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Preface 

 

A book of Sustainable Aquaculture and Aquatic Sciences, Volume 1. 

Recirculating Aquaculture System aims to connect scientific knowledge with 

practical innovation, providing a multidisciplinary viewpoint that 

encompasses biology, ecology, engineering, socioeconomics and policy in 

aquaculture. It examines design, innovation technology, feed strategy and 

efficiency, water additive, disease control, the role of microbiome, case study 

on fish and shrimp, social economy and policy correlated with RAS.  

The discussion of RAS design, feed management techniques and 

microbial ecology, essential RAS components, begins the book. Next, we are 

going to discuss how RAS may help with sustainable shrimp, fish and 

ornamental fish farming, as well as novel innovations and performance criteria 

that are specific to each species. The business prospects and social and 

economic factors that support RAS technology implementation are also 

explored. Relevance across academic and professional fields is ensured by the 

content, which reflects both theoretical knowledge and applied experience. 

This effort aims to enhance the global dialogue on sustainable aquatic food 

production by using the experience of researchers, practitioners and 

policymakers. We aspire that the insights presented will stimulate innovation, 

promote responsible practices and enhance collaborative endeavors to ensure 

that aquaculture and aquatic sciences progress in alignment with the planet's 

ecological limits, delivering nutritious food now, without jeopardizing the 

requirements of future generations. 

 All of whose insights have strengthened this publication have our 

warmest appreciation, as do the organizations and individuals that work to 

promote sustainable aquaculture practices. 

 

Bogor-Indonesia, September 2025 
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in RAS. This book aims to be an essential source for everyone interested in 

RAS technology and its potential uses in various aquaculture contexts, 

whether they be students, researchers, professionals or policymakers. It is also 

dedicated to the researchers and scientists who actively investigate methods to 

enhance recirculating aquaculture systems, improving sustainability, 

productivity and resilience. Their innovations facilitate a more hopeful future 

in aquaculture. 
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Abstract 

Recirculating Aquaculture System (RAS) is a closed fish farming system 

that relies on biofilters to maintain water quality through nitrification. The 

effectiveness of biofilters in oxidizing nitrogenous waste, such as ammonia, 

into nitrate is highly influenced by factors including biofilter design, type and 

environmental conditions such as temperature, pH and dissolved oxygen 

concentration. Commonly used biofilters include fixed media filters, moving 

bed bioreactors (MBBR), trickling filters and fluidized bed filters. MBBR has 

been demonstrated to exhibit high nitrogen removal efficiency, whereas 

trickling filters enhance nitrification through improved oxygen exposure. 

Fluidized bed filters offer high nitrification capacity but require a more 

complex flow regulation system. Optimal biofilter design in RAS considers 

ammonia waste load, the surface area of the filtration media and the hydraulic 

loading rate (HLR) of the filter. Applying a trickling filter in Panulirus sp. 

lobster aquaculture has reduced Total Ammonia Nitrogen (TAN) by up to 

23.33 g TAN/m³/day. At the same time, the use of a submerged biofilter in 

Litopenaeus vannamei shrimp culture effectively maintains water quality 

1 
CHAPTER 
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without liquid waste disposal (zero wastewater discharge). By optimizing 

biofiltration systems, RAS technology can enhance fish productivity while 

contributing to the sustainability of environmentally friendly aquaculture. 

Keywords: RAS, biofilter, design, trickle filter, fixed media filter, Moving 

bed bioreactor. 

Introduction 

The Recirculating Aquaculture System represents a closed loop fish 

culture method that utilizes biological biofiltration mechanisms to uphold 

optimal water quality by nitrification. During nitrification, autotrophic 

nitrifying bacteria form biofilms on filter media and play a crucial role in 

oxidizing toxic nitrogenous waste into less harmful compounds. Ammonia 

(NH₃/NH₄⁺), a metabolic excretion product of fish, is first oxidized by 

ammonia-oxidizing bacteria (AOB) such as Nitrosomonas sp. into nitrite 

(NO₂⁻), which is then further oxidized by nitrite-oxidizing bacteria (NOB) 

such as Nitrobacter sp. into nitrate (NO₃⁻) [1, 2]. This sequential aerobic 

nitrification reduces the accumulation of toxic ammonia and nitrite in the 

water, thereby maintaining a suitable environment for fish growth. The 

efficiency of biofilter performance is significantly influenced by 

environmental factors such as temperature, pH and dissolved oxygen 

concentration [3-5]. 

Given the pivotal function of biofiltration in preserving water quality 

through nitrification, consideration must also be oriented toward the selection 

and configuration of biofilters to guarantee optimal system efficacy. The 

success of Recirculating Aquaculture Systems (RAS) is profoundly reliant on 

the selection of suitable biofilter design and classification, considering 

operational mechanisms and efficiency. Various biofilter types have been 

implemented in RAS, including moving bed biofilters, submerged biofilters 

and fluidized bed biofilters, each with distinct advantages and challenges. For 

instance, moving bed biofilters are known for their ability to enhance the 

surface area available for nitrifying bacterial colonies through continuously 

moving media, allowing for more bacterial attachment and growth [6, 7]. 

Furthermore, it increases efficiency in nitrification by maximizing the contact 

between contaminated water and the filter media, which is covered with a 

biofilm. 

In contrast, submerged biofilters have a simpler design and operation but 

may face limitations in oxygen transfer, which can reduce nitrification 
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effectiveness [8, 9]. Meanwhile, fluidized bed biofilters utilize high flow 

velocities to keep media in suspension, thereby maximizing surface area and 

biofilm development. However, they require more complex flow regulation 

and oxygen distribution management [10, 11]. These operational considerations 

highlight the importance of carefully optimizing biofilter design parameters to 

ensure biological efficiency and system stability. 

Optimal biofilter design in RAS must consider various technical factors 

that influence its efficiency, such as filter media selection, the ratio of surface 

area to media volume and hydraulic loading rate (HLR). Media with larger 

surface areas support denser biofilm growth, enhancing the biofilter’s ability 

to oxidize ammonia into nitrate [12]. Furthermore, a suitable Hydraulic Loading 

Rate (HLR) guarantees optimal water movement through the filtration system, 

permitting adequate duration for nitrifying microorganisms to execute 

maximal conversion [13]. An additional vital consideration encompasses 

maintenance protocols such as backwashing, which aids in the elimination of 

amassed particulates and preserves optimal water circulation. Regular 

maintenance ensures sustained biofilter performance over time, preventing 

clogging or reduced nitrification capacity [8, 9]. 

When selecting a biofilter, considerations include its design, operational 

mechanism, hydraulic retention time (HRT) and practical factors such as ease 

of maintenance and associated costs. The appropriate biofilter selection 

enables the optimization of RAS technology to improve water quality, support 

fish health and ensure sustainable, environmentally friendly and efficient 

aquaculture operations. 

Types and Applications of Biofilters 

In Recirculating Aquaculture Systems, the biofilter plays a crucial role, 

acting as the heart of the entire system. The biofilter is responsible for 

converting dissolved nitrogenous wastes, primarily ammonia (NH₃) and nitrite 

(NO₂⁻), which are toxic to fish, into nitrate (NO₃⁻), a less toxic substance for 

aquatic organisms, through the process of biological nitrification. The 

successful operation of an RAS is highly dependent on the efficiency and 

stability of the biofilter. The commonly used types of biofilters include fixed 

media filters, Moving Bed Bioreactors (MBBR), trickling filters and fluidized 

bed filters.  

Fixed Media Filters 

Within Recirculating Aquaculture Systems, fixed media filters are water 
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treatment units primarily for ammonia conversion. This conversion process is 

crucial for maintaining optimal water quality conducive to aquaculture 

activities. The design of these filters is predicated on the mass balance of the 

organic load from the system’s effluent, which dictates specific media 

dimensions and characteristics. Submerged filter media, characterized by a 

large specific surface area, facilitate a compact design and can effectively 

reduce the water’s total ammonia nitrogen (TAN) levels, promoting 

sustainable aquaculture practices [14]. To better understand their operational 

characteristics and limitations, exploring the different types and practical 

applications of fixed media filters in RAS settings is essential. 

Types and applications of biofilters fixed media filters utilize solid, 

stationary media (e.g., gravel, plastic bio-balls or crushed shells) as a substrate 

for the attachment of nitrifying bacterial biofilms [15]. Water flows through the 

gaps between the media, allowing bacteria such as Nitrosomonas sp. and 

Nitrobacter sp. to oxidize ammonia into nitrite and nitrate. This design is 

simple; however, the accumulation of solids and excessive biofilm growth, 

particularly under high organic loads, can clog the media pores, reducing 

dissolved oxygen levels [8, 9]. A variation of this system, known as a submerged 

filter, consists of media that remain completely immersed in water. To further 

assess the practical implications of biofilter design, recent studies have 

compared different bioreactor configurations to evaluate their performance in 

real world aquaculture settings. 

A study has been done to evaluate the impact of three different bioreactor 

configurations within a recirculating aquaculture system on the growth and 

health of rainbow trout (Oncorhynchus mykiss), water quality and nitrification 

efficiency [16]. These configurations were two fixed-bed bioreactors (FBBR) 

in series (FF), one FBBR followed by one moving bed bioreactor (MBBR) 

(FM) and two MBBR in series (MM). In this study, the fixed-bed bioreactors 

(FBBR) were designed to trap fine particulate solids and were susceptible to 

clogging, thus requiring regular backwashing. Conversely, the moving bed 

bioreactors (MBBR) utilized continuously moving carrier media, creating a 

scouring effect that sheared off solid particles and excess biomass, which were 

subsequently removed from the system by a solids removal unit; MBBR 

typically do not require backwashing [16]. This study found that the bioreactor 

design did not significantly affect fish growth performance, as measured by a 

specific growth rate (SGR) between 1.59 and 1.64% /day and a feed 

conversion ratio (FCR) between 0.95 and 0.98. Furthermore, no significant 

histopathological differences were observed in the gills, kidneys, liver and 
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heart tissues among the RAS treatment groups and a flow through control 

group. However, significant differences were observed in water quality [16]. 

Regarding nitrite parameters recorded during the study, nitrite 

concentrations were significantly higher in the FF system than in the FM and 

MM systems. However, the treatments did not affect the mean total ammonia 

nitrogen (TAN) concentration. Nitrification rates, measured in the laboratory, 

corresponded with the in-water nitrite levels, indicating the highest total 

ammonium oxidation rate in the MM system. Within the FF group, the second 

FBBR exhibited a lower nitrification rate than the first FBBR. In contrast, 

nitrification rates were consistent across all MBBR, suggesting that MBBR 

are more stable and reliable for nitrification [16]. 

Concentrations of total organic carbon (TOC) and UV254 absorbance, 

indicative of organic matter accumulation, were higher in the groups with 

moving bed systems (FM and MM) compared to the FF group. The highest 

CO2 concentration was observed in the FF group, while it was lower in the 

FM and MM groups, likely due to the continuous aeration within the MBBR. 

Regarding solids, the total solids removed from the entire RAS unit (swirl 

separator and drum filter) were similar among treatments. However, the 

removal of solids by the drum filter was significantly influenced by the 

bioreactor system, with the drum filter in the MM system removing the most 

solids, followed by FM and the least in FF. These findings showed that 

although MBBR releases more fine solids into the circulating water, the 60 

μm drum filter can compensate for this accumulation. The total volume of 

particles in the biologically filtered water was higher in the MM group 

compared to the FF group [16]. 

In conclusion, although the bioreactor configuration did not significantly 

affect the growth and health of rainbow trout in this study, the bioreactor 

design influenced water quality, primarily through impacts on solids 

accumulation and nitrification efficiency. The FF system tended to accumulate 

nitrite, whereas the FM and MM systems were prone to increase organic 

content and fine particles, which were managed mainly by the drum filter [16]. 

This study also found that, in terms of nitrification efficiency, fixed media 

filters performed worse than Moving Bed Bioreactors due to uneven water 

flow, which reduced the effectiveness of the surface area for nitrification and 

led to nitrite accumulation.  

Extending this discussion to shrimp aquaculture, to study the use of 

aerated submerged filters with bioblock media in Litopenaeus vannamei post-
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larvae rearing [17], resulted in stable water quality that met the required 

standards throughout the cultivation period. The submerged filter treatment 

using green tanks achieved the highest biomass production (928 g/m³) and 

survival rate (SR) of almost 73%. 

Moving Bed Bioreactor 

The Moving Bed Bioreactor (MBBR) is a biofilm-based water treatment 

technology in which microorganisms attach to freely moving carriers within a 

reactor filled with wastewater. This system combines the advantages of 

activated sludge and fixed film biofilters, leading to high efficiency in nitrogen 

and organic compound removal in aquaculture wastewater [6, 7]. One of its 

main advantages is its high efficiency in ammonia and nitrate removal. Studies 

indicate that MBBR can achieve nitrification efficiency exceeding 92%, 

maintaining ammonia concentrations below 0.5 mg/L, thereby significantly 

improving water quality for aquaculture [6, 18].  

Building on the demonstrated efficiency of MBBR in nitrogen removal, 

recent studies have explored its integration into shrimp culture systems to 

enhance water quality and animal performance. A pilot-scale study was 

conducted to compare the capabilities of Litopenaeus vannamei culture 

systems using Biofloc Technology (BFT) and Advanced Biofloc Technology 

(ABFT) combined with a Moving Bed Bioreactor (MBBR) in terms of 

enhancing shrimp growth performance and their ability to regulate ammonia, 

nitrite and nitrate concentrations in the water [19]. The BFT culture tank had a 

capacity of 250 m3 with a larval shrimp density of 125,000 individuals per 

tank (initial weight 7 mg/shrimp) and was maintained for 100 days. The ABFT 

system used in the study had the same culture tank capacity and larval shrimp 

density as the BFT system but was equipped with 4 MBBR units utilizing K5 

media (occupying 35% of the biofilter tank volume). The results from this 

pilot-scale research indicated that the combination of MBBR with a biofloc 

system in L. vannamei shrimp culture produced optimal water quality, with 

TAN and nitrite removal rates of 65.86% and 57.51%, respectively. This 

treatment resulted in the highest SGR (7.81%/ day) and SR (81.22%) [19]. 

Trickling filters 

Trickling filters use media that are not fully submerged, providing a large 

surface area for biofilm growth. These media are typically highly porous, 

allowing bacterial colonization and nutrient processing. Trickling filters are 

effective in nutrient removal, with efficiency dependent on filtration rates. In 
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aquaculture applications, this system is commonly modified using sponge-

based media, known as Downflow Hanging Sponge (DHS) reactors [20]. DHS 

reactors offer low operational costs, as they do not require external aeration to 

supply dissolved oxygen, making them highly energy-efficient [21, 22]. Another 

advantage is their adaptability to seawater conditions, as DHS reactors have 

been shown to maintain nitrification efficiency even in high salinity 

environments [23]. A separate study also demonstrated that DHS reactors 

successfully reduced Total Ammonia Nitrogen (TAN) concentrations from 10 

mg/L to 1 mg/L within 11 days, proving their effectiveness in mitigating 

ammonia toxicity [22].  

Additionally, a study was conducted to determine the performance of a 

trickling filter concerning different feed types and feeding strategies in the 

aquaculture of Gilthead Sea bream (Sparus aurata) within a Recirculating 

Aquaculture System (RAS) [24]. The RAS in this research featured a 250 m³ 

fish culture tank, equipped with a sponge-based solid removal unit (cleaned 

weekly) and a 0.025 m³ trickling filter with bactoballs as media, a heating unit 

and a system water flow rate of 1.08 m³/hour. The treatments in this study 

involved different feed types: a commercial pellet feed as control, a fish meal-

based meal feed and a plant-based meal feed, as well as various feeding 

strategies (manual feeding, automatic feeder and auto demand feeder/ad 

libitum) with a feeding frequency of three times a day (Monday-Friday), once 

on Saturday and no feeding on Sunday. The fish density in each culture tank 

was 30 individuals with an average initial weight of 7.9 grams/fish and they 

were cultured for 140 days. The results of this research indicated that the use 

of trickling filters in the Gilthead Sea bream (Sparus aurata) culture, where 

fish meal-based feeding resulted in the highest TAN removal rate of 0.11 ± 

0.01 gN-TAN/m² biofiltration per day. This approach yielded optimal 

production performance, with an SGR of 2.05%/day and an SR of 88.3%. 

Furthermore, when viewed from the perspective of the feeding strategy 

treatment, the auto demand feeder/ad libitum produced the best ammonia 

removal performance in the trickling filter, achieving 0.10 gN-TAN removed 

per m² biofiltration area per day [24]. 

Fluidized bed filters 

Fluidized bed filters employ fine granular media (typically sand) that are 

fluidized by upward water flow, keeping the media in suspension and allowing 

continuous movement within the reactor column. Each sand particle is coated 

with nitrifying biofilm and remains in motion, maximizing contact between 
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water, nutrients, oxygen and biofilm. Fluidized sand biofilters can sustain 

higher nitrification loads due to their large specific surface area (5000–20,000 

m²/m³), which particularly suitable for high-density aquaculture systems with 

substantial feed inputs [10]. Another advantage of this system is the low cost 

and wide availability of sand as a filtration medium. However, fluidized bed 

filters require continuous pumping energy to maintain fluidization and are 

highly sensitive to organic load fluctuations. Excessive organic matter can 

cause biofilm aggregation, leading to oxygen depletion and filter instability 
[11]. The Cyclobio Fluidized Sand Filter, when supplemented with daily NH₄Cl 

dosing in Ictalurus sp. aquaculture, demonstrated TAN removal efficiency of 

51.4%, achieving a Volumetric TAN Removal Rate (VTR) of 93.2 g TAN/m³ 

media per day. This filtration capacity was sufficient to support an 800 kg 

biomass fish hatchery [11]. 

Additionally, an experimental trial tested the capabilities of a Rapid Sand 

Filter (RSF) and a hybrid system combining an RSF with a Slow Sand Filter 

(SSF) for controlling water turbidity, the microbial growth potential of 

Pseudoalteromonas songiae and the level of biofouling in culture tanks for 

juvenile dusky grouper over a 31 day observation period [25]. The fish culture 

tanks had a capacity of 1000 liters with a juvenile fish density of 4 individuals 

per tank and average initial biomass of 1.559 grams. The sand media in the 

RSF had a diameter of 0.6 mm with a uniformity coefficient of 1.7 and was 

operated at a hydraulic loading rate of 12 m³/m²/h. In comparison, the sand 

media in the SSF had a diameter of 0.1mm with a uniformity coefficient of 

2.0 and was operated at a hydraulic loading rate of 0.1 m³/m²/h. The results 

from this research reported that the application of the hybrid filter combining 

RSF with SSF resulted in lower turbidity, achieving less than 1 NTU, reduced 

microbial growth and effective biofilm control in fish culture tanks compared 

to the application of the RSF alone [25]. 

Design of Biofilters in Recirculating Aquaculture Systems 

Design and Performance Evaluation of Trickle Filters for Panulirus sp. 

Lobster Rearing 

The design of biofilters for RAS is a crucial aspect of water quality 

management to support the growth of spiny lobster (Panulirus sp.). This 

design process involves a series of steps, including waste load analysis, 

selection of biofilter media and calculation of the necessary biofilter 

dimensions and capacity. The following are the stages of biofilter design 

implemented in Panulirus sp. lobster aquaculture research [26]. 
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Waste Load Calculation 

The primary waste that must be removed in aquaculture systems is 

ammonia (NH₃), produced through aquatic organisms’ metabolic processes. 

The presence of ammonia in water must be controlled to maintain safe levels 

for lobsters. The total ammonia nitrogen (TAN) load can be calculated based 

on the feed’s feeding rate and protein content. Using the following formula, 

the daily TAN load is determined as follows: 

 (1)  

Where: 

• Feeding Rate refers to the feeding rate, calculated as the percentage 

of feed relative to the lobster’s body weight, 

• Protein Concentration represents the protein content in the feed. 

For example, in this design, a feeding rate of 10% of the total lobster 

weight, with a feed protein concentration of approximately 35%, 

results in a TAN load that must be managed. 

Biofilter Capacity Calculation 

The biofilter design begins with measuring dimensions based on the 

system’s capacity to process the Total Ammonia Nitrogen (TAN) load. The 

design criteria for the biofilter in this study are based on several key 

assumptions that influence the capacity and dimensions of the designed 

biofilter system. The first assumption is that the harvest weight of lobsters is 

estimated at 40 kg, with the water temperature maintained at 28°C to optimize 

lobster metabolism. The organic load is calculated based on a daily feeding 

rate of 10% of the total lobster weight, ensuring sufficient feed to support 

growth and health. 

The lobster stocking density is set at 5.7 kg/m³, representing the 

cultivation density per unit volume of water. Additionally, the system is 

designed with a water turnover rate of half a complete cycle per hour, 

supporting optimal water quality in the recirculating aquaculture system. The 

filter media is a sponge with a void fraction of 0.92, allowing efficient water 

flow distribution and supporting nitrification. Furthermore, the sponge is 

selected as the filter media due to its specific surface area (SSA) of 1600 

m²/m³, providing a sufficient surface area for nitrifying bacteria to grow and 

convert ammonia into nitrate, thereby maintaining safe water quality for 

lobsters. The biofilter dimensions are calculated using the following formulas:  
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  (2) 

  (3) 

  (4) 

  (5) 

  (6) 

  (7) 

  (8) 

This study adjusted the biofilter design to a hydraulic flow rate of 200 

m³/m²/day, with a required water volume of approximately 7 m³ for the 

system. Based on calculations, the necessary biofilter volume is approximately 

0.1 m³, with a cross-sectional area of 0.2 m² and a biofilter height of 0.24 m. 

Biofilter Performance Calculation. 

The performance of the biofilter is assessed by monitoring the reduction 

in TAN concentration in the water during the recirculation process. This 

measurement is conducted by tracking TAN concentrations at the biofilter 

inlet and outlet every 24 hours using the grab sampling method. The TAN 

removal rate is calculated using the following formula: 

   (9) 

Where: 

• [TAN] represents the TAN concentration at the biofilter inlet and 

outlet, 

• Q is the water flow rate through the biofilter, 

• V is the volume of the biofilter media. 
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 (10) 

[TAN] represents the TAN concentration in the influent solution, rTAN 

refers to the Volumetric TAN Removal Rate (VTR), a is the reaction rate 

coefficient for TAN removal, b is the intercept and n indicates the reaction 

order for TAN removal. In this study, the average TAN removal rate was 23.33 

g TAN/m³/day, demonstrating that the biofilter is highly efficient in reducing 

ammonia levels in the water. 

Application and Performance Evaluation. 

The results from the biofilter design calculations and performance testing 

indicate that the biofilter system effectively maintains optimal water quality 

for Panulirus sp. lobster rearing, with an average TAN reduction of 23.33 g 

TAN/m³/day. This biofilter performance surpasses that of previous studies 

using different filter media. Furthermore, the system successfully supported 

lobster survival rates of up to 97.8%, demonstrating that the biofilter design 

effectively maintains the water quality for Panulirus sp. rearing. 

Design of Submerged Biofilter for Litopenaeus vannamei Shrimp Rearing. 

A study has been conducted on a series of designs and implementations 

of submerged filters for vaname shrimp rearing in RAS [14]. Several steps in 

this study are outlined below. 

Determination of Design Criteria. 

A submerged fixed-bed filter was designed with a total water volume of 

8 m³, intended for shrimp farming at a stocking density of 400 shrimp/m³, with 

an expected total harvest of 46 kg of shrimp. The filter capacity was designed 

to be 1.5 times larger than the total harvest weight to prevent water overflow. 

The water quality criteria for shrimp farming included maintaining dissolved 

oxygen levels between 6-7 mg/L and keeping Total Ammonium Nitrogen 

(TAN) concentrations below 1.8 mg/L. Several assumptions were made in the 

design process, including a feeding rate of 3% of the shrimp’s body weight, a 

feed protein content of 30%, a filter efficiency of 50% in removing TAN, a 

nitrification rate of 0.45 g TAN/m²/day and a filter media surface area of 1200 

m²/m³. The daily TAN load for the submerged fixed-bed filter was calculated 

using the following equation: 

 (11) 

The biofilter dimensions were calculated using equations 2-7. Based on 
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the calculations performed, the depth of the filter media used is 0.3 meters, 

with a filter media surface area of 1200 m²/m³, providing sufficient area for 

the growth of nitrifying microorganisms. The volume of the filter media used 

is 0.07 m³, with the required nitrification surface area of 83.23 m². 

Additionally, the diameter of the filter’s base area is 0.543 meters, ensuring 

optimal water flow distribution. Based on these calculations, the required filter 

media volume remains at 0.07 m³, supporting optimal the biofiltration process. 

Experimental Testing 

Experimental testing was conducted to assess the designed biofilter’s 

performance based on the calculation result. Shrimp weighing 0.74 ± 0.02 

grams were stocked in each tank at a density of 400 shrimps/m3 for 60 days. 

Feed was provided five times a day using CJ shrimp feed, which contains 

approximately 32-35% protein, with an amount of feed equalling 3% of the 

total shrimp weight. The RAS system was operated continuously for 24 hours 

without seawater exchange, but freshwater was periodically added to ensure 

that the salinity remained within the range of 23-25 ppt.  

Results Achieved 

The biofilter system applied in the Recirculating Aquaculture System 

(RAS) demonstrated high effectiveness in processing Total Ammonia 

Nitrogen (TAN), successfully reducing TAN concentrations to levels 

considered safe for shrimp farming, i.e., below 1.8 mg/L [14]. Although there 

was an increase in TAN concentrations on day 50 due to the accumulation of 

organic material from leftover feed, the filtration system could still control 

TAN levels within acceptable ranges. Additionally, water quality parameters 

such as nitrite (NO₂⁻), nitrate (NO₃⁻), temperature, pH and dissolved oxygen 

remained within optimal conditions for the growth and health of Litopenaeus 

vannamei shrimp. The performance of this system also provided significant 

environmental sustainability benefits, as it did not require regular seawater 

exchange and implemented a zero wastewater disposal system, thereby 

reducing environmental pollution in the surrounding aquatic ecosystem. 

Conclusion 

The selection of the type and design of the biofilter in RAS is a crucial 

factor in determining the system’s effectiveness in maintaining water quality 

and supporting the health of cultured organisms. Each type of biofilter, such 

as fixed media filters, moving bed bioreactors (MBBR), trickling filters and 

fluidized bed filters, has its characteristics, advantages and challenges in the 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

13 

nitrification process and nitrogen waste treatment. The choice of biofilter type 

and design should be tailored to the specific needs of the RAS system, 

considering technical aspects, costs and ease of maintenance. The correct 

selection and design of the biofilter are expected to result in an optimal RAS 

system. 
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Abstract 

The RAS system is certain to be the best solution in terms of fish farming, 

it can even be 90% effective in maintaining water quality and also its 

durability in the cultivation process. RAS can handle the problem of 

aquaculture wastewater discharged into the environment and can be applied to 

various types of fish that have high marketability, the Internet of Things (IoT) 

system applied to RAS can optimally provide real-time information that can 

be combined with actuator system that can automatically provide warnings, 

2 
CHAPTER 
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perform automatic water changes and continue to monitor water quality in 

real-time, this can provide essential benefits for the fish farming system. IoT-

based systems for RAS can be combined with various types of sensors that 

can perform monitoring systems such as water pH sensors, water turbidity 

sensors, water temperature sensors, Dissolved Oxygen (DO) sensors, Salinity 

Sensors, Nitrite and Nitrate Sensor that provide detailed information about the 

condition of the water environment in the cultivation system and also an 

automatic fish feeding system. While IoT, especially using LoRaWAN can 

even be combined with Artificial Intelligence (AI) systems to get more precise 

results about the condition of fish and the cultivation system as a whole. 

Keywords: IoT, smart sensors, AI, RAS, LoRaWAN 

Introduction 

Internet of Things (IoT) technology plays a major role in building 

intelligent monitoring systems for aquaculture, including Recirculating 

Aquaculture Systems (RAS). RAS is an aquaculture system that uses filtering 

and water treatment technology that can be continuously used in the process 

of maintaining fish farming. This system can minimize aquaculture waste that 

will be discharged into the environment. There are several components of 

RAS, including tanks for fish rearing, mechanical filtration systems used to 

remove suspended solids, Biofilters used to convert ammonia to nitrate 

through nitrifying bacteria, aeration/oxygenation systems used for dissolved 

oxygen, temperature regulation systems and also sterilization components 

such as UV. 

The advantages of RAS are water savings of up to 90%, compared to 

conventional systems, can be operated in locations with limited water sources, 

optimal control [1] of water quality parameters, year-round production, 

minimization of disease risk and better waste management. RAS [2] can be 

applied to various types of fish farming that have high selling value such as 

salmon, grouper, snapper and also catfish, this technology continues to be a 

future aquaculture solution. Meanwhile, the Internet of Things (IoT) in the 

RAS system will greatly assist in the monitoring and automation process such 

as systems that require actuators for solenoid valves, for example, which are 

used for automatic wastewater disposal if it looks cloudy, have an abnormal 

water pH and also other factors that inhibit the growth of aquaculture. 

Moreover, In more detail, the IoT system in RAS is shown in the 

following points, including increasing the efficiency, productivity and 
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sustainability of aquaculture systems that can provide detailed information 

about the monitoring system that is being carried out, including real-time 

water quality monitoring, water quality has a complete range of content such 

as temperature, dissolved oxygen, pH, ammonia, nitrite, nitrate and CO2 

factors, these data can be collected into one real-time in the conditions being 

monitored and also special is the monitoring system carried out at a distance. 

In this case, if monitoring is carried out, there must be several factors that 

cause data discrepancies, including sensor data, especially water pH for 

example. So IoT can provide a warning system that requires users to open and 

close valves using automation, for example Solenoid Valve to drain 

waterways. 

Specifically about system automation in IoT RAS [3], including automatic 

pump settings, aerators and filtration systems based on sensor data, 

automation of feeding according to schedules, temperature settings and 

lighting systems are also parameters that need to be added and become more 

complex analysis if in-depth research needs to be done on the light used. After 

the above factors are comprehensively created and analyzed, specific data 

analysis and predictive systems are needed by collecting data or creating 

datasets if the specific analysis is needed for research, collecting big data for 

pattern and trend analysis, artificial intelligence algorithms for predicting 

potential problems before they occur and optimizing the use of energy [4], as 

well as resources. 

IoT-LoRaWAN can be developed to improve the quality of application 

servers, management of data transmission from end-devices, gateway settings, 

distance management, transmit data management and other essential elements. 

Remote transmission management settings are needed to support the quality 

of the data being transmitted. The settings include the development of control 

systems through smartphone applications and WEB platforms, remote system 

intervention during emergency conditions and real-time notifications for 

critical conditions via SMS, email or application notifications. The next 

benefit of IoT technology for RAS is supply chain integration, including 

automated inventory tracking (feed, chemicals, etc.), monitoring of fish 

growth and biomass and prediction of harvest time and production yield. It 

can also perform real-time monitoring of energy efficiency such as 

optimization of electricity usage for pumps and aerators, automatic settings to 

reduce energy consumption at certain times and integration with renewable 

energy systems. 
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Application IoT in RAS  

Several applications in RAS [5] have been conducted by several 

researchers through research, including Efficient water use is essential for 

maintaining sustainable practices and this can be achieved through methods 

such as employing recirculating aquaculture systems (RAS), which recycle 

water within aquaculture facilities and utilizing rainwater harvesting to reduce 

reliance on external water sources [6-8]. An Aquaponic-RAS technology was 

able to maintain water quality parameters within acceptable ranges for catfish 

aquaculture, resulting in good production indicators, including a high survival 

rate (85.5%), good feed conversion ratio (1.1) and high harvest yield (26 

kg/m³), furthermore can maintain water quality for reuse and increase catfish 

yields by about 13% compared to conventional methods which also stand for 

tilapia [9]. 

IoT in RAS has an important role in terms of modernization in the 

aquaculture system, with a digital technology integration system, IoT, 

especially LoRaWAN, which can provide novelty in terms of monitoring, 

control and optimization of the cultivation process. Specifically shown in the 

real-time water parameter monitoring system by looking at several influencing 

factors such as temperature, water pH, dissolved oxygen, ammonia and nitrate. 

These sensor data are sent continuously to servers such as the LoRaWAN 

Application Server. The IoT RAS system is also capable of providing 

automated systems, such as automatic feeding using a certain algorithm, 

automatic setting of water circulation and filtration systems and adjustment of 

oxygen levels and temperature based on realtime conditions. As well as 

performing data analysis and prediction by conducting historical data to 

analyze patterns and trends, creating an artificial intelligence algorithm that 

can predict problems that will occur and optimize the use of resources based 

on the data obtained. 

IoT RAS is also able to be optimized in terms of notification and warning 

systems [10], sensor data such as sensor data mismatches will be able to be 

added with a notification system that can provide early warning of critical or 

abnormal conditions in the environment, especially aquaculture. The 

notification system can be given, for example, directly on the manager's 

mobile device so that it can provide a quick response to reduce mortality in 

fish farming. In addition to the warning system energy management, energy 

can also be monitored and used as an essential indicator for the warning 

system. Energy can also be optimized by providing a deep sleep system so that 
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at certain times the system can rest when not sending data. Energy 

management can also be optimized by using energy for pumps, aerators and 

heating or cooling systems to reduce operational costs [11]. 

IoT systems can be built with several Nircable devices or devices such as 

WiFi, Bluetooth, LoRaWAN, GSM and other devices, the point is to be able 

to send data to the internet server with a long distance capable of providing 

sensor reports in real-time. Similarly, IoT on RAS, the system can provide 

data remotely through Mobile or WEB applications which are essentially able 

to provide data in real-time without having to be at the location of data 

collection. So that a quick response can be made. The essence of building an 

IoT-RAS system on the application server, WEB App or Mobile App, is a 

control system that can carry out commands from the warning system to turn 

on the water valve, in this case, the solenoid valve, for example, to perform an 

automatic system, not only monitoring, but also performing a system that can 

solve problems such as automatic replacement of cultivation water based on a 

warning system obtained from sensor data that does not match expectations. 

The integration of IoT and AI can result in the optimization of more 

sophisticated automation systems, IoT and AI can predict aquaculture systems 

such as estimating the number of harvests based on growth data, integrating 

production data with supply chain management systems and ensuring 

traceability of aquaculture products. 

Smart Sensors in RAS 

Smart Sensor Technology 

In the first experiment, building a monitoring system for fish and shrimp 

farming using LoRaWAN, we used various sensors in a multi-point manner 

sent to the server, so smart technology for RAS is needed through multiple 

sensors this is the right step because the more sensors applied to the system to 

be built will be able to provide precise results and also be able to provide 

system automation that will be very helpful for pond farmers and fish farmers. 

Some of the sensors that I have mentioned before are among others Water 

Quality Monitoring Sensors and dissolved Oxygen (DO) Sensors, specifically 

DO Sensors, Continuous monitoring of oxygen levels using optical or 

electrochemical sensors with wireless connectivity can be maximized to get 

more precise results from real-time water conditions, DO is one of the most 

important factors in the fish farming process for good oxygen coverage and 

for fish survival. Next is the water pH sensor which can provide information 

about pH specifically and in real time, then is the water temperature sensor. 
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Good sensors such as waterproof digital thermometers can provide high 

precision values (±0.1°C). Then Ammonia/Nitrite/Nitrate Sensors are ion-

selective electrodes or optical sensors to detect nitrogen compounds. 

Conductivity/Salinity Sensor is a digital measurement of water conductivity 

and salinity with automatic calibration. 

In addition to these sensors, there are Flow and Level Sensors, Ultrasonic 

Flow Meters that are non-invasive measurements of water flow in pipes and 

Pressure-based Level Sensors that monitor water levels in tanks and reservoirs 

and Optical Level Sensors to detect water levels without direct contact. In 

addition to the above sensors, there are Biometric Sensors which are described 

as a Computer Vision System which is an AI-powered camera for fish 

counting, size estimation and behavioral analysis, Acoustic Sensors which are 

sensors capable of detecting fish activity and feeding behavior through sound 

analysis and Biomass Estimation Sensors which are systems that use various 

technologies (optical, acoustic or weight-based) to estimate the total biomass 

of fish. There are also Environmental Sensors including CO₂ Sensors capable 

of measuring carbon dioxide levels in water and air, Light Sensors capable of 

monitoring light intensity and spectral composition and Turbidity Sensors 

capable of measuring water clarity and suspended solids. 

Several data transmission methods continue to be developed into a system 

that has superior performance, such as data transmission, hardware, methods 

such as Adaptive Data Rate (ADR), Listen Before Talk (LBT), Long-Range 

Frequency Hopping Spread Spectrum (LR-FHSS), ALOHA and others. We 

can develop or integrate systems with different hardware such as LoRa, 

ZigBee and WiFi combined or integrated as an integrated IoT system, we can 

call it Cross Technology Communication (CTC) by doing various 

combinations, especially in the Cloud or IoT Gateway, Edge Computing 

Devices and Wireless Sensor Network. This will be a more detailed and 

comprehensive development of the IoT system, especially 

telecommunications, in terms of analyzing its use. Ultimately, these smart 

sensor technologies transform RAS operations through real-time monitoring, 

predictive analysis and automated control systems, resulting in optimized 

production, reduced risk and improved sustainability in intensive aquaculture. 

Benefit of IoT in RAS 

The diversification of aquaculture, particularly in tilapia farming, is 

increasingly recognized as a crucial strategy for enhancing resilience against 

environmental uncertainties. This approach not only addresses the challenges 
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posed by climate change but also improves the sustainability and profitability 

of aquaculture enterprises. It can be clarified that the application of IoT 

technology can provide high benefits to the RAS, including Operational 

Efficiency, especially in resource optimization with an estimated waste 

reduction of 15-30% from the automatic feed system. The next benefit is 

energy management with a 20-40% reduction in pump and aeration costs. 

With IoT, it is ensured that labor efficiency can be met by replacing labor with 

an IoT automation system that is only assisted by Internet servers and devices, 

as well as telecommunication, estimating this efficiency to 70% and a warning 

system that ensures the accuracy of the steps taken if there is an inaccuracy in 

the water environment, which is 30-50% ensuring that each device can work 

properly, with algorithms and scheduling that can provide realtime with 

accuracy in terms of timing [12]. 

The previous water quality was still using a conventional system, so with IoT 

RAS will be able to manage water well and water quality can also be improved. 

With IoT, monitoring can be done in real-time by conducting a detection 

system on water quality fluctuations in detail and in real-time, a quick 

response when there is a mismatch in sensor data such as water pH, oxygen 

and temperature. Historical data analysis talks about how to optimize water 

treatment and reduce the use of chemicals, namely the right dosage based on 

actual conditions, not scheduled maintenance. 

