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ABSTRACT

The integration of feeding strategies, monitoring systems, and environmental assessments
within short-cycle aquaculture systems is crucial for achieving optimal productivity and
sustainability in coastal ecosystems. However, very few studies have been conducted on the
interplay of these factors within shorter production cycles. The current study aimed to
investigate the growth performance, feed efficiency, and survival rate of Lates calcarifer
cultured for 30 days in offshore floating net cages under an at-satiation feeding strategy
supplemented with probiotics and multivitamins. Observational data were collected from field
trials conducted at Balai Besar Perikanan Budidaya Laut (BBPBL) in Lampung, Indonesia.
Fish were administered feed bi-weekly, while essential water quality parameters were recorded
weekly. Key findings included a specific growth rate of 1.4% per day, absolute weight gain of
36.8 g, a feed conversion ratio of 1.4, and an average survival rate of 82.8%. Throughout the
study period, water quality parameters remained optimal. These results suggest that short-cycle
barramundi farming facilitates efficient and sustainable production when combined with
adaptive feeding schedules informed by consistent environmental monitoring. This research
offers practical recommendations for small-scale marine aquaculture enterprises, highlighting
the importance of advanced precision feeding frameworks and digital technologies in coastal
aquafarming regions.

Keywords: Barramundi (Lates calcarifer), Feeding strategy, Feed conversion efficiency,
Floating net cages, Short-cycle aquaculture

ABSTRAK
Integrasi antara strategi pemberian pakan, sistem pemantauan, dan evaluasi lingkungan dalam
sistem akuakultur siklus pendek sangat penting untuk mencapai produktivitas dan
keberlanjutan yang optimal di ekosistem pesisir. Namun, sangat sedikit penelitian yang telah
dilakukan terkait interaksi ketiga faktor tersebut dalam siklus produksi yang lebih singkat.
Penelitian ini bertujuan untuk mengkaji performa pertumbuhan, efisiensi pakan, dan tingkat
kelulushidupan ikan Lates calcarifer yang dibudidayakan selama 30 hari di keramba jaring
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apung lepas pantai dengan menerapkan strategi pemberian pakan at-satiation yang dilengkapi
dengan probiotik dan multivitamin. Data observasi dikumpulkan dari kegiatan budidaya lapang
yang dilaksanakan di Balai Besar Perikanan Budidaya Laut (BBPBL) Lampung, Indonesia.
Ikan diberi pakan dua kali sehari, sementara parameter kualitas air utama diukur setiap minggu.
Hasil utama menunjukkan laju pertumbuhan spesifik sebesar 1,4% per hari, pertambahan bobot
mutlak sebesar 36,8 g, rasio konversi pakan (FCR) sebesar 1,4, dan tingkat kelulushidupan
rata-rata sebesar 82,8%. Selama periode penelitian, parameter kualitas air tetap berada dalam
kisaran optimal. Temuan ini menunjukkan bahwa budidaya kakap putih siklus pendek dapat
menghasilkan produksi yang efisien dan berkelanjutan jika dikombinasikan dengan jadwal
pemberian pakan adaptif yang didukung oleh pemantauan lingkungan secara konsisten.
Penelitian ini memberikan rekomendasi praktis bagi usaha budidaya laut skala kecil, serta
menekankan pentingnya pengembangan kerangka kerja pemberian pakan presisi dan teknologi
digital di wilayah pesisir.

Kata Kunci: Kakap putih (Lates calcarifer); Siklus pendek; Strategi pemberian pakan;
Efisiensi pakan; Pemantauan kualitas air

