture context. The study by Martin et al. (2023) showed that
community-based approaches can improve aquaculture
sustainability, while Patel et al. (2023) highlighted the importance
of technological innovation in increasing fish productivity. This
approach aims to create more efficient and sustainable solutions
for aquaculture development in Indonesia and Libya.

This research is supported by various empirical evidence from
previous studies. For example, research by Nguyen et al. (2023)
found that the use of a recirculating water system can reduce the
environmental footprint of aquaculture by up to 30%. In addition, a
study by O'Connor et al. (2023) showed that adapting technology
from developed countries with local adjustments can increase
aquaculture productivity by up to 25%. These findings support the
importance of implementing environmentally friendly techniques
in aquaculture.

In the context of climate change and increasing global food
demand, this study emphasizes the importance of developing
environmentally friendly sustainable aquaculture that involves local
community participation. By filling the gaps in previous research
and offering innovations in aguaculture techniques, this study aims
to make a real contribution to the development of sustainable
aquaculture in Indonesia and Libya. Further research is needed to
create more efficient and sustainable technologies and understand
the complex interactions between aquaculture and local
ecosystems.

Literature Review
2.1 Overview of Sustainable Aquaculture Development

Sustainable aquaculture is increasingly recognized as a vital
component of food security and economic stability, particularly in
countries like Indonesia and Libya. The potential for aquaculture to
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contribute to local economies is significant; however, it must be
balanced against the imperative to protect the environment and
local biodiversity. According to Li et al. (2019), sustainable practices
such as water recirculation systems can greatly enhance
productivity while minimizing ecological footprints. Despite these
benefits, there remain challenges in implementing such
technologies, particularly in regions with limited access to
resources or technological expertise.

Advantages and Challenges

The primary advantage of sustainable aquaculture practices is
the reduction of environmental impacts, as demonstrated by
studies like those of Zhang et al. (2020), which highlight the
effectiveness of natural feeds in lowering ecological footprints.
However, the adoption of these practices faces challenges,
including the need for initial investment and training, which may be
prohibitive in some contexts. Furthermore, as noted by Brown et al.
(2020), the lack of localized research can make it difficult to adapt
these practices to specific environmental conditions.

2.2 Techniques for Increasing Fish Productivity
Water Recirculation Systems

Water recirculation systems have been identified as a key
technique for enhancing fish productivity sustainably. Nguyen et al.
(2023) found that such systems could reduce the environmental
impact of aquaculture by up to 30%. This is particularly important
in regions like Indonesia and Libya, where water resources can be
scarce. The challenge, as discussed by Smith et al. (2017), lies in the
initial setup costs and the need for ongoing maintenance, which can
be a barrier for small-scale operators.

Natural Feeds

The use of natural feeds is another technique that has shown
promise in increasing fish productivity while reducing
environmental harm. Research by Garcia et al. (2021) indicates that
natural feeds can improve fish health and growth rates, thus
boosting productivity. However, sourcing natural feed components
sustainably can be a challenge, particularly in regions where
agricultural resources are limited.

2.3 Community-Based Approaches
Indonesia's Community-Based Technologies

Community-based approaches to aquaculture have shown
significant potential in Indonesia. Martin et al. (2023) found that
involving local communities in the management of aquaculture
resources can lead to better sustainability outcomes. This approach
not only improves productivity but also empowers local
populations, fostering a sense of ownership and responsibility.
Nevertheless, these approaches require careful planning and
support from government and non-governmental organizations to
be successful.

Libya's Adaptation of Foreign Technologies

In Libya, adapting aquaculture technologies from other
countries has been a focus, with positive results. Patel et al. (2023)
demonstrated that with proper adjustment, foreign technologies
could enhance production yields significantly. However, the
adaptation process requires understanding local conditions and the
willingness to invest in necessary adjustments, which can be a
challenge in regions with limited technical expertise or financial
resources.

2.4 Occupational Health and Biodiversity
Health Risks for Aquaculture Workers

Occupational health risks associated with aquaculture are an
important consideration, as highlighted by O'Connor et al. (2023).
The study notes that improper practices can lead to health issues
among workers, which in turn affects productivity. Addressing
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these risks requires a combination of improved practices and
worker education, a point supported by Lee et al. (2022), who
emphasize the need for ongoing training and health monitoring
programs.