The approach taken when monitoring LoRaWAN-based aquaculture in 

white leg shrimp is how to find out its health and the factors that cause 

AHPND disease that causes death. For this reason, the next year's research 

discusses how AHPND disease can be minimized or even eliminated with 

Artificial Intelligence (AI) and early disease detection through water sampling 

and also the process of taking shrimp samples, as well as fish. Early detection 

can be done by combining technology in Aquaculture systems such as RAS, 

only by comprehensively monitoring how water quality can be monitored and 

also detecting water and the cause of death of fish and shrimp that are being 

cultured. Furthermore, by using AI-Camera, fish growth can also be analyzed, 

by combining AI-Camera which produces datasets and then processing the 

datasets into a detailed and comprehensive form of analysis that shows growth 

from day to day, whether optimal or experiencing obstacles. The success of 

the IoT-RAS system can reach 25% and this is called significant success. In 

addition to growth, the movement of fish or shrimp can also provide 

conclusions about their health conditions, whether the shrimp or fish are 

experiencing stress, with a smart monitoring system, will be able to know in 
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detail and provide conclusions about stress in fish or shrimp farming. By 

looking at all the parameters above, good water quality will certainly reduce 

the mortality rate of fish or shrimp farming, to increase the profit of pond 

farmers. With IoT-RAS, the estimated success in preventing mortality can 

reach >50% or around 30-60%. 

The development is for decision-making using the database, including 

Performance Analysis i.e. comprehensive Dashboard for production metrics, 

Environmental Impact Assessment e.g. on Monitoring water usage and 

discharge quality, Predictive Analysis i.e. AI-based forecasting of production 

output and Integration with Business Systems: Connection between 

production data and financial/inventory systems. Furthermore, Economic 

Benefits include Reduced Operational Costs i.e. Reduction of overall 

operational costs by 15-30%. Improved ROI i.e. Increased production 

efficiency leading to faster return on investment, Premium Market i.e. Better 

quality control and traceability allowing access to premium markets and 

Insurance Benefits i.e. Some insurance companies offer reduced premiums for 

IoT-monitored systems. 

Artificial Intelligence (AI) in RAS 

AI Capabilities 

Artificial Intelligence has a big role in building systems that are 

increasingly flexible, easy, such as IoT applications. IoT in RAS can be 

combined with AI systems, for example, when monitoring the agility or 

movement of cultured fish, it will be concluded in the future, namely the 

analysis process towards determining disease, for example. The integration of 

AI in RAS will be able to turn conventional systems into intelligent systems 

such as decision making and databases that can be managed optimally, for 

example in terms of using algorithms with the use of datasets. 

Key applications of AI in RAS include real-time Water Quality 

Monitoring: AI algorithms process sensor data to continuously monitor 

parameters such as dissolved oxygen, pH, temperature and ammonia levels, 

predicting potential problems before they become critical. Next is Feed 

Optimization where machine learning models determine optimal feeding 

schedules and amounts based on fish behavior, growth rates and 

environmental conditions, thereby reducing wastage and improving feed 

conversion ratios [11, 13-16]. 

Next, previously discussed is Disease Detection, where computer vision 
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systems can identify early signs of disease or abnormal behavior in fish by 

analyzing swimming patterns and physical appearance [17-19]. Futhermore is 

Energy Management, with AI able to optimize energy consumption across 

pumps, filters and other equipment based on system needs, thereby reducing 

operational costs. In addition, Predictive Maintenance draws from Algorithms 

by identifying potential equipment failures before they occur by analyzing 

performance patterns in filtration systems, pumps and other critical 

components. AI is also capable of Growth Prediction through machine 

learning models estimating harvest time and final biomass by analyzing 

historical data and current conditions. And AI is also useful in Water 

Treatment Optimization, through AI Systems adjusting the filtration and 

treatment processes in real-time to maintain ideal water conditions. 

Integration in RAS 

The diversification of aquaculture, particularly in tilapia farming, is 

increasingly recognized as a crucial strategy for enhancing resilience against 

environmental uncertainties. This approach not only addresses the challenges 

posed by climate change but also improves the sustainability and profitability 

of aquaculture enterprises.  

System integration in Recirculating Aquaculture Systems (RAS) is an 

integrated approach that links various system components to create efficient 

and sustainable aquaculture operations [20]. Important aspects of system 

integration in RAS include Integrated Key Components, i.e. Monitoring and 

Control Systems, e.g. Sensors for water quality parameters (temperature, pH, 

dissolved oxygen, ammonia, nitrite), Automation systems for equipment 

settings and Centralized user interface for monitoring and control. 

An integrated filtration system is a combined set of parameters including 

mechanical filtration used to remove solid particles. Biofilter for ammonia to 

nitrate conversion and water purification system (UV, Ozone), protein 

separation system and energy management. Energy management is more 

about power management for pump and aerator settings. Temperature 

regulation is integrated with heating and cooling systems and also the 

utilization of renewable energy using solar panels or biogas. 

Moreover, the feeding system is built with several components including 

automatic feeders connected to the monitoring system. Feed optimization 

based on the condition of the biomass and the quality of the water and 

reduction of feed waste seen with water turbidity sensors or other specific 
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sensors. A data management system consisting of centralized data of various 

parameters includes an early warning system for critical parameters and 

analysis and optimization of production. 

Next, the benefits of system integration are operational efficiency, which 

is useful for reducing the presence of human resources or labor and replacing 

them with automation systems such as water replacement, energy monitoring 

and also feeding. And how to create a rapid response to changes in parameters, 

so as to be able to provide a rapid response to improve conditions to normal 

again. With the automation of sensors and the IoT RAS system, it will make 

water recycling effective, minimize waste and environmental impacts and 

optimize energy.And Sustainability, namely Reduction of water use through 

effective recycling, Minimization of waste and environmental impacts and 

Optimization of energy use. 

The challenges that occur in integrated systems include technical 

complexity, which requires specialized expertise in aquaculture, electronics 

and programming, so this work can be completed with teamwork. Next is the 

cost of implementation, the high initial investment is on the device and 

installation side and next is the cost of maintaining an integrated system that 

is more extensive than a single system. Integrated systems are said to have 

more reliability due to the number of elements or backup hardware and 

software that can be a replacement for damaged or critical devices and 

contingency plans to avoid system failure. 

Summary of Benefits 

 Enhanced Monitoring: IoT and smart sensors provide continuous, 

real-time monitoring of water quality and fish health, ensuring 

optimal conditions in RAS [21]. 

 Data-Driven Decisions: AI processes the data collected by IoT 

devices and smart sensors, enabling predictive analytics and 

automated decision-making [22]. 

 Sustainability: These technologies help in maintaining water 

quality, reducing waste and improving the overall efficiency and 

sustainability of RAS [23]. 

Challenges and Considerations 

 Complexity: Implementing IoT, smart sensors and AI in RAS 

requires significant technical expertise and investment [24-26]. 
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 Data Integration: Ensuring seamless integration and communication 

between various devices and systems is crucial for the effective 

functioning of IoT and AI in RAS. 

Conclusion 

The integration of IoT, smart sensors and AI in recirculating aquaculture 

systems offers significant benefits in terms of monitoring, efficiency and 

sustainability. However, it also presents challenges that need to be addressed 

to fully realize its potential. 
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Abstract 

Recirculating Aquaculture Systems (RAS) represent a breakthrough in 

sustainable aquaculture by reducing water usage and minimizing 

environmental impact through advanced water treatment and reuse 

technologies. Over the past four decades, RAS has integrated aquaculture with 

wastewater treatment, contributing to sustainability by reducing water 

withdrawal by up to 99% and lowering waste and antibiotic discharge. 

However, despite their benefits, RAS systems are capital-intensive and can 

face operational challenges, including environmental changes and fluctuating 

feeding or disinfecting routines. Efficient feed management plays a critical 

role in the success and sustainability of RAS operations. It is essential for 

optimizing fish growth, reducing waste and preserving water quality. As 

global demand for protein increases, improving feed management strategies 

in RAS is key to meeting these demands while ensuring environmental 

responsibility. Contemporary technologies such as automated feeders and 

alternative protein sources contribute to circular economic models that 

enhance farm productivity and fish health. This chapter explores the vital 

relationship between feed management, fish productivity and water quality in 

RAS, offering insights into strategies that can optimize feed use, reduce waste 

and lower costs. Recommendations for the future focus on adopting data-

driven methodologies and automated systems to enhance RAS efficiency and 

sustainability. 

3 
CHAPTER 
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Introduction 

Recirculating Aquaculture Systems (RAS) are breakthroughs for closed-

loop facilities that mitigate water volume stress through treatment and reuse, 

providing a more environmentally friendly approach to fish farming [1]. 

Fortified in the past four decades, RAS technology is the integration of 

aquaculture and wastewater treatment, employing sophisticated aquaculture 

industry waste management [2]. These systems help sustain water sources by 

reducing water withdrawal by as much as 99%, lowering waste and antibiotic 

discharge and improving sustainability [1]. RAS systems usually contain solid 

waste collection, biofiltration, aeration, gas removal, aeration and disinfection 
[3]. The operational stability of RAS systems, as a closed-loop system 

consisting of multiple components, can heavily rely on the functionality of 

each segment; thus, the aquaculture products may suffer the repercussions of 

several uncontrollable factors, such as changing environmental conditions, 

feeding habits or disinfecting routines (Figure 1) [4].  

However, there are significant capital costs and risks involved in 

implementing RAS. In any case, RAS systems are beneficial due to their 

continuous output, low environmental impact and adaptability to different 

control levels [3, 5]. In Indonesia, RAS has been implemented at several levels 

from small aquaponics to bigger systems with some boasting advanced 

technologies such as microbubbles [3]. With the advancement of technology, 

there is greater acknowledgment of RAS for development in sustainable 

aquaculture precisely because it seems to be increasingly essential [5]. Optimal 

performance of RAS requires an appropriate system configuration, efficient 

water treatment, solid feed structure, ongoing supervision, controllable shifts 

and adaptable logistical frameworks to retain value over time. One of the most 

prominent measures to guarantee the success of RAS operations is through 

efficient feed management.  

Besides water treatment and system design, feeding management is 

fundamental for the sustainability goals of RAS systems. The role of feeding 

management in Recirculating Aquaculture Systems (RAS) is very critical 

relative to the growth and sustainability of the aquaculture environment. With 

the increasing global demand for protein, there is a need to improve feed 

management. Effective feed strategies optimize fish growth while reducing 

waste and preserving water quality by minimizing nutrient effluence and 
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eutrophication from streams. Such practices offer solutions to fundamental 

problems associated with pollution and ecosystem degradation. Additionally, 

the incorporation of contemporary technologies like automated feeders and 

substitute protein sources improves sustenance in RAS operations. These 

methods lessen the use of conventional feed, promoting circular economic 

ideas that improve both farm productivity and fish health. Thus, sustainable 

developmental goals are in line with sufficiently effective feed management 

techniques in RAS, allowing aquaculture to meet protein demand in an 

environmentally responsible and sustainable manner. 

Managing feed strategies is essential to achieving high productivity levels 

in aquaculture, especially in recirculating aquaculture systems (RAS). 

Enhanced productivity and feeding precision are the costliest elements of 

operation [6]. To maintain profit with RAS profitability, one must consider 

environmental conditions, feed composition, feed volume and frequency [4]. 

Separate stages of aquaculture employ distinct strategies, including green 

water technology for larvae and 80-90 percent satiation feeding during the 

grow-out phase [7]. Restrained feeding is an effective management strategy. 

Research involving juvenile Colossoma macropomum showed that ratifying 

food intake to once-per-week maintenance devoid of body reserves and 

performance maintained comparable levels to continuous feeding [8]. The 

optimal strategy of feed management in RAS focuses on minimizing the ratio 

of feed to output (conversion ratio), maximizing increase in weight (growth) 

and optimizing water quality [4, 7]. To improve growth, feed dynamics and 

system sustainability, precise feeding strategies need to be tailored for specific 

species and their culture stages.  

The critical role that feed plays in fish health, productivity and system 

efficacy is highlighted in this chapter's comprehensive analysis of feed 

management and strategy in recirculating aquaculture systems (RAS). It 

emphasizes how important it is to select and give the right type and amount of 

feed and how this affects fish growth and water quality. The chapter 

enumerates feed management issues, such as feed waste and water 

contamination and discusses potential fixes. It looks at the relationship 

between feed and water quality, highlighting the harm that excessive or 

inefficient feeding causes to the system and providing ways to lessen these 

effects. Examined is the economic impact of feed management, showing how 

efficient feeding techniques can lower production costs and boost profitability. 

In conclusion, the chapter offers recommendations for feed strategy 

optimization using automated systems, feed monitoring technologies and 
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data-driven methodologies to help RAS operators boost productivity, reduce 

costs and promote sustainability in aquaculture operations. 

 

Fig 1: Key factors that affect the performance of recirculating aquaculture systems 

(RAS) 

Principles of Feeding in Recirculating Aquaculture System 

Nutritional Requirements of Aquatic Species in RAS 

Efficient operation of recirculating aquaculture systems (RAS) depends 

on meticulous control of environmental conditions, feeding strategies and 

disinfection techniques [4]. Given its impact on fish development, health and 

waste production, nutrition is crucial in aquaculture [9]. Fish require about 40 

essential nutrients, including proteins, carbohydrates, fatty acids, vitamins and 

minerals, with requirements varying by species and environment [10]. The 

development of affordable, nutritionally balanced diets is essential to 

sustainable aquaculture production [10, 9]. Maintaining appropriate ranges for 

temperature, salinity, dissolved oxygen, pH, stocking density and light is 

essential for optimal RAS performance [4]. Important considerations also 

include feeding strategies, such as feed composition, amount and frequency 
[4]. Understanding the nutritional needs of individual species is essential for 

creating effective diets and feeding procedures in aquaculture [9, 11].  

It is crucial to comprehend the dietary needs of various species and to 

understand how good feeding techniques can also ensure optimal water quality 

and system performance. In addition to enhancing fish growth and survival, 

maintaining optimal nutrition in RAS is crucial for preserving water quality 

and system effectiveness. The accumulation of ammonia, nitrites and organic 

matter caused by overfeeding and fish waste can deteriorate water quality and 

increase the workload of biofiltration systems [12]. Precision feeding methods 
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that match the nutrient supply with fish requirements are essential to lowering 

feed waste and nutrient loading in the system [4]. Advances in feed formulation, 

such as the use of probiotics, functional additives and novel ingredients, can 

improve fish health and nutrient utilization while reducing environmental 

impact [10, 11]. To enhance feed efficiency and optimize fish growth in RAS 

environments, automated feeding systems and real-time monitoring 

technologies can also be combined. 

Feed Formulation and Selection 

Feed formulation and selection are critical to the success of aquaculture 

in Recirculating Aquaculture Systems (RAS). Fish require diets that are 

prepared appropriately to satisfy their nutritional requirements while 

minimizing waste and the harm they cause to the environment. A well-

balanced diet should contain the appropriate proportions of proteins, fats, 

carbohydrates, vitamins and minerals, all of which are tailored to the specific 

needs of cultured species [11]. Protein needs to be optimized for both 

sustainability and economic viability because it is often the costliest 

component of fish feed. Alternative protein sources such as plant-based 

proteins, insect meals and single-cell proteins are increasingly being 

researched to reduce reliance on fishmeal and improve the sustainability of 

aquafeeds [10]. 

Feed selection in RAS necessitates careful consideration of factors such 

as digestibility, pellet stability and water solubility in addition to nutritional 

composition, building on the need for optimal nutrition and water quality 

explained in the previous section. Beyond nutritional composition, RAS feed 

selection must consider characteristics like water solubility, digestibility and 

pellet stability. According to [12], high-quality feeds with high digestibility 

prevent excessive organic matter buildup and nutrient waste, which can also 

increase biofilter loading and deteriorate water quality. Fish feeding behaviors 

should be matched with pellet size, shape and floating or sinking 

characteristics for optimal consumption and minimal feed loss [13, 4]. The 

potential of functional feeds supplemented with immunostimulants, probiotics 

and prebiotics to increase feed efficiency, reduce disease outbreaks in RAS 

environments and enhance fish health is also drawing attention [9-11].  

Advances in feed technology, such as precision extrusion and 

microencapsulation, enhance nutrient retention and bioavailability even more. 

Growth is maximized while nutrient waste and the feed conversion ratio 

(FCR) are reduced thanks to the accurate feed delivery enabled by automated 
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feeding systems with real-time monitoring. Future studies on sustainable feed 

ingredients and innovative feeding methods will be necessary to improve the 

efficacy and resilience of RAS-based aquaculture. 

Digestibility and Feed Conversion Ratio (FCR) Considerations 

Feed Conversion Ratio (FCR) and digestibility are important indicators 

for evaluating feed efficiency and overall aquaculture system performance, 

especially in Recirculating Aquaculture Systems (RAS). Digestibility is a 

measure of how well fish can absorb and use nutrients from the feed, whereas 

FCR indicates the amount of feed required to produce one unit of fish biomass 
[9]. Improving these parameters is essential for RAS growth optimization, feed 

waste reduction and water quality preservation.  

As mentioned previously, the quality of feed formulation has a direct 

effect on nutrient absorption. Adding to the importance of selecting high-

quality, digestible feeds, highly digestible feeds enhance nutrient absorption 

and reduce faecal waste and uneaten feed, which can otherwise lead to the 

accumulation of organic matter and ammonia in RAS [12]. The digestibility of 

feed ingredients is influenced by several factors, including ingredient 

composition, processing methods and the presence of anti-nutritional factors 
[10]. Because of advancements in processing techniques and the addition of 

enzymes, plant proteins in aquafeeds are now more digestible; however, 

animal-based protein sources, such as fishmeal, are usually more digestible 

than plant-based substitutes [11]. Since lower FCR values indicate higher feed 

efficiency, FCR is an essential performance metric in aquaculture. FCR 

optimization is crucial to RAS's continued economic and sustainable viability. 

A balanced diet, cautious feeding methods and controlled environmental 

conditions can all help lower FCR [4]. While underfeeding may result in less-

than-ideal growth and more competition among fish, overfeeding can cause 

poor feed utilization and deterioration of the water quality. In order to improve 

FCR and reduce feed losses, automated feeding technologies and real-time 

monitoring systems have been developed to control feed delivery based on 

fish appetite and metabolic needs [9].  

Further research on species-specific digestibility and feed formulation 

methods will be necessary to improve nutrient utilization and reduce waste 

discharge in RAS. By enhancing digestibility and FCR, aquaculture operations 

can achieve higher productivity while maintaining environmental 

responsibility and system sustainability. 
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Feed Types and Their Application in RAS 

Feed selection has a major impact on the success of Recirculating 

Aquaculture Systems (RAS) by influencing fish growth, feed efficiency and 

overall system sustainability. The choice of feed type has a direct impact on 

water quality control, waste production and nutrient use in RAS [9]. 

Commercial feeds, live feeds and alternative feeds are the three main types of 

feeds used in RAS and each has specific applications based on species 

requirements and production objectives. Selecting the right feed type for the 

species' nutritional needs and the system's operational goals is essential to 

maximizing system performance. Selecting the right feed ensures optimal 

digestion, minimizes waste accumulation and boosts system performance [4]. 

Commercial Feeds (Pellets, Extruded and Sinking Feeds) 

Commercial feeds are the most widely used feed type in aquaculture 

because they provide fish and shrimp raised in RAS with a diet that is both 

balanced and nutritionally complete. These feeds, which range from pellets to 

extruded feeds to sinking feeds, are all designed to optimize feed intake and 

nutrient utilization for various fish species and stages of production [11].  

 Pellet: Pelletized feeds are made by mechanical compression and 

come in sinking, slow-sinking and floating types. Because floating 

pellets allow farmers to monitor feed consumption and minimize 

waste, surface-feeding species favor them [14, 15].  

 Extruded feeds: Feeds that have undergone high-temperature 

processing to improve water stability, nutrient availability and 

digestibility are known as extruded feeds. These feeds, which 

typically float, are ideal for fish, like catfish and tilapia [16].  

 Sinking feeds: To ensure proper feed uptake, certain species, such as 

bottom-dwelling fish and shrimp, require sinking feeds. However, 

uneaten sinking feed can contribute to the buildup of organic waste 

in RAS if it is not adequately managed [12].  

The species' feeding habits, its life stage and the general system design all 

influence the choice of the appropriate commercial feed type. This ensures 

efficient nutrient absorption and high-quality water [10]. 

Impacts of Feed Types on Water Quality 

Feed selection has a direct impact on managing water quality in RAS 

because of the accumulation of ammonia, nitrite and organic matter caused by 
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uneaten feed and metabolic waste [12]. Feed types have an impact on water 

quality in the following ways:  

 Protein Content and Waste Production: Excessive protein intake can 

result in increased nitrogen excretion, which makes biofiltration and 

water exchange more important in RAS [9].  

 Feed Digestibility and Solubility: Excessive fecal matter from poorly 

digested feeds can clog filters and reduce the system's oxygen supply 
[15].  

 Pellet Stability: Diets that are extruded or microencapsulated have a 

higher water stability, which reduces the risk of feed leaching and 

nutrient loss into the system [16].  

 Organic Load from Live Feeds: Live feeds can introduce organic 

waste and bacterial contaminants that alter the balance of the 

microbial community in biofilters [17].  

According to [4], effective feed management strategies, including precise 

feeding schedules, suitable feed selection and automated feeding systems, are 

essential for minimizing the degradation of water quality and maximizing 

nutrient utilization in RAS. 

Feeding Strategies in RAS 

In recirculating aquaculture systems (RAS), feeding practices have a 

significant impact on fish growth, welfare and system performance. The 

optimal feeding frequency varies by species; for instance, Atlantic salmon 

grow best when fed four times a day [18], while juvenile pikeperch benefit from 

8-hour intervals [19]. Feeding rate affects growth and nutrient utilization; 1.6% 

body weight per day is recommended for salmon [18] and 1% is recommended 

for stellate sturgeon [20]. While diet composition influences ammonia excretion 

and oxygen consumption, plant-based diets increase gilthead sea bream's 

oxygen demand [21]. Auto-demand feeding allowed for higher ammonia 

removal rates without compromising water quality [21]. Effective feeding 

techniques in RAS can optimize growth performance, feed utilization and 

system efficiency while maintaining fish welfare and environmental 

sustainability. 

Feeding Frequency and Schedules 

Feeding frequency and schedules play a major role in maximizing growth 

performance, health, feed efficiency and nutrient use in recirculating 
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aquaculture systems (RAS). The frequency and timing of feed delivery have a 

direct impact on fish metabolic processes, feeding behaviour and nutrient 

utilization [22]. Higher feeding frequencies typically lead to better growth rates 

and nutrient retention levels, according to research on several species. Atlantic 

salmon showed improved growth and nutrient efficiency when fed at a rate of 

1.6% body weight per day with four meals per day [18]. Similarly, the best-

performing tambaqui young were those fed three times a day [23]. For young 

pikeperch, an 8-hour feeding interval was found to be optimal, balancing fish 

growth, survival and welfare [19]. However, optimal feeding strategies are also 

influenced by species, life stage and environmental factors. Proper feed 

management in RAS is essential for preserving water quality, ensuring 

efficient nutrient use and promoting sustainable aquaculture practices [4]. 

Further research is still needed to fine-tune feeding protocols for different 

species in RAS settings. 

Automated Feeding Systems vs. Manual Feeding 

Compared to manual feeding methods, recirculating aquaculture systems 

(RAS) with automated feeding systems offer several advantages. These 

systems can reduce human error, improve feeding accuracy and save labor for 

a range of aquatic animals [24]. When compared to handfeeding, automated 

adaptive feeders have been shown to increase fish yield by up to 52.3%, 

increasing profits. Recent automated feeding technology uses multi-task 

neural networks to dynamically adjust feeding intervals and rates based on fish 

behavior and uneaten feed pellets. This approach may help minimize feed 

waste and prevent under- or over-feeding because it has demonstrated high 

accuracy in tracking feeding activity (95.44%) and counting uneaten pellets 
[25]. These developments in automated feeding systems enhance fish welfare, 

sustainability and production efficiency in RAS and offer a promising solution 

for the growing aquaculture industry. 

Automated feeding systems in recirculating aquaculture systems (RAS) 

are becoming increasingly important due to the aquaculture industry's rapid 

growth. These systems can reduce human error, increase feeding efficiency 

and reduce labor costs [24]. Automated feeders that can dispense various fish 

food types at predetermined rates and times are convenient for fish culturists 
[26]. Remote-controlled boats with built-in feed and medicine distribution 

containers are one of the innovative ideas [27]. To optimize RAS performance, 

it is crucial to monitor both direct parameters, like pH, temperature and 

dissolved oxygen, as well as indirect parameters, which are dependent on 
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stock capacity. Fog computing technology can enhance data acquisition and 

processing in RAS by filtering and analyzing data at the edge, reducing 

network traffic and facilitating real-time decision-making [28]. These 

automation and data management advancements help meet the growing global 

demand for fish protein while promoting the aquaculture industry's sustainable 

growth. 

Recirculating aquaculture systems (RAS) are an efficient and sustainable 

way to produce fish, but they require careful management of environmental 

conditions and feeding habits. RAS has investigated auto-demand feeding, 

automatic restricted feeding and manual feeding to satiation for gilthead sea 

bream; auto-demand feeding has the highest rates of ammonia removal [21]. A 

multi-task neural network technique has been developed to optimize feeding 

rates and intervals to reduce feed waste and prevent under- or overfeeding [25]. 

Several factors influence RAS performance, including temperature, salinity, 

dissolved oxygen, pH, stocking density, light, feed composition and feeding 

frequency [4]. Complete pelleted diets are necessary to meet nutritional needs 

because tilapia in RAS have fewer natural food sources than in their natural 

habitats. The dependable and efficient operation of RAS is supported by these 

advancements in environmental management and feeding practices. 

Smart Feeder Technologies and Precision Feeding 

Smart feeding systems for aquaculture have been the focus of recent 

research to optimize fish growth, welfare and environmental impact. These 

systems use a variety of technologies to track fish behavior and adjust feeding 

as necessary [29]. Developed a method to measure tilapia feeding intensity 

using optical flow based on shoal behavior in recirculating aquaculture 

systems (RAS). An Internet of Things (IoT) smart feeder with mobile app 

integration was developed by [30] for small-scale fish farmers. An AIoT precise 

feeding management system that adjusts feeding times based on water surface 

changes was presented by [31]. Study by [32] developed a clever behavior-based 

feeding system that reacts to fish activity with the goal of decreasing food 

waste and increasing the food conversion ratio. Lower environmental impact, 

improved fish welfare and more productive aquaculture settings are some 

potential benefits of these smart feeding technologies [29, 32]. 

Physiological and Behavioral Aspects of Feeding 

Recent research has focused on the behavioral and physiological aspects 

of fish feeding in recirculating aquaculture systems (RAS). Studies have 
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shown that water turbidity significantly affects feeding behavior; pikeperch 

that experience low turbidity eat less feed and experience increased stress [33]. 

Shoal behaviour analysis using statistical and optical flow techniques has been 

proposed to assess feeding intensity and optimise feeding schemes for tilapia 
[29]. Acoustic monitoring of Atlantic salmon kept in RAS tanks during feeding 

showed distinct soundscapes, including identifiable sounds from fish behavior 

and pellet delivery. According to [34], this implies that fish behavior and system 

performance can be tracked. Nevertheless, stress-induced chemicals released 

by fish in RAS water had no effect on the feeding motivation of other fish in 

the same system [35]. These findings highlight the importance of controlling 

RAS feeding by considering environmental and species-specific biology. 

Feed Management and Its Impact on Water Quality 

Relationship between Feed and Water Quality in RAS 

Feed and water quality interact to maintain optimal conditions for aquatic 

species in recirculating aquaculture systems (RAS). Overfed shrimp cultures 

may have increased levels of total ammonia nitrogen (TAN), oxygen depletion 

and mortality [36]. The types of protein that fish consume can affect water 

quality parameters; RAS ion concentrations are affected by plant-based 

proteins. The number of potentially hazardous bacteria in RAS, such as 

Aeromonas hydrophila and Pseudomonas fluorescens, is positively correlated 

with fish biomass and feed quantity [37]. RAS-designed diets can improve 

water quality, decrease particle generation and prevent fish from accumulating 

as much nitrogen, phosphorus and zinc as traditional flow-through diets, all 

while maintaining fish growth and condition that is acceptable [38]. These 

findings highlight how important it is to modify feed composition and 

management to RAS conditions to optimize system performance and 

safeguard animal health. 

Strategies to Minimize Waste and Improve Nutrient Utilization 

Recirculating aquaculture systems (RAS) face challenges with waste 

management and nutrient utilization. Fish excretion and leftover feed account 

for most of the solid and dissolved waste in RAS [39]. Reducing waste and 

improving nutrient utilization can be achieved through improving feed 

digestibility and nutrient metabolism [40]. RAS and Integrated Multi-trophic 

Aquaculture (IMTA) can significantly reduce dissolved inorganic nitrogen and 

phosphorus by using macroalgae [41]. To enhance oxygenation, absorb carbon 

dioxide and transform waste streams into beneficial co-products, microalgae 

have recently been added to RAS [33]. Two nutritional techniques that have 
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been demonstrated to be effective in reducing waste outputs are the use of feed 

additives and feed formulation optimization [40]. When combined with 

innovative system designs and waste treatment methods, these tactics provide 

practical means of improving nutrient utilization and cutting waste in RAS 

operations. 

Biofiltration and Nutrient Cycling in RAS 

Biofiltration and nutrient cycling in recirculating aquaculture systems 

(RAS) involve complex microbial communities and a variety of treatment 

approaches. Both bacterial and plant-based biofilms can efficiently remove 

nutrients; bacterial filters are especially effective at eliminating ammonia and 

nitrite, while plant filters are more effective at eliminating phosphate and 

nitrate [42]. RAS biofilters contain a range of bacterial taxa, with comammox 

Nitrospira and ammonia-oxidizing archaea playing a significant role in 

nitrification [43]. Maintaining water quality requires removing nutrients from 

RAS, which can be done in a variety of ways, including mechanical and 

biological filtration [44]. RAS and Integrated Multi-trophic Aquaculture 

(IMTA) can optimize nutrient utilization by recycling aquaculture waste. RAS 

and macroalgae IMTA together can significantly reduce dissolved inorganic 

nitrogen and phosphorus, which could improve aquaculture's sustainability, 

per a dynamic nutrient mass balance model [41]. 

Role of Probiotics and Enzymes in Feed Optimization 

Enzymes and probiotics are essential for maximizing feed utilization and 

enhancing water quality in aquaculture systems, such as recirculating 

aquaculture systems (RAS). By generating digestive enzymes and short-chain 

fatty acids, probiotics improve feed digestibility and support gut health and 

nutrient absorption [45]. For plant-based diets high in anti-nutritional factors, 

enzyme supplementation, especially phytase and xylanase, improves nutrient 

digestibility and retention [46]. 

In fish such as Nile tilapia, the combination of probiotics and enzymes 

can improve nutrient utilization, feed conversion ratio and growth 

performance [46]. These supplements also have a positive impact on microbial 

interactions and the diversity of the gut microbiome [46]. Probiotics, prebiotics, 

amino acids and natural sorbents work together in RAS to normalize water 

parameters, decrease bacterial pollution and speed up fish growth [47]. These 

results demonstrate the potential of enzymes and probiotics to enhance feed 

optimization and overall aquaculture productivity. 
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Challenges and Solutions in Feed Management in RAS 

Feed management in Recirculating Aquaculture Systems (RAS) offers 

many difficulties, especially because of the complexity of balancing optimal 

fish growth with maintaining water quality. Feed waste is one of the main 

problems; uneaten feed and fish excretion build up, so overloading the system 

with organic material. Ammonia and nitrite levels may rise as a result, which 

would strain biofiltration systems and finally compromise water quality [12]. 

Moreover, the different nutritional needs of various species, life stages and 

feeding habits make it more difficult to create a uniform feeding plan that is 

economical and effective. Poor feed conversion can result from insufficient 

feeding practices, which not only compromise the health and growth of the 

fish but also increase operational costs for the aquaculture system. 

Precision feeding techniques have proven to be a successful way to 

maximize feed use and cut waste to solve these problems. Advanced 

technologies including automated feeding systems, real-time monitoring of 

fish feeding behavior and sensors tracking water quality parameters let more 

precise feed delivery tailored to the fish's metabolic needs. High-quality, easily 

digestible feeds also help to reduce waste by guaranteeing fish absorb the most 

nutrients from the feed, therefore maximizing nutrient absorption. Including 

plant-based proteins and functional additives like probiotics among other feed 

components has also been demonstrated to improve feed efficiency and fish 

health while lowering environmental effect [10]. Combining these technologies 

will help aquaculture systems to greatly improve feed management, therefore 

enabling more sustainable and economically feasible RAS operations. 

Future Trends in Feed Strategy and Management in RAS 

Sustainability issues and the need for reasonably priced production 

techniques are increasingly shaping feed strategy and management in 

Recirculating Aquaculture Systems (RAS). Increasing interest in alternative 

feed sources that reduce dependence on marine and terrestrial resources is seen 

as the aquaculture sector under pressure to lower its environmental impact. 

Prominent substitutes are plant-based proteins, insect meals and microbial-

based feeds, which help to lower the ecological effect of fish farming [48]. 

Alongside this, technologies such as biofloc, bio-RAS and integrated 

multitrophic aquaculture (IMTA) are emerging as circular bioeconomy 

solutions, cutting inputs and reusing waste. These systems support sustainable 

practices by encouraging nutrient cycling and water purification via varied 

microbial populations and they fit the trend of urban agriculture emphasizing 

local production and consumption [49]. 
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Despite the progress, there are still issues with optimizing these systems, 

especially when it comes to controlling microbial populations and preserving 

water quality. Problems like off-flavor-producing microorganisms can affect 

the quality of farmed fish and the equilibrium between heterotrophic and 

nitrifying bacteria is essential for efficient nutrient cycling [50]. More research 

into sustainable feed ingredients and precision feeding technologies will be 

crucial as RAS systems grow and intensify to meet the growing demand for 

seafood worldwide. These developments will be crucial for raising overall 

system sustainability, cutting waste and increasing feed efficiency. Further 

technological developments will be necessary for aquaculture in the future to 

solve environmental issues and guarantee that feed management techniques 

are effective and robust in the face of demands for global food security [51]. 

Conclusion 

In conclusion, maximizing fish growth, guaranteeing system 

sustainability and reducing environmental impact all depend on efficient feed 

management in recirculating aquaculture systems (RAS). The significance of 

choosing premium, easily digested feeds that satisfy the unique nutritional 

requirements of cultured species is one of the discussion's main conclusions. 

In addition to alternative feed sources like plant-based proteins and insect 

meals, precision feeding technologies hold great promise for increasing feed 

efficiency and lowering dependency on conventional marine-based resources. 

Additionally, both economic viability and environmental sustainability 

depend on controlling the Feed Conversion Ratio (FCR) and reducing waste 

through sophisticated feed strategies. 

Future studies should focus on developing precision feeding systems, 

finding new sustainable feed ingredients and enhancing the bioavailability of 

substitute proteins. Fish health, feed utilization and disease resistance may all 

be improved by research into functional feeds, such as probiotics and 

immunostimulants. The development of integrated and sustainable feed 

strategies that can satisfy the expanding global demand for seafood while 

reducing environmental impact will also require interdisciplinary research 

combining aquaculture, environmental science and biotechnology. 

Aquaculture can become more productive and ecologically conscious by 

tackling these issues and keeping up with feed management innovations. 
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Abstract 

This chapter explores the comparative performance of Recirculating 

Aquaculture Systems (RAS) and traditional pond systems in optimizing fish 

growth and feed efficiency, two key factors influencing aquaculture 

productivity and sustainability. RAS provides a controlled and stable 

environment by regulating water quality, temperature, pH and dissolved 

oxygen, enabling higher specific growth rates (SGR) and lower feed 

conversion ratios (FCR). In contrast, traditional pond systems rely on natural 

conditions, which are subject to environmental fluctuations, waste 

accumulation and limited control over key parameters—often resulting in 

slower growth and higher feed requirements. The analysis highlights the 

advantages of RAS in supporting higher stocking densities, reducing fish 

stress and maximizing feed utilization. Furthermore, innovations such as 

biofloc and aquaponic integrations within RAS are discussed for their 
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potential to further enhance feed efficiency and sustainability. The findings 

provide clear evidence that RAS holds a superior position in delivering 

consistent performance and resource efficiency, offering valuable insights for 

researchers, practitioners and policymakers committed to advancing 

sustainable aquaculture systems. 

Keywords: RAS, traditional pond systems, SGR, FCR, sustainable 

aquaculture. 

Introduction 

Aquaculture has emerged as a key pillar of global food production, 

responding to the increasing demand for sustainable protein sources [1, 2]. As 

this sector expands, the optimization of production efficiency and 

environmental sustainability becomes increasingly critical. Central to this 

pursuit is the comparison between Recirculating Aquaculture Systems (RAS) 

and traditional pond systems—two widely used but fundamentally different 

approaches in fish farming. 

RAS represents a modern, closed-loop system that emphasizes control 

and precision. It enables aquaculturists to manage water quality, temperature 

and dissolved oxygen and pH levels with high accuracy, creating a stable and 

optimal environment for fish growth. In contrast, traditional pond systems rely 

heavily on natural processes and are vulnerable to environmental fluctuations 
[3-5], which can hinder fish performance and compromise production efficiency. 

One of the most significant advantages of RAS is its ability to maintain 

excellent water quality. Ammonia, a toxic byproduct of fish metabolism, is 

effectively removed in RAS via biological filtration systems that convert it 

into less harmful compounds. This process, along with advanced aeration 

technologies, ensures that fish are kept in low-stress, oxygen-rich conditions 

supporting faster growth and improved health [6-8]. Traditional ponds, however, 

often suffer from waste accumulation and inconsistent oxygen levels, 

particularly under high stocking densities [9].  

Environmental stability in RAS extends to temperature and pH regulation, 

both of which significantly influence fish metabolism. By keeping 

temperature within species-specific optimal ranges such as 24-28°C for 

tilapia—RAS ensures efficient nutrient utilization and protein synthesis [10]. In 

contrast, traditional ponds are susceptible to diurnal and seasonal changes that 

can stress fish, reduce appetite and lower growth performance [11].  

Stocking density is another area where RAS demonstrates superiority. 
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The system’s tight environmental control allows for higher densities without 

sacrificing fish welfare. This leads to more efficient space usage and greater 

biomass yield. Conversely, traditional ponds are limited by their natural 

capacity to maintain water quality and overcrowding often results in increased 

competition and disease risk [12].  

These environmental and operational differences significantly affect key 

performance metrics such as the Specific Growth Rate (SGR) and Feed 

Conversion Ratio (FCR). SGR is consistently higher in RAS due to reduced 

environmental stress and optimized growth conditions [13, 14]. Similarly, FCR 

is lower in RAS, indicating more efficient feed utilization—a direct result of 

stable environmental parameters and advanced feed management [15].  

While traditional pond systems remain important, particularly in low-

resource settings, the performance advantages offered by RAS position it as a 

forward-looking solution in sustainable aquaculture. Understanding these 

differences in biological outcomes and system efficiencies is vital for 

researchers, practitioners and policymakers aiming to enhance aquaculture 

productivity while minimizing environmental impact. 

RAS and Traditional Pond Systems: Environmental Comparison 

In the context of modern aquaculture, the environmental conditions in 

which fish are raised play a crucial role in their growth performance and 

overall health [16-18]. Recirculating Aquaculture Systems (RAS) offer a 

controlled environment with significant advantages over traditional pond 

systems in terms of water quality management, temperature and pH control 

and stocking density management. This section compares these two 

aquaculture systems by examining how they manage key environmental 

factors that influence the specific growth rate (SGR) and feed conversion ratio 

(FCR) of fish. 