INTRODUCTION

The barramundi, also known as Asian seabass (Lates calcarifer), is gaining significance
in aquaculture, particularly in Indonesia, due to its rapid growth and high market demand.
Offshore floating net cages are favored for their spatial and environmental benefits, yet
successful grow-out performance hinges on optimal feeding strategies and environmental
conditions. Studies have explored alternative feed ingredients to reduce costs and
environmental impacts. For instance, the use of poultry by-product meal and Hermetia illucens
larvae has been shown to enhance fillet quality and shelf life without compromising nutritional
value, suggesting a sustainable alternative to traditional fishmeal diets (Chaklader et al., 2023).
However, replacing fishmeal with tuna hydrolysate at high levels can negatively impact growth
and liver health, indicating the need for careful optimization of feed composition (Siddik ef al.,
2018). Palm oil has also been investigated as a substitute for fish oil, showing promise in
improving growth rates and survival in Asian seabass larvae. However, it alters their fatty acid
profiles (Safiin et al., 2022). Peanut meal, when processed to reduce antinutritional factors, can
partially replace fishmeal, supporting growth and health under hypoxic conditions (Vo et al.,
2020). Environmental sustainability in aquaculture is crucial, with offshore systems offering
reduced impacts on water quality and primary production compared to coastal farms. However,
challenges such as organic enrichment of sediments and interactions with wild fish remain
(Price et al., 2015; Holmer, 2010). In Indonesia, interventions such as improved feed
conversion ratios and sustainable farming practices could help mitigate environmental impacts,
although achieving national production targets requires further innovation (Henriksson et al.,
2019). Submerged cage systems offer opportunities to alleviate challenges associated with
surface-based aquaculture but require additional research to optimize conditions for species
such as barramundi (Sievers et al., 2022). Overall, integrating sustainable feed practices and
environmental management is essential for advancing barramundi aquaculture in Indonesia
(Brana et al., 2021).

The challenge of optimizing barramundi aquaculture in floating net cage systems
amidst variable open-water environments is multifaceted, involving both environmental and
operational considerations. Traditional fixed-rate feeding strategies often fail to adapt to daily
fluctuations in water quality parameters, such as temperature, dissolved oxygen, and salinity,
leading to inefficiencies like overfeeding and increased production costs due to feed waste.
(Price et al., 2015; Jansen et al., 2016). The integration of environmental parameters into
decision-making processes for feed administration is crucial, as highlighted by the need for
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GIS-based site suitability models that consider physical environmental conditions and cage
engineering design to optimize site selection and cage type for specific marine environments.
Moreover, the potential of submerged cages, which can mitigate some environmental
challenges faced by surface-based systems, is being explored; however, they present unique
biological challenges depending on fish physiology (Falconer et al., 2013). The use of
probiotics and multivitamins in commercial feeds during short-term marine cage cultures lacks
sufficient empirical support, indicating a gap in standardized, evidence-based feeding strategies
tailored to rapid production cycles (Luna et al., 2019). Advances in feed formulation have
reduced the adequate trophic level of farmed species, suggesting that feed strategies should be
dynamic and responsive to specific farmed properties rather than relying on historical or wild
trophic levels (Cottrell er al., 2021). Furthermore, the implementation of integrated
multitrophic aquaculture (IMTA) systems can help assimilate waste nutrients, thereby
minimizing environmental impacts and enhancing sustainability (Price et al., 2015). The
development of expert systems and genetic algorithms for determining optimal feeding
strategies can further enhance economic efficiency and environmental sustainability by
enabling the precise timing and combination of feeds (Luna et al., 2019). Overall, a holistic
approach that incorporates environmental monitoring, adaptive feeding strategies, and
innovative aquaculture technologies is essential for optimizing production in floating net cage
systems under variable open-water conditions (Brana et al., 2021).