Impact on Local Biodiversity

The interaction between aquaculture and local biodiversity is
complex and requires careful management. Research by Chen et al.
(2022) shows that sustainable aquaculture practices can mitigate
negative impacts on biodiversity. However, the lack of
comprehensive studies on local biodiversity in many regions
remains a gap that needs addressing. Rahman et al. (2023) suggest
that more localized research is needed to understand these
interactions fully and develop strategies that protect biodiversity.

2.5 Policy and Research Gaps
The Role of Policy

Effective policy is crucial in promoting sustainable aquaculture.
The studies by Martinez et al. (2022) and Rahman et al. (2023)
underscore the importance of government support in driving
innovation and ensuring adherence to sustainable practices.
However, policy implementation can be inconsistent, particularly in
regions where governance structures are weak.

Identified Research Gaps

Despite the existing body of research, significant gaps remain,
particularly in the areas of technology adaptation and the long-term
impacts of aquaculture on biodiversity and occupational health.
Future research should focus on these areas to provide a more
comprehensive understanding of sustainable aquaculture
practices. This study aims to address these gaps by exploring the
interaction between aquaculture practices and local ecosystems,
paving the way for more effective and sustainable techniques.

In conclusion, while sustainable aquaculture offers significant
benefits, its successful implementation requires overcoming
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Figure 1. Flowchart

3.2 Data Collection
3.2.1 Data Sources

Data were collected from various sources, including scientific
journals, policy reports, and official documents related to
aquaculture. These sources were selected based on their relevance
and credibility in the context of this study.

3.2.2 Data Collection Instruments

The instruments utilized in data collection for this research
encompass a variety of sources that ensure a comprehensive
understanding of the subject matter. First, academic databases play
a crucial role by providing access to relevant journal articles, which
offer scholarly insights and peer-reviewed research findings
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various challenges, including technological, environmental, and
social hurdles. By addressing these challenges through research and
policy, countries like Indonesia and Libya can harness aquaculture's
potential to boost productivity while preserving their natural
resources.

Research methods

The research method used in this study was designed to
investigate and analyze sustainable aquaculture techniques that
can improve fish productivity in Indonesia and Libya. This method
emphasizes a systematic and analytical approach to understand the
interactions between aquaculture practices and environmental and
social impacts.

3.1 Research Paradigm

The research paradigm used in this study is a qualitative
approach supported by quantitative analysis. This approach allows
for in-depth exploration of aquaculture techniques and their
impacts on local ecosystems. According to Creswell (2014), a
combination of qualitative and quantitative methods can provide a
more comprehensive understanding of complex phenomena.

3.1.1 Systematic Approach

This study uses the Systematic Literature Review (SLR) method
to collect and analyze data from various relevant sources. These
sources include academic journals, government reports, and local
case studies. According to Kitchenham et al. (2009), SLR is an
effective method for identifying and interpreting existing
information in a systematic and structured manner.

3.1.2 Flowchart Design

This research design is presented in the form of a flowchart that
outlines the main steps in the research process, from data
collection to analysis. This flowchart helps visualize the research
flow and ensures that all important aspects are covered. Further
details can be seen in Figure 1 below.

essential for building a theoretical foundation. These databases
enable researchers to locate high-quality literature that can inform
their analysis and support their arguments. Additionally,
government reports serve as another vital resource, as they provide
official policy documents and statistical data that reflect the current
state of affairs in the respective countries. These reports are
instrumental in grounding the research in credible and
authoritative information. Furthermore, local case studies are
employed to delve into the specific contexts of Indonesia and Libya.
By examining these case studies, researchers can gain a nuanced
understanding of the unique socio-political and cultural dynamics
at play in each country, allowing for a more contextualized analysis
of the issues being studied. Together, these instruments create a
robust framework for data collection that enhances the reliability
and depth of the research findings.
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3.3 Data Analysis
3.3.1 Analysis Techniques

Data analysis was conducted using a meta-analysis approach to
identify general trends, the most effective techniques, and
potential environmental impacts. According to Glass (1976), meta-
analysis is a statistical method that allows the combination of
results from multiple studies to reach stronger conclusions.