One of the defining features of RAS is its ability to tightly control water 

quality, particularly with regard to nitrogenous waste and dissolved oxygen 

(DO) levels. Nitrogenous waste, primarily ammonia excreted by fish, is a 

critical factor that affects water quality in both RAS and traditional pond 

systems. Ammonia is toxic at high concentrations and must be efficiently 

removed or converted to less harmful compounds [7, 19]. In RAS, ammonia is 

converted into nitrites and then to nitrates through a biological filtration 

process involving nitrifying bacteria [8]. This conversion process ensures that 

the water remains free of toxic nitrogen compounds, thus supporting better 

fish health and growth. 
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Furthermore, RAS systems maintain optimal levels of dissolved oxygen, 

which is essential for fish metabolism and aerobic respiration. By employing 

advanced aeration technologies, such as microbubble systems, RAS can 

ensure that DO levels remain consistently above the minimum required for 

fish, even in densely stocked systems [8]. This stable oxygenation, in turn, 

enhances growth rates and overall fish performance by providing an 

environment that supports efficient metabolism and energy use [20, 21].  

In contrast, traditional pond systems face significant challenges with 

water quality management, particularly when it comes to nitrogenous waste 

and oxygen levels. In these open systems, water quality can vary widely 

depending on external factors such as weather, feed regimes and stocking 

densities. Ammonia and other nitrogenous compounds tend to accumulate in 

ponds, especially in high-density settings where fish excrete large amounts of 

waste. Without effective filtration or waste removal systems, these compounds 

can reach toxic levels, leading to poor fish health, stunted growth and, in some 

cases, increased mortality [9]. Additionally, traditional pond systems often lack 

efficient aeration, which results in fluctuating oxygen levels. Inadequate 

oxygen supply, especially during periods of high biomass or organic 

decomposition, can stress fish and reduce their growth efficiency [11]. 

Therefore, the inability to consistently control water quality in traditional 

systems leads to greater variability in growth rates, as fish are subjected to 

intermittent stress caused by poor water quality. 

RAS offers superior control over temperature and pH, two critical 

environmental factors that directly influence metabolic rates and overall fish 

growth. Fish are ectothermic organisms, meaning their body temperature is 

influenced by the surrounding water temperature [22]. Each fish species has a 

specific temperature range in which it grows most efficiently and deviations 

from this range can result in stress, reduced growth and increased suscep 

tibility to disease [23]. RAS systems allow for the precise control of water 

temperature, ensuring that it remains within the optimal range for the fish 

species being cultured [10]. For instance, tilapia, which are commonly cultured 

in RAS, thrive at temperatures between 24°C and 28°C [24]. By maintaining 

water temperature within this range, RAS supports optimal metabolic 

efficiency and protein synthesis, leading to improved growth rates. 

Similarly, pH levels in RAS systems are tightly controlled. Fish are 

sensitive to pH fluctuations and deviations from the optimal range can impair 

fish health and growth [25]. In RAS, pH is monitored and adjusted as necessary 

to ensure that it remains within the ideal range for the species being cultured. 
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This stability in both temperature and pH promotes optimal metabolic 

conditions and minimizes stress, leading to superior growth performance. 

In traditional pond systems, temperature and pH conditions are subject to 

natural fluctuations. Water temperature in ponds can vary significantly 

throughout the day and across seasons. For instance, during the daytime, 

temperatures may rise, while at night, they can drop, creating a diurnal 

temperature variation that can be stressful for fish [11]. In warmer climates, 

such temperature fluctuations can increase the metabolic rate of fish, leading 

to higher energy expenditure and reduced growth efficiency. During colder 

seasons, low temperatures can slow down metabolism and impair fish growth. 

Similarly, pH levels in traditional ponds can be influenced by factors such 

as photosynthetic activity, organic decomposition and the composition of the 

pond water. In ponds with high organic matter, pH can fluctuate rapidly, 

particularly at night when oxygen levels are low and carbon dioxide 

accumulates, lowering the pH. Such fluctuations can lead to suboptimal 

growth conditions, especially in sensitive species. Therefore, the lack of 

precise control over temperature and pH in traditional pond systems often 

leads to environmental stress, resulting in slowed growth and inefficient feed 

conversion. 

One of the key advantages of RAS is its ability to support higher stocking 

densities without compromising water quality. The closed-loop nature of RAS 

allows for precise monitoring and control of water parameters, such as oxygen 

levels and waste concentration, which can otherwise be compromised in more 

densely stocked systems. In RAS, high-density stocking can be achieved 

without the negative consequences typically associated with overcrowding, 

such as increased disease risk and reduced growth rates. Studies have shown 

that RAS systems can maintain optimal growth conditions for fish even at 

higher stocking densities, leading to higher biomass yields and more efficient 

use of space [26]. 

Moreover, the ability to regulate stocking density in RAS contributes to 

better resource utilization and enhanced production efficiency. By avoiding 

overcrowding and ensuring that fish have access to adequate oxygen and 

nutrients, RAS enables faster growth and more efficient feed conversion, 

ultimately improving profitability for aquaculture producers.  

In contrast, traditional pond systems often face challenges related to 

overcrowding. Overpopulation in ponds can lead to increased competition for 

food, space and oxygen. As stocking densities increase, the availability of 
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resources for each fish decreases, resulting in slower growth rates and higher 

susceptibility to diseases. The competition for oxygen in overcrowded ponds, 

coupled with the accumulation of waste products, further exacerbates the 

stress on fish, slowing their metabolic rates and reducing growth efficiency 
[12]. 

In many traditional pond systems, stocking density is limited by the 

natural ability of the pond to maintain water quality. When stocking densities 

exceed the pond's capacity to process waste and maintain oxygen levels, fish 

growth is impaired, leading to suboptimal feed conversion and overall lower 

production efficiency [27]. 

Specific Growth Rate (SGR) in Recirculating and Conventional 

Aquaculture Systems 

Specific Growth Rate (SGR) is a critical metric in aquaculture and is 

defined as the percentage increase in fish weight per unit of time. SGR is an 

important metric in aquaculture as it reflects the efficiency of fish growth, 

providing insight into the overall health, metabolic function and performance 

of the fish. A higher SGR indicates that fish are growing faster, which 

translates to more efficient use of resources such as feed, space and water. In 

aquaculture systems, optimizing SGR is a major goal, as it directly impacts 

both production costs and profitability.  

SGR is essential in evaluating the success of different aquaculture 

systems and serves as a key indicator of the health and productivity of fish in 

these systems. A higher SGR reflects superior growth, which is crucial for 

achieving efficient production in aquaculture. This section compares the SGR 

of fish raised in Recirculating Aquaculture Systems (RAS) and traditional 

pond systems, highlighting the advantages of RAS in optimizing growth 

conditions. 

In comparing RAS and traditional pond systems, the SGR of fish can be 

influenced by various environmental factors, including water quality, 

temperature, stocking density and nutrient availability. These factors 

contribute to the conditions that either promote or hinder fish growth. Thus, 

evaluating the SGR of fish in these two systems provides valuable insights 

into their relative efficiencies in aquaculture production. 

RAS provides a controlled environment where key environmental factors, 

such as oxygen levels, temperature and nutrient availability, are meticulously 

optimized to promote fish growth. In RAS, dissolved oxygen levels are 

maintained consistently high, often exceeding the minimum requirements for 
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various fish species. This stable oxygenation plays a crucial role in supporting 

aerobic metabolism, which is essential for fast growth [13]. The ability to 

control oxygen levels continuously enhances fish health and ensures that 

growth rates remain high, which ultimately improves SGR. 

Temperature regulation is another key advantage of RAS. In RAS, water 

temperature is carefully monitored and adjusted to ensure that it remains 

within the optimal range for the specific fish species being cultivated. For 

instance, tilapia grow optimally within a temperature range of 24°C to 28°C 

and maintaining this range in RAS environments ensures optimal metabolic 

function and growth [28]. This level of control is not possible in traditional pond 

systems, where temperature fluctuations due to external weather conditions 

can cause stress and negatively impact growth.  

Furthermore, RAS allows for the continuous recycling and filtering of 

water, ensuring that nutrients remain available for the fish throughout their 

growth cycle. Biofiltration processes remove waste products and excess 

nutrients, maintaining high water quality and preventing the accumulation of 

toxic substances like ammonia, which can hinder growth [29]. These features 

make RAS a highly efficient system for enhancing fish growth and improving 

SGR. 

Studies have consistently demonstrated the superior performance of fish 

grown in RAS compared to traditional pond systems. Research on species 

such as tilapia and African catfish has shown that these species exhibit 

significantly higher SGR when cultured in RAS environments. For example, 

in a study by [30], African catfish cultured in RAS environments showed a 

marked improvement in growth performance compared to those raised in 

traditional ponds. Similarly, tilapia raised in RAS environments have 

consistently demonstrated higher SGRs due to the controlled conditions and 

efficient nutrient management [14]. 

These case studies highlight the benefits of RAS in optimizing growth 

conditions, ultimately leading to faster growth rates, improved feed 

conversion and more efficient use of resources. RAS systems provide fish with 

an ideal environment for maximizing their genetic growth potential, making 

them a more sustainable and efficient option for modern aquaculture. 

In contrast to RAS, traditional pond systems are more susceptible to 

fluctuations in environmental factors, which can lead to variability in growth 

rates and lower overall SGR. Traditional ponds rely on natural water sources 

and are influenced by external environmental conditions such as temperature, 
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water quality and feed availability. These factors are often less controlled, 

resulting in an unpredictable environment for fish. In such systems, water 

quality is a major concern. For instance, ammonia and nitrites tend to 

accumulate in ponds, especially under high stocking densities and without 

efficient waste management, these compounds can reach toxic levels, 

impairing fish health and growth [9]. 

Water temperature in traditional ponds is also subject to natural 

fluctuations, which can vary significantly across the day and throughout the 

seasons. Such temperature variations can cause stress in fish, affecting their 

metabolic processes and slowing down growth [11]. These uncontrolled 

environmental conditions contribute to the variability in SGR observed in 

traditional pond systems. 

External factors such as water quality fluctuations and food availability 

further exacerbate the variability in growth rates in traditional pond systems. 

Traditional ponds are often affected by poor water quality, especially during 

periods of high stocking density, which can lead to competition for oxygen 

and food. In such cases, fish are subjected to stress, which can reduce their 

metabolic rates and hinder growth. As water quality deteriorates, fish in 

traditional systems may experience reduced growth efficiency and even higher 

mortality rates [15]. 

Additionally, in traditional systems, feed availability is often influenced 

by external factors such as local feed supply and farmer management practices. 

Inconsistent feed quality and inadequate feeding strategies can result in 

suboptimal growth and lower SGR, as fish are not receiving the necessary 

nutrients to fuel their growth [31]. This lack of control over external factors, 

coupled with inconsistent feed management, leads to less predictable growth 

outcomes in traditional pond systems.  

Overall, RAS consistently provides superior conditions for fish growth 

compared to traditional pond systems. By maintaining optimal levels of 

oxygen, temperature and nutrients, RAS reduces stress, enhances metabolic 

efficiency and ultimately promotes higher growth rates and better feed 

conversion. The ability to regulate water quality and stocking density in RAS 

allows for consistent and efficient fish growth, leading to improved SGR and 

overall aquaculture performance. 

In contrast, traditional pond systems face significant challenges in 

controlling water quality, temperature and feeding regimes. These factors 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

59 

contribute to variability in growth rates, resulting in lower and less consistent 

SGR. While traditional systems are still widely used, especially in regions 

with limited access to advanced technologies, their growth potential is 

constrained by environmental variability and inefficient management 

practices. 

Feed Conversion Ratio (FCR) in RAS and Traditional Aquaculture 

Systems 

Feed Conversion Ratio (FCR) is a critical measure in aquaculture, 

reflecting the efficiency with which fish convert feed into body mass and is 

calculated as the ratio of feed consumed to the weight gained by the fish. A 

lower FCR indicates a more efficient conversion of feed into growth, making 

it an essential metric for evaluating the economic and environmental 

sustainability of aquaculture systems. This section will compare the FCR in 

Recirculating Aquaculture Systems (RAS) and traditional pond systems, 

focusing on how these systems manage feed and optimize growth efficiency. 

A lower FCR indicates better feed efficiency, as less feed is required to 

produce a given amount of fish biomass. In aquaculture, optimizing FCR is 

crucial for improving the economic viability and sustainability of fish farming. 

Efficient feed management reduces operational costs, minimizes feed waste 

and contributes to environmental sustainability by lowering the impact of feed 

production and waste disposal. 

FCR can be influenced by various factors, including the quality of feed, 

water quality, stocking density and the overall management practices within 

the aquaculture system. This section will explore how RAS, with its controlled 

environment, provides significant advantages in terms of feed efficiency 

compared to traditional pond systems. 

RAS provides a controlled environment where feed management can be 

precisely tailored to the needs of the fish. In these systems, the water quality, 

temperature and oxygen levels are continuously monitored and optimized, 

ensuring that fish can efficiently metabolize the feed they consume. This 

controlled environment minimizes stress and maximizes feed conversion, 

which results in improved FCR values [14]. 

One of the key advantages of RAS is its ability to provide fish with a 

consistent and predictable environment. For instance, by maintaining stable 

water quality and temperature, RAS ensures that fish experience minimal 

fluctuations in their metabolic rate, which is crucial for efficient feed 
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utilization. Additionally, the use of high-quality, specially formulated feed in 

RAS systems allows for better nutrient absorption and conversion into body 

mass, leading to superior FCR [13]. 

In RAS, fish are also typically kept at higher densities than in traditional 

systems and the water quality is constantly recycled and filtered. This higher 

stocking density is possible due to the continuous monitoring and optimization 

of water parameters, including ammonia and dissolved oxygen levels, which 

reduces the risk of stress that could negatively impact feed conversion. With 

optimized water quality, fish are able to efficiently utilize the feed they 

consume, resulting in lower FCR [15]. 

In addition to the inherent advantages of RAS, biofloc and aquaponic 

systems further enhance feed conversion efficiency by providing additional 

nutrient sources. Biofloc systems utilize microorganisms, such as bacteria and 

algae, to process organic waste in the water, which can be consumed by the 

fish as an additional food source. This provides fish with supplemental 

nutrients and reduces the need for external feed inputs, improving overall feed 

efficiency [32]. Biofloc systems are particularly beneficial for species that can 

feed on these microorganisms, such as tilapia and shrimp, leading to improved 

growth and lower FCR. 

Aquaponic systems, which combine fish farming with plant cultivation, 

also contribute to better feed conversion. In these systems, plants help absorb 

excess nutrients from the fish waste, thus maintaining water quality while 

providing fish with additional food sources. The integration of plants further 

reduces the amount of external feed required, as fish benefit from the nutrients 

that plants do not absorb [33]. This synergistic relationship between fish and 

plants in aquaponics enhances both fish growth and feed conversion, making 

RAS even more efficient in utilizing feed resources. 

In contrast to RAS, traditional pond systems often exhibit poor feed 

efficiency due to a combination of resource competition, waste accumulation 

and suboptimal feeding strategies. In traditional systems, fish are raised in 

open ponds where feed is distributed, but the fish are often subject to uneven 

distribution of nutrients. Overcrowding, high stocking densities and 

competition for limited resources lead to inconsistent feed intake, which can 

reduce the efficiency of feed conversion and result in higher FCR values [12]. 

Moreover, the lack of precise control over water quality in traditional 

systems means that fish are often exposed to fluctuating oxygen levels, 
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temperature changes and accumulating waste products. These factors can 

stress fish, reduce their feeding efficiency and slow down their growth rates. 

When water quality deteriorates, fish become less efficient at converting feed 

into biomass, resulting in higher FCR [11]. 

The management of feed in traditional pond systems is often less precise 

compared to RAS, leading to further inefficiencies in feed utilization. In many 

traditional systems, feeding strategies are based on visual observation rather 

than the careful monitoring of fish growth and feed intake. This can lead to 

either overfeeding or underfeeding, both of which negatively impact FCR. 

Overfeeding can lead to excess nutrients in the water, which can degrade water 

quality and increase the risk of disease, while underfeeding can result in 

suboptimal growth and higher feed conversion rates [31]. 

In traditional pond systems, water quality plays a crucial role in feed 

efficiency. Poor water quality, due to the accumulation of organic waste and 

nutrients, can stress fish and decrease their metabolic rate, making it harder 

for them to convert feed into body mass. Inadequate oxygen levels and 

fluctuating water temperatures further exacerbate this problem, making fish 

less efficient at utilizing feed [12]. The lack of advanced filtration or aeration 

systems in traditional ponds leads to inefficient waste removal, contributing 

to poor water quality and ultimately higher FCR. 

Overall, RAS offers clear advantages over traditional pond systems in 

terms of feed conversion efficiency. In RAS, the ability to optimize water 

quality, temperature and oxygen levels ensures that fish can efficiently 

metabolize and convert feed into biomass, resulting in lower FCR. 

Additionally, the controlled environment in RAS reduces stress and 

competition for resources, leading to more consistent and higher feed 

conversion rates. The integration of biofloc and aquaponic systems further 

enhances feed efficiency by providing additional nutrient sources, reducing 

the reliance on external feed. 

In contrast, traditional pond systems face significant challenges in 

managing feed efficiency due to poor water quality, overcrowding and 

inconsistent feed management. These factors contribute to higher FCR values, 

as fish in traditional systems are less efficient at converting feed into growth. 

The lack of control over environmental factors in traditional systems leads to 

increased stress and variability in growth, further exacerbating inefficiencies 

in feed conversion. 
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Conclusion  

Recirculating Aquaculture Systems (RAS) offer superior environmental 

control, resulting in enhanced fish growth and feed efficiency compared to 

traditional pond systems. Through optimized water quality, temperature and 

stocking density, RAS consistently achieves lower FCR and higher SGR. 

These advantages highlight RAS as a promising pathway for sustainable, 

efficient and resilient aquaculture development in the future.  
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Abstract 

Humic substances (HS), originating from the decomposition of organic 

materials, have become acceptable natural improvements in recirculating 

aquaculture systems (RAS) due to their numerous biological and 

environmental benefits. This study examines the use of HS as a water addition, 

emphasizing its capacity to improve water quality, fish health and system 

sustainability. Evidence suggests that HS enhances nitrogen removal 

efficiency by promoting microbial activity and plant absorption mechanisms. 

Researchers have linked HS supplementation to augmented specific growth 

rates, higher feed efficiency and greater weight gain in aquaculture species. It 

has been observed that HS can boost the immune system of fish by increasing 

the activity of lysozyme and alkaline phosphatase in their mucus, as well as 

improving their ability to fight off harmful substances by raising oxyradical 

scavenging and glutathione levels. Moreover, HS has been associated with 

enhanced disease resistance, particularly against pathogens like Vibrio 
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harveyi. From an environmental perspective, the utilization of HS promotes 

sustainability by diminishing dependence on synthetic fertilizers and 

antibiotics while facilitating the valorization of organic waste streams. HS 

could be environmentally friendly water additives that improve the efficacy 

and resilience of recirculating aquaculture systems, allowing sustainable 

aquaculture approaches. 

Keywords: Natural water additives, sustainable aquaculture, water quality. 

Introduction 

Humic substances (HS) come from the breakdown of organic materials 

and are divided into three types based on how well they dissolve: humus 

(which doesn't dissolve), humic acids (which don't dissolve in acidic 

conditions) and fulvic acids (which dissolve in all conditions). HS originates 

from the organic matter of animals, plants and microbial detritus via microbial 

action. These chemicals are prevalent in both natural and artificial contexts [1, 

2]. Understanding the properties and functions of HS is essential for harnessing 

their full potential in various fields. Further research is needed to explore the 

diverse applications of HS and optimize their use for sustainable aquaculture 

development. 

The dissociation of these functional groups results in the formation of 

both polar and non-polar ends, which correspond to the hydrophilic and 

hydrophobic sections, respectively [3]. Both ends contribute to the mechanisms 

that confer beneficial HA activities. [4] HS are diverse natural substances 

lacking a definitive chemical composition. Functional groups such as carboxyl 

(-COOH), phenolic hydroxyl (-OH) and quinone enhance the stability and 

amphiphilicity of these compounds [5]. After the OH and COOH groups break 

apart, the polar end of the negatively charged part forms complexes with 

positively charged metals. 

HS has been gaining research as feed supplements for terrestrial and 

aquatic animals. Improving fish feed with HS improved growth performance 

and immune response while reducing the incidence of skin lesions and the 

severity of infections [6–8]. Nonetheless, there exists an alternative application 

pathway for fish beyond feed: the aquatic environment, especially as a water 

additive in recirculating aquaculture systems. Enriching the water with HS 

mirrors the natural exposure, as up to 95% of the dissolved organic matter in 

aquatic ecosystems consists of humic substances [9, 10]. Another advantage of 

this exposure method is that pre-feeding larvae, which exhibit significantly 

high death rates [11, 12], can also be conditioned. 
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Application of Humic Substances in Recirculation Aquaculture Systems 

Decomposed plant and animal waste, along with inorganic and organic 

pollutants, have an impact on water quality and aquatic life. Recent research 

informs this response on RAS humic substances' chemical, biological and 

environmental effects. Humic compounds' molecular structure changes with 

origin. RAS fulvic acids have both low and high oxygen molecules that are 

not fully saturated, similar to the fulvic acids found in the Suwannee River 

(SRFA) [13]. This variety in composition allows humic substances to 

complexate, adsorb and ion exchange with many contaminants, including 

heavy metals and organic molecules [13, 14]. 

RAS aquatic organisms benefit from humic substances. It can improve 

fish growth by increasing water quality and reducing stress. According to [15], 

applying humic acids to RAS can help aquatic plants like duckweed (Lemna 

minor) remove nutrients more efficiently, improving water quality and fish 

growth. Humic substances also promote microalgae development, which 

aquaculture uses as live feeds. That stimulate because they improve ionic 

nutrition availability and protect against abiotic stress [16]. 

HS significantly modulate fish immunological responses, enhancing their 

tolerance to environmental stressors. These substances enhance antioxidant 

defense systems and modulate the activity of biotransformation enzymes, 

which are essential in detoxification processes. Humic acids have been 

documented to enhance the activity of ethoxyresorufin-O-deethylase (EROD, 

an accepted biomarker for biotransformation enzymes, in Japanese medaka 

(Oryzias latipes) [17]. Moreover, humic substances have been linked to the 

decrease of stress-related enzymes, including aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT), showing a capacity for alleviating 

physiological stress in fish [18]. The findings indicate that HS could function 

as advantageous additions in aquaculture by improving fish health and their 

ability to acclimate to environmental changes. 

Hazardous for Aquatic Organisms 

HS benefit aquatic organisms but can harm them under certain conditions. 

High concentrations of humic acid can cause stress in fish. It reduces 

complement components and coagulation factors in blood plasma to suppress 

the innate immune system [18]. Humic substances also affect algal 

photosynthetic activity, especially at higher concentrations [19]. Humic 

substances positively impact aquatic ecosystems, but their concentration must 

be monitored to prevent negative effects. Understanding their balance is 
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crucial for healthy aquatic environments. To understand potential species 

impacts and manage levels, further research is necessary. 

Impact of Humic Substances on Environment and Water Quality 

Management 

HS is essential to RAS water quality. They reduce heavy metal and 

organic pollutant bioavailability and toxicity to aquatic organisms by binding. 

Humic acids reduce fish toxicity by complexing them with cupric ions [13]. 

Humic compounds also buffer pH and redox in aquatic environments. In RAS, 

water quality changes may negatively impact aquatic organisms, thus 

buffering capacity is essential [20]. Humic substances can improve aquatic 

conditions for fish health and growth, but further research is needed to 

understand their effects and regulate their concentrations in aquatic 

ecosystems, especially in RAS systems. 

Effect on Nutrient Cycling 

HS interact with nitrogen and phosphorus molecules to affect the RAS 

nutrient cycle. They help aquatic plants like duckweed remove ammonia 

nitrogen and total phosphorus, increasing water quality [15]. Humic substances 

also promote microalgae growth, which helps aquatic systems absorb nutrients 

and produce oxygen [16]. Humic substances play a crucial role in maintaining 

a balanced aquatic ecosystem by facilitating nutrient cycling, promoting plant 

growth and mitigating nutrient pollution. They help maintain water clarity, 

support diverse plant species and provide habitat for fish and other organisms 

in aquatic systems, such as freshwater lakes. 

Potential Environmental Risks 

While humic substances are generally beneficial, their accumulation in 

RAS can have unintended environmental consequences. For example, high 

levels of fulvic acids can lead to yellow discoloration of water, which may 

affect light penetration and photosynthesis in aquatic ecosystems [21]. 

Additionally, the use of humic substances as feed additives in aquaculture can 

lead to their accumulation in sediments, potentially altering the microbial 

community structure and nutrient cycling in aquatic systems [22, 23]. 

Use as Biostimulants 

Aquaculture is increasingly using humic substances as biostimulants to 

boost the productivity and profitability of RAS. They can improve the growth 

performance of fish by enhancing nutrient uptake and reducing stress. For 

example, the addition of humic acids to fish feed has been shown to improve 
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the specific growth rate (SGR) and feed conversion ratio (FCR) of fish culture 

such as Nile tilapia and Asian seabass [23]. Additionally, humic substances can 

stimulate the growth of microalgae, which are used as live feeds in 

aquaculture, by increasing their biomass concentration and pigment 

production [16]. 

Role in Water Remediation 

RAS can also use humic substances for water remediation. They can bind 

to pollutants, such as heavy metals and organic compounds, reducing their 

concentrations in water. For example, humic acids can be complex with cupric 

ions, lowering their toxicity to aquatic organisms [13]. Additionally, humic 

substances can act as natural buffers, stabilizing pH and redox conditions in 

aquatic systems, which is particularly important in RAS where water quality 

can fluctuate significantly [24]. Previous research has demonstrated that humic 

compounds can improve the bioremediation capabilities of aquatic plants and 

microbes in RAS. Humic acid (HA) enhances aquatic duckweed's (Lemna 

minor) capacity to absorb TAN and TP from water, which in turn increases its 

nutrient removal effectiveness [15]. There will be a decreased need for external 

water treatment devices and more favorable conditions for aquatic creature 

growth as a result of this improvement in water quality. Critical water quality 

parameters, including dissolved oxygen, pH and nitrite/nitrate levels, can be 

stabilized by humic substances. For instance, studies have shown that humic 

acid can help fish grow better by lowering the amounts of free ammonia, 

nitrate and nitrite, while increasing orthophosphate levels in RAS. There a 

lower potential for changes in water quality and more stability in water 

chemistry when humic substances are present because they function as natural 

buffers. Furthermore [25] reported the study investigates the detoxification 

potential of various humic substances (HSs) on toxic nitrogen species in 

aquatic food organisms, revealing that HSs can reduce toxicity to varying 

degrees, with implications for improving recirculating aquaculture systems. 

Enhancement of Fish Growth 

There is evidence that humic substances can enhance the growth 

performance of RAS fish. For instance, according to [26], juvenile Asian 

seabass (Lates calcarifer) exhibited an increase in both the specific growth 

rate (SGR and weight gain when supplemented with fulvic acid in their diet. 

In a similar vein, humic acid has been demonstrated to improve feed utilization 

and growth rates in Nile tilapia (Oreochromis niloticus) when supplemented 

to water [15, 27]. 
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Enhanced Efficiency in Feeding 

Feed conversion ratios (FCR) can be improved with the use of humic 

compounds in RAS, leading to more efficient and cost-effective aquaculture 

operations. Better feed utilization by fish was shown by a significant reduction 

in feed conversion ratio (FCR) in a meta-analysis of studies on humic 

compounds as feed additives [23]. The capacity of humic compounds to 

facilitate nutrient absorption and metabolism in aquatic organisms is 

responsible for this increase in feed efficiency. 

Health and Immunity Improvement 

Immunostimulants like humic chemicals boost aquatic organisms' 

immune systems. Fulvic acid increases immune-related enzymes, including 

lysozyme and alkaline phosphatase, in rainbow trout (Oncorhynchus mykiss) 

skin mucous [2, 28]. This regulation of mucosal immunity can help aquaculture 

fish withstand illnesses and reduce antibiotic use. Furthermore, the study 

investigates the effects of humic substances on the microbiomes of juvenile 

European sea bass in a recirculating aquaculture system, revealing increased 

bacterial diversity, reduced potential pathogens and improved fish health 

parameters [22]. 

Antioxidant Values 

Humic compounds contain antioxidants such as phenolic moieties that 

protect aquatic species from oxidative stress. For instance, rainbow trout gills 

with fulvic acid supplementation had higher TOSC and glutathione levels, 

boosting their antioxidant defenses [2, 29]. This reduction in oxidative stress can 

improve RAS fish health and stress tolerance. 

Disease Resistance  

RAS with humic substances improves aquatic organism disease 

resistance. Fulvic acid supplementation improves the survival rate of Asian 

seabass juveniles infected with Vibrio harveyi, a common aquaculture disease 
[30]. Humic chemicals boost immunity and lessen infection severity, increasing 

disease resistance. Humic substances can help aquaculture's circular economy 

by transforming waste into resources. Humate-containing wastes from humic 

preparation manufacture increase pond fish productivity and reduce synthetic 

fertilizer use [31, 32]. This method saves waste and improves sustainable 

aquaculture.  

Recent research highlights the multifaceted applications of humate-based 
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products in aquaculture, demonstrating significant benefits across 

environmental, biological and economic dimensions. Water quality 

improvement has been a key focus, with studies reporting enhanced nutrient 

removal efficiency facilitated by aquatic plants and microorganisms in 

humate-amended systems [27, 33]. In terms of fish health and performance, 

humates have been shown to promote growth by increasing specific growth 

rates and weight gain percentages [27, 30, 33]. Immune modulation is another 

important benefit, as evidenced by elevated lysozyme and alkaline 

phosphatase activities in fish mucus following humate application [2, 28]. 

Furthermore, humates exhibit antioxidant properties, such as increased total 

oxyradical scavenging capacity and glutathione levels, which contribute to 

overall fish health [2]. Their role in disease resistance has also been 

documented, with improved survival rates against pathogens like Vibrio 

harveyi [30]. From a sustainability perspective, the use of humates reduces 

dependence on synthetic fertilizers and antibiotics, supporting more 

environmentally friendly aquaculture practices [27, 33]. Additionally, humate-

containing wastes can be repurposed into valuable inputs for aquaculture, 

offering promising avenues for waste management and circular resource use 
[34]. These findings collectively demonstrate the ability of humates to enhance 

aquaculture productivity while promoting ecological and economic 

sustainability. 

Table 1: Key Applications and Findings of Humic Substances in RAS 

Application Key finding Reference 

Water quality 

improvement 

Aquatic plants and microorganisms have 

increased their nutrient removal efficiency. 

[15, 27, 33, 35] 

Immune 

modulation 

Fish mucus exhibits increased lysozyme and 

alkaline phosphatase activities. 

[2, 30] 

Growth promotion The specific growth rate (SGR) and weight 

increase percentage of the fish have 

improved. 

[15, 36, 37] 

Antioxidant 

properties 

An increase in total oxyradical scavenging 

capacity (TOSC) and glutathione 

concentrations was observed. 

[28] 

Disease resistant The probability of survival against pathogens 

such as Vibrio harveyi has increased. 

[22, 26] 

Sustainability Aquaculture decreased the need for synthetic 

fertilizers and antibiotics. 

[35, 36] 

 

Humic acids (HA) and fulvic acids (FA) can increase water quality, fish 

growth and immunological responses, which makes them useful in 

aquaculture. Recirculating aquaculture systems (RAS) utilize organic 
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compounds to regulate water quality, disease resistance and sustainable 

production. This response discusses how humic chemicals improve aquatic 

creature development and health in RAS. 

Conclusion 

Humic substances are versatile compounds with significant potential in 

aquaculture recirculation systems. Their ability to interact with pollutants, 

stimulate biological processes and maintain water quality makes them 

valuable tools for improving the productivity and sustainability of RAS. 

However, their application requires careful consideration of their potential 

environmental risks and the need for further research into their molecular 

mechanisms of action. Humic substances can improve water quality, growth 

performance, immunological responses and sustainability in recirculating 

aquaculture systems. As natural bioremediation agents, growth promoters and 

immunological stimulants, they can help solve modern aquaculture problems. 

Humic compounds in RAS operations may enhance productivity, 

sustainability and environmental compatibility as the aquaculture industry 

expands. 
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Abstract 

A sustainable fish farming method that provides a way to satisfy the 

increasing demand for fish worldwide is Recirculating Aquaculture Systems 

(RAS). The water consumption of these closed systems, which reuse and 

circulate water, can be as much as 99% lower than that of conventional 

6 
CHAPTER 
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aquaculture techniques. Additionally, RAS lessens the chance of fish escapes, 

disease transmission from wild populations and water contamination from 

bodies of water. However, the environmental conditions in a closed RAS 

system can increase fish stress and suppress the immune system, resulting in 

elevated susceptibility to pathogens such as bacteria, parasites, fungi and 

viruses. Understanding where these pathogens originate, how they infect fish 

and how to reduce their prevalence is critical for effective disease 

management. Chemical treatments play an important role in controlling or 

eliminating infections, but their application must be guided by a thorough 

understanding of pathogen biology and system dynamics. One of the 

important aspects of RAS is disease or pathogen prevention through the 

application of biosecurity to prevent the entry of pathogens into the system. 

The most common approach involves through screening and testing of fish 

during quarantine or isolation prior to being transferred into the main rearing 

system. 

Keywords: disease, biosecurity, pathogen, RAS. 

Introduction 

Aquaculture is currently the fastest-growing food-producing industry 

worldwide and has been recognized as one of the key industries supplying 

millions of people with food and nutrition security, income and employment 

opportunities [1]. As a result, aquaculture has been linked to some difficulties 

such parasites and fish diseases [2]. For instance, it has been calculated that fish 

mortality costs Brazil a total of US$ 84 million per year [3]. 

The problem is very serious in poorer countries, so we need to quickly 

start preventing and controlling diseases. Fish get sick when three things 

happen together: a bad environment, a strong germ and a fish that can easily 

get sick. We group these diseases by what causes them: bacteria, viruses, fungi 

or parasites. Technologies for fish health management and biosecurity are 

already in place in aquaculture, but adoption of these technologies and optimal 

management practices is hampered by a lack of technical expertise [4]. 

To raise fish in recirculating aquaculture systems (RAS), the most 

important thing is managing their health. This includes having a good system 

in place and knowing a lot about fish health. Recirculating aquaculture 

systems (RAS) are intensive, self-contained aquaculture systems that reuse a 

significant amount of water. These systems lower the amount of water needed 

for fish farming by filtering and cleaning the water from the fish tanks before 
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it is used again [5]. RAS raises fish in indoor tanks in a controlled environment 

as opposed to the conventional practice of raising fish outdoors in open ponds 

and raceways [6]. Over the past ten years, aquaculture has seen a new 

investment in the RAS system. By watching the water quality and managing 

the water that comes in, RAS helps aquatic animals grow faster and stay 

healthy at all stages of life [7]. 

RAS technology enables the production of fish with a bigger harvest size 

and more lucrative outcomes [8]. Furthermore, to improve the RAS technology 

further and to increase one's knowledge about using biosecurity to manage 

health. The essential component is fish production as well as encouraging 

higher fish production, for example by stimulating fish growth with optimal 

hydrodynamics, optimal light to increase growth, with suitable flows and 

pipelines to prevent sedimentation and the possibility that gas will appear in 

fishponds as H2S. RAS systems operate under strict protocols, minimizing the 

use of antibiotics and chemicals, which can harm aquatic ecosystems and 

human health. RAS can integrate aquaponics, where nitrogen waste from fish 

is used as input for vegetable production, increasing the overall sustainability 

and profitability of the system [9]. 

Recirculating aquaculture systems for fish production been in use for 

many years. There are several various interpretations of RAS, in general it 

refers to a water exchange system where 90% of the volume of the system is 

recycled, with less than 10% water exchange of the system's volume per unit 

time [10]. The formula usually used is: 

 Recirculation Rate (%): 

𝑅𝑒𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (%)

=  
𝑊𝑎𝑡𝑒𝑟 𝐹𝑙𝑜𝑤 𝑡𝑜 𝑇𝑎𝑛𝑘 (

𝑚3

ℎ
)

𝑁𝑒𝑤 𝑊𝑎𝑡𝑒𝑟 (
𝑚3

ℎ
)  +  𝑊𝑎𝑡𝑒𝑟 𝐹𝑙𝑜𝑤 𝑡𝑜 𝑇𝑎𝑛𝑘 (

𝑚3

ℎ
)

 𝑥 100  

Where:  

Water Flow to Tank (m³/h): The amount of water flowing into the tank per 

hour. 

New Water (m³/h): The amount of new water being added per hour. 

 Water Exchange Rate per Day (%): 
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𝑊𝑎𝑡𝑒𝑟 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑅𝑎𝑡𝑒 𝑝𝑒𝑟 𝐷𝑎𝑦 (%)

=  
𝑃𝑒𝑟 − 𝑑𝑎𝑦 𝑊𝑎𝑡𝑒𝑟 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒 (𝑚³/𝑑𝑎𝑦)

𝑇𝑜𝑡𝑎𝑙 𝑊𝑎𝑡𝑒𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑆𝑦𝑠𝑡𝑒𝑚 (𝑚³)
 𝑥 100 

Where:  

Per-day Water Exchange (m³/day): The amount of water exchanged in the 

system per day. 

The system's total water volume (m³): The total volume of water in the 

system. 

 Water Exchange Every Day per kg of Feed (L/kg feed): 

𝐷𝑎𝑖𝑙𝑦 𝑊𝑎𝑡𝑒𝑟 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑝𝑒𝑟 𝑘𝑔 𝑜𝑓 𝐹𝑒𝑒𝑑 

=  
𝑃𝑒𝑟 𝑑𝑎𝑦 𝑊𝑎𝑡𝑒𝑟 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒 (𝑚³/𝑑𝑎𝑦)

𝑃𝑒𝑟 𝑑𝑎𝑦 𝐹𝑒𝑒𝑑 𝑆𝑢𝑝𝑝𝑙𝑦 (𝑘𝑔/𝑑𝑎𝑦)
 

Where:  

Per day Water Exchange (m³/day): The volume of water exchanged per 

day in the system. 

Per day Feed Supply (kg/day): The amount of feed supplied per day. 

Compared to big ponds or flow-through systems, recirculating systems 

may have more erratic water quality. Variations in water quality, such as brief 

rises in nitrite or ammonia, can cause serious harm or illness on their own. 

These changes in the environment frequently result in immune system 

suppression and increased vulnerability to pathogens, organisms that cause 

disease, includes viruses, fungi, bacteria, parasites and disease outbreaks. 

Systems that circulate encourage the disease transmission and the 

proliferation of several pathogenic organisms. This tendency can be attributed 

to a variety of factors, such as slower water turnover, the accumulation of 

biofilms and sediment, which can lead to the development of pathogens, in 

tanks, sumps or filtration components (particularly mechanical and biological 

filters) and higher fish densities in comparison to other culture systems. 

Overall, RAS offer a more sustainable and efficient approach to aquaculture, 

addressing key challenges such as water conservation, environmental 

protection and disease management while promoting local production and job 

creation [5].  

Pathogens may become concentrated over time, meaning they are present 

in large quantities. The majority of infections are thought to be opportunistic, 
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only infecting fish with compromised immune systems. However, infections 

can also infect healthy fish with sickness if they proliferate enough. 