The integration of feeding techniques with environmental control in a short-cycle grow-
out system for Lates calcarifer, commonly known as barramundi, cultured in floating net cages
offshore, can be effectively managed by employing an at-satiation feeding regime with
commercial diets that contain probiotics and multivitamins. Probiotics have been shown to
enhance growth performance, feed efficiency, and disease resistance in aquaculture, making
them a valuable addition to barramundi diets. They improve the gut microbiota, which plays a
crucial role in nutrition metabolism and immune response, thereby supporting fish growth and
health (Wuertz et al., 2021; Hasan ef al., 2023). The use of probiotics in aquaculture is part of
a broader trend towards sustainable practices, as they help reduce the need for antibiotics and
mitigate environmental impacts by improving feed conversion ratios and reducing waste
outputs (Hancz, 2022; Mohapatra et al., 2013). Additionally, probiotics can enhance the
resilience of fish to environmental stressors, which is particularly beneficial in offshore
aquaculture systems, where oceanic conditions can vary significantly (Mohapatra ef al., 2013).
The application of probiotics, such as Carnobacterium maltaromaticum, has been shown to
significantly improve growth rates and feed conversion ratios in fish, while also reducing
pathogenic bacteria, which aligns with the goals of sustainable and efficient marine cage
farming (Gotas & Potorski, 2022). Furthermore, the integration of innovative aquaculture
techniques, such as Integrated Multitrophic Aquaculture (IMTA) and Biofloc Technology
(BFT), can help close nutrient cycles and reduce environmental impacts, thereby supporting
the sustainability of marine aquaculture systems (Lothmann & Sewilam, 2022). Observational
data from practical aquaculture experiences, such as those gained from internships at facilities
like the Balai Besar Perikanan Budidaya, provide valuable insights into the real-world
application of these strategies, reinforcing their effectiveness and adaptability in diverse marine
environments (Bentzon-Tilia et al., 2016). Overall, the combination of probiotics, sustainable
feeding practices, and innovative aquaculture techniques offers a comprehensive approach to
enhancing the growth performance and sustainability of barramundi farming in offshore
systems.

The current state of research in barramundi aquaculture highlights a significant gap in
integrating real-time environmental data and adaptive decision-making within short-cycle
production frameworks, particularly in open marine cage environments. While recirculating
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aquaculture systems (RAS) have been extensively studied for their environmental control and
efficiency, they do not fully capture the variability and challenges of open marine systems,
which are crucial for optimizing short-term empirical models in tropical offshore aquaculture
regions (Brafa et al., 2021; Li et al., 2023). The environmental impacts of aquaculture, such
as eutrophication and chemical pollution, are well-documented. Sustainable practices,
including polyculture and offshore facilities, are being explored to mitigate these effects (Brafia
et al.,2021; Bohnes et al., 2019). However, the focus has been mainly on long-term grow-out
cycles and controlled environments, leaving a gap in understanding the dynamics of short-cycle
production in more variable marine settings (TiCina et al., 2020). The potential for precision
aquaculture frameworks in these high-potential but under-researched systems is significant, as
they could leverage real-time data and adaptive management to enhance sustainability and
productivity (Elvines et al., 2024). Moreover, the integration of at-satiation feeding, dietary
supplementation, and water quality monitoring in compressed production periods remains
underexplored despite its potential to improve efficiency and reduce environmental impacts
(Senff et al., 2020; Varga et al., 2020). The use of biochemical tools to trace waste dispersal
and understand food web interactions in marine systems could further support environmental
management and sustainable expansion of aquaculture in dynamic coastal areas (Elvines et al.,
2024). Overall, there is a clear need for targeted research and development of innovative
technologies and practices that address the unique challenges of short-cycle marine
aquaculture, thereby contributing to the broader goals of sustainable aquaculture and food
security (Clough et al., 2020; Brugere et al., 2019).

The study on Lates calcarifer, or Asian seabass, cultured in floating net cages during a
short-cycle grow-out period, provides a significant contribution to marine aquaculture by
integrating feeding strategies with environmental monitoring. This approach is particularly
novel as it utilizes real operational data from the Balai Besar Perikanan Budidaya (BBPBL) in
Indonesia, contrasting with previous studies that were limited to controlled environments or
longer durations. The study's focus on at-satiation feeding enhanced with probiotics and
multivitamins aims to improve feed utilization and growth efficiency, which is crucial given
the high cost of nutrition in aquaculture operations (Ngoh et al., 2015). The real-time
monitoring of water quality parameters, such as temperature, salinity, dissolved oxygen, and
pH, is essential for understanding variable culture performance over time, aligning with
findings that emphasize the importance of environmental monitoring in sustainable aquaculture
practices (Brafia ef al., 2021; Price et al., 2015). This integrated approach not only fills a gap
in the literature but also offers practical recommendations for optimizing short-cycle
production systems, which is vital for advancing sustainable and scalable marine aquaculture
in Indonesia. The study's findings are supported by broader research on sustainable aquaculture
practices, such as the use of integrated multitrophic aquaculture (IMTA) systems, which have
been shown to reduce environmental impacts and improve fish welfare by maintaining stable
water quality and supporting habitat conservation. (Lee et al., 2022; Chang et al., 2019).
Additionally, the study's emphasis on probiotics and multivitamins aligns with the growing
interest in enhancing aquaculture sustainability through innovative feed strategies, as seen in
other research focusing on the nutritional and physiological impacts of different feed types on
fish growth and health (Ngoh et al., 2015). Overall, this research contributes to the ongoing
efforts to balance aquaculture growth with environmental sustainability, a critical consideration
given Indonesia's significant role in global seafood production and the ecological challenges
posed by the expansion of aquaculture (Henriksson et al., 2019).
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RESEARCH METHOD