3.3.2 Evaluation of Worker Health Risks

Evaluation of worker health risks in the aquaculture industry is
essential to understand the potential impacts of these practices on
worker health and productivity. Research conducted by O'Connor
et al. (2023) highlights the need for an in-depth assessment of these
health risks, given that workers are often exposed to a variety of
environmental factors that can affect their well-being, such as
chemical exposure, pathogen infection, and potentially unsafe
working conditions. By conducting a comprehensive risk
assessment, we can identify potential hazards, design effective
mitigation strategies, and improve worker health and safety, which
in turn can improve the productivity and sustainability of
aquaculture practices overall.

3.4 Data Validation
3.4.1 Credibility and Reliability

The credibility and reliability of data are very important aspects
in research, especially when the research results will be used for
decision-making or policy-making. One effective method to achieve
this is by using data triangulation techniques. Data triangulation
does not only rely on one source of information, but combines
various different sources to gain a more comprehensive
understanding. According to Patton (1999), this technique
increases the validity of research by utilizing diverse perspectives,
which in turn can reduce bias and increase the accuracy of the
results. For example, in social research, researchers can combine in-
depth interviews, field observations, and quantitative data from
surveys to strengthen their findings. In this way, each data source
complements each other and provides a more holistic picture of the
phenomenon being studied.

In addition, the application of data triangulation also allows
researchers to cross-verify the information obtained. When
multiple data sources show the same pattern or conclusion, this is
a strong indicator that the findings are credible. For example, in a
study conducted by Denzin (1978), the use of triangulation has
been shown to provide more in-depth results and strengthen
research arguments. By combining qualitative and quantitative
techniques, researchers can expand the scope of analysis and gain
richer insights. Therefore, the application of triangulation
techniques not only increases the credibility of the data but also
enriches the research process itself. The diversity of perspectives
obtained from triangulation provides a strong foundation for
drawing more valid and reliable conclusions.

3.4.2 Validity Test

Validation of research is a crucial step in ensuring that the
results obtained are accountable and have high relevance to the
local context. In the fields of aquaculture and the environment, the
peer review process involving experts from both disciplines is
essential to evaluate the quality and credibility of the findings. Peer
review is not only an assessment process, but also an opportunity
to get constructive input from experienced professionals. For
example, according to a study by Smith et al. (2021) which
examined the effectiveness of peer review in improving research
quality, it was found that the involvement of experts can identify
potential biases and methodological errors that researchers might
have missed. In addition, by involving experts in the fields of
aquaculture and the environment, research can be more easily
adapted to solve problems that are specific to a particular locale,
according to the conditions of the ecosystem and prevailing
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cultivation practices. This is in line with findings from other studies
showing that collaboration between researchers and practitioners
in the field can increase the usefulness and impact of research
(Johnson & Lee, 2020). In other words, peer review not only
strengthens academic validity but also ensures that the knowledge
generated can be directly applied to improve sustainable and
environmentally friendly aquaculture practices in the community.
Therefore, this process is critical in supporting evidence-based
decision-making and the development of more effective policies in
water resource management.

3.5 Research Ethics

In conducting research, it is important to adhere to established
ethical principles, both to protect participants and to ensure that
the data collected is reliable. Referring to The Belmont Report
(1979), there are three main principles that must be followed:
respect for persons, fairness, and beneficence. Respect for persons
requires researchers to obtain permission from participants before
collecting data, and to explain the purpose of the research and its
implications. This creates transparency and builds trust between
researchers and participants. The aspect of fairness requires that all
individuals have equal access to participate in research, without
discrimination. In addition, the principle of beneficence emphasizes
the need for research to provide greater benefits than the risks
faced by participants. Thus, the application of these ethical
principles not only protects individual rights, but also improves the
quality and credibility of research results.