Furthermore, a system's constant water flow can quickly spread germs, 

particularly if it lacks proper disinfection procedures or elements like ozone 

or UV sterilization. In recirculating systems, bacteria, parasites, fungi and 

viruses can all concentrate. 

Bacterial disease 

Many tiny living things live in recirculating aquaculture systems. These 

include bacteria that change nitrogen compounds, such as nitrifying bacteria, 

denitrifying bacteria and bacteria that change nitrate into ammonia. Other 

bacteria include bacteria that oxidize ammonium anaerobically (Anammox), 

microorganisms that reduce sulfate, microorganisms that oxidize sulfur and 

microorganisms that produce methane [11]. Aeromonas species, Vibrio, 

Mycobacterium, Streptococcus, Yersinia ruckeri [12] and Flavobacterium 

columnare are among the bacteria that seem to proliferate in recirculating 

systems (causes columnaris). 

Several types of bacteria in the Flavobacterium group are extremely 

important opportunistic fish pathogens that are considered ubiquitous in the 

aquatic environment and are associated with significant losses during 

outbreaks of clinical disease [13]. F. columnare is linked to columnaris illness. 

The cause of the illness can be seen on the gills, but it's more common to find 

it on the skin. Columnaris usually doesn't happen on its own; something must 

hurt the fish or its surroundings to cause the disease to show up. When this 

happens, many fish can die, sometimes more than 70%. In tests of water om 

two saltwater and seven freshwater RAS, disease-causing organisms like 

Bacillus cereus, Shigella spp., Vibrio spp., Photobacterium damsela and A. 

hydrophila were found [14]. 

This is about the tiny living things that cause MIB (2-methylisoborneol 

(1,2,7,7-tetramethyl-exo-bicyclo [2.2.1]-heptan-2-ol and Geosmin (trans-

1,10-dimethyl-trans-9-decalol) to be produced in recirculation aquaculture 

systems (RAS) are Streptomyces roseoflavus, S. thermocarboxydus, 

Streptomyces cyaneofuscatus, Nocardia cf. fluminea, Pseudanabaena sp., 

Microcoleus sp., Phormidium tenue, Sorangium Nannocystis [15]. 

Using (bacteria) phage therapy could be another way to 

fight bacteria, instead of using antibiotics. It could also help 

solve the problem of antimicrobial resistance and support the One Health 
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approach. Phages are viruses that only infect bacteria and do not hurt other 

microbes or eukaryotic cells around them. Phage therapy is 

not new. It has been used for almost 100 years to treat bacterial infections 

in people [16]. Recirculating water helps deliver phages because they are small 

enough to go through filters and other barriers. This means they can stay in 

the system for a long time and move freely with the water [17]. However, we 

need to study the roles and activities of microbes in RAS more to help them 

boost plant growth and fight plant diseases better [18]. The types of microbes 

present during different steps of filtering recycled water in the RAS system 

can change a lot depending on different things. How many aquatic animals are 

being raised, how dirty the water is from fish waste and leftover, the water’s 

pH and the chemicals in the water (like the amounts of nitrates and nitrites) 

can all change the makeup of the bacterial community [19]. The water 

temperature in the RAS also has an impact on which microbes grow [20]. 

Viral disease 

Most viral diseases happen because there are no antiviral treatments and 

young fish are very likely to get sick. It's hard to create good vaccines for 

young fish and we don't know enough about how to make virus vaccines [21]. 

Also, it's often hard to spot viral infections, they can't be cured, they're hard to 

get rid of and they can cause many deaths, which leads to big losses. Viral 

diseases spreading through global trade is a big danger to fish farming. 

Moving animals that look healthy but are infected, carrier animals that don't 

show symptoms and shipping among the risks include contaminated eggs that 

pose a threat to fish farming's future [22]. 

In a RAS, good biosecurity means doing things like using seeds that are 

free of specific diseases, using safe water from the ground and having closed 

buildings that only a few employees can enter and those employees must 

follow strict biosecurity rules. Well-run RAS systems can greatly reduce or 

stop the entry of fish pathogens that must live in a host to survive. Death from 

virus infections can depend on how old the fish are or what the water 

temperature is. Viruses spread either horizontally or vertically. Horizontal 

transmission happens through things like bodily fluids, semen, urine and feces 

or ovarian fluid that are released into the water. Vertical transmission, on the 

other hand, is when the virus in the parent (in the ovaries or testicles) is passed 

to their offspring. 

Viruses that infect fish include Necrotic Necrosis Virus (NNV), Viral 

Hemorrhagic Septicemia (VHS), Spring Viremia of Carp (SVC), Spleen and 
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Kidney Infection Virus (ISKNV) and Koi Herpes Virus (KHV). On the other 

hand, opportunistic fish pathogens are those that can grow and keep food safe 

in the water and they are often related to disease. This only occurs when the 

fish and its surroundings allow the virus to thrive. You can prevent fish from 

being exposed to obligate pathogens in a limited, controlled environment with 

only one species. However, you must always think of opportunistic pathogens 

as possible threats to fish health. This is particularly important in RAS 

systems, where pathogens can increase to harmful levels because of how water 

is used. Therefore, this section will cover some key opportunistic fish 

pathogens that can cause major issues in RAS when conditions are not good. 

Aquaculture industry around the world has grown quickly in recent years. 

This has led to more aquaculture viruses appearing and being discovered. 

Because some viruses have a very large effect on the aquaculture industry 

worldwide, we must take steps to prevent diseases from being introduced to 

fish that could catch them. We must also lower the levels of infection to 

acceptable levels in fish populations that are already infected. While land-

based, restricted, controlled monoculture offers a chance for much better 

control than more open, conventional ways of raising fish, the new RAS 

environment and the fish production is intense in these systems create a 

situation where new pathogens and diseases could become problems for RAS 

operators in the future. 

Biosecurity keeps diseases out of growing areas or buildings. This also 

means controlling diseases that are already in an area to keep them from 

spreading. The main worry in biosecurity is anything that can carry diseases, 

like infected animals or objects. To have good biosecurity in aquaculture, use 

biosecurity steps in every part of the aquaculture process. This includes ponds 

and groups that handle aquaculture products sent to and from other countries. 

Some actions for dealing with viral diseases include quarantine, vaccination, 

temperature, using recommended stocking densities, filtering and irradiating 

incoming water with ultraviolet (UV) light and using chemicals to control 

viruses [2]. 

Paracites disease 

Parasites like Trichodina, Ichthyophthirius multifiliis (White Spot) 

Infections in Fish, Cryptocaryon, Amyloodinium, Costia and 

monogeneans tend to grow and spread easily in RAS [23]. Other examples of 

these parasites are Gyrodactylus, Chilodonella, Epistylis, 

Trichophrya, Ichthyophthirius, Ichtyobodo and amoebic gill infestation. 
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The ciliated protozoan Cryptocaryon irritans is a harmful parasite that 

affects many marine teleosts in tropical and subtropical areas. For example, 

Cryptocaryon irritans can cause infection in industry aquaculture. 

Aquaculture industry has additionally raised the danger of spreading diseases 

because of high-density farming in closed environments, especially in 

recirculating aquaculture systems (RAS). This problem can be solved with 

RAS, solar radiation (UV) and ozone (O3), which are frequently used to 

disinfect in industry aquaculture [24]. Numerous physical and chemical 

methods have been used to control the C. irritans parasite in aquaculture 

industry, while changing culture containers, the recommended techniques are 

immersion in copper or formalin [25]. 

Ectoparasites cause the most serious disease outbreaks in Asian seabass, 

cobia and pompano during their larval and juvenile stages. These 

parasites feed on mucous, tissues and other bodily fluids. Cryptocaryoniasis, 

Amyloodiniosis, Trichodiniosis, Microsporidiosis and other infections caused 

by monogeneans, digeneans, copepods and isopods are the most common 

ecoparasitic infections in fish raised on RAS. They damage the epithelial 

layer, which leads to skin lesions that bleed. Many parasites carry bacteria and 

viruses, which can cause various infections in fish. 

Fungal diseases of fish 

The fungi that cause saprolegniasis are Oomycetes of the Saprolegnia 

genus, which are found in freshwater settings and are present in the RAS [26]. 

Saprolegniasis causes big financial problems for aquaculture businesses 

worldwide, harming both cold and warmwater fish. Recently, saprolegniasis 

has become a problem again in salmon farming after malachite green was 

banned [27]. Now, it is thought that 10% of all young Atlantic salmon raised on 

farms die from this disease [28]. 

Another fungus in freshwater is Epizootic Ulcerative Syndrome (EUS) 

Along with the rhabdovirus and the Aeromonas hydrophila, Aphanomyces 

invadans is linked to the illness outbreak [29]. More than 30 kinds of freshwater 

fish, including goby, guorami, catfish and snakeheads. The condition causes 

fish to become lethargic, which can eventually turn into inactivity or 

comatoseness. When the disease reaches an advanced stage, the vertebral 

column, visceral organs and head and bone tissues are frequently visible. 

Complete tail erosion is also typical. Branchiom anchiomycosis (Gill Rot) is 

caused by Branchiomyces spp. Species affected are carps, goldfish and eels. 

Fungal hyphae in the gills have an impact on hos because they block blood 
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flow. Lamellar fusions and lamellar epithelial cell necrosis and proliferation 

may be seen. The illness can strike without warning and frequently progresses 

quickly, with losses of up to 30–50% happening in 2-4 days. 

Ichthyophoniasis (Ichthyosporidiosis) is the cause of the problem is 

Ichthyophonus sp. Cods, herrings, flounders, the trout and droupers are among 

the species impacted. While some afflicted fish may not exhibit any outward 

signs, the cross sign is an outward sign of the illness It differs depending on 

the species. Affected fish can exhibit erratic swimming patterns and abdominal 

enlargement. Numerous white nodules up to 2 mm in diameter enlarge the 

internal organs (liver, kidney and spleen). Some afflicted fish also have 

nodules in their muscular tissues. 

Because RAS farms are new aquatic environments and raise a lot of fish 

in a small space, new diseases could become issues for RAS operators in the 

future. This is true even though land-based closed containment aquaculture 

can control biosecurity better than older, more open fish farming methods. So, 

when fish get sick in RAS systems, fish health experts should think about 

causes other than the usual suspects. 

Pathogen management in RAS 

Pathogens may collect higher in compared to single-pass devices, RAS 

biofilters due to a poor dilution rate and high organic loading [30] and illnesses 

can be feasible when biofilms separate and come into contact with agricultural 

microbes. Effective system management and regulation of opportunist 

expansion by so-called "neutral bacteria" are the main factors affecting the 

biosecurity of RAS. Most of the water volume in RAS is recycled in the tanks 

after passing through mechanical and biological filters. However, because the 

pathogens propagate throughout the system and the addition of chemicals and 

antibiotics disturbs the biofilters' microbiome, illness prevention and 

treatment in these systems are difficult [17]. 

The most often utilized techniques for continually disinfecting water in 

RAS are ozone and UV treatment, either separately or in combination. 

Disinfection does not distinguish between populations of helpful 

microorganisms and pathogens. To prevent the growth of opportunists in the 

system, caution should be used in the dosages administered and the 

disinfection site [31]. After analyzing various disinfection efficiencies and came 

to the conclusion that a strong disinfection destabilizes the microbial 

population, which has detrimental consequences on cod larvae. Some of the 
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technologies used include: 

 Ozonation 

 Ultraviolet irradiation 

 Biocontrol of pathogenic microbes in RAS 

 Green-water technology 

 Microbially matured water 

 Probiotic application 

When compared to other system components, RAS biofilters are a 

substantial source of microorganisms and as such, they need further 

investigation into the dynamics and interactions of microbes in relation to 

specific design and input management. Control of autotrophic and 

heterotrophic bacteria is essential for maintaining optimum water quality and 

the health of farmed creatures. Effective control of the organic load lowers the 

possibility of ammonia and nitrite buildup, stops solids from accumulating in 

the system and lessens the growth of opportunistic pathogens and 

microorganisms that produce off flavors. 

Conclusion 

Some disease-causing organisms (pathogens) may thrive more readily in 

recirculating systems. A thorough knowledge of the locations of various 

pathogens (bacteria, parasites, viruses and fungi) may be present in a system 

and the recirculating system manager must understand how they could 

infiltrate a system. This knowledge is essential for creating efficient 

management procedures and for designing sound systems. 
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Abstract 

Aquaculture has become a key contributor to global food security, 

supplying nearly half of the world’s fish consumption. However, its rapid 

expansion has raised environmental concerns, necessitating the adoption of 

sustainable practices. Among modern innovations, Recirculating Aquaculture 

Systems (RAS) offer a land-based, water-efficient alternative to traditional 

aquaculture methods. RAS provides enhanced control over environmental 

parameters and significantly reduces waste and water use, making it a 

promising solution for sustainable fish farming. A central aspect of RAS 

functionality is its microbial ecosystem, which plays a critical role in nutrient 

cycling, water quality maintenance and fish health. This review examines the 

factors influencing microbiome dynamics in RAS, including water quality 

parameters, feed composition, system design and stocking densities. It also 

explores the composition of RAS microbiomes, emphasizing the roles of key 

bacterial phyla and the gut microbiota of fish in enhancing immune function 

and nutrient assimilation. A balanced microbiome supports better fish growth, 

disease resistance and environmental sustainability. Advances in microbial 
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management such as the use of next-generation probiotics, integration of 

microalgae and application of omics technologies are shaping the future of 

aquaculture by enabling precise, eco-friendly and health-optimized systems. 

This underscores the importance of microbiome optimization as a cornerstone 

for improving productivity and sustainability in modern aquaculture. 

Keywords:  Recirculating Aquaculture Systems (RAS), Sustainable 

aquaculture, Microbiome dynamics, Fish health and immunity, Microbial 

management innovations 

Introduction 

Aquaculture is the practice of cultivating aquatic organisms such as fish, 

crustaceans and mollusks in controlled environments to meet the growing 

demand for seafood and support food security [1]. Aquaculture has become a 

vital sector in global food security, providing nearly 50% of the world’s fish 

supply and economic growth, particularly in low-income countries [2, 3]. 

however, this growth has raised environmental concerns, including pollution, 

habitat degradation and conflicts over coastal space [4]. Sustainable practices 

are essential to mitigate these impacts, with strategies such as Integrated 

Multi-Trophic Aquaculture (IMTA), efficient feed management and waste 

reduction being highlighted as effective solutions [5, 6]. The integration of 

modern technologies, community involvement and robust governance can 

enhance sustainability, ensuring that aquaculture not only meets current food 

demands but also preserves aquatic ecosystems for future generations [5, 7]. The 

are two main approaches in aquaculture: traditional aquaculture and modern 

systems like Recirculating Aquaculture Systems (RAS). 

Traditional aquaculture typically involves small-scale, low-technology 

methods passed down through generations, such as pond and cage culture. In 

pond systems, fish are raised in artificial or natural ponds, relying on the 

natural productivity of the water and sometimes supplemented with fertilizers 

or feed [8]. Cage culture confines fish in mesh enclosures within lakes or rivers, 

allowing for natural water exchange but exposing fish to environmental 

fluctuations and disease risks from wild populations [1]. Traditional systems 

are often extensive or semi-intensive, characterized by low stocking densities, 

minimal input and lower productivity, but they are deeply rooted in local 

culture and require less capital investment [9]. However, these methods can 

have environmental drawbacks, such as untreated waste discharge and 

reliance on natural water bodies, which can limit production and sustainability. 
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In contrast, RAS represent a modern, intensive approach to fish farming. 

RAS are land-based systems that continuously filter and reuse water through 

mechanical and biological processes, allowing for high stocking densities and 

greater control over environmental conditions. These systems minimize water 

usage and environmental impact by treating waste and maintaining optimal 

water quality parameters, supporting year-round production and reducing the 

risk of disease transmission from wild population. While RAS require higher 

initial investment and technical expertise, they offer significantly higher 

productivity and sustainability compared to traditional methods [10, 11]. 

Factors Influencing Microbiome Dynamics in RAS 

Microbial stability and function in RAS are influenced by a complex 

interplay of biological, operational and environmental factors that affect 

microbiome dynamics. Based on recent study, the following summarizes 

important factors: 

Water quality  

Temperature, dissolved oxygen (DO), pH and other water quality 

parameters are important determinants of microbial activity in RAS. Since 

ammonia-oxidizing bacteria (AOB) like Nitrosomonas and ammonia-

oxidizing archaea (AOA) prefer a restricted pH range (7–8.5), pH variations 

have a direct impact on nitrification effectiveness. Mechanical aeration is 

required to regulate conditions because elevated CO₂ levels, which are 

prevalent in RAS owing to fish respiration, can lower pH and hinder oxygen 

intake in fish. Microbial metabolic rates are influenced by temperature; 

warmer waters speed up nitrogen cycle but run the danger of oxygen depletion. 

To maintain nitrifying bacteria and avoid hypoxia, which can upset microbial 

populations and fish health, DO levels must be above 5 mg/L. 

Probiotics and Feed Composition  

Feed mix changes the availability of nutrients, which affects microbial 

dynamics. High-protein diets promote heterotrophic denitrifiers 

(Pseudomonas) and autotrophic nitrifiers (Nitrosomonas, Nitrospira) by 

increasing nitrogenous waste. Although probiotic supplements are meant to 

improve fish health, their direct effects on biofilter microbiomes might be 

minimal. According to studies, probiotic strains such as Bacillus species have 

no discernible impact on biofilter populations, indicating that their effects are 

restricted to fish guts rather than affecting microbial structures across the 

system. However, by boosting carbon and nitrogen substrates, feed-driven 
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organic loading indirectly modifies water microbiomes, favoring taxa such as 

Bacteroidetes and Proteobacteria. 

System Design and Biofilter Efficiency 

 Specialized microbial communities are housed in unique 

microenvironments produced by RAS compartmentalization. Complete 

ammonia-to-nitrate oxidation is carried out by nitrifying guilds such AOA 

(Thaumarchaeota), AOB (Nitrosomonas) and comammox Nitrospira, which 

dominate biofilters, the foundation of nitrogen removal. Surface area, 

hydraulic retention time and oxygen availability all affect biofilter 

effectiveness; mature systems use microbial succession to achieve stable 

nitrification. Heterotrophic overgrowth, which can outcompete nitrifiers and 

cause system breakdowns, is a risk associated with poorly constructed 

systems. 

Stocking Density and Stressors 

Elevated stocking density changes the diversity and function of 

microorganisms by increasing organic input. Under high-density conditions, 

for instance, African catfish RAS exhibited decreased microbial richness and 

the predominance of opportunistic diseases such as Mycobacterium spp., 

which were associated with increased levels of phosphorus and nitrogen. 

Overcrowding and other stressors raise fish cortisol levels and make them 

more vulnerable to dysbiosis. On the other hand, medium-density systems 

show more biodiversity and effective nutrient cycling, while balanced 

stocking levels support microbial stability. The buildup of organic matter in 

new RAS systems increases the potential of eutrophication, emphasizing the 

necessity of staggered stocking to give microbial communities time to adjust. 

Microbiome Composition in RAS 

Recirculating Aquaculture Systems (RAS) are complex environments 

where the microbiome plays a crucial role in maintaining water quality and 

ensuring the health of aquatic organisms. The microbiome in RAS is 

influenced by various factors, including water quality parameters and system 

design. Geosmin, a compound causing off-flavors in fish, is produced by 

specific bacterial groups, notably Actinomycetales, whose presence correlates 

with phosphate, calcium levels and redox potential, while oxygen levels and 

conductivity negatively correlate with geosmin concentration [12]. The 

microbial community in RAS is diverse and varies significantly between 

systems, with core taxa such as Flavobacterium, Cetobacterium and nitrifying 
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guilds being common across different facilities [13].  

The biofilter in RAS, crucial for waste management, hosts a variety of 

microbes, including nitrifying bacteria that convert ammonia to nitrate and 

denitrifying bacteria that further process these compounds [14]. The dynamic 

nature of microbial communities is evident in both water columns and 

biofilms, with feed administration affecting bacterial abundance and 

community stability [15]. Understanding these microbial dynamics and their 

interactions with environmental factors is essential for optimizing RAS design 

and operation, potentially reducing costs and improving system efficiency [13, 

15]. Microbial imbalances (dysbiosis) can lead to disease outbreaks and system 

failures [16]. Therefore, understanding and optimizing the microbiome is 

crucial for improving RAS sustainability, fish health and productivity. 

Additionally, the stability of microbial communities in RAS is crucial for fish 

welfare, as evidenced by the dynamic succession of biofilm communities and 

the presence of pathogenic bacteria, which can be managed through careful 

monitoring of physicochemical conditions [15, 17]. Overall, RAS not only 

enhances microbial profiles but also improves the quality and yield of 

aquaculture products, highlighting its advantages over traditional methods [18]. 

Proteobacteria, Bacteroidetes and Verrucomicrobia are the phyla that 

usually dominate the water microbiome in freshwater RAS tanks, while 

particular taxa differ depending on system parameters like temperature and 

operational stage. Raceways, rearing tanks and biofilters are examples of RAS 

compartments with different microbial communities that maintain unique 

microbiomes tailored to their respective functional tasks [19]. When compared 

to flow-through systems, mature systems of RAS microbiomes show more 

microbial diversity and stability over time, which is linked to better production 

outcomes like increased larval survival. Still, there are temporal dynamics that 

can lead to changes in the structure and function of microbial communities.  

These dynamics are controlled by things like feed supply, organic matter 

accumulation and water treatment techniques [17]. Additionally, factors such as 

fish type, loading intensity and system design influence microbiome 

composition, highlighting the need for tailored management practices to 

optimize microbial health [13]. Studies on African catfish and Atlantic salmon 

further demonstrate that stocking density and developmental stages affect 

microbial diversity and pathogen presence, suggesting that understanding 

these dynamics is essential for enhancing fish welfare and production 

outcomes in RAS [20]. 
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Fish intestinal microbial community includes both autochthonous species 

that adhere to the intestinal mucosa and allochthonous species that do not 

because they are unable to do so or are outcompeted [21-23]. In addition to 

exhibiting great adaptability to environmental changes, microbial 

communities can also reflect physiological or environmental history, where 

the order in which microbes enter a community plays a significant role in 

determining the composition of the microbiome even in the presence of 

identical conditions [24]. Gut bacteria also support the growth, stimulation and 

defense of the host immune system in addition to giving the hosts vitamins, 

extracellular fatty acids and exogenous nutrients. 

The gut microbiomes of various fish species are rather comparable. 

Proteobacteria, Fusobacteria, Firmicutes, Bacteroidetes, Actinobacteria and 

Verrucomicrobia are the predominant bacterial groupings. There is proof that 

zebrafish and common carp (Cyprinus carpio, L.) have a core gut microbiota 
[25-28]. Specifically, freshwater fish gut microbiomes frequently contain the 

Fusobacterial species Cetobacterium somerae, which can manufacture and 

most likely supply the host with vitamin B12 [25, 26].  

Balanced Microbiome's Advantages for RAS 

The balanced microbiome in Recirculating Aquaculture Systems (RAS) 

is crucial for enhancing fish health, growth performance and environmental 

sustainability. A diverse microbial community not only aids in water 

purification but also suppresses harmful pathogens, thereby reducing disease 

incidence among fish. This balance is essential for optimizing aquaculture 

productivity and minimizing ecological impacts. A balanced microbiome can 

inhibit the growth of opportunistic pathogens like Vibrio harveyi and Vibrio 

rotiferianus, leading to lower disease rates [29]. Studies indicate that systems 

with a predominance of beneficial bacteria experience enhanced disease 

resistance compared to those dominated by pathogens [30]. Microbial diversity 

is linked to improved nutrient cycling, which enhances fish growth rates and 

feed conversion efficiency [31]. Effective microbial management in RAS can 

lead to better water quality, thus promoting healthier fish and reducing the 

need for water changes [13].  

RAS systems, supported by a balanced microbiome, can significantly 

reduce waste output and resource use, contributing to more sustainable 

aquaculture practices [32]. The presence of beneficial microbial communities 

can mitigate the environmental footprint of aquaculture by improving waste 

management and nutrient recycling [31]. Conversely, while a balanced 
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microbiome offers numerous advantages, dysbiosis can lead to increased 

susceptibility to diseases and reduced productivity, highlighting the need for 

ongoing research and management strategies to maintain microbial health in 

aquaculture systems [30]. 

In addition, an optimal microbiome contributes to improved growth 

performance and feed conversion ratio (FCR) of fish. A healthy microbial 

community aids in the decomposition of organic waste and nitrogen 

conversion, creating an environment that supports efficient and optimal fish 

growth. Research on commercial RAS systems shows that good microbiome 

management correlates with better growth of fish seeds and higher survival 

rates throughout multiple production cycles [29]. 

Other benefits of a balanced microbiome are water use efficiency and 

reduced environmental impact. A balanced microbiome in Recirculating 

Aquaculture Systems (RAS) significantly enhances water use efficiency and 

minimizes environmental impact, allowing for water recycling rates of 90-

99% compared to traditional aquaculture methods [11]. This high level of water 

reuse not only conserves freshwater resources but also mitigates the release of 

organic waste and nutrients into surrounding ecosystems, thereby reducing the 

risk of eutrophication and pollution in natural water bodies [33, 34]. Furthermore, 

RAS technologies incorporate advanced filtration and disinfection processes 

that maintain optimal water quality, promoting sustainable fish farming 

practices while supporting the integration of aquaponics, which utilizes 

nutrient-rich wastewater for vegetable production [35]. Consequently, RAS 

exemplify an environmentally friendly aquaculture solution that aligns with 

the principles of sustainable agriculture and resource conservation [36]. 

Microbiome management in recirculating aquaculture systems (RAS) has 

demonstrated significant benefits for fish health and production efficiency, 

particularly in Atlantic salmon farming. Studies indicate that the stability and 

diversity of microbial communities in water and biofilms correlate positively 

with fish health outcomes, as evidenced by increased microbial richness in 

RAS compared to flow-through systems [37]. Effective management practices, 

such as fallowing periods and regular microbiome monitoring, help maintain 

favorable microbial communities, thereby preventing pathogen outbreaks [29]. 

Additionally, the dynamic nature of the gut microbiome during critical life 

stages, such as smoltification, highlights the importance of microbial 

composition in influencing fish growth and health [20]. Overall, a balanced 

microbiome in RAS not only enhances fish welfare but also contributes to 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

99 

environmental sustainability by optimizing resource use and minimizing 

waste [13]. The future of microbial management and innovations in microbiome 

optimization is poised for significant advancements through tailored 

probiotics, phage therapy and the integration of omics technologies. These 

innovations promise to enhance health outcomes and sustainability in various 

applications. 

Advances in Microbial Management in RAS 

Advances in microbial management within recirculating aquaculture 

systems (RAS) focus on optimizing microbial communities to enhance water 

quality and overall system performance. The critical roles of diverse 

microorganisms in processes such as ammonia oxidation and organic matter 

mineralization, while also addressing challenges like pathogen proliferation 

and off-flavour production [29]. Integrating microalgae into RAS has emerged 

as a promising strategy, as they can utilize nutrient-rich waste streams, 

improve oxygenation and sequester carbon dioxide, thereby reducing 

production costs and enhancing system sustainability [38]. Furthermore, 

metagenomic approaches are being employed to characterize microbial 

communities more accurately, revealing the presence of fungi, viruses and 

bacteriophages, which can inform management practices and potential 

antipathogenic treatments (Metagenomics and metabarcoding experimental 

choices and their impact on microbial community characterization in 

freshwater recirculating aquaculture systems [39]. Collectively, these 

advancements underscore the importance of microbial management in 

achieving efficient and sustainable aquaculture practices. 

Next-generation probiotics (NGPs) are emerging as a promising 

therapeutic approach for chronic ailments by specifically modulating gut 

health and immune function. These probiotics, such as Akkermansia 

muciniphila and Faecalibacterium prausnitzii, are engineered to target 

specific health issues, offering advantages over traditional probiotics through 

enhanced stability and tailored delivery methods [40, 41]. NGPs can produce 

bioactive compounds that compete with pathogenic bacteria, thereby restoring 

microbiome balance and potentially addressing antibiotic resistance [41, 42]. 

Furthermore, the integration of omics technologies, such as metagenomics and 

metabolomics, facilitates a deeper understanding of microbial interactions and 

their metabolic products, paving the way for personalized medicine [43]. In 

sustainable aquaculture, optimizing the microbiome through NGPs can 

enhance fish health and productivity, contributing to environmental 
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sustainability [40, 42]. Overall, NGPs represent a multifaceted approach to 

improving health outcomes and addressing chronic diseases. 

Conclusion 

Aquaculture is crucial for global food security, supplying nearly 50% of 

the world's fish. While traditional methods face environmental challenges, 

Recirculating Aquaculture Systems (RAS) offer a sustainable alternative 

through water reuse and controlled environments. The success of RAS hinges 

on managing its complex microbiome, which is influenced by water quality, 

feed, system design and stocking density. A balanced microbiome in RAS is 

essential, directly improving fish health and growth, increasing water use 

efficiency (90-99% water recycling) and significantly reducing environmental 

impact. Advances in microbial management, including next-generation 

probiotics and omics technologies, promise to further optimize RAS for even 

more efficient, healthy and sustainable aquaculture practices. 
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Abstract 

The major production centers of neon tetra (Paracheirodon innesi Myers, 

1936) in Indonesia is in Bojongsari District, Depok City-west java province, 

which lies near to capital city of jakarta and constrained by limited land and 

water resources. This paper discusses production of neon tetra fish seed 

management and the application of a zero-water exchange recirculation 

system (ZWERS) in rearing neon tetra to increase stocking density. In the 

Bojongsari Subdistrict, most neon tetra production is undertaken by small-

scale farmers organized in fish farming groups (POKDAKAN), encompassing 

8 
CHAPTER 
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activities such as broodstock production, seed enlargement and marketing. 

Fish rearing is carried out in glass tanks (100 cm long) with aerated stagnant 

water. The main water source for fish rearing comes from ground wells. Fish 

seeds are fed moina since they are 4 days old after hatching and after they are 

large enough, they are given mixed feed (moina, bloodworms, silkworms, 

commercial pellets). The age of broodstock is at least 4 months with a fish 

density of 200 - 400 ind/tank, feeding frequency three times a day, the 

broodstock produces a maximum of 6-7 months, the production schedule for 

each set of broodstock is once every two days, the initial feed is artemia. The 

application of a zero-water exchange recirculation system allows for a neon 

tetra stocking density up to three times higher compared to stagnant water 

systems, with minimal impact on survival rate, body length, total body weight 

and daily growth rate. This system is particularly beneficial in areas facing 

land and water constraints. 

Keywords: Paracheirodon innesi; water recirculation system; production, 

stocking density. 

Introduction  

The neon tetra (Paracheirodon innesi) (Myers, 1936) is a significant 

species in the global ornamental fish industry, particularly in markets across 

the United States, Europe and Asia [1]. Neon tetras, together with Guppy 

(Poecilia reticulata), contribute over 14% and approximately 25% of the total 

trade volume, respectively [2]. Approximately 1.8 million neon tetras were 

imported into the United States, with a total value of US$175,000 [3]. By 1992, 

demand in the country had reached 22.7 million fish, with projections 

indicating continued growth [4]. Most neon tetras in the global market are 

supplied by fish farms in Southeast Asia, with only a small portion originating 

from wild populations [3]. 

Indonesia is one of the major producers of neon tetras [5]. The production 

center is in Bojongsari District, Depok, West Java, where farming has been 

established for decades [6, 7]. The industry encompasses broodstock 

management, spawning, larval rearing, juvenile cultivation, grow-out and 

commercial distribution [6]. However, rapid urbanization poses significant 

challenges to the sustainability and productivity of the neon tetra industry. 

Rising land prices and declining groundwater quality due to urban pollution 

hinder the expansion of aquaculture areas. Additionally, the increasing 

presence of pathogens further threatens production efficiency and long-term 

sustainability. 
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A total of 20.6 million neon tetras were produced in Depok in 2022 [8] 

(Figure 2) which are mostly produced by small-scale farmers organized into 

Fish Farmer Groups (POKDAKAN) [5]. These farmers often face constraints 

in capital, technical expertise and access to advanced technologies. As a result, 

most neon tetra production relies on stagnant water systems, which are highly 

susceptible to disease outbreaks that can lead to significant mortality. Due to 

its location near Indonesia’s capital city, the development of the neon tetra 

industry in Depok is constrained by limited land availability and rapid urban 

expansion, including residential and industrial growth, which contributes to 

water quality degradation through urban pollution. [5, 7].  

This paper reviews the biological and ecological aspects of neon tetra 

(Paracheirodon innesi) and explores the application of Recirculating 

Aquaculture Systems (RAS) in neon tetra farming as an innovative solution to 

support sustainable production, improve water quality management and 

enable higher stocking densities without compromising fish health or growth 

performance. Overall, the paper aims to provide a comprehensive 

understanding of the species’ environmental requirements and aquaculture 

strategies to promote sustainable and economically viable neon tetra 

production. 

 

Fig. 2: The three main centers of neon tetra (Paracheirodon innesi) production in 

Bojongsari District, Depok, West Java: Pondok Petir, Curug and Bojongsari. 

Neon Tetra Aquaculture and RAS System  

Biology of Neon Tetra  

Neon tetras, members of the family Characidae and order Characiformes, 
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are native to the Amazon Basin in South America [9]. They inhabit blackwater 

and clearwater streams within the Ucayali-Solimões and Purus rivers [10]. 

Mature fish typically range from 2.2 to 3.0 cm in length, has adhesive and 

round-shaped eggs measure between 0.9 and 1.0 mm in diameter. Their eggs 

hatch within approximately 30 hours at water temperatures of 25–26.5°C. 

Recently, neon tetras have been successfully breeding and mass production in 

outside their native habitat [11].  

Current Farming Practices on Neon Tetra in Depok, Indonesia 

Small-scale fish farmers in Depok, West Java, Indonesia, have 

successfully established breeding and mass production of neon tetra in 

aquaculture (Figure 3) [12, 13]. Male and female broodstock (total length: 2.23 

and 2.33 cm) are reared separately until they reach gonadal maturity. Once 

mature, a single pair is placed in a small breeding container (approximately 

15 cm in length) with a water depth of 1–2 cm. After spawning, the broodstock 

are removed, allowing the eggs to develop and hatch. The larvae are then 

transferred to rearing tanks until they reach marketable size [11]. 

Most neon tetra production occurs indoors, utilizing 100 cm-long and 50 

cm in width glass tanks with a maximum stocking density of 500 fish per tank 

which lies into 3 to 4 tiers to optimize the space. Farmers primarily employ a 

stagnant water system, replacing approximately 30% of the water daily [11].  
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Fig. 3: Breeding activities of neon tetra at a small-scale farm in Depok, West Java. 

The application of stagnant water systems in neon tetra farms frequently 

experiences disease outbreaks, occasionally leading to mass mortality. The 

primary diseases affecting neon tetras are caused by protozoan parasites from 

the genus Pleistophora (Microsporidia) and bacterial pathogens such as 

Aeromonas spp. and Pseudomonas spp [14]. Due to groundwater remaining the 

primary water supply for neon tetra farming in the region, limited availability 

of water and land constrains production expansion.  

Aplication RAS on Neon Tetra production 

Potensial RAS on neon tetra production 

Optimizing stocking density is essential for maximizing neon tetra 

production. However, higher stocking densities intensify competition for 

resources such as feed and space, potentially impacting survival, growth, 

behavior, health and water quality [15, 16]. High stocking densities are known to 

induce stress, which can make fish more susceptible to diseases [17]. This often 

results in reduced growth rates, excessive waste accumulation, disease 

outbreaks and decreased survival rates. 

In neon tetra farms, fish are predominantly reared using stagnant water 

systems, with a maximum stocking density of approximately 500 individuals 

per tank [11]. According to the farmers, increasing densities beyond this level 

typically results in stunted growth and heightened disease susceptibility. The 

implementation of RAS enables higher stocking densities without 

significantly compromising fish health or growth.  

A pilot-scale study conducted at a neon tetra farming in Depok (Figure 4) 

showed that RAS effectively supports stocking densities two to three times 

higher than stagnant systems up to 1,500 individuals per tank without 

adversely affecting growth or survival. Neon tetras reared in recirculating 

systems exhibited high survival rates (>92%) across densities ranging from 

500 to 1500 individuals per 100 cm-long tank. The fish maintained normal 

body length and weight, with no significant differences observed among the 

different stocking densities. The ability of RAS to maintain fish health at 
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elevated stocking densities can be attributed to its ability to stabilize key water 

quality parameters, including pH, dissolved oxygen (DO) and temperature. 

Additionally, total dissolved solids (TDS) levels in RAS were lower and more 

stable than those in stagnant systems, which tend to experience frequent 

fluctuations and higher TDS levels (Table 2). These findings emphasize the 

potential of RAS to maintain optimal water quality while supporting higher 

stocking densities [18]. Several studies have demonstrated that RAS can 

support high survival rates across various fish species even at increased 

stocking densities [19–23]. In contrast, stagnant systems frequently suffer from 

deteriorating water quality, which often results in disease outbreaks [14]. These 

findings suggest that integrating RAS into neon tetra farming could 

significantly improve production efficiency by enabling higher stocking 

densities within existing infrastructure. 

A   

B.   

Fig. 4: Overview of water management systems used in neon tetra farming 

in Bojongsari District, Depok, West Java. A. stagnant water system; B. 

Recirculating Aquaculture Systems (RAS). 

Water Quality in a Water Recirculating System 

Water quality parameters such as temperature, pH, dissolved oxygen 

(DO) and total dissolved solids (TDS) play a vital role in fish metabolism, 

growth and overall physiological function, particularly in captive 

environments [24, 25]. Fish require stable and optimal conditions for normal 

development, while extreme fluctuations can induce stress and hinder growth 
[24]. 

A pilot study implementing RAS in neon tetra farming revealed that 

temperature, pH, DO and TDS levels remained within the optimal range for 

fish rearing, with fewer fluctuations compared to stagnant systems. An 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

111 

overview of water quality parameters for neon tetra culture in RAS and 

stagnant systems in Depok is summarized in Table 2. Water temperatures were 

maintained between 27–29°C, closely resembling the species' natural habitat 
[26]. Although slightly above the optimal breeding range, the fish exhibited 

normal behavior and growth patterns [27–29]. Over time, conductivity, pH and 

TDS increased due to organic waste accumulation, illustrating the dynamic 

nature of recirculating systems [30]. Maintaining DO levels above 6 mg/L is 

essential for fish well-being and is achieved through continuous aeration and 

water recirculation [31, 32]. DO concentrations below 5–6 mg/L can induce 

hypoxia, causing stress, growth inhibition, increased disease susceptibility and 

mortality [33]. Severe oxygen depletion (<1 mg/L) can lead to large-scale fish 

mortality in aquatic environments [34]. 

Recirculating water facilitates the transfer of particulate matter from the 

rearing tanks to the filtration unit, preventing the accumulation of harmful 

substances such as ammonia, nitrite and nitrate [31, 35–37]. Accumulated 

particulates in rearing tanks can adhere to fish gills, causing irritation and 

reducing oxygen uptake [32, 36, 38]. Additionally, the ammonification of organic 

waste produces toxic ammonia, while decaying particulates contribute to 

oxygen depletion through microbial respiration [32]. Ammonia in its unionized 

form (NH₃) is highly toxic to fish and can cause sub-lethal effects, such as 

reduced growth or lethal outcomes at high concentrations [36]. Moreover, 

elevated nitrite levels in the bloodstream can bind to hemoglobin, forming 

methemoglobin, which is not effective for oxygen transport. This results in 

hypoxia, further impairing fish behavior, physiology, reproductive 

performance and potentially reducing population size by up to 20% [37]. 