Study Site and Duration

The study was conducted at BBPBL (Balai Besar Perikanan Budidaya Laut) Lampung,
located in Hanura Village, Teluk Pandan Subdistrict, Pesawaran Regency, Lampung Province,
Indonesia (5°31'39"S, 105°14'56"E). The grow-out trial was conducted in floating net cages
located in coastal marine waters from January 9 to February 9, 2024, spanning 30 days. This
facility is well known in the country for its contributions to developing marine aquaculture and
possesses proper infrastructure for seed production, grow-out systems, and applied research.

Experimental Design

This arrangement involves studying the barramundi in Lates calcarifer underwater
farming, where fish are grown in a controlled environment (a nurturing sea) using scientific
methods. In total, 450 fish were kept in a rectangular floating net cage with dimensions of 3 x
3 x 3 and a mesh size of 1.5 to 2 inches. Furthermore, each fish weighed approximately 70.7
grams and was about 16 centimeters in length. The feeding schedule for these fish involved
twice-daily feeding sessions at set times on commercial basal diets, which consisted of
sequentially delivered sinking pellets high in protein by 46% (Megami). Moreover, dietary
supplements such as Progol or Biovit could be added, considering the nutritional needs that are
met through probiotics and multivitamins.

Feeding Procedure

An at-satiation feeding strategy was employed whereby feed was apportioned stepwise
until the fish ceased active feeding behavior (Glencross, 2006). Manually distributed feed
minimized waste and enabled precision control. Daily fish feed consumption was noted and
recorded. Regular inspections and cleanings of the cage netting were conducted to reduce
fouling and improve water exchange.

Environmental Monitoring

For this study, the sampling and measurement of temperature (°C), salinity (ppt),
dissolved oxygen (mg/L), and pH were conducted weekly during the designated 30-day period.
The instruments used to carry out the measurements include, but are not limited to, a DO meter,
refractometer, thermometer, and pH test kit. Moreover, samplings were conducted from 08:00
to 09:00, which increased the precision of data collection.

Growth Performance Assessment

Fish sampling was conducted on days 1, 10, 20, and 30. For each sampling date, a
random subsample of thirty fish was selected, and their body weight was measured in grams
using a digital scale. Their total length was measured in centimeters using a measuring board.
To minimize cannibalism that might arise from size disparity among juvenile fish, grading was
performed on day 10. Using formulas (Effendie, 1997). survival rate (SR), specific growth rate
(SGR), absolute length gain, absolute weight gain, feed efficiency (FE), and feed conversion
ratio (FCR), we computed separately as per standard practice:

Absolute Weight Gain (g) = Final Weight — Initial Weight

Absolute Length Gain (cm) = Final Length — Initial Length

In Final Weight — In Initial Weight

Specific Growth Rate (%/day) = [ Days

1 100
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Final fish count

Survival Rate (%) = [ 1% 100

nitial fish count
(Final Weight + Dead Fish Weight — Initial Weight)
Feed Given

Feed Efficiency (%) = [

1% 100

Feed Given

FCR =
C (Final Weight + Dead Fish Weight — Initial Weight)

Data Collection and Analysis

Direct observation, daily supervision, and physical assessments yielded primary data.
Secondary data, including feed composition and specific facility characteristics, were taken
from the records and technical documents of BBPBL. Microsoft Excel was used to compile all
the data, which was then analyzed descriptively. The growth performance, alongside water
quality trends, was interpreted graphically. Given the observational character of the study, no
inferential statistics were employed.