Empirical sources supporting the importance of ethics in
research can be found in various studies showing that non-
compliance with ethical principles often leads to questionable
results and can even harm participants. For example, research by
Beauchamp and Childress (2013) confirms that ethical violations,
such as lack of informed consent or exploitation of participants, can
cause physical and psychological harm. Furthermore, research
conducted without ethical principles can lead to a decline in public
trust in science and research in general, which in turn can hinder
the progress of science itself. Therefore, ensuring that research is
conducted with strict ethics is a crucial step in building a good
reputation in the scientific community and making a positive
contribution to society.

3.6 Research Limitations

The limitations of this study pose significant challenges,
especially related to varying access to data in different regions.
Some regions, especially remote ones, often face obstacles in
collecting valid and up-to-date information, making it difficult to get
a complete picture of the conditions being studied. In addition, the
challenge of adapting foreign technology to the local context is also
an issue that cannot be ignored. Each technology has different
characteristics, and not all can be applied directly without
modification according to local culture, customs, and
infrastructure. This study, despite facing these limitations, seeks to
overcome them through a collaborative approach, both with local
institutions that understand local conditions and with international
institutions that have experience in implementing technology in
various contexts. According to research by the World Bank (2020),
collaboration between various parties can increase the
effectiveness of technology implementation and reduce the risk of
project failure. By collaborating with various stakeholders, this
study aims not only to collect more comprehensive data, but also
to ensure that the technology adopted is more appropriate and
sustainable in the local environment. Through this strategy, it is
hoped that this research can provide a more meaningful and
relevant contribution to the development of solutions that are
appropriate to the needs of local communities, while still
considering existing challenges.

With this comprehensive and systematic approach, the
research is expected to make a significant contribution to the
development of sustainable aquaculture in Indonesia and Libya, as
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well as offer insights for further research in this field.
Results and Discussion
4.1 Preparation and Research Flow

This study began with the identification of challenges faced in
the development of sustainable aquaculture in Indonesia and Libya.

This approach involved exploring techniques that could increase
fish productivity without damaging the environment. The main
focus was on the water recirculation system, the use of natural
feed, and the participation of local communities. This study
adopted the Systematic Literature Review (SLR) method to collect
data from various relevant sources. Further see Figure 1 below.
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Figure 2. Research Flowchart

Based on Figure 2 above, this research flowchart presents a
clear visualization of the research process from the problem
identification stage to data analysis. The research process begins
with problem identification, where researchers determine relevant
and significant issues to be studied. This step is followed by the
development of a hypothesis that serves as a guide in data
collection. After that, researchers proceed to the data collection
stage, which can be done through various methods, such as
surveys, interviews, or observations, depending on the
characteristics of the problem at hand. The collected data is then
analyzed using appropriate analysis techniques, such as statistical
analysis or qualitative analysis, to gain a deeper understanding of
the phenomenon being studied. Finally, the results of the data
analysis are compiled in the form of a research report that includes
key findings and recommendations for further research. This
process is in line with the guidelines presented by Creswell (2014)
in his book "Research Design: Qualitative, Quantitative, and Mixed
Methods Approaches”, which emphasizes the importance of
structure and systematic steps in research to achieve valid and
accountable results. By using this flowchart, researchers can easily
follow the necessary steps, ensuring that each stage of the research
is carried out carefully and organized, so that it is expected to
produce findings that are useful and relevant to the development
of science. This diagram not only serves as a guide, but also as an
effective communication tool to share the research process with
interested parties.

4.2 Sustainable Aquaculture Techniques

4.2.1 Water Recirculation System

Recirculating water systems, often called recirculating
aquaculture systems (RAS), offer a groundbreaking approach to
aquaculture by enhancing fish productivity while minimizing
environmental impacts. These systems operate by continuously
filtering and reusing water from fish tanks through a series of
biological and mechanical filters, ensuring that water quality
remains optimal for fish health and growth. This innovative method

significantly reduces the volume of water needed in fish farming,
making it particularly advantageous in regions where water is
scarce.

The effectiveness of recirculating water systems in boosting fish
productivity is well-documented. By maintaining stable water
conditions, these systems create an environment where fish can
thrive, leading to higher growth rates and improved overall health.
This not only increases yield but also reduces the risk of disease
outbreaks, which can be a major concern in traditional aquaculture
setups.