Table 2: Water quality parameters in the rearing tanks of recirculating aquaculture 

systems (RAS) and stagnant water systems for neon tetra. 

Parameters Units RAS System Stagnant System References 

Temperature °C 27.40–28.48 25–27 5–33 

pH — 5.59–8.09 4–6 4.39–7.3 

Dissolved Oxygen (DO) Mg/L 5.22–6.07 4–6 0.32–3.29 

Total Dissolved Solids (TDS) Mg/L 276–386 1.2–1.4 — 
 

Bacteria 

Bacteria play a crucial role in maintaining water quality and supporting 

the health of aquatic organisms by facilitating nitrification and suppressing 

pathogenic microorganisms. Nitrifying bacteria, such as Nitrosomonas and 

Nitrobacter, convert toxic ammonia into nitrite and subsequently into the less 

harmful nitrate, thereby preventing the accumulation of nitrogenous waste [31, 
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36, 37]. In addition, probiotic bacteria like Lactobacillus and Bacillus inhibit the 

growth of pathogenic bacteria, including Aeromonas and Vibrio, through 

competitive exclusion and the production of antimicrobial compounds [32]. 

However, poor water quality—characterized by elevated organic matter, 

increased ammonia levels and reduced dissolved oxygen can promote the 

proliferation of harmful bacteria such as Vibrio, Aeromonas and 

Pseudomonas, leading to diseases like septicemia and ulcerative infections [38]. 

Microbial imbalances caused by a decline in beneficial bacteria can further 

increase the prevalence of pathogens, reduce fish survival rates and negatively 

impacting aquaculture productivity [37]. 

A pilot study implementing a RAS in neon tetra farming revealed 

differences in bacterial communities between the rearing and biofilter tanks. 

Although potentially pathogenic bacteria such as Vibrio spp. and Aeromonas 

spp. were detected in the biofilter tank water, their concentrations were 

relatively low (1.06 × 10⁴ to 2.6 × 10⁴ CFU m/L) and did not negatively affect 

the neon tetras. Facultative anaerobes like Aeromonas sobria and A. 

hydrophila possess virulence factors activated through quorum sensing, which 

can potentially cause infections in neon tetras [39]. However, their low 

abundance may be attributed to the application of UV treatment before water 

enters the rearing tank, as well as the aerobic conditions in the rearing 

environment, which likely suppressed their growth. 

On the other hand, beneficial bacteria such as Bacillus spp. and 

Micrococcus spp. were identified in water samples from both the rearing and 

biofilter tanks [40]. These bacteria are known to inhibit pathogens, improve 

water quality, enhance nutrient absorption and support overall fish health in 

aquaculture [41–43]. The UV treatment at 254 nm appeared effective in 

controlling bacterial populations by damaging their DNA and proteins, 

thereby limiting their proliferation [44, 45]. 

Implementation and Challenges of RAS in Small-Scale Neon Tetra 

Farming 

Recirculating Aquaculture Systems (RAS) have been tested in small-scale 

neon tetra farms to enhance water quality management and support higher 

stocking densities. Unlike conventional stagnant water systems that require 

frequent water exchanges, RAS maintains a stable aquatic environment 

through continuous filtration and aeration. This approach is particularly 

advantageous for urban aquaculture settings such as Depok, Indonesia where 

land and water resources are limited. 
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The basic structure of RAS consists of rearing tanks linked to biofilters, 

aeration systems and circulation pumps. The biofilter plays a key role in 

converting toxic ammonia into less harmful nitrates via nitrification, while 

aeration systems ensure optimal dissolved oxygen levels for fish health. By 

stabilizing water parameters and minimizing disease risks, RAS enables 

farmers to increase stocking densities beyond traditional thresholds, thereby 

enhancing production efficiency. Moreover, RAS reduces water consumption 

and labor requirements by minimizing the need for daily siphoning and water 

replacement, positioning them as a sustainable solution for neon tetra farming. 

Despite their advantages, several challenges hinder the widespread 

adoption of RAS among small-scale neon tetra farmers. Successful 

implementation requires technical knowledge, routine system maintenance 

and a willingness to shift from conventional practices. High initial costs 

associated with infrastructure, electrical upgrades and equipment acquisition 

combined with elevated energy consumption are key barriers for farmers [46]. 

Due to the small size of neon tetras, farming in Depok is predominantly 

conducted indoors using 1-meter-long glass tanks equipped with aeration 

systems. These tanks are considered efficient for mass production, as they 

simplify daily operations such as monitoring, siphoning and harvesting. Some 

farmers have made initial attempts to implement basic water recirculation 

systems. However, due to limited technical expertise, these systems often 

perform inefficiently. Common problems include undersized biofilters and 

improper placement of UV sterilizers for example, installing UV lamps within 

the filter chamber (Figure 5). 

A pilot study on RAS implementation in Depok showed that establishing 

a functional system requires additional equipment such as submersible pumps, 

UV lamps, bio-balls, coral fragments, dacron filter media and circulation 

piping. Notably, an increased electrical load may be required, as many farmers 

share electricity with their homes and the additional equipment often exceeds 

the available supply. Space limitations were another challenge, as most 

facilities were fully occupied by rearing tanks, leaving minimal room for extra 

biofilters unless tanks were removed or repurposed. 

Nevertheless, these limitations were offset by significant improvements 

in productivity. RAS allowes stocking densities to increase from 500 to 1,500 

individuals per tank. Additionally, operational efficiency improved through 

reduced labor demands for siphoning and water exchange. Given that much of 

the necessary infrastructure is already in place, transitioning to a RAS setup 
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primarily involves the addition of biofilters and circulation components 

making the upgrade both practical and feasible for small-scale farmers. 

Recommendations and Future Perspectives 

To facilitate the successful adoption of RAS in small-scale neon tetra 

production, several strategies can be implemented. Financial support through 

government initiatives, cooperative funding and microfinance programs can 

help alleviate the burden of high initial investment costs. Providing technical 

training through workshops, demonstration farms and extension services will 

equip farmers with the necessary skills for system operation, maintenance and 

troubleshooting. Developing affordable and modular RAS designs that allow 

for gradual upgrades based on farmers’ financial capacities can further 

encourage adoption. Additionally, promoting energy-efficient strategies—

such as the use of solar-powered aerators and pumps—can help reduce 

operational costs and enhance sustainability. Finally, fostering community-

based approaches by establishing cooperative groups for shared RAS 

infrastructure and knowledge exchange can improve system management and 

ease the transition for farmers. 

  

Fig. 5: The filter system is currently in use at the neon tetra farm. 

Conclusions 

In the main production center of neon tetra in Indonesia, particularly in 

Bojongsari District, Depok, farming is generally conducted by small-scale 

farmers using stagnant water systems. Despite challenges such as 

urbanization, limited land availability, disease outbreaks and declining water 
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quality, neon tetra (Paracheirodon innesi) production in Indonesia has strong 

potential for improvement through the application of appropriate technology. 

Zero-water exchange recirculating systems (ZWERS) offer increased 

production efficiency and support sustainable aquaculture. The 

implementation of ZWERS in neon tetra farming allows stocking densities up 

to three times higher than those of conventional stagnant water systems 

commonly used by local farmers. This system maintains water quality 

parameters and does not significantly affect the survival or growth of neon 

tetra. However, the widespread adoption of ZWERS among neon tetra farmers 

requires technical training, infrastructural improvements and financial 

support. 
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Abstract 

Aquaculture is among the most efficient methods for producing aquatic-

derived food. To ensure its sustainable development and address existing 

challenges, the Recirculating Aquaculture System (RAS) has emerged as a 

promising approach. RAS is a fish production system operated in a fully 

controlled environment that enables continuous water recycling and reuse. 

This technology represents a significant advancement in inland fisheries, 

offering several advantages over conventional fish farming methods. In 

Indonesia, RAS technology for freshwater aquaculture has been widely 

applied to species such as koi (Cyprinus rubrofuscus), catfish (Clarias spp.), 

tilapia (Oreochromis spp.) and pangasius (Pangasianodon hypophthalmus). 

Trials with local freshwater species have also been conducted, including Tor 

soro and baung (Hemibagrus nemurus). This chapter presents a detailed 

description of the RAS design and operation for the hatchery production of 

Tor soro. The discussion includes facility layout, system installation and 

performance evaluation through water quality monitoring and growth trials of 

Tor soro under RAS conditions. 

Keywords: Tor soro, water recirculation system, RAS installation, water 

quality, fish growth 
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Introduction 

The rapid increase in the human population has led to a growing demand 

for food. Meanwhile, the climate and environmental crisis are worsening day 

by day. This situation highlights the urgent need for innovative solutions to 

secure a stable food supply and sustainable energy sources. Aquatic food 

sources, both freshwater and marine, are crucial in advancing global food 

security and nutrition goals, while also offering a more environmentally 

friendly alternative compared to terrestrial animal food sources [1]. 

Aquaculture is one of the efficient methods for producing aquatic-based food. 

To support the development of aquaculture today and in the future while 

addressing existing challenges, the Recirculating Aquaculture System (RAS) 

is seen as highly representative. 

RAS is a fish production system with a fully controlled environment that 

recycles and reuses water [2]. RAS is one of the technological breakthroughs 

that is currently being actively developed in the field of inland fisheries, 

considering several advantages that this system has over conventional fish 

farming methods. Some of the benefits include water conservation, ease of 

control and monitoring, the ability to produce year-round and the need for less 

land. This system is particularly effective in hatchery units that have limited 

water resources. In this system, the water used in cultivation is processed 

through various filtration and treatment stages before being reused. RAS 

allows optimal control over environmental factors such as temperature, water 

quality and feed distribution, which ultimately enhances fish growth and 

survival rates. Additionally, this system also provides significant 

environmental benefits by reducing water consumption and minimizing the 

disposal of organic waste [3]. RAS can save up to 90% of water use compared 

to conventional farming systems while maintaining or even increasing 

productivity [4]. Therefore, RAS not only enhances production efficiency but 

also plays a role in promoting more sustainable aquaculture practices. 

RAS technology can be applied in both brackish water and marine 

aquaculture, but it is more commonly used in freshwater farming. This system 

is suitable for various types of fish, both established commodities and newly 

domesticated species. The technology of RAS and the process of fish 

domestication are closely related, where applying RAS to the domestication 

of local freshwater fish allows for more intensive and controlled production to 

obtain specific characteristics and increase economic value. The use of RAS 

in local fish farming in Indonesia is a cutting-edge solution that is efficient, 
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water-saving and environmentally friendly, while allowing for optimal water 

quality control and higher production potential. 

The use of RAS technology for freshwater fish in Indonesia has been 

widely implemented. Recent studies, for example, on Koi fish [5], catfish [6], 

tilapia [7] and Patin fish [8], as well as many other common commodities. 

Meanwhile, for local freshwater fish in Indonesia, RAS technology has been 

tested on several species, such as Tor soro [9, 10] and Baung fish [11]. In this 

chapter, the details of recirculating aquaculture system for hatchery of Tor soro 

will be described including building and layout, RAS installation and running 

of RAS system. 

The building and layout for RAS of Tor soro 

The indoor RAS for Tor soro offers several advantages: (1) it regulates 

temperature, water quality and feeding to optimize fish growth; (2) it requires 

minimal water and energy compared to conventional aquaculture; and (3) it 

has a smaller land footprint with reduced waste and pollution. Consequently, 

indoor RAS fish farming mitigates environmental degradation. By creating an 

optimal climate for fish growth and survival, RAS ensures controlled feeding, 

high water quality through filtration and minimal disease or parasitic risks, 

thereby enhancing fish health and productivity. 

The layout drawing show the detail structure of the facility and size and 

quantity of support materials needed to ensure stability of the facility. The 

hatchery unit has a building area of 660 m², with a width of 20 meters and a 

length of 33 meters (Figure 6). The facility's equipment includes: 

 10 fiberglass tanks with a volume of 7 m³ each 

 6 fiberglass tanks with a volume of 5 m³ each 

 3 water storage tanks, each with a volume of 1 m³ 

 36 aquariums measuring 50 × 50 × 75 cm 

 1 set aquarium rack 

 

Fig 6: Hatchery building. A: Hatchery building from outside, B: The entrance to 

hatchery building and preview of the inside of hatchery building 
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The facility's equipment will be set up into several units, including 

recirculating system unit for larva rearing, recirculating system unit for grow-

out and broodstock maintenance, quarantine/adaptation unit and additional 

biological filters for the fiberglass tanks. The layout plan for hatchery units is 

shown in Figure 7. 

Larva Rearing Unit 

The larva rearing unit consists of 36 aquariums, each with a water 

capacity of 170 liters (Unit A; Figure 7 and Figure 8). The aquariums are 

placed on racks, with each rack supporting three aquariums. Each aquarium is 

equipped with a 1-inch threaded outlet hole, which connects to a 3-inch PVC 

collector pipe. The wastewater flows into the biological filter by gravity, 

following a slope of 4.5 degrees and enters the biological filter and sand filter. 

Filtered water flows into the final compartment and is then drawn by a 0.75 

HP pump, which directs it to a V200 sand filter before entering the storage 

tank positioned at a height of 2.75 meters. Water from the storage tank is 

distributed by gravity to all aquariums using a 1.5-inch collector pipe, with 

stop valves (1.5 inches) installed at each endpoint. The storage tank is also 

equipped with an overflow drainage system connected to the last filter 

compartment. Each aquarium is fitted with a single aeration point. The layout 

of the larvae rearing unit is shown in Figure 8.  

 

Fig 7: Design layout of the Tor soro hatchery. Unit A: Larva rearing unit, Unit B: 

Broodstock and maintenance unit, red line: filtered water flow to the tank, Blue line: 

wastewater from the tank, 1-10 (Red): Grow-out tank, 1-6 (white): Broodstock tank, 

WP: Water pump, SF: Sand Filter, FW: Filtered Water. The wastewater flows (blue 

line) into the biological filter by gravity and enters the biological filter and sand filter, 

then drawn by a pump, which directs it a sand filter before entering the storage tank. 

Water from the storage tank is distributed to all aquariums. 
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Broodstock maintenance and grow-out unit 

The Broodstock Maintenance Unit consists of 10 cylindrical fiberglass 

tanks with a capacity of 7,000 liters each, while the grow-out unit consists of 

6 cylindrical fiberglass tanks with a capacity of 5,000 liters each (Unit B; 

Figure 9). All drainage outlets from each tank use 2-inch pipes, which are 

connected to a 3-inch outlet collector pipe, leading to the first stage of the filter 

tank.  

 

Fig 8: Layout of the larva rearing unit (Unit A) with 36 aquariums. SF: Sand filter, 

WP: water pump, WS: Water storage. Red line: filtered water flow to the tank, yellow 

line: wastewater from the aquarium. The wastewater flows (yellow line) into the 

biological filter by gravity and enters the biological filter and sand filter, then drawn 

by a pump, which directs it a sand filter before entering the storage tank. Water from 

the storage tank is distributed to all aquariums. 

 

Fig 9: Layout of the broodstock and grow-out unit (Unit B) with 10 and 6 tanks, 

respectively. 1-10 (Red): grow-out tank, 1-6 (white): broodstock tank, D: tank 

diameter, WS: water storage, P: water pump, FW: filtered water, P: Water pump. The 

wastewater flows (blue line) into the biological filter by gravity and enters the 

biological filter and sand filter, then drawn by a pump, which directs it a sand filter 

before entering the storage tank. 
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Quarantine and acclimatization unit 

The quarantine unit consists of 4 fiberglass tanks with dimensions of 

LxWxH 2.5x1.5x0.7 meters. Each tank is connected to its own filter (one tank 

to one filter). The filtered water is transferred using a pump with a capacity of 

60 watts. The biological filter uses 30% bio balls, 40% coral rubble and 30% 

used nets by volume. Each maintenance tank is equipped with two aeration 

points. 

RAS Installation for Larvae Rearing Unit 

Installation of aquariums 

The aquarium for larvae rearing has a dimension of 100 x 40.8 x 50 cm 

(LxWxH) (Figure 10). The material for the aquarium is glass. Each aquarium 

was drilled on one of its long sides, with the hole positioned 10 cm from the 

side edge and 10 cm from the top edge.  

 

Fig 10: The dimension of aquaria for Tor soro larvae rearing in centimeter (cm) 

The aquarium rack layout was arranged with the larva rearing unit 

positioned at the front left side of the hatchery, near the main entrance. The 

sketch and dimensions of the racks are detailed in Figure 11. The racks were 

assembled in four rows (two pairs), with each row consisting of three racks 

and each rack accommodating three aquariums—totaling nine aquariums per 

row. The first and second rows formed the left and right sections, both 

receiving access to clean water inlet pipes and wastewater outlet pipes. The 

same setup was applied to the second pair of rows. The installation process for 

the aquarium racks is illustrated in Figure 12. 
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Fig 11: Design/sketch of rack and aquarium 

 

Fig 12: Arrangement of aquarium racks, including the installation of a base using 

plywood and Styrofoam 

The next step was the arrangement of the aquariums. The aquariums were 

then arranged lengthwise to fit the racks properly. The final arrangement 

aquariums on racks with plywood and styrofoam base process is illustrated in 

Figure 13. 

 

 

Fig 13: Aquariums on racks with plywood and Styrofoam base 
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The piping installation  

The piping installation for the larva rearing unit began with the 

construction of the outlet pipe system from the aquariums (Figure 14). Each 

drilled hole in the aquarium was fitted with an external and internal threaded 

socket for a 1-inch pipe. On the outside, the threaded socket was connected to 

a 3-inch collector pipe. Inside the aquarium, a 1-inch pipe was attached to the 

socket and connected through an L-boh fitting, which functioned as a siphon 

system to remove waste from the bottom of the aquarium. 

 

Fig 14: Preparation of inlet and outlet pipe components for aquariums 

Clean water from the storage tank was distributed to all aquariums by 

gravity flow using a 1.5-inch PVC pipe. The main pipe was then split into two 

channels, with each channel supplying two rows of aquariums. At the end of 

each distribution branch, a ½-inch stop valve was installed to control water 

flow. The inlet pipe was positioned opposite the drainage hole in each 

aquarium to ensure efficient water circulation. The setup is illustrated in 

Figure 15. 

 

Fig 15: Installation of aquarium inlet pipes 

The collector pipes were installed using 3-inch PVC pipes, positioned 

below the aquariums between the two rows of racks (Figure 16). Each pipe 

was set at a 5% slope, running from one end of the rack to the other to ensure 

smooth drainage. This setup was mirrored for the other collector pipes. At the 

lowest end, the two collector pipes were connected using a 3-inch L-boh fitting 
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on the outermost pipe and a 3-inch T-fitting in the center. Once joined, one end 

of the combined pipe directed wastewater into the first compartment of the 

filter tank.  

 

Fig 16: Installation of collector pipes for collecting wastewater from all aquariums 

Water pump, biofilter and water storage installation 

Water quality is a critical factor in hatchery operations and must be 

routinely monitored for key physic-chemical parameters, including salinity, 

pH, nitrite-nitrogen (N-NO₂) and temperature. The larva rearing unit used a 

0.75 HP water pump with 1.5-inch inlet and outlet pipes. The pump was 

installed outside the 5th compartment of the filter tank. The pump inlet pipe 

was fitted through one of the walls of compartment 5, using an external-

internal threaded socket for a secure connection. At the end of the inlet pipe, 

a 1.5-inch foot valve was installed to prevent backflow and maintain 

consistent water intake. Turbid water discharged from sand filters often 

contains bacteria due to the passage of detritus, microorganisms and debris 

under high pressure. To prevent this, the initial water flow through the filter 

be drained in compartment 5 for 20–30 minutes or until it runs clear.  

 

Fig 17: The sketch of biofilter with five compartments 

The biological filter uses a fiberglass tank with dimensions (L × W × H) 

of 1.5 × 1.0 × 0.5 meters, consisting of five compartments. Three middle 

compartments function as biological filters, while the two outer compartments 

remain unfiltered. The biological filter design is shown in Figure 16. The 

biological filter occupied the 2nd to 4th compartments of the filter tank (Figure 

17) with materials consisting of 60% coral rocks, 30% bio balls and 10% nets. 
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The base of each filter compartment was lined with bamboo grates, secured 

with 4x6 cm wooden beams for structural support. A layer of netting was 

placed over the grates before adding the biofilter materials up to a designated 

height (Figure 18). 

 

Fig 18: Installation of biofilter and connector pipes to the pump, sand filter, water 

storage and collector outlet pipes from the aquariums 

The sand filter V200 was installed as the final filtration stage. Water 

drawn by the pump was directed into the sand filter, where it was purified 

before being pushed into the storage tank, which was positioned at a height of 

2.75 meters (Figure 18). The sand filter featured a "mountain valve" with five 

operational settings: 

1. Filtration – Normal filtering mode 

2. Running – Standard operation 

3. Rinse – Cleans the filter media 

4. Backwash – Flushes out accumulated debris 

5. Close – Shuts off flow 

On the side of the mountain valve, there were three threaded 1.5-inch pipe 

connections: 

 Pump – Water intake from the pump 

 Return – Clean water outlet to the water storage 

 Wash – Wastewater discharge for cleaning 
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Additionally, an amperemeter was installed to monitor pressure levels. A 

diagram of the mountain valve setup is shown in Figure 19. 

 

Fig 19: Position of the inlet pipe from the fifth shelter, connection from the pump to 

the sand filter. A: Water inlet from biological filter to water pump, B: Water pump to 

sand filter, C: Clean water from sand filter to water storage, D: Back wash or disposal 

water from sand filter 

   

Fig. 20: Sand filter V200, mountain valve, ampere meter and connector pipes 

The storage tank was a 500-liter cylindrical fiberglass container. Two 1.5-

inch threaded pipe sockets were installed at the base of the water storage, each 

serving a different function: 1) Overflow outlet to return excess water to the 

5th compartment of the filter tank and 2) Inlet collector pipe to supplies clean 

water to the aquarium system. Water from the pump entered the water storage 

from the highest point to ensure proper distribution. 

Aeration 

To increase the oxygen levels in the maintenance medium, two Hi-Blow 

aeration pumps with a capacity of 100 watts are used. One pump is dedicated 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

132 

to aerating the broodstock and growth-out units (aerating 16 tanks) as well as 

4 quarantine units, while the other pump is used for aerating the larval rearing 

aquarium unit. The air pump outlets use 1.5-inch PVC pipes, which are 

distributed to the tanks using air valves and 1/4-inch plastic hoses. At the end 

of the hoses, the "uniring" flexible nano bubble tubes with an outer diameter 

of 16 mm and an inner diameter of 10 mm are installed, which function as 

bubble breakers (Figure 19 and 21). 

 

Fig 21: Sketch of aeration in the rearing tank using uniring nano bubble installed on 

the monic outlet pipe 

 

Fig 22: Sketch of aeration in the aquarium rearing unit using a weighted polyvinyl 

carbonate (PVC) pipe filled with cement mixture 

Oxygenation was provided by capturing free air using a HiBlow air pump 

with a 100-watt capacity. The compressed air was distributed to the rearing 

tanks through a ½-inch PVC pipe network. Each tank was equipped with one 

aeration point, controlled by an air valve installed on the distribution pipe. The 
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air was delivered via plastic tubing and to generate fine air bubbles, a Uniring 

nano bubble diffuser was used, secured with a weight to keep it submerged at 

the desired depth. 

 

 

Fig 23: Installation of air distribution pipes from hi-blow, faucet installation and 

fabrication of "uniring bubble" air diffuser 

RAS Installation for Broodstock Maintenance and Grow-out Unit  

The initial step for broodstock and grow-out installation was rearranging 

the layout of the fiberglass tanks (Figure 24). Ten 7 m³ tanks were organized 

in two parallel rows along the length of the building, positioning them at the 

back left corner. The spacing between the tanks was carefully adjusted to 

facilitate the installation of water and aeration systems efficiently. Meanwhile, 

six 5 m³ tanks were arranged in three rows perpendicular to the building’s 

length. The final layout formed an inverted L-shape, as illustrated in Figure 7 

and 9. 

 

Fig 24: Construction of uniring nano bubble weights: 3-inch PVC pipe, 5 cm height, 

filled with sand-cement mixture and the generated air bubbles 
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Fig 25: Arrangement of fiberglass tank for broodstock and grow-out unit 

After the formation was arranged, the next step was the installation of the 

wastewater outlet system (Figure 20). Each fiberglass tank was equipped with 

a 1.5-inch pipe fitted with a stop valve. The ends of these pipes were connected 

to a 3-inch collector pipe, which was installed centrally between the rows of 

tanks, positioned above the floor surface. The collector pipe directed the 

wastewater to a filter tank located outside the hatchery building, leading into 

the first compartment of the filter tank system. 

 

Fig 26: Installation process of outlet pipes and collector pipes in the broodstock and 

grow-out unit 

Biofilter unit installation 

The biological filter unit in this system is made of fiberglass with 

dimensions (L × W × H) of 3 × 1.5 × 0.8 meters. It consists of five 

compartments: the three middle compartments function as biological filters, 

while the two outer compartments are left without filters. A sketch of the 

biological filter is shown in Figure 5. Filtered water is drawn by a 1 HP pump 

and directed into a V500 sand filter tank via a 1.5-inch PVC pipe. The water 
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is then pumped into a 500-liter water storage tank positioned at a height of 3.5 

meters. Clean water from the storage tank is distributed to each fiberglass tank 

through a 1.5-inch collector pipe, with individual distribution using ½-inch 

pipes. 

 

Fig 27: Sketch of the biological filter tank with five compartments in the broodstock 

rearing unit and grow-out rearing unit 

The biofilter for the broodstock maintenance unit was placed outside the 

hatchery building. The fiberglass filter tanks were embedded into the ground 

so that the top edge of the filter tank was positioned just below the outlet 

collector pipe—slightly lower than the hatchery floor level. Compartments 2 

to 4 were filled with biofilter materials, including used nets, coral rocks and 

bio balls (Figure 27). At the base of each of these three filter compartments, 

bamboo grates were first installed, supported by 4x6 cm wooden beams to 

provide structural stability. 

 

Fig 28: Installation of filter tank in the broodstock rearing unit 

Water Pump and Sand Filter V500 Installation 

The water pump and sand filter were installed inside the building to 

protect them from rain and direct sunlight. The pump's suction pipe was 

connected to the 5th compartment of the filter tank using a 1.5-inch PVC pipe. 

The pump outlet was then connected to the sand filter, where the water was 

purified before being pumped up into the storage tank. 

Clean water from the water storage was distributed by gravity flow to the 

maintenance tanks through 1.5-inch PVC pipes. Additionally, a portion of the 

water from the water storage was redirected back to the filter tank via an 
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overflow outlet, ensuring continuous filtration and water circulation (See 

Figure 29). 

  

Fig 29: Installation of pump and sand filter in the broodstock rearing unit (left and 

center) and inlet pipe distribution to each tank (right) 

Running of RAS system for Tor soro 

Principles of the recirculating system and biofilter conditioning phase 

The recirculating system consists of several key components: the culture 

tank/growing tank, which serves as the primary rearing unit sized 

appropriately based on stocking density; the particle filtration unit, which 

removes suspended solid waste to prevent clogging of the biofilter and 

excessive oxygen consumption; the biofilter unit, the core component of the 

system responsible for the nitrification process, where beneficial bacteria 

convert toxic ammonia into less harmful compounds; the water recirculation 

pump, which ensures water movement throughout the system, lifting and 

directing flow as required; and the air pump, which supplies oxygen to 

maintain adequate dissolved oxygen levels in the culture medium. 

The water flow mechanism in the biofilter recirculating system starts with 

the filling phase, where all tanks and reservoirs are filled with water sourced 

from a groundwater pump, distributing it into the filter tanks (shelter), water 

storage and rearing units until full. Once the recirculation pump is activated, 

water is drawn from the 5th filter compartment, creating a lower water level 

than in the 1st compartment. This causes water to flow naturally by gravity 

through the 2nd, 3rd and 4th filter compartments, driven by the height 

difference. The pump then pushes the water through the sand filter, where it 

undergoes final filtration before entering the storage tank. From the storage 

tank, water is distributed by gravity into the rearing tanks. The waste removal 

process begins as outlet pipes from the rearing tanks collect feces and uneaten 

feed, directing the wastewater into the collector pipes, which lead back to the 

filter compartment 1. For better efficiency, a mechanical filter should be 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

137 

installed in compartment 1 to trap large debris and prevent clogging of the 

biofilter. The mechanical filter should be easy to clean to ensure smooth 

operation. 

The biofilter functions as a bioreactor, breaking down organic waste and 

ammonia through the nitrification process, involving autotrophic bacteria such 

as Nitrosomonas, Nitrosococcus, Nitrospira, Nitrosolobus and Nitrosovibrio, 

which convert ammonia (NH₃) into nitrite (NO₂⁻). Additionally, nitrite-

oxidizing bacteria like Nitrobacter further convert nitrite (NO₂⁻) into nitrate 

(NO₃⁻), a less toxic compound. Some heterotrophic bacteria also assist in 

ammonia oxidation and nitrification [12, 13]. If oxygen is insufficient, 

denitrification may occur, leading to the production of harmful nitrogen 

compounds. To prevent this, aeration should be added in the biofilter unit to 

maintain oxygen levels. 

To optimize biofilter efficiency, the water contact time and surface area 

of the filter media must be maximized. The efficiency of the biofilter depends 

on how long the water interacts with the filter media and the surface area 

available for bacterial colonization. Adjusting the flow rate of water into 

compartment 1 from the collector pipe ensures optimal contact time. If the 

flow rate into each aquarium is reduced, water accumulates in the storage tank, 

raising its water level. Once the water reaches the overflow pipe, it spills into 

compartment 5, ensuring balanced recirculation. The overflow pipe acts as a 

buffer to match the pump’s intake rate and optimizes biofilter performance by 

preventing excessively short water retention times, ensuring efficient waste 

breakdown. This continuous water cycling and filtration creates a stable and 

self-sustaining environment, maintaining water quality while supporting fish 

health and growth. 

The capacity utilization of the system 

The capacity utilization of the indoor hatchery system includes two 

Recirculating Aquaculture Systems (RAS). One of these is a larva rearing unit 

equipped with 36 aquariums, each holding 170 liters of water. This system 

supports larvae rearing up to the juvenile stage (3-4 cm), with a minimum 

production capacity of 60,000 fish per month. Additionally, this unit is well-

suited for experimental research, as the number of available tanks provide 

flexibility for scientific trials and controlled studies. For the next stage of 

rearing, juveniles can continue to be grown indoors using fiberglass tanks with 

a capacity of 5 m³ each. The 60,000 juveniles produced from the larva rearing 

unit can be effectively housed in six tanks for further growth. The broodstock 
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maintenance unit utilizes ten fiberglass tanks, each with a 7 m³ capacity, 

totaling 70 m³. This setup can support 200 kg of broodstock biomass, ensuring 

optimal conditions for spawning and reproduction. Additionally, the facility 

includes a fish quarantine unit, consisting of four fiberglass tanks, each with a 

1.5 m³ water volume. These tanks serve as acclimatization units for newly 

arrived fish before their transfer to the main RAS system for further rearing. 

The evaluation of the success or productivity of the completed system can 

be conducted once it is put into operation for rearing. Monitoring the 

functionality of components and measuring key water quality parameters—

such as ammonia, nitrate and pH—is essential throughout the rearing process. 

By the end of the evaluation, the collected data will provide a foundation for 

developing an operational manual for the RAS system. 

Water quality check of RAS for Tor soro 

The use of a recirculating aquaculture system (RAS) influences water 

quality in Tor soro culture. Observations showed notable differences in water 

quality parameters between RAS and conventional earth pond systems. Key 

parameters that varied included dissolved oxygen (DO), temperature, pH, 

ammonia and alkalinity. In RAS tanks, DO levels remained relatively stable, 

ranging from 5.87 to 6.23 mg/L. In contrast, DO levels in the earth pond 

system ranged from 3.57 to 6.24 mg/L (Figure 30). The stability of DO in RAS 

is attributed to the system’s-controlled waste management, whereby faeces 

and uneaten feed are removed promptly. This minimizes the oxygen demand 

for organic matter decomposition within the culture tanks. Moreover, DO 

levels can be effectively regulated, particularly after filtration, ensuring 

consistent oxygen availability throughout the culture period. In the earth pond 

system, DO levels fluctuated considerably during the observation period, 

generally declining as the farming cycle progressed. This reduction is 

primarily due to the accumulation of organic matter and the presence of 

plankton. At night and in the early morning, DO levels dropped further as all 

pond organisms engaged in respiration. Over time, the buildup of organic 

sediments on the pond bottom exacerbated oxygen depletion in the water 

column. 

The pH level of the water in Tor soro culture is relatively more consistent 

in the RAS than the non-RAS system. Throughout the culture period, pH in 

RAS ranged from 6.89 to 7.21, whereas in the earth pond system it ranged 

from 6.04 to 7.65 (Figure 31). In RAS, filtration units function not only to 

remove organic matter but also to condition the water. Certain filter 
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components help maintain optimal alkalinity, thereby stabilizing pH. In 

contrast, the non-RAS system lacks mechanisms for continuous organic 

matter removal and alkalinity regulation, resulting in greater pH fluctuation 

over time. 

 

Fig 30: Dissolved oxygen content in RAS and non-RAS during Torsoro fish farming. 

 

Fig 31: pH content in RAS and non-RAS during Torsoro fish farming. 

In RAS system, temperatures remained stable, ranging from 26.1 to 26.8 

°C, a variation of only 0.7 °C. In contrast, temperatures in the earth pond 

system fluctuated widely, from 25.2 to 30.2 °C, with a variation of 5.0 °C 

(Figure 32). Although the average temperature in the non-RAS system was 

higher, the large fluctuations appeared to negatively affect Tor soro. The 

significant temperature differences in non-RAS ponds are caused by the 

outdoor environment, where environmental factors strongly influence daily 
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temperature fluctuations. In contrast, the RAS maintained stable temperatures 

due to its indoor operation, which minimizes exposure to external 

environmental fluctuations. 

 

Fig 32: Water temperature content in RAS and non-RAS during Torsoro fish farming. 

Ammonia levels in RAS and non-RAS were significantly different. 

Ammonia levels in RAS are relatively uniform, ranging from 0.011-0.021 

mg/L. Ammonia in non-RAS ranged from 0.07-0.21 mg/L (Figure 33). 

Ammonia concentrations were consistently higher in the non-RAS system, 

primarily due to pond preparation practices (including the application of 

organic fertilizers) and the accumulation of organic matter, particularly 

uneaten feed settling at the pond bottom. In contrast, the RAS effectively 

reduced ammonia levels through its controlled filtration and waste removal 

processes. When operated with appropriate system design and management 

protocols, RAS can efficiently eliminate ammonia, thereby minimizing the 

risk of fish mortality from ammonia toxicity. 

 

Fig 33: Ammonia content in RAS and non-RAS during Torsoro fish farming. 
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Alkalinity levels also differed between the RAS and non-RAS systems 

during Tor soro culture. In RAS, alkalinity remained relatively stable, ranging 

from 103.5 to 116.1 mg/L, whereas in the non-RAS system it fluctuated more 

widely, from 65.4 to 111.7 mg/L (Figure 34). Alkalinity plays a key role in 

buffering pH and lower alkalinity increases the likelihood of pH fluctuations. 

The use of specific filter media in RAS has proven effective in maintaining 

stable alkalinity throughout the culture period. 

 

Fig 34: Alkalinity content in RAS and non-RAS during Torsoro fish farming. 

Growth performance of Tor soro 

The growth performance of Tor soro showed significant differences 

between the recirculating aquaculture system (RAS) and the non-RAS (earth 

pond) system (Figure 35). Fluctuations in water quality influenced feed intake 

and other growth-related factors. Fish reared in RAS exhibited a higher 

specific growth rate (SGR) and more uniform body weight compared to those 

in the non-RAS system. Among the measured water quality parameters, 

dissolved oxygen, temperature and pH appeared to have the greatest influence 

on growth. Dissolved oxygen, in particular, acted as a limiting factor with 

lower DO levels corresponded with reduced growth rates. 

The use of filtration systems in RAS appears to have a positive impact on 

increasing the carrying capacity for Tor soro culture. By improving water 

quality, these filters support higher stocking densities, with observations 

indicating that RAS can sustain stocking densities 4–5 times greater than those 

in non-RAS (earth pond) systems (Figure 36). Filtration contributes to 

maintaining dissolved oxygen concentrations, thereby enabling the culture of 

a larger biomass. Nevertheless, further research is required to evaluate the 
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economic feasibility and profitability of RAS implementation for Tor soro 

farming. 

 

Fig 35: Specific growth rate of Torsoro fish in RAS and non-RAS over 60 

days of farming. 

 

Fig 36: Stocking density of Torsoro fish in RAS and non-RAS over 60 days of 

farming. 

Conclusion 

The technology of RAS and the process of fish domestication are closely 

related, where applying RAS to the domestication of local freshwater fish 

allows for more intensive and controlled production to obtain specific 

characteristics and could increase economic value. The facility's equipment of 

RAS for Tor soro will be set up into several units, including recirculating 

system unit for larva rearing, recirculating system unit for grow-out and 
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broodstock maintenance, quarantine/adaptation unit and additional biological 

filters for the fiberglass tanks. The use of a recirculating system affects the 

water quality in the cultivation of Tor soro. Dissolved oxygen, temperature, 

pH, ammonia and alkalinity levels in RAS system are relatively more stable 

than non-RAS/conventional (earth pond) systems. Tor soro in RAS had a 

higher specific growth rate compared to non-RAS. Additionally, Tor soro in 

RAS showed more uniform weight compared to those grown in non-RAS. 
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Abstract 

Cultivation of Asian Sea Bass (Lates calcarifer) encounters significant 

obstacles such as aquatic quality, cannibalistic behavior and pathogens, which 

can impede the development and viability of the fish. To mitigate these 

10 
CHAPTER 
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challenges, the implementation of Recirculating Aquaculture Systems (RAS) 

presents a viable remedy. RAS utilizes mechanical and biological filtration 

processes that maintain water quality and reduce harmful waste such as 

ammonia, while also enabling better control over fish density, reducing 

cannibalism and regulating the fish's living space. This review covers the 

development of RAS technology used in Lates calcarifer farming, the effects 

of stocking density, feed management and the impact of environmental 

engineering on growth performance and fish survival. The findings indicate 

that RAS can enhance growth, survival and feed efficiency in Lates calcarifer, 

although challenges such as high operational costs and the complexity of 

system management remain. Overall, the implementation of RAS in Lates 

calcarifer farming provides a sustainable solution that improves production 

efficiency. It can be applied on a commercial scale with proper management 

in the future. 

Keywords: RAS, Lates calcarifer, water quality, cannibalism, growth, 

survival. 