RESULT

Under the feeding and environmental management protocols employed, a 30-day short-
cycle grow-out period for Lates calcarifer in floating net cages demonstrated positive growth
performance. Absolute weight gain was 36.8 grams, from 70.7 g to 107.7 g. Similarly, the
absolute length gain was 7.3 cm, with fish cultured growing from 16.4 cm to 23.7 cm during
the culture period. The specific growth rate (SGR) was recorded at 1.4% per day, indicating
efficient and consistent growth within a reasonably short time frame.

Regarding feed utilization efficiency, a notable feed conversion ratio (FCR) of 1.4,
along with an efficiency of 59.4%, indicated that the at-saturation feeding strategy, which
included probiotics and multivitamins, was effective in the field setting. Additionally, the
survival rate was reported as 82.8%, which is relatively high for marine cage culture,
particularly for uncontrolled open-water systems. During the trial period, environmental
parameters remained constant within optimal ranges. These include temperatures ranging from
28.7°C to 29.7°C, salinity levels between 32 and 33 ppt, consistently exceeding 5.8 mg/L
dissolved oxygen, and pH levels between 8.16 and 8.19. The stability these factors provided
likely positively influenced the observed performance in survival and growth.

The growth trends in both average length and weight over the sampling intervals are
illustrated in the following figures:
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Figure 1. Growth in Average Length
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Figure 2. Growth in Average Weight

The results support the notion that a short-cycle production strategy, combined with
optimal feed strategies and frequent monitoring of environmental conditions in offshore
floating net cages, can lead to efficient and sustainable productivity in marine aquaculture
systems.

DISCUSSION

The growth results of Lates calcarifer during the 30-day culture period, characterized
by an absolute length gain of 7.3 cm, weight gain of 36.8 g, and a specific growth rate (SGR)
of 1.4% per day, indicate efficient somatic development, which aligns with findings from
various studies on aquaculture feeding strategies. The use of processed poultry by-product meal
(PPBM) as a substitute for fishmeal (FM) has been shown to maintain growth performance and
feed conversion ratios similar to those of FM-based diets, suggesting that alternative protein
sources can support rapid growth when properly formulated and administered (Siddik et al.,
2019). Additionally, the incorporation of dietary starch has been found to promote hepatic
lipogenesis in barramundi, which may contribute to efficient energy utilization and growth
under specific dietary conditions (Wade et al., 2020). The use of palm oil-based micro diets
has also demonstrated improved growth rates and feed conversion efficiency in Asian seabass,
further supporting the potential of alternative lipid sources in aquaculture feeds (Safiin et al.,
2022). However, complete replacement of FM with non-fishmeal ingredients, such as poultry
by-product meal, can negatively impact growth and health, as seen in studies where total
substitution led to reduced growth performance and adverse histological changes (Chaklader
et al., 2020). The feed conversion ratio (FCR) of 1.4 and feed efficiency of 59.4% observed in
the study suggest that the dietary intake versus growth yield was favorable, comparable to or
exceeding values from more extended grow-out periods, which is consistent with findings that
optimized feed formulations can enhance growth efficiency (Ngoh et al., 2015). The survival
rate of 82.8% further underscores the effectiveness of the husbandry protocols, indicating that
the fish were resilient to environmental variability —a critical factor in aquaculture success
(Noble et al., 2014). Overall, these findings underscore the importance of balanced dietary
formulations and effective environmental management in achieving rapid and stable biomass
accumulation in Lates calcarifer, thereby challenging traditional long-cycle systems by
demonstrating superior performance and fish health in short-cycle systems (Siddik ez al., 2018).