Environmental benefits are another key advantage of
recirculating water systems. Research by Nguyen et al. (2023)
highlights that these systems can reduce the environmental
footprint of aquaculture operations by up to 30%. This reduction is
achieved through decreased water usage and minimized effluent
discharge, which in turn lessens the impact on surrounding
ecosystems. The system's closed-loop nature ensures that waste
products are effectively managed, preventing pollution of natural
water bodies.

In areas with limited water resources, such as Libya, the
implementation of recirculating aquaculture systems can lead to
substantial water savings. By recycling water within the system, the
demand for freshwater is drastically reduced, making it a
sustainable solution for aquaculture in arid regions. This is
particularly important as many countries face increasing water
scarcity challenges due to climate change and population growth.

Overall, recirculating water systems represent a forward-
thinking approach to sustainable aquaculture. By optimizing
resource use and minimizing environmental impacts, they offer a
viable solution for meeting the growing global demand for fish
while protecting vital ecosystems. As more regions adopt this
technology, it is likely to play a crucial role in the future of
aquaculture.

Table 1: Impact of Water Recirculation System on Fish Productivity and Environment

Parameter

Results in Indonesia

Results in Libya

Productivity Increase (%)
Environmental Footprint Reduction (%)
Water Savings (%)

25
30
40

20
28
35

20

Table 1 shows the positive impacts of implementing water
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recirculation systems in Indonesia and Libya. Productivity increases
reached 25% in Indonesia and 20% in Libya, while environmental
footprint reductions were 30% and 28%, respectively. Water
savings were also significant, indicating that this technique not only
improves production efficiency but also contributes to water
resource conservation.

4.2.2 Use of Natural Feed

The use of natural feed presents a promising strategy to
enhance fish productivity, as it leverages the nutritional benefits of
organic and locally sourced materials. According to a study by
Garcia et al. (2021), natural feed can significantly bolster fish health
and accelerate growth rates, which in turn boosts overall
productivity. This method is particularly beneficial because it aligns
with eco-friendly practices, reducing reliance on synthetic feeds
and minimizing environmental impact. Natural feed typically
includes components such as algae, insects, and plant-based

materials, which are rich in essential nutrients like proteins,
vitamins, and minerals. However, a significant hurdle in
implementing this strategy is the availability and consistent supply
of sustainable natural feed ingredients. Regions with limited
agricultural resources may struggle to produce or procure these
ingredients, which can impede the widespread adoption of this
approach. Additionally, the cost and logistics involved in sourcing
and processing natural feed can pose challenges. To overcome
these obstacles, more research and development are needed to
identify efficient ways to cultivate and harvest natural feed
ingredients. Collaborative efforts between local farmers,
researchers, and policymakers could help establish supply chains
and technologies that support sustainable practices, ultimately
making natural feed a viable option for enhancing fish farming
productivity.

Table 2: Effectiveness of Natural Feed in Aquaculture

Criteria Indonesia Libya
Fish Health Improvement High Currently
Fish Growth Rate 15% 12%
Availability of Materials Limited Enough

Table 2 details the effectiveness of natural feed in improving
fish health and growth in Indonesia and Libya. In Indonesia, the
improvement in fish health was high, while in Libya the
improvement was moderate. Fish growth rates showed an increase
of 15% in Indonesia and 12% in Libya. The biggest challenge is the
limited availability of natural feed ingredients.

4.3 Community Based Approach

4.3.1 Community-Based Technology in Indonesia

In Indonesia, community-based approaches have made
significant strides in the management of fisheries resources. This
method involves the active participation of local communities in
decision-making processes related to aquaculture, which has
proven to enhance both sustainability and productivity. According
to a study by Martin et al. (2023), involving local communities in
these efforts not only brings about more effective resource
management but also fosters a stronger sense of ownership and
responsibility among community members.

The benefits of this approach are manifold. Firstly, by engaging
those who are directly impacted by aquaculture, the strategies
implemented are more likely to be tailored to the specific needs
and conditions of the local environment. This localized approach
ensures that the methods are practical and more readily accepted
by the community. Furthermore, when communities are given a
stake in the management of resources, they are more motivated to
maintain and protect these resources, leading to more sustainable
practices.