Introduction  

The cultivation of Lates calcarifer (Asian Sea Bass) has emerged as a 

central theme in the aquaculture sector owing to the elevated economic and 

nutritional significance of this species [1-3]. Lates calcarifer, commonly known 

as barramundi, has significant economic value due to its adaptability, rapid 

growth performance and high market demand [4]. This species is widely 

cultured in various regions, including Southeast Asia and Bangladesh, where 

it is considered a promising candidate for aquaculture [5]. However, farming 

Lates calcarifer faces several challenges that must be addressed to achieve 

optimal production success. The primary issues encountered in this farming 

practice include water quality, cannibalism and disease [1, 6, 7]. 

Substandard water quality, delineated by elevated nitrite levels and 

chemical contaminants, may culminate in heightened stress, diminished 

growth rates and lowered survival of barramundi [8]. Furthermore, this has 

been observed in outdoor farming using floating net cages in Belawan waters, 

where survival rates (SR) and average daily growth values were low due to 

suboptimal water conditions [9]. Cannibalism typically occurs during the early 

life stages of the fish, especially when high stocking densities are present in 

the farming system. Fish exhibiting heterogeneous dimensions will contend 

for nourishment and habitat, frequently culminating in cannibalism [10, 11]. 

Furthermore, pathogenic and nonpathogenic afflictions, exemplified by 
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Streptococcosis, Vibriosis and Cryptocaryonosis, represent substantial 

challenges. These diseases can lead to high mortality rates, particularly under 

stress conditions caused by poor water quality or excessive density, which 

affect fish health and increase their susceptibility to infections [1]. 

One efficacious resolution to tackle these challenges is the execution of 

RAS, an ecologically sustainable technology that advances enduring 

aquaculture methodologies [12-14]. RAS enables better water quality 

management through a continuous water circulation system through filtration 

processes, ensuring optimal water quality [15]. RAS combines mechanical, 

biological and chemical filtration methodologies to uphold water quality. 

Mechanical filters remove solid waste, while biological filters, such as 

nitrification trickle filters or submerged filters, convert harmful ammonia into 

less toxic nitrate, thereby ensuring a stable aquatic environment [16-18]. 

Furthermore, RAS also allows for better control in high density fish culture, 

by reducing competition that drives cannibalistic behavior and more 

effectively regulating the fish's space. The stable water quality within the 

system also reduces stress on the fish, enhancing their disease resistance. 

Therefore, the application of RAS in Lates calcarifer farming can address the 

issues of water quality, cannibalism and disease, while improving efficiency 

and the sustainability of fish production. 

Recent studies on Lates calcarifer farming using RAS have focused on 

areas including the development of RAS technology, the impact of stocking 

density, feed management and the influence of environmental engineering in 

aquaculture. Further research is needed to identify opportunities and 

challenges for the future development of RAS technology, aimed at increasing 

fish productivity, particularly for Lates calcarifer. 

Types of RAS Technology Used 

The approach employed in RAS varies markedly depending on the 

system's arrangement and the objectives of the inquiry. A study [6] employed 

an RAS system incorporating sand, fiber and charcoal filters in cylindrical 

reservoirs to rear Lates calcarifer. This system demonstrated efficacy in 

augmenting fish growth performance, substantially enhancing length and 

weight. The fish cultivated in this framework demonstrated a mean elongation 

enhancement of 6.5 cm over seven weeks, accompanied by an elevated 

survival ratio in specimens measuring 5 cm (86%) compared to those 

measuring 4 cm (75%). 
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Another study [19] used blowers and flexible aerators to enhance dissolved 

oxygen concentrations in a 60 ton RAS. This study [19] focuses on developing 

techniques to maintain dissolved oxygen levels in two freshwater aquaculture 

systems for Lates calcarifer: RAS and the biofloc system (Floc). Oxygen 

enhancement was achieved using a blower connected to a flexible rubber hose 

aerator. This study aimed to assess the efficacy of oxygenation utilizing three 

distinct varieties of aerators: a 400 W air propulsion apparatus equipped with 

flexible rubber tubing, a singular 250 W ejector aerator assembly and two 250 

W ejector aerator assemblies (culminating in a total of 500 W). The 

assessment of oxygenation's effectiveness involved looking at key factors, 

including the oxygen transfer coefficient (kLa), the oxygen transfer rate (OTR) 

and the aeration efficiency (AE). 

The results of the first experiment demonstrated that the aerator with 

flexible rubber tubing (400 W) exhibited superior oxygenation efficiency 

compared to the ejector aerators, reaching oxygen saturation (~7.40 mg/L) in 

approximately 0.58 hours, significantly faster than the single set ejector 

aerator (7.0 hours) and the double set ejector aerator (5.5 hours). The kLa 

value of the flexible hose aerator (0.0609 ± 0.0010 /min) was also significantly 

higher than that of the ejector aerators (0.0321 ± 0.0017/min for one set and 

0.0519 ± 0.0017/ min for two sets). This type of aerator was deemed most 

suitable for fish culture in RAS due to its ability to generate fine bubbles, 

increasing the specific contact area and resulting in the highest oxygen transfer 

rate (135 g O₂/h) and aeration efficiency (338 g O₂/kW/h). 

In addition to comparing aerator efficiency, the study evaluated the 

performance of RAS and Floc systems, the accumulation of unpleasant smell 

compounds (geosmin and 2-methylisoborneol/MIB) and economic feasibility. 

The results indicated that freshwater barramundi cultured in the RAS had 

higher yields and growth rates than those in the biofloc pond system. Fish 

survival rates were also higher in RAS (89.3 ± 5.6% in RAS1, 87.4 ± 6.9% in 

RAS2) than in Floc (56.5 ± 5.0% in Floc1, 52.7 ± 8.6% in Floc2). 

This advantage was attributed mainly to better controlled water quality, 

notably significantly lower total ammonia nitrogen (TAN) levels (0.13 ± 0.04 

ppm in RAS1, 0.17 ± 0.02 ppm in RAS2) compared to Floc systems (0.42 ± 

0.10 ppm in Floc1, 0.45 ± 0.22 ppm in Floc2), due to the effectiveness of the 

Moving Bed Bioreactor (MBBR) ammonia treatment system, which was 

designed to support up to 24.2 kg/day of feed input with a TAN removal 

efficiency of 607 g/m³/day. Moreover, the average water temperature in the 
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plastic-covered RAS (29.5 ± 0.8 °C in RAS1, 29.3 ± 0.1 °C in RAS2) was 

approximately 2 °C higher than in the Floc systems (27.5 ± 0.3 °C in Floc1, 

27.2 ± 0.2 °C in Floc2), which favors barramundi growth, as the optimal 

temperature range is 28–31 °C. 

The study also observed variations in dissolved oxygen after alimentary 

intake, disclosing a pronounced elevation in oxygen consumption following 

feeding. A feeding frequency trial showed that feeding six times daily resulted 

in higher minimum dissolved oxygen levels (3.6–6.4 ppm) than feeding twice 

daily (2.3–6.5 ppm), where oxygen dropped below 2.5 ppm after meals, 

considered a critical threshold. Accumulation of biological sludge and off-

flavor compounds (geosmin and MIB) was higher in the Floc system than in 

RAS. However, the overall concentrations in both systems were low and did 

not adversely affect fish flesh quality. Overall, the investigation [19] determined 

that RAS, particularly when employing adaptable rubber tubing aerators and 

with prospective enhancements in feeding frequency, is more appropriate and 

lucrative for extensive (60 ton) freshwater barramundi cultivation. 

Another study evaluated the application of RAS incorporating mechanical 

and biological filtration, thermal regulation, aeration and optimal water quality 

management [20]. In this study, fish cultivated in RAS exhibited enhanced 

growth, with statistically significant augmentations in both length and mass 

when juxtaposed with those nurtured in static water systems (SWS). RAS was 

shown to enhance feed efficiency and reduce cannibalism in Lates calcarifer. 

A study [21] also noted that RAS can support high stocking densities of up to 

4500 fish/m³. In this study, RAS was equipped with several essential 

components such as mechanical filters, biofilters using bioball and bioblock 

media and a protein skimmer to maintain water quality. Water was circulated 

using automatic pumps and to ensure stable conditions, the system was 

equipped with water heaters and a UV sterilization system. Overall, the RAS 

technology used in this study proved effective for Lates calcarifer fry rearing 

at densities of up to 3000 fish/m³, achieving optimal growth and reasonable 

water quality control. However, challenges remain related to increasing the 

biofilter capacity to support higher densities. 

Recent developments in RAS technology for larger scale Lates calcarifer 

fry rearing have also been undertaken at the Center for Marine Aquaculture 

Research and Fisheries Extension, Gondol Bali, Indonesia. This RAS has a 

water capacity for farming of 80 tons, with stocking densities of 4000 and 

6000 fish/tank (Figure 37). Technological advancements include integrating 
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mechanical filters, biofilters, protein skimmers and oxygenation using 

Micronano Bubbles (MNBs). The research results show that the RAS 

technology maintained good water quality throughout farming. High stocking 

density impacted survival rates but did not affect fish growth. The optimal 

survival rate of 73.19% was attained at a stocking density of 4000 

specimens/tank, with a mean harvest mass of 33 grams. 

 

Fig 37: High density Lates calcarifer rearing with RAS technology in Bali, 

Indonesia 

Effect of Fish Stocking Density 

Fish stocking density is a crucial factor significantly impacting RAS 

system growth performance and survival rates. It was ascertained that reduced 

stocking densities (0.5 individuals/L) in white tanks culminated in enhanced 

growth and elevated survival rates [10]. However, cannibalism rates were 

higher in white tanks than black tanks, despite the higher stocking density (1.5 

individuals/L), resulting in lower growth per individual. Another study [22] 

showed that higher stocking densities (350 fish/m³) in RAS systems increased 

the expression of stress genes in fish, negatively affecting growth and health. 

In contrast, a stocking density of 70 fish/m³ resulted in enhanced growth, 

alongside improved digestive enzyme activity and body composition. 

In the study [21], three distinct stocking densities were evaluated for the 

rearing of Lates calcarifer fry: 3000 fish/m³ (1.17 kg/m³), 4500 fish/m³ (1.75 

kg/m³) and a control group with 1500 fish/m³ (0.62 kg/m³). The findings 

suggested that the variations in density did not significantly influence fish 

length and weight increment. Fish at the 3000 fish/m³ density reached an 

average length of 8.47 cm and a weight of 10.26 g, while fish at 4500 fish/m³ 
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reached a length of 8.29 cm and a weight of 9.35 g and the control group at 

1,500 fish/m³ reached a length of 8.38 cm and a weight of 10.56 g. While the 

growth was relatively similar across all treatments, survival rates showed 

significant differences. The highest survival rate was realized in the control 

cohort (82.62%), succeeded by 3000 fish/m³ (48.80%) and 4500 fish/m³ 

(42.7%), indicating a decline in survival as stocking density escalated. 

Moreover, this was correlated with heightened cannibalism, which was most 

pronounced at 4500 fish/m³ (39.91%), followed by 3000 fish/m³ (33.18%), 

whereas the control cohort recorded merely 11.00% cannibalism. Overall, 

while density did not significantly impact growth, increased stocking density 

was directly associated with a reduction in survival and an elevation in 

cannibalism among the fish. 

The investigation [22] assessed the impacts of differing stocking densities 

on growth efficacy, digestive enzyme functionality, body composition and 

gene expression in Lates calcarifer cultivated in RAS. Although high stocking 

density can generally increase yield per unit area, this study demonstrated that 

increasing stocking density (from 70 to 350 fish/m³) significantly reduced the 

growth performance of barramundi in RAS. Specifically, final weight gain, 

specific growth rate (SGR) and survival rate decreased with increasing 

stocking density. The lowest density (70 fish/m³) recorded a significantly 

higher survival rate (95.00 ± 1.25%) than higher densities. Conversely, feed 

conversion ratio (FCR) and mortality increased at higher densities, indicating 

poorer feed utilization efficiency. 

Furthermore, this study also discovered that the functions of digestive 

enzymes, encompassing protease, amylase, lipase and cellulase, markedly 

diminished in fish cultivated at elevated stocking densities [22]. This decrease 

in digestive enzyme functionality implies a diminished capacity of the fish to 

metabolize, assimilate and exploit nutrients from the feed. The body 

composition of the fish was also affected, with reduced crude protein and lipid 

contents and increased ash content at higher densities. Moreover, this is 

presumably due to fish allocating most of their metabolic energy to cope with 

crowding stress rather than protein and lipid deposition. 

At the molecular stratum, gene expression assessment elucidated that 

augmenting stocking density precipitated the downregulation of growth-

associated genes (GH/IGF-1) and the upregulation of the myostatin (MSTN) 

gene within the hepatic tissue. GH/IGF-1 performs a pivotal function in 

growth regulation, whereas MSTN is a negative modulator of muscular 
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development. These changes in gene expression align with the observed 

decline in growth performance at higher densities, indicating that crowding 

stress impacts growth through the modulation of hepatic gene expression. 

Overall, this sixty day study concluded that increasing stocking density in 

RAS induces chronic stress, negatively affecting feed intake, metabolism, 

nutrient absorption and growth performance in barramundi. Therefore, the 

study recommends that the culture of Lates calcarifer in RAS should be 

carried out at a maximum stocking density of 70 fish/m³ to enhance growth 

performance and metabolic and molecular activity. 

Feed Management 

Feed management is a critical factor influencing Lates calcarifer farming 

production efficiency. The diet's augmentation with 1% calcium and 1% 

phosphorus can improve fish's growth and survival rate [23]. This 

supplementation also improved hematological and biochemical parameters, 

indicating that optimal feed composition can improve fish health and 

productivity in RAS systems. Furthermore, the ideal alimentary frequency is 

thrice daily, which culminated in the most favourable growth and enhanced 

feed conversion efficiency [24]. Proper feeding can influence the fish's body 

condition, with better hepatosomatic and viscerosomatic indices observed in 

groups fed three to four times daily. However, lower feeding frequencies 

increased lipid content in the fish. 

An extensive comparative study and evaluative investigation regarding 

the efficacy of nutrition augmented with a mineral premix in the freshwater 

RAS cultivation of barramundi (Lates calcarifer) has been done and this 

research was grounded in the understanding that macro- and micromineral 

nutrition are critical to fish diets to ensure healthy growth and maintain 

physiological integrity. Macrominerals, including calcium, phosphorus, 

magnesium, sodium, chloride, potassium and sulfur and microminerals like 

manganese and selenium, are considered vital, with supplementary trace 

minerals necessary in tiny quantities [25]. 

To empirically investigate this, a 60 day culture trial was conducted using 

500 liter tanks within a freshwater RAS, stocked with barramundi fingerlings 

sourced from Cochin, Karnataka, India. The empirical framework 

encompassed ten distinct alimentary formulations augmented with diverse 

concentrations of mineral premix (oscillating from 0.1% to 1.0%), in 

conjunction with two control regimens one devoid of supplementation and the 
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other with a benchmark level predicated on antecedent investigations. The 

specific composition of the mineral premix was detailed, comprising 

magnesium chloride (7.51%), sodium chloride (9.86%), potassium hydroxide 

(12.50%), ferrous sulfate heptahydrate (8.27%), copper sulfate pentahydrate 

(0.98%), zinc sulfate heptahydrate (3.35%), manganese sulfate monohydrate 

(0.48%) and sodium selenite (0.04%). The specific composition of the mineral 

premix was detailed, comprising magnesium chloride (7.51%), sodium 

chloride (9.86%), potassium hydroxide (12.50%), ferrous sulfate heptahydrate 

(8.27%), copper sulfate pentahydrate (0.98%), zinc sulfate heptahydrate 

(3.35%), manganese sulfate monohydrate (0.48%) and sodium selenite 

(0.04%). 

A comprehensive set of parameters was measured to evaluate feed 

performance and the physiological status of the fish. These included growth 

performance indicators (such as specific growth rate and feed conversion 

ratio), whole body proximate composition (protein, lipid, moisture, ash, fiber, 

nitrogen free extract), blood biochemical parameters (lipase, amylase, 

cholesterol, triglycerides, uric acid, urea, albumin, globulin, A/G ratio, total 

protein, C-reactive protein, alkaline phosphatase), hematological parameters 

(white and red blood cell counts, hemoglobin, hematocrit, mean corpuscular 

volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin 

concentration, platelet count and platelet distribution width) and serum and 

glutathione-related antioxidant activities (including superoxide dismutase 

(SOD), nitro blue tetrazolium (NBT), peroxidase and alkaline phosphatase). 

Water quality parameters in the RAS, such as temperature, dissolved oxygen 

(DO), pH, salinity, hardness, ammonia, nitrite and nitrate, were also regularly 

monitored to ensure stable and optimal environmental conditions throughout 

the study. 

Statistical analysis divulged that these variables were significantly 

affected by the extent of mineral enrichment. Based on a holistic evaluation of 

growth, biochemical and hematological parameters, the study concluded that 

0.8% supplementation of macro and micromineral premix in the feed was the 

most optimal and essential level for supporting the growth and health of Lates 

calcarifer in freshwater RAS. The findings strongly confirmed that mineral 

supplementation is necessary and significantly impacts barramundi's 

physiological and growth aspects under freshwater culture conditions. These 

findings are congruent with antecedent investigations in alternative fish 

species, which have similarly substantiated the significance of particular 

mineral augmentations such as magnesium, sodium, zinc and selenium for 
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maximal growth and fish health. This study makes a substantial contribution 

by discerning the ideal mineral supplementation threshold for barramundi 

cultivated in freshwater RAS, furnishing essential insights for advancing 

efficacious feed formulations [25]. 

Impact of Tank Color on Asian Sea Bass Productivity 

Environmental engineering constitutes one of the pivotal elements that 

can be employed to augment the productivity of Lates calcarifer in RAS. One 

ecological variable that can be altered for enhanced outcomes is the 

pigmentation of the tank, which has been demonstrated to considerably affect 

growth performance and feed efficiency in fish species. 

A study [26] explored the ramifications of various tank background colors 

(white, red, black and blue) on growth metrics, body composition, digestive 

enzyme functionality, hematological and blood biochemical variables, in 

addition to the expression of stress- and growth-associated genes in juvenile 

barramundi (Lates calcarifer). 180 fish with an initial average weight of 

160.90 ± 6.0 g were distributed into twelve cylindrical polyethylene tanks (250 

L volume), each lined with colored sheets representing the four background 

treatments. The trial lasted six weeks, during which the fish were fed a 

commercial diet to satiation twice daily. 

The results demonstrated that tank background color positively 

influenced juvenile barramundi growth performance and feed utilization. 

Specific Growth Rate (SGR), Protein Efficiency Ratio (PER) and Weight Gain 

(WG) were markedly elevated in fish specimens cultivated in red background 

tanks, followed by white and black tanks, with the lowest values recorded in 

the blue tanks. No substantial variances were detected among the treatments 

concerning initial and final body weight, Daily Feed Intake (DFI), Condition 

Factor (CF), Feed Conversion Ratio (FCR) and survival rate, which 

consistently remained at 100% across all treatments. 

In terms of physiological and stress related parameters, serum cortisol 

levels were significantly lower in fish held in red tanks (12.9 ± 0.1 ng/ml), 

indicating reduced stress levels compared to black (15.2 ± 0.3 ng/ml), white 

(14.5 ± 0.55 ng/ml) and blue tanks (14 ± 0.5 ng/ml). Blood glucose and lactate 

levels were the highest in fish from white tanks, followed by red, black and 

blue. In contrast, albumin concentrations were significantly elevated in blue, 

black and red tanks relative to white tanks. The total protein content was 

higher in red and blue tanks compared to black and white backgrounds. No 
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notable variations were found among the interventions concerning 

hematological metrics such as RBC, WBC, HCT, Hb and LYM. 

The activities of digestive enzymes, including protease, lipase and 

amylase, exhibited no notable variations across the treatment groups. The 

expression of the growth-associated gene (IGF-I) and the immune associated 

gene (Lysozyme) was markedly diminished in fish cultivated in white tanks 

compared to those in blue tanks. In contrast, no significant distinctions were 

noted between black and red tanks and other interventions. Based on superior 

growth performance and relatively lower stress levels (as indicated by lower 

cortisol concentrations), from this study, it can be concluded that red is the 

most suitable background color for rearing juvenile barramundi, followed by 

white, in comparison to other colors [26]. 

In contrast, a study [27] investigated the influence of tank backdrop hue 

(transparent, white, black, red, green and blue) on culture efficacy, feed 

efficiency, digestive enzyme functionality, flesh quality, carcass constitution 

and hematological indicators in barramundi (Lates calcarifer). This study 

distributed barramundi with an initial mean body weight of 16.17 ± 0.02 g into 

eighteen glass aquaria. The outer and bottom surfaces of the tanks were 

covered with grooved polypropylene boards of different colors, representing 

six color treatments with three replicates each and each tank stocked with 15 

fish. The fish were fed commercial floating pellets ad libitum twice daily for 

10 weeks. 

The results demonstrated that tank background color significantly 

influenced growth performance and feed utilization. Positive growth and feed 

utilization outcomes were observed in fish reared under transparent, white, 

black or green backgrounds, showing superior growth rates and feed 

efficiency compared to those maintained under red and blue backgrounds. 

Specifically, blue backgrounds had an adverse effect on final body weight 

(FBW), weight gain (WG) and final body length (FBL) relative to the 

transparent control treatment. Improved feed utilization, indicated by lower 

Feed Conversion Ratios (FCR) and higher Protein Efficiency Ratios (PER), 

was recorded in fish under transparent, white, black and green backgrounds. 

A potential explanation for these findings is the contrast between the feed 

color (dark brown) and the tank background, which may enhance feed 

visibility and intake, particularly in transparent and white backgrounds. In the 

case of black backgrounds, although visual contrast might be poor, no adverse 

effects were observed, possibly due to the feeding behavior of juvenile 
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barramundi, which approach pellets from below and capture them via suction. 

Thus, the contrast between the pellet and the ceiling (rather than the tank 

bottom) may be more critical. 

Furthermore, background color may influence neural and hormonal 

responses, including the secretion of stress hormones. Black backgrounds are 

known to possibly elevate α-Melanocyte Stimulating Hormone (α-MSH). In 

contrast, white ones might enhance the melanin concentrating hormone 

(MCH), which links to physical growth and energy conservation. Green 

backgrounds also had a positive effect, potentially due to marine fish's 

sensitivity to short wavelengths and complex interactions involving visual 

pigments, neural responses and hormonal regulation. Red and blue 

backgrounds were suboptimal, showing inferior feed utilization. Although 

some background colors (white, black, red, green) resulted in lower 

hepatosomatic index (HSI) values, potentially indicating stress, this stress 

level may not have been sufficient to impair growth. It could even be 

beneficial to a certain extent, especially considering that no mortality occurred 

and preferred treatments yielded superior performance. 

Regarding digestive enzyme functionality, tank background hue 

substantially influenced the performance of pepsin, trypsin, chymotrypsin, α-

amylase and lipase. Intriguingly, while the black backdrop yielded 

comparatively diminished digestive enzyme efficacy, the trypsin-to-

chymotrypsin ratio (T/C ratio) was maximized in both black and white 

backdrops, corresponding with enhanced growth and feed efficiency in these 

groups. The T/C ratio is a reliable indicator of growth and feed efficiency in 

several fish species. 

The highest RNA concentrations and RNA/protein ratios were observed 

in fish from blue backgrounds regarding flesh quality. In contrast, higher 

protein concentrations were recorded in fish reared in black, white and green 

backgrounds. Low RNA concentration and RNA/protein ratio, combined with 

increased flesh protein content, suggest a more advanced growth phase in fish 

reared in black backgrounds, followed by green and white. No significant 

differences appeared in myosin and actin concentrations, reflecting standard 

functionality of the muscles. Carcass composition (moisture, crude protein) 

was generally unaffected, except for higher crude lipid content in fish from 

transparent, white and green backgrounds and lower ash content in those from 

red backgrounds. Hematological parameters revealed significant differences 

in BUN and ALP. Elevated BUN levels in some treatments (white, black, red, 
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blue) may be associated with dietary protein utilization or digestive enzyme 

activity, rather than kidney damage, as ALP levels remained within the normal 

range, indicating no hepatotoxic or nephrotoxic effects. 

Based on growth performance, feed utilization, digestive enzyme activity, 

flesh quality, carcass composition and hematological parameters in this study 
[27], it can be concluded that black was the most suitable background hue for 

rearing Lates calcarifer, followed by white and green. Thus, environmental 

engineering through carefully selecting tank color can be an effective strategy 

to improve the productivity of Lates calcarifer in RAS, resulting in better 

growth, feed efficiency and meat quality outcomes. 

Achievements and Challenges in the Use of RAS 

Overall, existing research indicates that RAS can enhance efficiency in 

Lates calcarifer farming by improving water quality, density management and 

feed administration. Nevertheless, the principal obstacles that persist 

encompass elevated operational expenditures and the intricacy of system 

management. According to a study [6], while RAS effectively produces fish 

with reasonable growth rates and high survival, carefully managing fish 

density and water quality is still essential to maximize the system's potential. 

A study [19] indicated that RAS can enhance production efficacy, but the 

expenses related to aeration and nutrition remain a challenge for the economic 

feasibility of the setup. Therefore, although RAS offers many benefits, 

efficient management and rigorous monitoring of water quality and fish health 

are crucial to ensure the system's success in Lates calcarifer farming. 

Conclusion 

The utilization of RAS in Lates calcarifer aquaculture has demonstrated 

markedly favorable outcomes in augmenting growth, survivability and 

production efficacy. With proper management of fish density, feeding 

practices and water quality, RAS can serve as a sustainable solution for more 

efficient and environmentally friendly fish production. Although challenges 

related to cost and energy management remain, research indicates that the 

long-term benefits of using RAS far outweigh these challenges, making it a 

highly recommended method for Lates calcarifer farming. 

References 

1. Chudasama RV. A Short Review of Asian Seabass (Lates calcarifer) 

Cultivation. Indian Journal of Pure & Applied Biosciences 2023; 11(3): 

17–35. https://doi.org/10.18782/2582-2845.8980. 

https://doi.org/10.18782/2582-2845.8980


Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

158 

2. Yanti RZ, Muchlisin ZA, Muhammadar AA, Fadli N. Application of 

pumpkin flour to the diet of Barramundi Lates calcarifer fingerling. 

DEPIK 2022; 11(2): 176–181. https://doi.org/10.13170/depik.11.2.26859 

3. Faizah F, Kurniawati AD, Khairunnisa A, Agustini NPS. Penerapan Cold 

Chain Storage Pada Pembekuan Filet Kakap Putih (Lates calcarifer). 

Journal of Technology and Food Processing (JTFP) 2023; 3(02): 42–47. 

https://doi.org/10.46772/jtfp.v3i02.1280.  

4. Islam NMA, Bosu NA, Hasan NMM, Yasmin NF, Khan NBS, Akhter 

NM et al. Culture technique of seabass, Lates calcarifer in Asia: A review. 

International Journal of Science and Technology Research Archive 2023; 

4(1): 006–017. https://doi.org/10.53771/ijstra.2023.4.1.0174. 

5. Farhaduzzaman AM, Khan MS, Osman MH, Shovon MNH, Azam M, 

Makhdum N. Progress of seabass, Lates calcarifer (Bloch, 1970) culture 

in Bangladesh: Field-level updates from the Bhola and Satkhira Districts. 

International Journal of Agricultural Research Innovation and 

Technology 2023; 12(2): 117–125. 

https://doi.org/10.3329/ijarit.v12i2.64097. 

6. Sahusilawane HA, Metungun J, Fitrinawati H, Kilmanun JE. Growth 

performance of white seabass (Lates calcarifer) cultivated using 

recirculation aquaculture system (RAS). BIOEDUPAT Pattimura Journal 

of Biology and Learning 2024; 4(2): 214–219. 

https://doi.org/10.30598/bioedupat.v4.i2.pp214-219.  

7. Abduh NAM, Makus NMK, Djudin NR, Anwar NNA, Abdullah NT. 

Vibriosis in Asian Seabass Lates calcarifer (Bloch, 1790). Jurnal Ilmiah 

Platax 2024; 12(2): 281–297. https://doi.org/10.35800/jip.v12i2.58876. 

8. Hu J, Allais L, Yang R, Liu Y, Zhou S, Qin J et al. Physical Responses 

of Lates calcarifer to Acute Nitrite Stress. Israeli Journal of Aquaculture 

– Bamidgeh 2019; 71. https://doi.org/10.46989/001c.20993.  

9. Lubis VIS, Nirmala K, Supriyono E, Hastuti YP. Monitoring the water 

quality of Belawan Sea for rearing asian seabass Lates calcarifer in a 

floating net cage system. Jurnal Akuakultur Indonesia 2024; 23(2): 269–

280. https://doi.org/10.19027/jai.23.2.269-280. 

10. Khan MSK, Salin KR, Yakupitiyage A, Tsusaka TW, Shrestha S, 

Siddique MAM. Effect of stocking density and tank colour on nursery 

growth performance, cannibalism and survival of the Asian seabass Lates 

https://doi.org/10.13170/depik.11.2.26859
https://doi.org/10.46772/jtfp.v3i02.1280
https://doi.org/10.53771/ijstra.2023.4.1.0174
https://doi.org/10.3329/ijarit.v12i2.64097
https://doi.org/10.30598/bioedupat.v4.i2.pp214-219
https://doi.org/10.35800/jip.v12i2.58876
https://doi.org/10.46989/001c.20993
https://doi.org/10.19027/jai.23.2.269-280


Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

159 

calcarifer (Bloch, 1790) in a recirculating aquaculture system. 

Aquaculture Research 2022; 53(6): 2472–2483. 

https://doi.org/10.1111/are.15765.  

11. Khan MSK, Salin KR, Yakupitiyage A, Tsusaka TW, Nguyen LT, 

Siddique MAM. L-Tryptophan Mitigates Cannibalism and Improves 

Growth of Asian seabass, Lates calcarifer Reared in a RAS System. 

Aquaculture Journal 2023; 3(3): 168–180. 

https://doi.org/10.3390/aquacj3030014.  

12. Supriyono E, Adiyana K, Thesiana L. A Study of Environmentally 

Friendly Recirculating Aquaculture System on Lobster Panulirus 

homarus Nursery. Polish Journal of Environmental Studies 2023; 32(5): 

4805–4811. https://doi.org/10.15244/pjoes/166596. 

13. Supriyono E, Thesiana L, Adiyana K. Biochemical response and 

production performance of spiny lobster Panulirus homarus seed reared 

with different shelter materials. Indian Journal of Fisheries 2022; 69(3). 

https://doi.org/10.21077/ijf.2022.69.3.118515-08. 

14. Supriyono E, Rasul N, Budiardi T, Hastuti YP, Adiyana K, Thesiana L. 

A study on the effect of different colours of culture tanks in nursery, on 

the production performance, biochemical composition of flesh and 

physiological responses of whiteleg shrimp (Litopenaeus vannamei). 

Aquaculture Research 2021; 52(9): 4086–4093. 

https://doi.org/10.1111/are.15246. 

15. Lal J, Vaishnav A, Deb S, Kashyap S, Debbarma P, Devati N et al. Re-

Circulatory Aquaculture systems: a pathway to sustainable fish farming. 

Archives of Current Research International 2024; 24(5): 799–810. 

https://doi.org/10.9734/acri/2024/v24i5756. 

16. Beg MM, Roy SM, Kar A, Mukherjee CK, Bhagat SK, Tanveer M. Study 

on recirculating aquaculture system (RAS) in organic fish production. 

IOP Conference Series Earth and Environmental Science 2024; 1391(1): 

012013. https://doi.org/10.1088/1755-1315/1391/1/012013. 

17. Thesiana L, Adiyana K. Design of submerged fixed bed filter for high 

density shrimp culture in recirculating aquaculture system. IOP 

Conference Series Earth and Environmental Science 2021; 695(1): 

012025. https://doi.org/10.1088/1755-1315/695/1/012025. 

18. Thesiana L, Adiyana K, Zulkarnain R, Moersidik SS, Gusniani I, 

https://doi.org/10.1111/are.15765
https://doi.org/10.3390/aquacj3030014
https://doi.org/10.15244/pjoes/166596
https://doi.org/10.21077/ijf.2022.69.3.118515-08
https://doi.org/10.1111/are.15246
https://doi.org/10.9734/acri/2024/v24i5756
https://doi.org/10.1088/1755-1315/1391/1/012013
https://doi.org/10.1088/1755-1315/695/1/012025


Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

160 

Supriyono E. Ecofriendly land-based spiny lobster (Panulirus sp.) rearing 

with biofilter application in recirculating aquaculture system. IOP 

Conference Series Earth and Environmental Science 2020; 404(1): 

012082. https://doi.org/10.1088/1755-1315/404/1/012082. 

19. Whangchai N, Klahan R, Balakrishnan D, Unpaprom Y, Ramaraj R, 

Pimpimol T. Development of aeration devices and feeding frequencies 

for oxygen concentration improvement in 60-tones freshwater 

recirculating aquaculture and biofloc ponds of Asian seabass (Lates 

calcarifer) rearing. Chemosphere 2022; 307: 135761. 

https://doi.org/10.1016/j.chemosphere.2022.135761 

20. Khan MSK, Salin KR, Yakupitiyage A, Siddique MAM. Effect of 

stocking densities on the growth performance, cannibalism and survival 

of Asian seabass Lates calcarifer (Bloch, 1790) fry in different nursery 

rearing system. Aquaculture Research 2021; 52(11), 5332-5339. 

https://doi.org/10.1111/are.15403. 

21. Permana GN, Pujiastuti Z, Fakhrudin F, Muzaki A, Mahardika K, 

Adiyana K. Aplikasi Sistem Resirkulasi Pada Pendederan Ikan Kakap 

Putih, Lates calcarifer Kepadatan Tinggi. Jurnal Riset Akuakultur 2019; 

14(3): 173. https://doi.org/10.15578/jra.14.3.2019.173-182.  

22. Ezhilmathi S, Ahilan B, Uma A, Felix N, Cheryl A, Lingam RSS. Effect 

of stocking density on growth performance, digestive enzyme activity, 

body composition and gene expression of Asian seabass reared in 

recirculating aquaculture system. Aquaculture Research 2022; 53(5): 

1963-1972. https://doi.org/10.1111/are.15725. 

23. Moses TS, Ahilan B, Chidambaram P, Felix N, Jayakumar N. Optimizing 

the Supplementation of Calcium and Phosphorus in the Diets of Asian 

Seabass (Lates calcarifer) in Freshwater based Recirculating Aquaculture 

System. Indian Journal of Animal Research 2024. 

https://doi.org/10.18805/ijar.b-5409.  

24. Hassan HU, Ali QM, Khan W, Masood Z, Abdel-Aziz MA, Shah MIA et 

al. Effect of feeding frequency as a rearing system on biological 

performance, survival, body chemical composition and economic 

efficiency of Asian seabass Lates calcarifer (Bloch, 1790) reared under 

controlled environmental conditions. Saudi Journal of Biological 

Sciences 2021; 28(12): 7360-7366. 

https://doi.org/10.1016/j.sjbs.2021.08.031 

https://doi.org/10.1088/1755-1315/404/1/012082
https://doi.org/10.1016/j.chemosphere.2022.135761
https://doi.org/10.1111/are.15403
https://doi.org/10.15578/jra.14.3.2019.173-182
https://doi.org/10.1111/are.15725
https://doi.org/10.18805/ijar.b-5409
https://doi.org/10.1016/j.sjbs.2021.08.031


Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

161 

25. Moses TS, Ahilan B, Chidambaram P, Felix N, Jayakumar N. 

Comparison and Evaluation of the Performance of the Mineral Mix 

Supplemented Diet for Asian Seabass (Lates calcarifer) Culture in Fresh 

Water-based Recirculating Aquaculture System. Indian Journal of 

Animal Research 2024. https://doi.org/10.18805/ijar.b-5435. 

26. Morshedi V, Pradhoshini KP, Tangestani N, Ghasemi A, Sotoudeh E, 

Gamoori R et al. Effects of rearing tank colour on growth indices, blood 

chemistry, digestive enzymes, expression of stress and growth‐related 

genes of Asian sea bass juvenile (Lates calcarifer). Aquaculture Research 

2022; 53(10): 3780-3787. https://doi.org/10.1111/are.15884.  

27. Santisathitkul N, Thongprajukaew K, Saekhow S, Sandos P, 

Buntomnimit S, Kanghae H. Optimal background colour for rearing 

Asian seabass (Lates calcarifer). Aquaculture Research 2020; 51(4): 

1743-1752. https://doi.org/10.1111/are.14521. 

 

https://doi.org/10.1111/are.15884
https://doi.org/10.1111/are.14521


Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

162 

 

Effectiveness of RAS on Grouper Growth Performance, 

Feed Efficiency and Fish Health 

Suhardi Atmoko Budi Susilo 

Research Center for Fishery, National Research and Innovation Agency (BRIN), Indonesia 

Dendy Mahabror* 

Research Center for Fishery, National Research and Innovation Agency (BRIN), Indonesia 

Riza Zulkarnain 

Research Center for Fishery, National Research and Innovation Agency (BRIN), Indonesia 

Asmanik 

Research Center for Mariculture, National Research and Innovation Agency (BRIN), Indonesia 

Indra Pratama 

Research Center for Fishery, National Research and Innovation Agency (BRIN), Indonesia 

Sri Suryo Sukoraharjo 

Research Center for Fishery, National Research and Innovation Agency (BRIN), Indonesia 

Corresponding Author: dendymahabror@gmail.com 

 

Abstract 

Grouper fish farming is a high-value aquaculture commodity, but 

conventional systems face significant constraints such as poor water quality, 

disease and low feed efficiency. Recirculating Aquaculture System (RAS) 

technology offers an innovative solution through closed-water circulation and 

layered filtration, allowing complete control of aquaculture environmental 

parameters. This chapter is a literature review that analyzes the effectiveness 

of RAS in improving grouper growth, feed conversion and health, as well as 

its contribution to environmental and economic sustainability. Data from 

various international journals show that RAS increases feed Conversion Ratio 

(FCR up to 1.04), improves fish biochemical profiles and reduces mortality 

due to disease. In addition, RAS supports circular economy practices and 

water savings of up to 90%. This article confirms that RAS is a strategic 

approach for sustainable grouper production in the future. 

11 
CHAPTER 
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Introduction 

Farmed grouper has a high economic value and is a leading export 

commodity in many Asian countries, such as Indonesia, Malaysia and China. 

Growing market demand has encouraged production intensification, but 

conventional aquaculture systems face various problems, including declining 

water quality, the emergence of diseases and high feed conversion ratios that 

impact production efficiency. Conventional grouper culture systems (ponds) 

have a higher feed conversion ratio (FCR) (1.21) than RAS (0.88), indicating 

feed inefficiency in open systems [1]. Conventional systems are generally still 

open and highly dependent on the quality of the external environment, which 

makes them vulnerable to fluctuations in environmental parameters and 

external pollution. 

The Recirculating Aquaculture System (RAS) was developed to 

overcome these challenges and provide an innovative alternative to fish 

farming, including grouper farming. RAS is a closed system capable of 

circulating aquaculture water through mechanical, biological and chemical 

filtration stages, enabling repeated water use with maintained quality. In the 

context of grouper aquaculture, RAS allows spawning, hatching and rearing 

to be controlled throughout the year. Several studies have shown that RAS 

improves growth and feed efficiency and helps reduce diseases that often 

affect grouper seeds and juveniles [2]. 