The research findings on Lates calcarifer's growth and feed efficiency during a 30-day
culture period have significant theoretical and practical implications for the marine aquaculture
industry, particularly in the context of short-cycle aquaculture. Theoretically, these findings
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refine current estimations of growth and feed efficiency in euryhaline marine species,
emphasizing the potential for shorter production cycles, which is crucial in regions with limited
resources or seasonal variability. This aligns with the broader trend in aquaculture towards
more sustainable practices, such as the use of probiotics and multivitamins to enhance feed
efficiency and growth performance, as demonstrated in studies on other species like the red
drum and European seabass, where dietary supplements improved growth and health outcomes
(Yamamoto et al., 2022; Petereit et al., 2022; Mardiana et al, 2024). Practically, the
implementation of at-satiation feeding strategies, combined with probiotics and multivitamins,
can significantly boost productivity for small to medium-sized producers while conserving
economic and environmental resources. This approach is supported by the potential of
innovative techniques, such as Integrated Multitrophic Aquaculture (IMTA) and Biofloc
Technology (BFT), which aim to close nutrient cycles and reduce environmental impacts by
effectively utilizing waste nutrients (Lothmann & Sewilam, 2022). Additionally, routine water
quality measurements and flexible management systems that adapt to real-time environmental
conditions are crucial for optimizing feed delivery and ensuring sustainable aquaculture
practices (Price et al., 2015; Brafa et al., 2021). These strategies not only enhance production
performance but also promote responsible governance in coastal areas, aligning with the
industry's shift towards circular economy approaches that prioritize environmental
sustainability and resource efficiency (Greene et al., 2022). Overall, integrating these findings
and practices can lead to more resilient and sustainable aquaculture systems that are capable of
meeting the growing global demand for seafood while minimizing their ecological footprint.
The study in question, which involved grow-out trials spanning 30 days, presents
several limitations that are crucial for accurately interpreting its findings. The short duration of
the trials limits the ability to assess long-term growth patterns, disease vectors, and cumulative
environmental impacts, which are essential for understanding the full implications of dietary
interventions in aquaculture (Ayala et al., 2023). The absence of comparator treatment controls
further complicates the interpretation of results, as it prevents the establishment of causation
and limits the ability to draw robust conclusions about the efficacy of the dietary supplements
used (Ross & Zaidi, 2019). The use of a single floating net cage unit raises concerns about
external validity. It reduces the statistical power of the study, making it difficult to generalize
the findings to other settings or populations (Ritskes-Hoitinga & Pound, 2022). Additionally,
the lack of control over environmental factors such as water current velocity and biosecurity
measures introduces potential biases that could affect the study's generalizability (Victora et
al., 2005). These limitations underscore the importance of considering contextual factors and
methodological rigor in research design to ensure the validity and applicability of study
findings (Ritskes-Hoitinga & Pound, 2022; Victora et al., 2005). Addressing these constraints
in future studies may involve longer trial periods, the inclusion of control groups, and the use
of multiple experimental units to enhance the reliability and relevance of the research outcomes
(Ross & Zaidi, 2019; Ayala et al., 2023). Understanding and acknowledging these limitations
is crucial for situating the study's results within their proper context and informing future
research efforts in aquaculture and related fields (Ross & Zaidi, 2019; Victora et al., 2005).
Incorporating diverse feeding strategies and supplementation protocols into controlled
experimental frameworks is crucial for understanding the causal effects of dietary interventions
on aquaculture growth performance and feed efficiency. The integration of different types of
feeders and varying feeding frequencies, as demonstrated in studies on European sea bass and
tilapia, highlights the importance of optimizing feeding schedules to enhance growth rates and
economic returns (Rodde et al., 2020; Billah et al., 2020). For instance, feeding tilapia and
common carp five days a week at specific times yielded the highest growth rates and financial
returns, underscoring the importance of feeding frequency in aquaculture systems (Billah et
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al., 2020). Additionally, the use of automated feeders and real-time data logging systems can
significantly enhance decision-making precision by allowing for adaptive responsiveness to
changing environmental conditions, thereby aligning with Industry 4.0 principles (Luna et al.,
2019). The scalability and ecological robustness of these strategies can be assessed by
replicating studies across multiple cage units and diverse coastal environments, which would
provide insights into environmental adaptability (Rodde et al., 2020; Hoerterer et al., 2022).
Extending growth cycles beyond 30 days, as suggested in studies on turbot and Atlantic
salmon, would further elucidate the sustainability and physiological impacts of dietary
interventions over short and long-term periods (Hoerterer ef al., 2022; Kousoulaki et al., 2022).
Moreover, the shift towards sustainable feed ingredients, such as plant-based proteins and
insect meals, has been shown to maintain growth performance while reducing environmental
impact. However, challenges remain in achieving the same growth rates as traditional fish meal
and oil diets (Hoerterer et al., 2022; Kousoulaki et al., 2022; Boucher et al., 2012). The
integration of genetic selection for dietary adaptation, as seen in rainbow trout, can further
enhance the sustainability of aquaculture by improving growth and survival rates on plant-
based diets (Boucher et al., 2012). Overall, these strategies collectively contribute to a more
intelligent and sustainable aquaculture system that leverages technological advancements and
innovative feeding protocols to optimize growth performance and feed efficiency while
minimizing environmental impact (Luna et al., 2019; Shaw ef al., 2023).