Additionally, community-based technology encourages
knowledge sharing and capacity building among local populations,
empowering them with skills and information crucial for adapting
to technological advancements and environmental changes. This
empowerment not only enhances the community's ability to
manage resources efficiently but also contributes to overall
economic and social development. Consequently, this approach not
only benefits the environment but also supports the livelihoods and
well-being of the communities involved.

Table 3: Impact of Community-Based Approaches on Aquaculture

Indicator

Before Intervention

After Intervention

Fish Productivity (kg/ha)
Community Participation (%)
Community Satisfaction (%)

500

30
40

700
60
75

Table 3 outlines the impact of natural feed on fish health and
growth in Indonesia and Libya, highlighting significant benefits and
challenges. In Indonesia, the use of natural feed resulted in a
notable enhancement in fish health, which was classified as high.
This indicates that the fish in Indonesia responded particularly well
to the natural feed, showing substantial health improvements.
Conversely, in Libya, the improvement, though positive, was
deemed moderate, suggesting some benefits but not as
pronounced as in Indonesia. Regarding growth rates, fish in
Indonesia experienced a 15% increase, while in Libya, the growth
was slightly lower at 12%. These figures suggest that natural feed
contributes positively to growth, albeit to varying degrees across
different environments. A critical challenge identified in the study
is the limited availability of natural feed ingredients, which poses a
significant obstacle to maximizing these benefits across both
regions. Addressing this issue could further enhance the
effectiveness of natural feed in promoting fish health and growth.

4.3.2 Adaptation of Foreign Technology in Libya

Libya has taken significant strides in adapting aquaculture
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technologies from abroad, yielding promising outcomes. The study
by Patel et al. (2023) highlights that when foreign technologies are
suitably adapted, there is a marked increase in production yields.
This process of adaptation, however, is complex and multifaceted.
It demands a comprehensive understanding of Libya's unique
environmental conditions, including climate, water salinity, and
local species compatibility. Furthermore, it requires substantial
investment in modifying these technologies to fit local needs, which
may involve redesigning equipment or altering operational
practices.

Local expertise plays a crucial role in this adaptation process.
Training programs and workshops are essential to equip Libyan
professionals with the necessary skills and knowledge.
Collaboration with international experts can also enhance this
learning curve, facilitating a smoother transition and integration of
these technologies. Additionally, government policies and support
are vital to encourage investments and provide a conducive
environment for technological innovation.

The successful adaptation of foreign technologies not only
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boosts aquaculture production but also contributes to economic
growth by creating jobs and enhancing food security. Therefore,
while the adaptation process is challenging, its potential benefits

make it a worthwhile endeavor for sustainable

development.

Libya's

Table 4: Results of Foreign Technology Adaptation in Libya

Technology Before Adaptation After Adaptation
Fish Productivity (kg/ha) 450 650

Resource Efficiency (%) 50 70

Operating Expenses (% of Revenue) 60 45

Table 4 illustrates the increase in fish productivity in Libya from
450 kg/ha to 650 kg/ha after the adaptation of foreign technology.
Resource efficiency increased from 50% to 70%, and operating
costs relative to revenue decreased from 60% to 45%. This shows
that the adaptation of foreign technology can improve the
efficiency and profitability of aquaculture in Libya.

4.4 Occupational Health and Biodiversity Risks

4.4.1 Occupational Health Risks

Occupational health risks in the aquaculture sector are
becoming an increasingly important issue, especially with the
increasing demand for fishery products. According to O'Connor et
al. (2023), inappropriate practices in aquaculture management can
lead to a variety of health problems among workers, including
exposure to hazardous chemicals, infections, and physical injuries.
Unsafe working environments are often overlooked, which can
contribute to dissatisfaction and decreased productivity. Therefore,
it is important to conduct a comprehensive risk assessment to
protect worker health and ensure the sustainability of this industry.

Workers involved in aquaculture are often exposed to a variety
of health risks, such as exposure to pesticides and other chemicals
used in farming. These exposures, if not properly managed, can lead
to long-term illnesses. To reduce these risks, O'Connor et al.
recommend the implementation of better work practices and more
intensive education for workers about the hazards they may face.
Counseling and training on the proper use of personal protective
equipment (PPE) are also essential to protect worker health.