From an economic and environmental perspective, using this technology 

is also in line with the principle of sustainability, as RAS reduces water 

consumption, waste and the risk of pollution to natural waters. Genetic 

development, application of technologies such as nanobubbles and 

bioeconomic approaches also strengthen the potential of RAS as a superior 

production system for grouper [3, 4]. Comparative studies between RAS and 

conventional pond systems in grouper aquaculture show that despite RAS's 

higher initial investment and operational costs, the system produces better feed 

efficiency, faster growth and lower mortality rates. In the long run, RAS is 

considered to increase profit margins through production efficiency, reduce 

disease risk and support sustainable aquaculture, as waste and water use can 

be minimized [1]. Therefore, this article aims to review recent studies on the 

growth, efficiency, genetics, fish health and economic implications of RAS in 

grouper aquaculture. 
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RAS Technology Developments and Benefits for Grouper Farming 

The application of Recirculating Aquaculture Systems (RAS) for grouper 

offers several advantages over traditional pond culture methods, which are 

often prone to disease, low productivity and environmental pollution. Here are 

the developments, key benefits and considerations for using RAS in grouper 

farming. 

The Development of Modern Technology in Recirculating Aquaculture 

Systems 

The following are the components of the Recirculating Aquaculture 

System (RAS) system in Figure 7 for grouper fish farming, complete with a 

technical explanation of each component: 

a. Culture Tank 

The culture tank is the main container for rearing groupers in a controlled 

environment. The water from this pond contains feed residue and fish feces. 

b. Mechanical Filter 

A mechanical filter functions to remove solid particles, such as feces and 

uneaten feed, before the water enters the next unit. 

c. Protein Skimmer 

Protein skimmers remove dissolved organic compounds and fine waste 

materials by forming air bubbles and bringing impurities to the surface for 

removal. 

d. Biofilter 

The biofilter houses nitrifying bacteria that convert toxic ammonia into 

nitrites and then nitrates, which are less harmful to fish. 

e. Degassing Unit 

The degassing unit removes excess dissolved gases such as CO₂ and H₂S, 

maintaining gas balance so that fish metabolism remains optimal. 

f. Oxygen Generator 

Oxygen generators provide dissolved oxygen enrichment into the water 

through direct injection to support fish growth and metabolism. 

g. UV Lamp in Sump Tank 

It uses ultraviolet light to sterilize water, killing pathogens and 
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microorganisms that could cause disease. 

h. Pump 

The pump continuously circulates water through all system components, 

ensuring efficient circulation and filtration. 

The Recirculating Aquaculture System (RAS) is a closed aquaculture 

technology approach that allows continuous and efficient maintenance of 

water quality, especially suitable for grouper farming, which is sensitive to 

environmental fluctuations. The process starts from the culture tank, which is 

the principal place where groupers are raised. In this tank, the fish produce 

organic waste such as feces, feed residue and metabolic compounds such as 

ammonia. Water from the culture tank is continuously fed to the filtration 

system through a pump to filter and recondition the water quality before reuse. 

 

Fig 38: Recirculating Aquaculture System (RAS) for Grouper Farming 

The first step in water treatment is the mechanical filter, which filters out 

coarse particles and suspended solids from fish waste. Next, the water flows 

to the protein skimmer. This device eliminates dissolved organic compounds 

by forming microbubbles that bring impurities to the surface for removal, 

maintaining water clarity and lowering the workload of the biofilter. 

Afterward, the water is directed to the biofilter, a vital component in the 

biological nitrification process. Here, nitrifying bacteria convert ammonia 

(NH₃) into nitrite (NO₂⁻) and then into nitrate (NO₃⁻), which is relatively safer 

for fish in limited concentrations. 

Water that has undergone a biological process then enters the degassing 

unit. This unit serves to remove excess dissolved gases such as carbon dioxide 
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(CO₂), nitrogen (N₂) and hydrogen sulfide (H₂S), which, if not controlled, can 

cause respiratory stress or even fish death. After degassing, the water enters a 

sump tank equipped with a UV lamp to sterilize the water from pathogens and 

an oxygen generator or aeration system to increase dissolved oxygen (DO) 

levels. This process is important to meet the high metabolic needs of fish, 

especially in high stocking density systems. 

The clean and oxygenated water is then pumped back into the culture 

tank, forming a continuous and efficient water circulation cycle. To optimize 

system management, the monitoring and automation panel has real-time 

sensors that measure important parameters such as temperature, pH, ammonia 

and dissolved oxygen. The automated control system can regulate ventilation, 

oxygen injection and even feeding based on these parameters. This automation 

integration allows the RAS system to maintain environmental stability and 

improve operational efficiency, fish growth and disease resistance. 

Recirculating Aquaculture Systems (RAS) utilize several advanced water 

treatment technologies to maintain water quality and effectively manage 

waste. Technologies such as mechanical filters, protein skimmers, 

biofiltration and collaborative UV irradiation contribute to the aquatic 

system's overall efficiency. 

One of the main components of RAS is the biofiltration system, which is 

crucial. Biofiltration decomposes organic waste and nitrogen, such as 

ammonia, into a non-toxic form for fish. The use of various biofilters, 

including fluidized sand biofilters and moving bed biofilm reactors, 

effectively removes harmful nitrogen and other substances from wastewater 
[5]. By reducing the accumulation of harmful materials, biofiltration helps to 

maintain stable water quality and fish health. 

Biofilter media in Recirculating Aquaculture Systems (RAS) plays an 

important role in nitrification, a key step in removing toxic ammonia and 

nitrite from water. In RAS systems, biofilters provide a conducive 

environment for the growth of nitrifying bacteria that convert the ammonia 

metabolic product of fish into nitrite and nitrate, which is less harmful to fish. 

Research results show that ammonia oxidizing bacteria such as Nitrosomonas 

and nitrite oxidizing bacteria such as Nitrobacter are very important in the 

nitrogen removal capacity of the biofilter, which supports optimal water 

quality for fish farming [6]. Using effective biofilter media, such as ceramic or 

bioballs, RAS systems can reduce the risk of toxin accumulation in water 

while creating a healthy environment for fish growth. 
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Apart from improving water quality, biofilter media also plays an 

important role in maintaining microbiological balance in the system. The 

presence of various microbes in the biofilter can help control pathogens and 

improve overall fish health. The results of the study showed the impact of 

oxygenated and non-oxygenated biofilters in the wastewater treatment of 

recirculating aquaculture systems, revealing that biofilters play an important 

role in reducing ammonia and nitrite levels in water, which are essential for 

fish health [7]. With proper selection and management of biofilters, RAS 

systems can be operated successfully, enabling higher and healthier grouper 

productivity. In addition, innovations in biofilter media design, such as the use 

of foam glass, have been shown to improve efficiency in managing water 

quality in the systems [8]. 

In developing this more integrated system, RAS also utilizes protein skim 

to remove waste solids from the water and other temperature control and pH 

value regulation technologies. Stickney and Gatlin note that this integrated 

approach is critical to maintaining optimal environmental quality for fish 

growth, indirectly affecting the growth performance and health of fish in the 

system. Meanwhile, real-time water quality monitoring is necessary to ensure 

that important parameters are always within the optimal range for successful 

fish farming in RAS [9], confirming that water treatment technologies in RAS 

are efficient and essential for aquaculture sustainability. 

In addition, UV irradiation is used as a water disinfection method. UV 

ensures the control of pathogenic microorganisms, improving the quality of 

fish-fed water. The results of the study showed the effectiveness of using a 

combination of filtration and UV irradiation in water treatment, such as in the 

application of a water ballast system, which significantly improved water 

quality [10]. This effectiveness is important in preventing the spread of disease 

within RAS systems, especially in the culture of fish that are susceptible to 

infection. 

Benefits of RAS technology in grouper cultivation 

The benefits of using RAS technology in grouper fish farming can be seen 

in the biological effects on fish, feed efficiency, increased nutritional content 

in fish and environmental improvement. The explanation of the benefits of 

using RAS technology is as follows. 

Improved Growth Performance and Feed Efficiency 

Recirculating Aquaculture System (RAS) allows for better environmental 
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control, including temperature, dissolved oxygen and other water quality 

parameters significantly affecting fish growth. The use of nanobubble 

technology in the RAS system increases the solubility of oxygen in water 

which directly contributes to the average daily growth of grouper seeds 

(Epinephelus fuscoguttatus × E. microdon) [3]. The high availability of oxygen 

in the RAS helps reduce physiological stress and increase fish appetite, 

resulting in more efficient feed conversion (FCR) than open systems. The use 

of a RAS system with nanobubble technology (NBs) provides better feed 

conversion ratio (FCR) efficiency in grouper fry culture, where the best results 

were obtained in the 5RN treatment (RAS with NBs and stocking density of 

500 fish/m³) with an FCR value of 1.04 ± 0.01. This value indicates that the 

fish in the system can convert feed into biomass more efficiently than the other 

treatments. 

Apart from oxygen, stocking density management also plays an important 

role. Increased stocking densities in RAS can be maintained without reducing 

growth rates if water quality is strictly controlled [11]. This is in contrast with 

conventional systems, where an increase in stocking density tends to cause a 

drastic decline in growth performance and water quality. RAS can support 

intensive production with higher space efficiency, making it ideal for areas 

with limited land and water. 

Grouper culture in RAS can maintain growth throughout the year, even 

when there are seasonal fluctuations or unfavorable weather in conventional 

systems [2]. The availability of a stable environment in RAS encourages fish 

to focus their energy on growth and nutrient absorption rather than responding 

to environmental stress. These advantages in feed efficiency and growth in 

RAS provide a strong basis for expanding the application of this technology 

to the grouper fry and enlargement industry that demands consistent, high-

quality results. 

Although RAS offers a wide range of advantages, challenges remain, 

especially in the optimal management and maintenance of the system. Poor 

water quality can slow fish growth and reduce feed efficiency, so proper 

monitoring and control should be a priority [12]. New technologies in water 

treatment in this context, such as RAS, create opportunities to improve 

grouper performance and contribute to developing more sustainable and 

environmentally friendly aquaculture. 
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Table 3: Growth Indicators of Grouper Fish Cultured in Different Systems [3] 

Treatment Initial length Final Length Initial weight Final weight SGR (%/day) FCR 

5R 3.52±0.04a 7.55±0.27a 0.99±0.03a 8.95±0.92a 3.67±0.17a 1.13±0.16ab 

6R 3.5±0.08a 7.56±0.15a 1.00±0.08a 8.5±0.22a 3.57±0.16a 1.32±0.17bc 

7R 3.52±0.07a 7.36±0.09a 0.97±0.02a 8.16±0.84a 3.55±0.18a 1.57±0.14d 

5RN 3.51±0.06a 8.86±0.03b 0.99±0.02a 12.2±0.01b 4.19±0.04b 1.04±0.01a 

6RN 3.55±0.02a 8.92±0.02b 0.94±0.03a 12.03±0.58b 4.25±0.07b 1.11±0.06ab 

7RN 3.54±0.04a 8.93±0.04b 0.96±0.03a 12.35±0.47b 4.25±0.09b 1.27±0.06b 

5K 3.49±0.05a 7.56±0.26a 0.97±0.03a 8.86±0.21a 3.69±0.08a 1.53±0.13 cd 

6K 3.46±0.01a 7.33±0.36a 1.02±0.09a 8.27±0.48a 3.49±0.04a 1.55±0.15cd 

7K 3.51±0.04a 7.34±0.21a 0.96±0.02a 8.33±0.36a 3.6±0.04a 1.51±0.13d 
 

Different superscript letters after average ± standard error values in the 

same column show a significant difference (P>0.05). SGR: Specific growth 

rate and FCR: Feed convention ratio. 

Source: Hanif et al. [3] 

Table 3. shows the effect of culture system and stocking density on length, 

weight, specific growth rate (SGR) and feed conversion ratio (FCR) of 

grouper. In general, the RAS system with added nanobubbles (marked RN) 

showed the best performance, especially in the 6RN treatment which produced 

the highest final weight (12.03 ± 0.58 g), highest SGR (4.25 ± 0.07%/day) and 

lowest FCR (1.11 ± 0.0.06), indicating optimal growth and feed efficiency. In 

contrast, the conventional system (K) showed lower performance, with 

decreased SGR and feed efficiency. This confirms that the RAS system, 

especially with innovations such as nanobubbles, can create more stable and 

efficient environmental conditions for grouper growth. 

Fish Health and Disease Resistance. 

One of the advantages of the RAS system is its ability to consistently 

maintain water quality, which directly affects the physiological and immune 

conditions of fish. The results of the study showed a comparison of European 

catfish (Silurus glanis) cultured in a Recirculating Aquaculture System (RAS) 

compared to a traditional earthen pond system revealed that fish cultured in 

RAS showed significantly better hematological parameters, including higher 

hemoglobin concentrations and higher white blood cell counts, as well as 

better serum biochemical profiles, such as increased levels of total protein, 

albumin and globulin [13]. These findings suggest that RAS provides a more 

stable and controlled environment, leading to better physiological health and 

possibly increased disease resistance in farmed fish. 

Although this study focuses on European catfish, the implications are 
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relevant for other aquaculture species, such as grouper. The better health 

indicators observed in fish farmed in RAS emphasize the potential of these 

systems to improve fish welfare and productivity. By minimizing 

environmental stress and maintaining optimal water quality, RAS can 

contribute to aquaculture species' overall resistance and resilience to disease. 

Gut microbiota and the immune system in fish have a close relationship. 

The usual decrease in microbial diversity due to infection can lead to a less 

effective immune response, affecting the fish's ability to fight pathogens. In 

addition, identified pathogenic bacteria, such as Acinetobacter spp., can lead 

to more widespread disease outbreaks, demonstrating the importance of 

comprehensive health management strategies in aquaculture to prevent 

infections. The study provided valuable insights that RAS monitoring of the 

microbiome aspects of grouper health management can be maintained, 

resulting in a healthy microbiota balance and a strengthened immune response 

in fish [14]. 

Recirculating Aquaculture System (RAS) technology has been proven to 

provide better health growth in groupers. In RAS, the concentration of 

pathogenic bacteria such as Vibrio can be significantly reduced compared to 

conventional pond culture systems. This is due to the water quality maintained 

through effective filtration and treatment in RAS, thus ensuring cleaner 

environmental conditions for fish [15]. Research shows that with strict control 

of environmental parameters, fish can grow healthier and have better disease 

resistance [16]. This result aligns with the finding that disease prevalence in 

groupers in RAS can be significantly reduced, leading to reduced mortality 

and profits for fish farmers [17]. 

Figure 39 shows the number of microbial colonies (CFU/ml) detected in 

the water and effluent from the Tilapia and Clarias RAS systems, using three 

types of media: TSA (common bacteria), MA (fungi) and KB (fluorescent 

pseudomonads). The results showed that colony counts on TSA and KB were 

relatively high and uniform across all treatments, indicating the dominance of 

typical bacterial flora and pseudomonads. In contrast, MA showed 

significantly lower colony counts (different letters), indicating that the fungal 

population in the RAS environment was much less than that of bacteria. There 

were no significant differences between fish species or water and effluent in 

TSA and KB medium, indicating the stability of specific microbial 

communities in the RAS system. This supports the efficiency of the microbial 

biofilter in treating effluent in the recirculation system. 
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Fig 39: The number of microbial colonies (CFU/ml) detected in the water and waste 

from the RAS system [15] 

Treatments 

From water and waste samples of Tilapia and Clarias RAS, microbial 

colonies were isolated and counted on 0.1% Tryptic soya agar (TSA) 

supplemented with 100 µg mL-1 for the general bacterial flora, 0.5% malt 

extract agar (MA) for the general fungal flora and on King Agar B (KB) 

supplemented with 100 µg mL-1 for the fluorescent pseudomonads. 

Significant differences between the treatments are indicated by letters above 

the bars. 

Source: Khalil et al. [15] 

Superior Nutritional Quality 

RAS (Recirculating Aquaculture System) technology in grouper 

aquaculture has shown significant advantages in increasing the amino acid 

content and beneficial fatty acids, contributing to better nutritional value and 

flavor of the fish. The quality of feed used in RAS systems plays an important 

role in improving the amino acid profile, which is recognized as an essential 

nutrient for fish growth and health [1]. Through better control of diet and water 

quality, groupers farmed in RAS have a more balanced composition than fish 

obtained from conventional pond systems, where feed quality and 

environment variations cannot always be prevented. 

Table 4 shows the amino acid composition of grouper muscle cultured in 

two systems, namely SPS (conventional) and RAS (Recirculating Aquaculture 

System). The analysis showed that most of the amino acids, both essential 

(EAA) and nonessential (NEAA), had equivalent or slightly higher values in 

fish from the RAS system. However, the differences were not statistically 

significant for most parameters. Essential components such as glutamic acid, 
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glycine, lysine and leucine, which play a role in meat quality and growth, were 

also slightly higher in fish from RAS. The total EAA and TAA (total amino 

acid) values also showed a higher trend in RAS fish, at 26.63% and 71.32%, 

compared to 26.00% and 70.47% in SPS. This indicates that the RAS system 

can produce fish with a better muscle protein profile, thus potentially 

producing fish products of higher nutritional quality. 

Table 4: The amino acid composition in the muscle of grouper fish in two systems, 

namely SPS (conventional) and RAS. 

Amino acids SPSS RAS 

Taurine 0.93±0.06 0.96±0.06 

Aspartic acid 7.88±0.01 7.80±0.02 

Threonine 3.26±0.02a 3.44±0.02 

Serine 3.48±0.05a 3.06±0.07 

Glutamic acid 11.92±0.32 11.69±0.49 

Glycine 3.43±0.03a 4.15±0.13 

Alanine 4.45±0.19 4.49±0.28 

Cysteine 1.78±0.11 1.78±0.15 

Valine 2.77±0.02a 2.60±0.07 

Methionine 2.29±0.02 1.98±0.10 

Isoleucine 2.61±0.32 2.56±0.04 

Leucine 5.70±0.14 5.52±0.19 

Tyrosine 2.56±0.06a 2.27±0.01 

Phenylalanine 3.03±0.08 2.96±0.11 

Lysine 6.87±0.14 6.69±0.27 

Histidine 1.43±0.02a 1.82±0.06 

Arginine 4.27±0.08 4.16±0.13 

Proline 2.33±0.07a 2.41±0.13 

Tryptophan 3.57±0.3 4.05±0.72 

EAA 26.00±0.27 26.63±0.21 

NEAA 20.60±0.20a 21.85±0.25 

DAA 27.31±0.26a 28.66±0.03 

TAA 70.47±0.52 71.32±0.88 
aindicates a significant difference (P<0.05). EAA refers to the total content of essential amino 

acids; NEAA refers to the total content of non essential amino acids; DAA represents the total 

content of delicious amino acids and TAA refers to the total amino acid content. 

Source: Qu et al, 2024 [1] 

The mechanism of the Recirculating Aquaculture System (RAS) in 

optimizing nutrient absorption in fish is greatly influenced by its ability to 

maintain consistent water quality. Consolidated oxygen, temperature and 

stable pH are important elements in creating an ideal aquaculture environment. 

This maintained water quality plays an important role in reducing fish 
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metabolic stress, which can increase nutrient absorption efficiency. The RAS 

system can reduce stress in fish through tight control of environmental 

parameters, which in turn supports the availability and absorption of nutrients 

in the fish's body [18]. In an optimized environment, digestive and metabolic 

processes in fish run more efficiently, allowing for improved growth and 

overall health. 

In addition, RAS exhibit lower feed conversion ratio (FCR) and higher 

daily growth than open systems. In other words, the controlled water quality 

in RAS creates optimal conditions that allow fish to absorb and utilize 

nutrients to their full potential, making it a highly effective and efficient 

system supporting sustainable aquaculture productivity. This is important, 

given the increasing consumer interest in healthy and nutritious food. By 

reducing reliance on fishmeal and substituting it with alternative feed sources, 

such as microalgae, RAS technology improves nutritional yield and provides 

a sustainable solution for the aquatic industry [19]. 

The flavor quality of grouper farmed in RAS is often considered superior 

to that of fish farmed in open ponds. Several studies have shown that more 

stable environmental factors in RAS systems contribute to improved 

organoleptic characteristics of fish. Fish cultured using the RAS system show 

better meat quality, including taste, compared to fish from conventional pond 

systems [13]. Better control of water quality and nutrients in RAS positively 

influences fish growth and metabolism, resulting in higher flavor quality meat. 

Environmental Sustainability 

Recirculating Aquaculture Systems (RAS) offer innovative solutions to 

minimize water use and reduce environmental pollution through effective 

water recycling and waste management, making them a more sustainable 

option for aquaculture. Using RAS, only a fraction of the water is required 

compared to traditional culture systems in open ponds. A study [20] showed that 

the design of RAS systems can significantly reduce the amount of water 

required to culture fish while performing waste treatment in a closed and 

controlled system [20]. In addition to effective treatment of effluents such as 

ammonia, RAS also minimizes water usage. 

In the RAS system it was shown that microalgae used in RAS wastewater 

treatment can absorb nitrogen and phosphorus, thereby reducing the potential 

for environmental contamination [21]. In addition, effective management of 

solid and liquid wastes in RAS reduces the amount of harmful compounds 
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released into the environment, which is one of the leading causes of 

eutrophication. Using water recycling systems and efficient waste treatment 

techniques, RAS offers a sustainable solution that benefits fish productivity 

and maintains a balanced ecosystem quality around the aquatic system. 

Figure 40 compares the concentrations of various nitrogen, phosphorus 

and sulfur forms in wastewater from a recirculating aquaculture system (RAS) 

before and after N. link culture. The gray columns represent the control values 

before cultivation, while the black columns show the concentrations after 

cultivation. Asterisks (*) indicate significant differences in values after culture 

compared to the control, with higher concentrations for nitrate (NO₃⁻) and 

sulfate (SO₄²⁻). This study indicates that N. linckia culture can contribute to 

changes in wastewater quality, potentially improving nutrient efficiency in 

aquaculture systems. 

 

Fig 40: Comparison of the concentrations of various forms of nitrogen, phosphorus 

and sulfur in wastewater from a recirculating aquaculture system (RAS) before and 

after cultivation. 

Source: Cheban et al. [21] 

RAS also supports the circular economy approach in aquaculture, where 

waste from fish can be repurposed as inputs for crop production in aquaponics 

systems [22]. By integrating fish farming with agriculture, RAS not only 

optimizes the use of water resources but also improves nutrient use efficiency. 

This suggests that RAS can be a more environmentally friendly model for 

sustainable food production and help improve global food security. 

Economic Advantage and Scalability 

Recirculating Aquaculture Systems (RAS) have been proven to be 

economically feasible, especially in the context of grouper fish farming. The 

results of the study revealed that RAS can provide a high level of profit in 

catfish cultivation, which of course can be applied to other species, such as 

grouper [23]. The key to the economic viability of RAS lies in important 

parameters such as price, production yield, cost of seed, feed and initial 
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investment. With efficient management, RAS can reduce operational costs, 

increase productivity and optimize resource use. 

Furthermore, costs associated with fish medication and disease 

management in RAS are usually lower than in conventional aquaculture 

systems, where diseases often cause significant losses due to mortality. Strict 

environmental control in RAS can reduce stress on fish and increase growth 

rates, positively impacting overall economic outcomes. In addition, using 

more efficient and innovative technologies in RAS, such as computer vision-

based intelligent feed systems, can further improve productivity through more 

accurate feeding [24]. 

RAS systems also reduce dependence on water resources, enabling water 

recycling, which reduces operational costs and environmental impact. In 

addition, RAS designs can be customized to increase fish density, which 

contributes to greater production output by utilizing a smaller area of land. 

With all these factors, RAS becomes an option that is both sustainable from 

an environmental perspective and economically viable. 

Conclusion 

Recirculating Aquaculture System (RAS) technology significantly 

improves production efficiency, fish health and environmental sustainability 

in grouper farming. RAS can improve fish growth performance and feed 

efficiency through optimal water quality control and advanced filtration 

systems while minimizing waste and water usage. Literature studies show that 

implementing RAS supports disease resistance and creates a more stable 

aquaculture environment. From an economic and ecological perspective, RAS 

has excellent potential as a modern aquaculture production system capable of 

meeting global market demands while maintaining environmental balance. 
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Abstract 

The Pacific white shrimp (Litopenaeus vannamei) plays a crucial role in 

the global aquaculture industry, particularly in tropical and subtropical 

regions. Growing global demand has driven the adoption of increasingly 

intensive production systems. However, conventional intensive methods face 

sustainability challenges, including limited land and water resources, nutrient 

rich waste discharge and disease outbreaks. Recirculating Aquaculture 

Systems (RAS) have emerged as an advanced land-based farming technology, 

offering improved water quality control, an essential factor for shrimp health 

12 
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and growth. Recent research on Litopenaeus vannamei culture in RAS has 

focused on technological innovations, water quality management, disease 

control, stocking density optimization, growth performance, feeding strategies 

and integration with Integrated Multi-Trophic Aquaculture (IMTA) systems. 

Various RAS configurations have been developed, including standard RAS, 

hybrid biofloc-RAS, zero water discharge RAS (ZWD-RAS), low salinity 

RAS and nursery systems. RAS offers advantages in disease control through 

enhanced water quality management and microbial community regulation, 

employing technologies such as ozonation and biofiltration. While RAS 

supports high stocking densities, there are thresholds beyond which individual 

performance declines. Additionally, the use of color in rearing systems has 

been shown to influence shrimp production performance. Key challenges to 

implementing RAS in tropical regions include managing water quality at high 

temperatures, endemic diseases, salinity regulation and vulnerability to 

extreme weather and climate change. 

Keywords: Litopenaeus vannamei, RAS, intensive shrimp farming, tropical 

aquaculture, zero water discharge, Integrated Multi-Trophic Aquaculture 

(IMTA). 

Introduction 

The Pacific white shrimp plays a pivotal role in the global aquaculture 

industry, ranking among the most dominant species in farmed shrimp 

production worldwide [1]. The success of Litopenaeus vannamei aquaculture 

is primarily attributed to several key biological characteristics, including its 

rapid growth rate, broad environmental adaptability, particularly its tolerance 

to a wide range of salinity levels, ease of controlled breeding and consistently 

high market demand [1]. Geographically, the production of Pacific white 

shrimp is concentrated in tropical and subtropical regions, with countries in 

Asia and Latin America serving as the primary producers [1]. 

The rising global demand for shrimp has driven the aquaculture industry 

toward increasingly intensive production systems [2]. However, conventional 

intensive farming methods, particularly those based on earthen ponds, face 

numerous sustainability challenges. Key issues include limited availability of 

land and water resources, the discharge of nutrient rich effluents into 

surrounding ecosystems [3] and the growing incidence of disease outbreaks, 

especially those caused by Vibrio pathogens [4]. Furthermore, the expansion of 

shrimp ponds has often been associated with the degradation of critical 

habitats, such as mangrove forests [5]. In response to these concerns, 
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developing sustainable intensive farming systems has become a central focus 

of technological innovation in aquaculture. 

Recirculating Aquaculture Systems (RAS) have emerged as an advanced 

landbased aquaculture technology that offers a promising solution to the 

challenges of intensification and sustainability in shrimp farming [6]. RAS 

allows for enhanced control over water quality, which is a critical factor in 

cultivating shrimp [7]. Poor water quality can profoundly affect shrimp health, 

hinder growth performance and, in severe cases, result in mass mortality 

events [8]. Suboptimal water conditions heighten the susceptibility of 

Litopenaeus vannamei to infections caused by Vibrio species, which are 

associated with significant growth retardation and elevated mortality rates [9]. 

Recirculating aquaculture systems offer a more controlled biosecure rearing 

environment by stabilizing key water quality parameters such as dissolved 

oxygen (DO), pH and ammonia levels. For example, maintaining DO 

concentrations above 3 mg/L is critical to minimizing stress related mortality 

and ensuring optimal growth in shrimp culture [10, 11]. Furthermore, declines in 

pH and increases in water temperature have also been reported to negatively 

affect the growth performance of Pacific white shrimp (Litopenaeus 

vannamei) [12]. 

Recent studies on Litopenaeus vannamei cultivation using RAS have 

focused on a range of key areas, including technological innovations, water 

quality management, disease control and health management, stocking density 

optimization, growth performance and feeding strategies, as well as the 

integration of RAS with Integrated Multi Trophic Aquaculture (IMTA) 

systems. These studies showed RAS's diverse capacity to improve the 

effectiveness and sustainability of shrimp culture. Nevertheless, further 

comprehensive evaluations are important to identify the existing obstacles and 

potential prospects in RAS development, particularly in enhancing the 

productivity of Pacific white shrimp farming. 

RAS Technology Innovation and System Design for Vannamei Farming 

The implementation of RAS specifically for Litopenaeus vannamei 

farming in tropical countries was initiated more than 10 years ago. Relevant 

case studies have been reported from a variety of locations, including India 
[13], Indonesia [14, 15], Vietnam [5], Thailand [16], Brazil [17] and Ecuador [18]. 

These studies range from experimental and pilot scale trials to commercial 

scale implementations, reflecting a growing interest in adapting RAS 

technology for Pacific white shrimp aquaculture. A comprehensive range of 
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RAS design variations has been formulated or assessed to meet tropical 

regions' specific requirements and environmental contexts, underscoring both 

the technological adaptability and the site specific considerations requisite for 

successful implementation. 

 Standard RAS: This configuration employs conventional RAS 

components such as mechanical filtration, biofiltration, oxygenation 

units and water recirculation pumps. It serves as a baseline model for 

land-based shrimp farming and has been successfully applied [14, 17]. 

 Hybrid Biofloc-RAS: This system integrates biofloc technology, 

which promotes the in situ development of microbial flocs within the 

culture tank, with external RAS components. The biofloc contributes 

to improved nitrification capacity and provides supplementary 

nutrition for shrimp. Furthermore, the potential of this hybrid system 

demonstrated on enhance both water quality management and feed 

efficiency [19]. A study on land based cultivation of Litopenaeus 

vannamei employing a hybrid Biofloc-Recirculating Aquaculture 

System (Biofloc-RAS) [19], utilizing concrete culture tanks, a 

sedimentation pond and an aerated nitrification biofilter filled with 

high density polyethylene media. The aggregate water capacity 

within a singular unit of this system is 30 m3, outfitted with a 

circulation pump proficient in delivering approximately 6- 12 m3 of 

water per hour. Shrimp juveniles with an average initial body weight 

of 1.92 ± 0.43 g were stocked at a density of 300 individuals/m3 for 

the production trial. The initial water composition comprises 90% 

seawater (27 m³) that has undergone sand filtration and chlorination 

and 10% biofloc rich water (3 m³) sourced from a shrimp nursery 

pond. Shrimp were cultured for 70 days, during which daily 

increments of molasses were introduced to the culture tank to attain 

a ratio of C: N 12:1. The finding of this study indicated that 

inoculating the culture tanks with biofloc rich water significantly 

accelerated the nitrification start-up phase, achieving Total Ammonia 

Nitrogen (TAN) removal rates exceeding 6.28 mg/L/day with 

efficiency surpassing 92.2% throughout the stabilization phase. 

Shrimp production performance in this system was also notably high, 

encompassing an average growth rate of 2.15±0.18 g/week, a 

survival rate of 93.11±1.66 %, a yield of 4.98±0.10 kg/m3 and a feed 

conversion ratio (FCR) of 1.60±0.03. Overall, the hybrid Biofloc-

RAS system has proven feasible and effective for promptly removing 
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continuously generated ammonia, even under high feed input 

conditions and without water exchange [18]. The production 

performance attained is also comparable to findings from other 

investigations on a commercial scale for intensive cultivation of 

Litopenaeus vannamei, in both bioflock-based systems, RAS and 

hybrid RAS. 

 Zero Water Discharge RAS (ZWD-RAS): Designed for nearly 100% 

water reuse, this system minimizes or eliminates effluent discharge 

by incorporating biofloc or other nutrient recovery mechanisms. The 

ZWD-RAS model, as implemented in Indonesia, represents a 

sustainable approach particularly suited for regions facing water 

scarcity or strict environmental regulations [15]. 

 Low-Salinity RAS: This system operates at reduced salinity levels, 

typically between 5–15 ppt and is often employed for inland 

aquaculture operations far from seawater sources. Effective 

implementation of low-salinity RAS requires precise water ionic 

composition management to support shrimp health and performance. 

A research [20] contrasted the productivity efficacy of Litopenaeus 

vannamei and water quality fluctuations in terrestrial recirculation 

systems utilizing different formulations of lowest-cost salt mixes 

(LCS) and commercial comprehensive sea salt formulations (CSS). 

The RAS setup encompasses a 1000 liter rearing tank, each outfitted 

with the same volume of settling chamber and biological filtration 

unit (each 18 liters). The biological filters were aerated moving bed 

biofilm reactors (MBBRs) employing Curler Advance X-1 media 

(Aquaculture Systems Technologies, LLC., New Orleans, LA, 

USA.). At the commencement of the study, 3 liters of biomedia were 

incorporated from the established shrimp culture pond to expedite the 

colonization of microorganisms within the system. Water circulation 

from the rearing tanks to the settling chambers was facilitated by a 

submersible pump with a flow rate of 20 liters per minute, while 

water flow from the settling chamber to the biofilter relied on gravity. 

The system also had a water heater to maintain a stable temperature. 

At the commencement of the trial, shrimp average initial weight was 

2.9 g/shrimp, stocked at a density of 262 shrimp/m³ and were cultured 

at a salinity of 15 ppt using six different LCS to CSS mixing ratios: 

100% LCS, 97.5% LCS, 95% LCS, 90% LCS, 80% LCS and 75% 

LCS. The trial lasted for 86 days.  
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The result of water quality observations showed no significant differences 

among treatments in terms of temperature, total ammonia nitrogen (TAN), 

nitrite, total suspended solids (TSS) or volatile suspended solids (VSS). 

Average TAN concentrations ranged from 0.6±0.2 to 0.8±0.2 mg/L and nitrite 

levels ranged from 0.8±0.2 to 0.9±0.2 mg/L. However, salt formulation 

significantly impacted dissolved oxygen (DO), pH, salinity and turbidity 

throughout the study. DO levels tended to increase as the proportion of CSS 

decreased, with the 100% LCS and 97.5% LCS treatments exhibiting 

significantly higher DO levels compared to the other four treatments19. 

Average DO levels ranged from 6.4±0.1 to 6.5±0.0 mg/L. The 100% LCS 

treatment showed a significantly lower overall pH than the 90% LCS and 80% 

LCS treatments. The average pH across all treatments was 7.9±0.0. 

Regarding production performance, no significant differences were 

observed among treatments in average shrimp weight, biomass, survival rate, 

feed conversion ratio (FCR) or growth rate. The average shrimp harvest 

weight ranged from 20.7±0.3 g to 22.2±0.6 g, while the average growth rate 

ranged from 1.4±0.0 to 1.6±0.1 g/week. FCR values ranged from 1.4±0.1 to 

1.6±0.1. Shrimp biomass production ranged from 4.3±0.4 to 4.7±0.2 kg/m³. 

The average survival rate across all treatments was 81%, ranging from 

76.7±5.8% to 84.3±3.2%. From a cost perspective, LCS formulations 

significantly reduced the salt cost per kilogram of shrimp produced. The 

lowest salt cost was observed in the 97.5% LCS treatment ($2.03/kg shrimp), 

which was significantly lower than the 80% LCS ($2.63) and 75% LCS 

($2.76) treatments. This study demonstrates the feasibility and cost 

effectiveness of using easily prepared, low cost salt mixtures for intensive 

indoor shrimp production. LCS mixtures are recommended for shrimp 

producers due to the substantial reduction in production costs, while 

maintaining shrimp performance and water quality comparable to those 

achieved with commercial sea salt mixtures. 

 Nursery Systems: This application uses RAS principles, such as 

limited water exchange and biofiltration, during the intensive nursery 

phase to produce larger, more resilient juveniles before transfer to 

grow-out systems. A study on shrimp nursery within a recirculating 

aquaculture system (RAS) with a total volume of 600 L and water 

circulation was maintained using a 0.75 hp centrifugal pump at a flow 

rate of 180 L/h was conducted for the rearing of postlarvae [7]. The 

water treatment system consisted of a mechanical bubble bead and 

biological filter using K1 Kaldnes media. A commercial probiotic, 
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Sanolife MIC, was administered daily at a 3 g/m³ dose to maintain 

optimal microbial conditions within the system. The results indicated 

that the system effectively controlled nitrogenous compounds, 

including TAN, NO₂⁻-N and NO₃⁻-N, due to the continuous 

mechanical and biological filtration processes. Moreover, the system 

supported a shrimp survival rate of 88 %. RAS provides a robust 

framework for sustainable and intensive Litopenaeus vannamei 

nursery operations, optimizing environmental conditions and 

economic outcomes [7]. 

 Integrated Multi-Trophic Aquaculture (IMTA): The study on 

evaluating the use of a recirculating system with a settling chamber 

in a synbiotic IMTA setup involving juvenile Crassostrea sp. and 

Litopenaeus vannamei post-larvae and the results demonstrated that 

IMTA treatments produced significantly lower levels of settleable 

solids compared to monoculture. Moreover, shrimp weight and yield 

(1.59 g and 4.63 kg/m³, respectively) and oyster weight (18.05 g) 

were significantly higher in the IMTA system, indicating enhanced 

performance under integrated conditions [21]. Another research also 

compared the co culture of Litopenaeus vannamei and razor clam 

(Sinonovacula constricta) under two production modes: traditional 

polyculture and tandem mariculture pond systems. The results 

showed that both shrimp and clam yields were significantly higher (p 

< 0.05) in the tandem culture system (clam: 6.81 ± 0.38 kg/m²; 

shrimp: 1.24 ± 0.06 kg/m²) compared to the traditional polyculture 

(clam: 0.77 ± 0.06 kg/m²; shrimp: 0.47 ± 0.03 kg/m²) [22]. Unlike the 

polyculture system, which experienced severe eutrophication during 

the study period, the tandem system maintained better water quality. 

This improvement was attributed to spatial segregation of species, 

which reduced direct competition and organic waste accumulation in 

the clam habitat and more efficient nutrient utilization. Integrating 

multi-trophic culture systems involving Litopenaeus vannamei and 

compatible species can enhance water quality and promote better 

shrimp growth performance compared to conventional monoculture 

or polyculture approaches. 

Disease Control and Health Management 

Recirculating Aquaculture Systems offer several advantages for disease 

control in Litopenaeus vannamei culture, primarily through enhanced water 
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quality management and microbial community regulation. These systems are 

designed to maintain optimal conditions for shrimp health by integrating 

various water treatment technologies, such as ozonation and biofiltration, 

which can effectively reduce pathogenic bacteria and stabilize the microbial 

environment. Ozone, a powerful oxidizing agent, is commonly applied in RAS 

to suppress pathogenic bacteria such as Vibrio parahaemolyticus. A residual 

ozone concentration (ROC) of 0.3 mg/L can eliminate Vibrio pathogens 

without affecting biofilter nitrification process, leading to maintaining water 

quality and ensuring shrimp safety [23]. 

Compared to ultraviolet (UV) radiation, ozonation has been shown to 

better stabilize microbial communities within RAS, prevent nitrite 

accumulation and accelerate nitrate degradation factors crucial for 

maintaining a healthy environment for shrimp [24]. In addition, peracetic acid 

(PAA), a potent disinfectant, can be applied in RAS. However, its use at 

specific concentrations may negatively affect water quality and shrimp health. 

Therefore, PAA application is generally recommended only for short-term 

treatment during disease outbreaks [24]. 