The study on short-cycle barramundi grow-out in coastal communities highlights a
sustainable aquaculture model that can significantly impact food security and economic
livelihoods, particularly in under-resourced regions. This model, which utilizes commercial
feeds and requires minimal environmental supervision, aligns with the broader goals of
sustainable aquaculture by promoting high productivity without intensive capital investment,
thus fostering inclusive economic development (Parappurathu et al., 2023; Troell et al., 2023).
Its emphasis on environmental stewardship underscores the ethical dimension of this approach,
as it minimizes feed wastage and nutrient discharge into marine ecosystems, promoting
responsible resource utilization (Brafa et al., 2021; Macaulay et al., 2022). However, as digital
technologies become more prevalent in aquaculture, new ethical concerns arise, particularly
regarding data governance, equitable access to innovative farming technologies, and the risk
of technocratic capture, which could exacerbate inequalities within the sector (Kluger &
Filgueira, 2021; Clough et al., 2020). Addressing these issues requires expanding digital access
and building capacity among coastal communities to ensure that technological advancements
benefit all stakeholders equally (Quimby et al., 2023; Selim et al., 2021).

Furthermore, integrating traditional institutions and co-management approaches can
enhance food sovereignty and social resilience, as demonstrated in small-scale fisheries and
mariculture in Samoa, where local values and community engagement play crucial roles in
sustainable development (Quimby et al., 2023) The adoption of innovative systems, such as
bio floc technology and integrated multitrophic aquaculture (IMTA), can further enhance
sustainability by optimizing resource use and reducing environmental impacts (Mugwanya et
al., 2021; Greene et al., 2022). Overall, the study's outcomes underscore the potential of
sustainable aquaculture to contribute to the Sustainable Development Goals (SDGs) by
enhancing food security, promoting economic opportunities, and improving environmental
health, while also highlighting the need for inclusive and equitable technological integration
(Troell et al., 2023; Greene et al., 2022).

CONCLUSION

This research demonstrates that a short-cycle grow-out strategy for Lates calcarifer
cultured in offshore floating net cages yields satisfactory growth performance, feed efficiency,
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and survival rates, utilizing an at-satiation feeding management system enhanced by probiotics
and multivitamins. Over 30 days, barramundi demonstrated a specific growth rate of 1.4% per
day, a favorable feed conversion ratio of 1.4, and an 82.8% survival rate. These outcomes
suggest that the strategy is both biologically viable and operationally efficient. In conjunction
with these benchmarks, routine environmental monitoring provided stringent control over
water quality, likely contributing to the observed performance outcomes. The results of this
study have significant practical value for small- and medium-scale aquaculture businesses,
aiming to optimize production in changing open-ocean conditions while minimizing the need
for expensive infrastructure components.

Due to the study's limited scope and timeframe, incorporating controlled, comparative
trials to assess the impact of various feeding intervals, dietary additives, and digital monitoring
devices is suggested for future work. Expanding the approach to multiple sites and production
cycles would improve the external validity and comprehensive nature of the research outcomes.
Moreover, adopting precision aquaculture technologies simultaneously with advancing digital
education and infrastructure in coastal communities can facilitate a shift towards more
inclusive, sustainable, and ethically responsible marine aquaculture systems.
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