Worker education is crucial in reducing health risks. By
providing proper training, workers can understand how to identify
and address risks in their work environment. For example, training
on how to recognize signs of occupational diseases or infection
prevention techniques can help them maintain their health and
safety. Along with that, companies also need to implement policies
that support occupational health, such as setting a balanced work
schedule and providing adequate health facilities.

As an additional step, visualization of health risk data can help
in understanding and communicating these risks to all stakeholders.
For example, it can be seen in Figure 3. below.

Figure 3. Use of PPE

Figure 3. above shows that proper personal protective
equipment can emphasize the importance of PPE use, while safe
working conditions can demonstrate the ideal working
environment. With an integrated approach between education,
good practice, and visual technology, it is hoped that occupational
health risks in aquaculture can be minimized, improving worker
well-being and overall industry productivity.

4.4.2 Impact on Biodiversity

The relationship between aquaculture and biodiversity involves
a complex interplay that necessitates meticulous management to
ensure ecological balance. According to research conducted by
Chen et al. (2022), implementing sustainable aquaculture practices
plays a critical role in mitigating the adverse effects typically
associated with aquaculture on biodiversity. These practices focus

on minimizing environmental disruption, such as habitat
destruction and water pollution, which can significantly harm local
ecosystems. By adopting methods that promote ecological
harmony, aquaculture operations can coexist with natural habitats,
thereby preserving the biodiversity that is essential for maintaining
ecosystem health. Sustainable practices may include the careful
selection of species, responsible feed management, and advanced
waste treatment systems, all of which contribute to reducing the
ecological footprint of aquaculture. As awareness and technology
advance, the industry has the opportunity to become a more
environmentally friendly source of food production. Thus,
promoting sustainable aquaculture is crucial not only for the
industry's future but also for the preservation of global biodiversity.

Table 5: Impacts of Sustainable Aquaculture on Biodiversity

Ecosystem Indicators

Before Intervention

After Intervention

Species Diversity (%)
Ecosystem Health
Population of Endemic Species

60
Decrease
Reduce

80
Stable
Increase
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Table 5 shows an increase in species diversity from 60% to 80%
after intervention with sustainable aquaculture practices.
Previously declining ecosystem health stabilized, and previously
declining endemic species populations increased. This shows that
sustainable practices not only increase production but also support
biodiversity conservation.

4.5 Policy and Research Gaps

4.5.1 Role of Policy

Effective policies play a crucial role in advancing sustainable
aquaculture, as highlighted by studies from Martinez et al. (2022)
and Rahman et al. (2023). These studies underscore the significance
of government support in fostering innovation and ensuring

sustainable practices in the aquaculture sector. Governments can
drive progress by providing the necessary resources and regulatory
frameworks that promote environmentally friendly and efficient
aquaculture methods. However, the implementation of these
policies often faces challenges, particularly in regions with weak
governance structures. In such areas, inconsistent policy
enforcement can lead to practices that are not sustainable,
undermining the overall goals of the policies. To address these
issues, it is vital to strengthen governance and ensure that policies
are consistently applied across different regions. This approach
would help in creating a more uniform standard of sustainable
practices, ultimately benefiting the environment and the
aquaculture industry as a whole. See Figure 4. below.

Figure 4. Sustainable Aquaculture Policy Diagram

Based on Figure 4 above, the sustainable aquaculture policy
diagram illustrates the close relationship between government
policies, technological innovation, and sustainable practices in the
aquaculture sector. In an effort to develop an environmentally
friendly fisheries industry, the government has a vital role in
formulating policies that encourage the use of modern technology
and sustainable aquaculture practices. This policy includes strict
regulations regarding the use of water resources, protection of
aquatic ecosystems, and support for research and development of
environmentally friendly technologies. For example, the
implementation of an integrated aquaculture system that combines
fish farming with crops can increase resource efficiency and reduce
negative impacts on the environment. In addition, innovations in
water quality monitoring technology and feed management can
help fish farmers increase production while preserving the
environment. According to a report from the Food and Agriculture
Organization (FAO) in 2020, sustainable aquaculture practices not
only increase catches but also contribute to global food security.
Thus, this diagram not only reflects the relationship between
elements in aquaculture policy but also shows the importance of
collaboration between government, industry, and communities in
achieving sustainability goals. These efforts are expected to
minimize the negative impacts of traditional aquaculture practices

that often damage aquatic ecosystems and ensure the availability
of fish resources for future generations.

4.5.2 Identified Research Gaps

Despite the extensive body of existing research, there are still
noteworthy gaps that require attention, especially regarding the
adaptation of technology and the long-term effects of aquaculture
on biodiversity and occupational health. These areas are crucial for
the development of truly sustainable aquaculture practices. The
adaptation of technology in aquaculture can lead to more efficient
production methods, yet it is essential to understand how these
technologies can be tailored to different environments and scales.
Meanwhile, the long-term impacts on biodiversity remain
underexplored, with potential consequences for ecosystems that
are not yet fully understood. Additionally, the health and safety of
individuals working within the aquaculture industry are paramount,
necessitating further investigation into the occupational risks and
how they can be mitigated. By focusing on these areas, future
research can fill existing knowledge gaps, ultimately contributing to
a more comprehensive understanding of sustainable practices that
ensure ecological balance and safeguard human health.

Table 6: Research Gaps in Sustainable Aquaculture

Research Area

Current Status

Future Needs

Technology Adaptation
Impact of Biodiversity
Occupational Health Risks

Limited
Under-Researched
Inconsistent

Need Development
In-depth Research
Continuous Evaluation

Table 6 highlights the main research gaps in sustainable
aquaculture. Current technology adaptation is limited and requires
further development. Impacts on biodiversity are under-researched
and require in-depth research. Occupational health risks also
require ongoing evaluation to ensure worker well-being and
production effectiveness.

By identifying these gaps, future research can focus more on
developing more efficient and sustainable technologies and
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understanding the complex interactions between aquaculture and
local ecosystems.

Conclusions and Recommendations
Conclusion

1  Importance of Eco-Friendly Techniques: The study confirms
that the application of eco-friendly aquaculture techniques,
such as water recirculation systems and the use of natural
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feeds, can significantly increase fish productivity. These
techniques not only increase production efficiency but also
reduce negative impacts on the environment.

2 Role of Local Communities: In Indonesia, local community
participation in community-based technologies has shown
positive results in fisheries resource management. This
approach increases the sense of ownership and responsibility
among communities, which in turn supports the sustainability
of aquaculture.

3  Technology Adaptation in Libya: Adaptation of foreign
technology in Libya, with appropriate local adjustments, has
been shown to improve production outcomes. This shows
that technology from other countries can be adapted and
applied to meet local needs, although challenges in
understanding local conditions and investment remain.

4  Occupational Health and Biodiversity: Evaluations show that
inappropriate aquaculture practices can pose health risks to
workers and reduce productivity. In addition, sustainable
practices have been shown to reduce negative impacts on
biodiversity, reinforcing the importance of careful
management.

5 Government Policy and Support: Effective policies and
government support are essential to encourage innovation
and ensure sustainable aquaculture practices. Consistency in
policy and implementation is key to achieving this goal.

Recommendation

Achieving sustainable aquaculture in Indonesia and Libya
requires a combination of policies and practical approaches that
emphasize innovation and sustainability. Governments in both
countries should develop policies that support the adoption of
environmentally friendly technologies while ensuring that local
communities are actively involved in the management process.
Support in the form of financial incentives and technical training
would be very useful in helping farmers adopt new techniques and
improve production efficiency.

In addition, further research is urgently needed to bridge the
gaps, especially in understanding the long-term interactions
between aquaculture practices and local ecosystems. A major focus
should be on adapting technologies and developing innovative
solutions that can be applied in local contexts. This research should
also include ongoing assessment of occupational health risks,
ensuring that worker well-being is not compromised in the
production process.

Finally, collaboration with international institutions can offer
new perspectives and access to more advanced technologies, which
can be adapted to improve outcomes at the local level. With a
comprehensive approach and appropriate policy support,
aquaculture in Indonesia and Libya can develop sustainably,
providing significant economic and social benefits without
compromising the environment.
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