The integration of electrocoagulation and filtration systems in RAS can 

enhance the removal efficiency of total suspended solids, chemical oxygen 

demand, ammonia and nitrite, thereby improving overall water quality and 

reducing disease risks [25]. Although RAS offers significant advantages in 

disease control for Pacific white shrimp culture, it is important to consider 

potential challenges and limitations. For instance, the capital costs for 

implementing and maintaining RAS can be high and the system requires 

careful management to prevent issues such as biofilter clogging or imbalances 

within the microbial community. 

Stocking Density, Growth Performance and FCR Values 

RAS based shrimp farming technology can support high stocking 

densities; however, there is a practical threshold beyond which individual 

performance (growth, survival and feed conversion ratio) declines 

significantly, even if overall volumetric productivity (kg/m³) may plateau or 

slightly decrease [13]. A low salinity RAS study [26] demonstrated that 

increasing shrimp density reduced harvest performance. When the stocking 

density was increased from 500 to 1000 PL/m³, the final body weight 

decreased by 24%, the survival rate dropped by 37% and FCR increased by 

55%, while the total productivity remained relatively constant (~5 kg/m³). A 

similar trend was observed in India [13], where higher stocking densities 
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resulted in lower average harvest weights. These findings highlight an 

economic trade off between maximizing volumetric yield and optimizing 

individual shrimp size, survival and feed efficiency. 

The effect of color application on shrimp production performance  

The application of color in shrimp culture ponds, through variations in 

pond bottom color and the use of carotenoid enriched feed technology, has 

been shown to significantly influence the production performance of 

Litopenaeus vannamei. Improvements in shrimp coloration are not only 

associated with consumer preference but also correlate with enhanced growth 

performance and survival rates. Several studies have investigated the effects 

of various color enhancement strategies on shrimp production. These 

approaches have demonstrated promising outcomes, offering aesthetic and 

physiological benefits for the cultured shrimp. 

The study [14] investigated the effect of different tank colors (Pantone 

process white, Pantone neutral black U (RGB: 69,66,63), green-Pantone 348 

C and blue-Pantone 3015 C) for the nursery phase of vannamei shrimp (Figure 

41), which was conducted in Indonesia. The research findings indicated that 

tank color did not significantly affect growth performance. However, it 

significantly influenced the survival rate and metabolic activity. Tanks colored 

green and blue yielded better survival rates and production performance than 

other colors, with the highest survival rate observed in green tanks (72.92%). 

Furthermore, tank color also impacted the biochemical composition of the 

shrimp flesh, wherein shrimp reared in green tanks exhibited higher crude 

protein and crude fiber concentrations. 

A study [27] evaluated the effect of Bixa orellana extract supplementation 

in shrimp feed within an inland biofloc system under varying levels of shading 

on shrimp morphological color and water quality. The extraction of Bixa 

orellana seeds yields the carotenoid bixin, which is commonly used in various 

industries as a natural pigment ranging from orange to deep red. The findings 

of this study demonstrated that the inclusion of 1.235 mg/kg bixin in shrimp 

feed, under 80% shading in the biofloc system, significantly enhanced the 

shell coloration of Litopenaeus vannamei, both in raw and cooked states. 

Furthermore, this treatment also contributed to maintaining lower ammonia 

concentrations in the rearing water [27]. 
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Fig 41: Application of a recirculating aquaculture system (RAS) for Litopenaeus 

vannamei culture in Indonesia. The system has a total water capacity of 8.5 m³ and is 

equipped with a physical filter, bioblock biofilter and microbubble technology for 

aeration and organic particulate removal. 

Challenge to RAS technology adoption  

Water Quality Management at Elevated Temperatures: 

Litopenaeus vannamei is a tropical species with an optimal temperature 

range of 25-32°C. However, when ambient temperatures exceed this optimal 

threshold, it leads to an increased metabolic rate and consequently, a higher 

oxygen demand in shrimp [12, 28]. Concurrently, the metabolic rate of microbes 

within the system also tends to increase under such conditions. This situation 

needs a greater aeration and oxygenation capacity to maintain optimal 

environmental conditions, which correlates with increased energy 

consumption. Consequently, this demands more robust biofiltration and 

oxygenation capacities, rendering dissolved oxygen (DO) management more 

challenging due to its reduced solubility at higher temperatures. Indoor RAS 

might require cooling systems, significantly escalating energy costs [29]. 

Outdoor RAS, on the other hand, offer more limited temperature control. This 

interplay of factors managing temperature about oxygen solubility renders 

energy management critically important for tropical RAS. 

Endemic Diseases:  

Tropical regions often serve as endemic habitats for specific shrimp 

pathogens, including White Spot Syndrome Virus (WSSV), Vibrio 

parahaemolyticus (the causative agent of Acute Hepatopancreatic Necrosis 

Disease, AHPND) and Enterocytozoon hepatopenaei (EHP) [16]. Although 
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RAS offers enhanced biosecurity, introducing pathogens (e.g., via infected 

post-larvae) remains possible. The intensive nature of aquaculture 

environments can facilitate rapid disease propagation if biosecurity 

management fails. Certain RAS conditions, such as low salinity, have been 

reported to favor the proliferation of specific pathogens like Vibrio spp. [30]. 

While RAS enhance biosecurity by limiting water exchange [21], the high 

stocking densities and interconnectedness of the system mean that if a 

pathogen does gain entry (for instance, through infected post-larvae), it can 

spread swiftly, potentially leading to catastrophic losses [31]. The complexity 

of RAS (encompassing power supply, filtration and disinfection) is influenced 

by numerous factors, each playing a critical role in maintaining optimal 

conditions for shrimp health. Key environmental parameters such as 

temperature, salinity, dissolved oxygen and pH must be meticulously 

controlled to ensure stable RAS operation, as deviations can induce stress and 

disease in shrimp [32]. The complexity of environment control in the system 

underscores that RAS biosecurity is contingent upon stringent protocols and 

robust, reliable system operation. 

Salinity Management:  

Land based RAS or those utilizing water sources with variable salinity, 

the management of salinity and ionic balance (particularly the Na: K and Mg: 

Ca ratios) is crucial for shrimp health and performance, especially at low 

salinities [20]. An improper ionic balance at low salinities can heighten 

susceptibility to pathogens, as in some instances, reduced salinity has been 

shown to increase the virulence of Vibrio sp. Pathogens [30]. Furthermore, the 

cost of artificial sea salt for inland RAS can be substantial [20]. 

Vulnerability to Weather and Climate Change:  

Although RAS offer protection from some climatic impacts (e.g., direct 

effects of rainfall), extreme weather events can still damage infrastructure 

such as air and electricity supplies [33]. The durability of water distribution 

infrastructure is crucial for maintaining the quality and quantity of the water 

supply for RAS; disruptions caused by aging or fragile water channels and 

extreme weather events (such as floods and droughts) can damage piping, 

thereby degrading system performance [34]. Overall, integrating adaptive 

management strategies, underpinned by comprehensive risk assessments and 

stakeholder engagement, is essential for enhancing RAS resilience against the 

threats of weather variability and climate change [35]. 
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Future Perspective of RAS application for the Whiteleg shrimp industry 

Enhancing the future viability and competitiveness of RAS requires 

addressing several key trends and developments. These include the trends 

towards hybrid systems, such as Biofloc-RAS and Zero Water Discharge-

RAS, along with continuous innovations pointed at reducing costs, improving 

energy efficiency and adapting the technology to specific tropical conditions. 

Further exploration into the potential of RAS to offer enhanced pliability 

against the impacts of climate change is also warranted [12].  

Addressing existing challenges through research and development could 

significantly increase shrimp production, improve food security and promote 

economic development in tropical regions, while also minimizing the 

environmental footprint associated with traditional aquaculture practices. 

Recognizing this potential, however, requires a determined commitment from 

researchers, industry stakeholders and governments. Moreover, this includes 

focusing on technology innovation, building human resource capacity and 

establishing supportive policy frameworks that incentivize the adoption of 

more sustainable aquaculture technologies. 

Conclusion 

The application of Recirculating Aquaculture Systems (RAS) for 

vannamei shrimp culture in tropical regions is technically possible, as 

demonstrated by various pilot-scale trials and commercial implementations. 

However, its widespread adoption is still limited when compared to the more 

predominant intensive pond systems. The principal obstacles to mass adoption 

are the substantial initial investment and ongoing operational costs, as well as 

the technological complexity, which demands specialized expertise. Despite 

these challenges, there is a growing interest in RAS, pushed by the demand 

for sustainable production intensification, improved biosecurity to mitigate 

disease outbreaks and firmer environmental regulations. 
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Abstract 

The advantages of L. vannamei are in its euryhaline nature, which 

includes thriving in a wide range of salinity levels, suitability for super-

intensive culture densities and relatively high resistance to changes in water 

quality. A significant challenge associated with super-intensive culture 
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densities is the generation of waste rich in total nitrogen (TN) and total 

phosphate (TP), causing a potential threat to sustainable shrimp cultivation. 

Therefore, to produce environmentally friendly shrimp products, there is a 

need for technology, such as aquaponics between L. vannamei and plants, at 

low salinity levels. Studies on aquaponics systems at low salinity are 

important for determining the response of shrimp growth, the potential for TN 

and TP waste production, as well as the role of plants in absorbing TN and TP 

in aquaponics systems. Several methods were employed, including 

recirculation and non-recirculation systems, as well as simple aquaponics. The 

results of some studies have shown that L. vannamei adapted well to low 

salinity and exhibited normal growth at super-intensive densities. As stocking 

densities increase, the potential for TN and TP waste accumulation rises, 

showing the crucial role of plants in absorbing these nutrients and maintaining 

water quality conducive to shrimp growth.  

Keywords: Aquaponics, L. vannamei, aquaculture waste, plants, low salinity. 

Introduction 

An aquaponic system can be used to manage L. vannamei shrimp 

cultivation waste. This system uses the concentration of TN and TP to meet 

the needs of plant growth. It reduces the concentrations of N and P in the 

cultivation medium's water, maintaining water quality. In intensive to 

superintensive L. vannamei cultivation, the concentration of TN and TP 

reached 6 mg/L and 1.5 mg/L, respectively [1], It increased from the first week 
[2]. This is so that the management of nitrogen (N) and phosphorus (P) 

concentrations continues to be carried out in order to maintain water quality 

according to the recommended cultivation standards. 

Aquaponics is a fish farming system that integrates fisheries and 

agriculture to mitigate the environmental impact of nutrient waste disposal, 

which can contribute to environmental eutrophication [3]. Maintaining the 

cultivation environment is imperative for the generation of uncontaminated 

water resources and the development of environmentally friendly and 

sustainable cultivation [4]. The objective is to minimize the environmental 

impact of aquaculture [5]. maximize the efficiency of clean water usage for 

every kilogram of shrimp produced [6] and generate higher profits [7]. This 

approach is intended to facilitate the production of fishery products with 

minimal environmental impact. 

The characteristics of L. vannamei shrimp include living at super high 
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density, utilizing water space effectively and being resistant to changes in 

water quality, diseases and euryhaline. So shrimp cultivation continues to 

develop from the sea, brackish to fresh. Cultivated using open and closed 

systems, recirculation aquaculture systems (RAS) and aquaponics. This is to 

meet the protein needs and demands of the world market. So, the goal is to 

reduce environmental impact, produce pesticide-free plants and cultivate is 

rampant.  

Low Salinity Aquaponics 

The potential for low salinity aquaponics in Indonesia is quite high due to 

the tropical nature of the geographical area, with sunlight being an important 

factor in plants’ photosynthesis process. Indonesia, as an archipelagic country 

with high shrimp production, possesses a significant advantage that can be 

continuously developed.  

L. vannamei is a euryhaline fishery commodity that can live and thrive in 

low to high salinity. A previous study showed that low salinity does not affect 

the growth of L. vannamei but is influenced by temperature [8]. Moreover, 

shrimp can live normally at a salinity of 1 ppt when adaptation is carried out 

properly [9] by adding potassium (K) to water media and increasing survival 
[10, 11]. Salinity adaptation system is the key to the success of low salinity 

shrimp cultivation. Stress levels are reduced by maintaining shrimp osmotic 

to increase survival because hemolymph osmolality decreases with decreasing 

salinity [12]. However, previous studies on the role of myo-inositol showed the 

adaptive ability of L. vannamei to low salinity [13].  

Information on low salinity aquaponics in Indonesia is still lacking. 

However, low salinity aquaponics between L. vannamei and water spinach 

plants at super-intensive densities with different shrimp densities obtain the 

best survival and growth at 1,000/m3. In aquaponics, at super-intensive 

densities between 1,000-3,000 fish/m3, the recirculation system using water 

spinach plants obtains a survival rate of 18.00-55.00% with productivity of 

2.51-3.22 kg/m3 [13a]. A simple system without using a pump for recirculation 

with different salinities has a significant effect of P<0.05 on shrimp growth 

and survival. According to a previous study, shrimp growth was higher at a 

salinity of 5 ppt [14a]. L. vannamei with intensive density at a salinity of 1 ppt 

using lettuce plants obtained survival and daily growth rates of 81.33-94.74% 

and 11.95-13.09%, respectively [15], but there was no information on lettuce 

plants. 
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Potential of TN and TP Waste at Low Salinity  

Cultivation waste in vannamei shrimp cultivation is a major reason for 

adopting aquaponics system. Semi-intensive to super-intensive vannamei 

shrimp produced solid and liquid cultivation waste with high nitrogen (N) and 

phosphate (P) content [16]. At high salinity, the estimated waste load produced 

reaches 50.12 gTN/kg shrimp and 15.73 gTP/kg shrimp at a density of 500 

shrimp/m3 [17]. Meanwhile, at low salinity, the recirculation system produced 

waste reaching 6,57 mg/L TN dan 1,21 mg/L TP [19]. 

The high and low total nitrogen (TN) and total phosphate (TP) produced 

by shrimp during cultivation were influenced by the nutritional characteristics 

of the feed, species and environment [20a, 21-25]. Shrimp feed had a concentration 

of protein as a source of N, fat, carbohydrates, vitamins and minerals. A 

portion of feed is wasted and some dissolves into water body and the rest 

becomes sediment [26]. The uneaten feed undergoes decomposition by bacteria, 

leading to an increase in the concentration of N and P in water. When this 

condition is not properly managed, there will be a significant increase in N 

and P, specifically NH3, which is toxic. In this condition, the role of plants in 

aquaponics system becomes crucial, specifically in converting NO3 into plant 

biomass through root uptake and photosynthesis facilitated by sunlight [27, 28]. 

The expectations achieved are shrimp production as a source of protein, plants 

as a vegetable source and the efficiency of clean water as a preserved natural 

resource. 

Potential of Adaptive Plants to Salinity 

In Indonesia, plants that are adaptive to salinity levels in soil media with 

the addition of salt include tomatoes [29], lettuce dan pak choi [30], water spinach 
[31], cayenne pepper [32], cowpeas [33] and rice [34-36]. The diversity of plants used 

as vegetables and main food sources should be explored to increase food 

production and support national food security. Furthermore, the rich diversity 

of species in the country is a strength that can be developed. A previous study 

on salinity stress on plants in soil media included tomatoes, cucumbers, 

shallots and large red chilies in the category of plants that can adapt, grow and 

bear fruit [37]. Similarly, water spinach, mustard greens, green beans, corn and 

peanuts can survive at low salinity levels [38]. 

Rice plants cultivated in salinity interruption areas with tiger prawns grow 

and produce grain, known as the 'rice-tiger prawn' system [39]. A study 

conducted by [40] reported that rice cultivation with giant freshwater prawns 
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increased yields by 68–204 kg/ha. However, the discovery of a method for 

cultivating rice and shrimp on land with low salinity and acid sulfate soil is an 

alternative that allows for more productive use of idle land [41], specifically 

through the integration of rice and tiger prawn [42].  

Plants successfully cultivated in low salinity aquaponics systems, 

including tomatoes and L. vannamei, can grow and bear fruit normally at a 

salinity of 5 ppt [43-45]. Non-fruiting plants (broccoli and cabbage) can produce 

4.90–5.05 tons/ha of shrimp when cultivated in aquaponics system with L. 

vannamei [46]. Meanwhile, Ipomoea aquatica is able to absorb TN and TP well 

in low-salinity L. vannamei cultivation. Further studies are needed on the 

potential of plants that are adaptive to salinity stress in L. vannamei 

aquaponics system. 

Water Management 

Maintaining water sources from pollution and using clean water 

efficiently is the basis of low salinity aquaponics cultivation [47]. Electrical 

energy efficiency is also a special concern due to the effect on production 

costs. Therefore, efforts to reduce the cost of clean water and energy require 

environmentally friendly cultivation with simple technology [48]. A more 

environmentally friendly method is through the use of aquaponics system [49]. 

Low salinity aquaponics is very water-efficient due to the ability to 

maintain the level of water that evaporates due to evaporation. This is carried 

out by adding water to cultivation media container every day. The recirculation 

system is also carried out by pumping cultivation media using a submersible 

pump to water spinach plant container, as shown in Figure 42. Using this 

method, TN and TP in water media will be distributed continuously to plant 

media and spinach plants absorb TN and TP for growth. Water quality 

parameters, such as NO2 are below the required threshold, while TAN, NO3 

and PO4 are greater than cultivation requirement limits. Biofilters in 

aquaponics system were carried out by plant roots, specifically TSS (Total 

Suspended Solids), which was automatically filtered and the concentration of 

N and P was absorbed by the roots into plant biomass [50]. The flow of 

cultivation water rich in N and P nutrients to plants was generally carried out 

by flowing water from shrimp cultivation container to the plants [51].  
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Fig 42: Nutrient flow in low salinity aquaponics between L. vannamei and water 

spinach 

Source: [14] 

Simple aquaponics combines shrimp and plants in a single cultivation 

container to reduce costs, land efficiency, electricity and clean water, as shown 

in Figure 43. A simple system combines pets and plants, making it more 

efficient in cultivation, land, electricity and clean water [52]. Furthermore, a 

simple aquaponics system with low salinity, integrating L. vannamei and water 

spinach outdoors can improve water quality by reducing the levels of TAN, 

NO₂, NO₃ and PO₄. This system used 0.65–0.86 m³ of water per kilogram of 

shrimp cultivated [15]
.  

Low Salinity Aquaponics Components 

The components used in the recirculation aquaponics system are adjusted 

according to the technology to be applied. Cultivation containers can be 

prepared using an outdoor or indoor system. Furthermore, the basic principle 

in the recirculation system is the use of a submersible pump to circulate water 

to plant cultivation containers, as shown in Figure 44. A submersible pump 

circulates the fish cultivation container into the media, enabling consistent 

nutrient distribution through the maintenance period [53, 54].  
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Fig. 393: Simple low salinity aquaponics between L. vannamei and water spinach 

Source: Fahrur et al. [15]. 

 

Fig 44: Low salinity aquaponics components between L. vannamei and water spinach 

Source: Fahrur et al. [14] 

Land Potential 

Land optimization is a serious concern for the current government. This 

is due to the extensive increase in land intruded by seawater due to rising sea 

levels [55]. In Indonesia, some studies reported that seawater intrusion was 

increasingly widespread in Makassar [56], Pangandaran [57] and Semarang [58]. 

Climate change increases seawater intrusion, causing freshwater to become 

saltier and warmer as saltwater moves further inland [59, 60]. Another study 

predicted that the area of intruded land will continue to increase [61]. Land 

affected by seawater intrusion poses a significant risk due to elevated soil 

salinity, which can lead to plant mortality and land abandonment [62]. As a 

result, farmers experience losses due to lost income [63] or decreased crop 

production [64], necessitating efforts to increase land productivity.  
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Conclusion 

Super-intensive cultivation of L. vannamei shrimp at low salinity with 

water spinach plants can be carried out due to shrimp cultivation waste, which 

comes from shrimp feed and metabolism. It contains high concentrations of 

TN (Total Nitrogen) and TP (Total Phosphorus). This waste can be used as 

nutrients for water spinach plants so that the plants can absorb and utilize 

nutrients for growth. Thus, water spinach plants act as natural biofilters that 

help improve water quality during shrimp rearing, maintain nutrient balance 

and support the survival rate and growth of L. Vannamei shrimp. This 

approach can also reduce the accumulation of waste that has the potential to 

pollute the environment, thus creating a more sustainable and efficient 

ecosystem. 
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Abstract 

Recirculating Aquaculture System (RAS) technology has emerged as a 

significant advancement in contemporary fish farming, aimed at addressing 

food security and environmental degradation issues. By utilizing the concepts 

of water circulation and purification, RAS enhances resource efficiency while 

producing high-quality, contaminant-free fish products suitable for export. 

This article analyzes the social and economic dimensions of the RAS system, 

focusing on its role in enhancing food security, creating jobs and its integration 

into an integrated farming system within an ideal strategy for developing a 

business model. This essay analyzes the potential of domestic and global 

markets as well as the barriers to the implementation of RAS technology 

related to sustainability and the formation of inclusive business models. This 

study indicates that the integration of contemporary RAS technology with 

digital advancements and a circular economy framework will lead to the 

development of a highly promising Sustainable Business Model (SBM), 

allowing RAS to function as a fundamental component in the advancement of 

resilient and sustainable fish farming systems. 

14 
CHAPTER 
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Introduction  

As the global demand for sustainable animal protein sources increases, 

recirculating aquaculture system (RAS) technology has become an innovative 

solution in modern fish farming. RAS allows for the repeated use of water 

through filtration and purification processes, thereby increasing resource 

efficiency, minimizing waste and reducing the risk of environmental pollution 
[1]. With strict environmental control, this system maintains optimal water 

quality and reduces the risk of fish diseases, making it suitable for 

implementation in urban areas and regions with limited land. In addition to 

ecological benefits, RAS also supports circular economy practices and offers 

opportunities for integration with digital technology and aquaponics to 

enhance production efficiency sustainably. 

In addition to environmental benefits, RAS significantly contributes to 

social and economic aspects, including food security improvement, 

community empowerment and income source diversification, especially in 

rural and urban areas. This system is capable of producing high-quality fish 

that meet domestic and international food safety standards, opening access to 

premium markets. Therefore, a deep understanding of socio-economic 

potential, operational cost efficiency, sustainable business opportunities and 

market development challenges is crucial to supporting the expansion of RAS 

as part of fisheries development that is adaptive to climate change and oriented 

toward sustainability. 

Social Aspects in Fish Farming with Recirculating Aquaculture Systems 

Nutrition and Job Livelihoods 

Land-based fish farming, especially primarily through systems like 

Recirculating Aquaculture Systems (RAS), plays an important role in 

improving nutrition and livelihoods for millions of people around the world. 

RAS enables sustainable fish production with minimal environmental impact 

by reusing water and providing a controlled environment that supports high-

density fish farming. This innovative approach is highly significant for urban 

areas where land and water resources are limited. Thus, it contributes to food 

accessibility and nutrition provision, serving as a reliable source of protein 

amid growing health concerns related to malnutrition faced by urban 

populations in developing countries [2]. Additionally, its ability to be a long-
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term solution for food security positions aquaculture as part of a larger system 

of integrated agriculture, encouraging mutual benefits among different 

farming methods. 

As shown in Table 5, several aquaculture technologies that incorporate 

inland fisheries into integrated farming systems have proven to enhance 

resilience to climate change and socio-economic shocks. This practice 

includes the integration of fish farming with crop and livestock production, 

thereby optimizing resource use, increasing land efficiency and diversifying 

agricultural outputs [10]. This approach helps farmers reduce dependence on a 

single commodity, strengthen their economic sustainability and enhance 

community resilience to market fluctuations and environmental conditions [11]. 

Furthermore, inland fisheries play a vital role in providing nutritious 

protein while supporting the economic stability of local communities. 

Involvement in traditional fishing and modern fish farming increases income, 

strengthens food security and meets the nutritional needs of the community [12, 

13]. Inland fisheries also serve as an important safety net in low-income areas, 

especially during times of food crisis or economic instability [14]. Overall, the 

integration of fisheries into agricultural systems demonstrates strategic 

potential in strengthening food security and economic resilience for vulnerable 

communities globally. 

Table 5: Integration Models of Agriculture and Aquaculture across Different 

Regions 

Integration Model Description Location/Country Reference 

IAA (Integrated 

Agriculture-

Aquaculture) 

Integration of fish farming 

with plants and livestock: 

utilization of organic waste as 

feed or fertilizer 

Asia and Africa [3] 

Aquaponics 

Combination of aquaculture 

and hydroponics: fish waste 

as nutrition for plants 

Global [4] 

Mina Padi 

Fish ponds in the rice fields: 

fish control pests and fertilize 

the rice plants 

Southeast Asia [5] 

Fish & Poultry 

Farming 

Livestock waste is used as 

fertilizer for fish ponds 

China, Vietnam, 

Africa 
[6] 

Reuse Nutrient 

System 

Solid agricultural and 

livestock waste is used for 

aquaculture and aquaculture 

waste is reused as fertilizer. 

USA [7] 

Coastal Aquaculture Integration of coastal ponds Hawai [8] 
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and Agriculture 

System 

with agriculture through 

nutrient flow and tides 

Integration of 

Horticulture and 

Household 

Aquaculture 

Fish farming with home 

gardens using pond water 

waste 

Nigeria [9] 

 

Community Welfare 

Sustainable aquaculture practices, such as RAS, can enhance community 

welfare by creating job opportunities and promoting economic stability in 

rural areas. Sustainable aquaculture practices, such as Recirculating 

Aquaculture Systems (RAS), are transforming rural economies by creating job 

opportunities and promoting economic stability. RAS is an innovative method 

in fish farming that recycles water, thereby reducing environmental impact 

and increasing efficiency. This technology is capable of meeting local protein 

demand and minimizing the risks associated with conventional aquaculture 

practices, positioning itself as a cornerstone for rural livelihoods. 

Table 6 indicates that various technological approaches in modern 

aquaculture, including Biofloc technology, Recirculating Aquaculture System 

(RAS) and IoT-based monitoring, have significantly improved fish product 

quality and increased farmers' income. Biofloc technology improves water 

quality, supports nutrient recycling and strengthens fish immunity, which 

results in increased harvest yields and reduced feed costs [15]. RAS produces 

high-quality, contaminant-free fish, opens up export market opportunities and 

optimizes the use of water and space [16]. 

Meanwhile, implementing an IoT-based monitoring system supports real-

time water condition management, reduces fish mortality rates and minimizes 

losses [17]. Better feed and breeding management also drives productivity with 

an optimal feed conversion ratio [18]. Integrating aquaculture with agriculture 

(IAA) increases profitability by two to three times compared to monoculture 

systems [19]. The practice of modern feeding and stocking, along with farmer 

capacity-building programs, significantly increases income and production 

efficiency [20, 21]. Overall, this technological innovation shows great potential 

in building a more productive, sustainable and economically profitable 

aquaculture system. 
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Table 6: Impact of Aquaculture Technologies on Product Quality and Farmer 

Income 

Technology/Approach 
Impact on Product 

Quality 

Impact on Farmer 

Income 
References 

Biofloc Technology 
Improve water quality, 

nutrient recycling 

enhance fish immunity 

Increasing yield per unit 
area reduces feed costs 

[15] 
 

RAS Recirculation 
aquaculture system 

Produce high-quality, 
contaminant-free fish 

Suitable for export, 
reduce water and space 

costs 

[16] 

IoT-based monitoring 

system 

Maintenance of optimal 
water conditions real-

time risk alert 

Reduce mortality, 
enhance growth rate and 

minimize losses 

[17] 

Improve feed and Hatchery 

management. 

Ensures faster and 

uniform growth and 

better feed conversion 
ratio 

Boost productivity and 

reduce input wastage 
[18] 

Integrated fish farming 
(IAA) 

Water nutrient balance 
reduces disease outbreak 

Increase profitability by 
2-3 times compared to 

monoculture 

[19] 

Modern stocking and 

feeding practice 

Enhance survival and 

growth uniformity 

Improve net income and 
reduce production cycle 

duration 

[20] 

Extension and capacity-

building programs 

Promotes best practice 

and biosecurity 

This leads to a times 

increase in income in 

rural aquaculture setting 

[21] 

 

Specifically, the Recirculating Aquaculture System (RAS) technology 

significantly contributes to job creation, income diversification and improving 

the welfare of communities dependent on aquatic resources [22, 23]. By 

encouraging the transition from traditional aquaculture practices to 

technology-based techniques such as RAS, rural communities gain 

opportunities for better food security and local economic strengthening. 

Implementing RAS also equips communities with new skills in sustainable 

fish farming and water quality management, strengthening their adaptive 

capacity to climate and market changes. 

Improvement of Food Security 

Fish production through the Recirculating Aquaculture System (RAS) 

allows for stricter control of water and feed quality control, resulting in 

healthier and contaminant-free fish products, thereby strengthening food 

security and increasing public trust in domestic fishery products. Aquaculture, 

which is now the fastest-growing sector in the animal food production of 

animal food, plays a crucial role in reducing malnutrition and poverty and 

creating jobs, especially in developing countries [24]. The use of water-saving 
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technologies such as RAS supports sustainable development goals with the 

potential to become the most sustainable animal protein production system, 

though. However, there are still challenges in managing the loss of carbon, 

nitrogen and phosphorus to the environment [25]. 

With RAS, water quality management becomes more effective, reducing 

the need for antibiotics and improving fish health through more sterile and 

controlled farming conditions [26]. In addition, waste from aquaculture 

systems, particularly from fish fed with alternative protein-based feed, can be 

utilized as sustainable fertilizer for hydroponic farming, supporting resource 

efficiency and the application of circular economy principles [27]. 

Economic Aspects of Fish Farming with Recirculating Aquaculture 

Systems 

Cost Efficiency and Long-Term Benefits 

Although the initial investment in recirculation systems is higher 

compared to conventional methods, the efficiency in water and feed usage, as 

well as the reduction in waste management costs, can increase long-term 

profits. Farmers can also optimize production yields with a more controlled 

and stable system. 

First, in conventional methods, water is usually continuously circulated 

without considering recycling, which results in significant waste and leads to 

resource wastage. RAS allows for better waste management, making the 

system more sustainable and contributing positively to the environment [28]. 

This feature is very important in the current global context, where reducing 

water consumption and environmental impact is becoming increasingly 

urgent. 

The use of RAS also provides long-term operational cost savings through 

feed efficiency. This system allows for more precise adjustments in feed 

provision, thereby reducing the excessive feeding that often occurs with 

conventional methods, which are at risk of generating excess waste. Research 

shows that life cycle analysis between feed, fish production, waste and energy 

are the main components explaining the ecological impact of RAS. Recent 

developments in RAS show two trends focused on (1) technical improvements 

in the recirculation loop and (2) nutrient recycling through integrated farming. 

Both trends contribute to improving RAS environmental sustainability [29]. 

Lastly, reducing waste management costs in recirculating systems is 

another important factor contributing to long-term profitability in aquaculture. 
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In RAS systems, fish waste and feed residues can be managed more efficiently 

with the use of additional technologies such as ozonation, biological filtration 

and nitrification biofiltration, enhancing the efficiency of waste treatment in 

RAS to recycle water and reduce the accumulation of harmful substances in 

aquaculture ponds [30]. With the ability to manage waste effectively, farmers 

not only avoid high costs for waste disposal but also gain the opportunity to 

utilize waste components from the RAS system as nutrients for plants in 

aquaponic systems. The overall results indicate that RAS is not just a new 

technological trend in aquaculture but a practical and sustainable solution that 

can provide long-term economic benefits for farmers, particularly by 

enhancing profit potential through integrating aquaculture and agriculture. 

RAS is conventionally generally adopted for integrated fish-plant 

production in aquaponic systems. A study by [31] comparing the economic 

feasibility of integrated agri-aquaculture production of juvenile tilapia and 

lettuce in FLOCponics (FP) and conventional Aquaponics (AP) systems 

produced results as shown in the table below. 

The outcomes of fictitious simulations on the traditional aquaponic 

system (AP) with a success rate of marketable plants at 100% are displayed 

by FLOCponic and Aquaponic based on the economic data in Table 7. Overall, 

both situations show that investing in integrated aquaponic systems is highly 

feasible financially. 

The system at FLOCponic produces a Net Present Value (NPV) of USD 

48,682.60 and an Internal Rate of Return (IRR) of 22.93%. The discounted 

payback term is 5.67 years, whereas the payback period is 5.01 years. In the 

long run, more than one dollar in value is returned for every dollar invested, 

according to the Benefit-Cost Ratio (BCR) of 1.17 and the Discounted BCR 

of 1.12. 

Table 7: Economic indicators of the different scenarios (FLOCponic vs Aquaponic) 

Parameter FLOCponic Aquaponic 

IRR (%) 22,93 24,67 

NPV (US$) 48.682,6 54.483,2 

Payback (years) 5,01 4,80 

Discounted Payback (years) 5,67 5,38 

Benefit/Cost Ratio 1,17 1,18 

Discounted Benefit 1,12 1,14 
 

Meanwhile, Aquaponics shows slightly better economic performance, 
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with an IRR of 24.67% and an NPV of USD 54,483.20. The payback period 

is also faster, at 4.80 years and the discounted Payback is 5.38 years. A BCR 

of 1.18 and a Discounted BCR of 1.14 further strengthen the argument that 

this investment is highly economically viable. Overall, both scenarios show 

that the conventional aquaponic system with a 100% crop yield success rate 

offers attractive profit potential and is worth recommending as a sustainable 

agribusiness strategy, especially in the integrated agriculture sector. 

Increase in Fish Production and Quality 

The Recirculating Aquaculture System (RAS) allows for high-density 

fish production without causing water quality degradation, creating a more 

stable environment that directly enhances fish growth and reduces mortality 

rates [32]. Optimal farming conditions in RAS increase yields and produce fish 

of better quality, which ultimately enhances the competitiveness of the 

products in the market. Research by [33] shows that European catfish raised in 

RAS have better meat quality and healthier blood and serum profiles than fish 

from earthen ponds. These findings show that improved waste management 

and water recycling in RAS greatly help fish health and product quality, 

strengthening modern aquaculture's ability to meet consumer demand for 

high-quality fish products. 

Table 8 shows the growth performance parameters of European catfish 

comprising first weight, final weight, weight gain, condition factor, visceral 

somatic index (VSI) and hepatosomatic index (HSI). Except for VSI and HSI, 

no statistically significant changes were found between fish raised in earthen 

ponds and fish grown in a recirculating aquaculture system (RAS). The 

parameters were rather different. Higher yields in the RAS system could 

follow from fish grown with RAS showing better weight gain (1232g) than 

fish grown in ponds (1150g). 

Table 8: Growth parameters of European catfish from the recirculating aquaculture 

system and earthen pond 

System IBW 

(g) 

FBW 

(g) 

WG 

(g) 

CF VSI HSI Survival 

Rate 

RAS 174.38±16.34 2233.5±101.61 1232.09±73.31 0.72±0.03 6.49±0.57 2.69±0.19 100 

Earthen Pond 212.05±10.42 2598.1±141.89 1150.95±86.99 0.76±0.03 4.55±0.35 2.04±0.12 100 

Independent-test 0.68 0.51 0.485 - 0.009 0.011 1 

Mann-Whitney - - - 0.143 - - - 
 

IBW-initial body weight; FGW-final body weight; WG-weight gain; CF-

condition factor; VSI-viscero somatic index; HIS-hepatosomatic index. n=20 

The proximate composition of fresh European catfish meat is shown in 
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Table 9. Compared to fish raised in clay ponds, fish raised in RAS have a 

significantly higher fat content and a significantly lower moisture and ash 

content in their fresh meat. However, there were no discernible variations in 

the protein, collagen or salt characteristics. 

Table 9: Proximate composition of European catfish fresh from the recirculating 

aquaculture system and earthen pond 

System Fat (%) Moisture (%) Protein Collagen Salt Ash 

RAS 14.08±1.64 68.63±1.15 16.86±0.21 0.38±0.08 0.26±0.10 1.99±0.14 

Earthen Pond 7.11±0.90 71.86±0.64 16.63±0.20 0.34±0.07 0.54±0.14 2.58±0.10 

Independent-test 0.001 0.020 0.436 - - 0.001 

Mann-Whitney - - - 0.979 0.232 - 
 

Thus, the RAS system not only increases crop yields but also provides a 

competitive advantage for farmers. When the quality of the fish improves and 

the mortality rate decreases, the final product becomes more attractive to 

consumers, which in turn enhances competitiveness in the market. 

Market and Export Potential 

With the increasing demand for healthy and high-quality fish, fish 

farming with a recirculating system has a great opportunity to meet the needs 

of both domestic and international markets. Better food safety standards allow 

fish products from this system to more easily penetrate the export market, 

especially in countries with strict regulations on fishery products. 

 Domestic Market 

The domestic demand for high-quality fish drives the need for cultivation 

systems that can maintain food safety standards, which are challenging to meet 

by conventional aquaculture due to limited environmental control and 

contamination risks. Recirculating Aquaculture System (RAS) offers an 

innovative solution with complete water circulation management, allowing for 

strict control over water quality, fish density and biosecurity, thereby 

producing premium fish products that meet the needs of the hotel, restaurant 

and supermarket markets [34]. In addition to producing healthy and uniform 

fish, integrating Aquaponics in RAS strengthens the sustainability of local 

food production, supports "in-sourcing" practices and opens up opportunities 

for creating new jobs in the technology-based food sector. 

Economically, the viability of RAS shows variation depending on the fish 

species, local market conditions and operational efficiency. A study in Vietnam 

shows that using RAS in catfish farming increases the net present value to 

USD 916,000/ha for large enterprises, with an investment success rate of 99% 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

220 

for medium and large scales [18]. However, economic success still depends on 

cost management and production yield improvement. Studies in Northern 

Germany also show that the cultivation of African catfish in RAS has the 

potential to be profitable through product diversification and further 

processing [34]. Thus, RAS offers strong prospects for developing sustainable 

and premium market-oriented fish farming. 

 Export Market 

Countries with strict food safety regulations, such as the European Union, 

Japan and the United States, become potential export targets for aquaculture 

products using the Recirculating Aquaculture System (RAS) because this 

technology allows complete control over water quality, feed and environment, 

resulting in products that meet international standards such as HACCP, EU 

Minimum Performance Levels and the Japanese Food Safety Basic Law [35]. 

RAS effectively reduces the risk of microbial contamination, heavy metals 

and antibiotic residues, which are the leading causes of rejection of fishery 

products in the global market, especially in the European Union, through the 

RASFF system [35]. In Japan, The Application of Closed System Technology 

(CRAS) enhances the competitiveness of fish products by maintaining 

freshness, colour and texture according to consumer preferences that highly 

value quality [36]. 

Studies in the European Union show that fish products from RAS are 

considered more environmentally friendly and meet high food safety 

standards, encouraging consumers to pay a premium price for sustainable 

products [37]. Similarly, in the United States, species such as golden shiner and 

pike-perch are cultivated using RAS to ensure year-round production with 

minimal disease risk and environmental pollution [38]. Thus, implementing 

RAS enhances the fishery product exports' competitiveness in the global 

premium market but also supports the fulfillment of increasingly stringent 

international sustainability and food safety standards. 

Table 10 shows the top 10 countries of origin where most received 

notifications related to product quality, starting with Spain (998 cases, 

14.66%), followed by Vietnam (524 cases, 7.70%), Morocco (364 cases, 

5.35%), China (305 cases, 4.48%), Indonesia (274 cases, 4.02%), France (259 

cases, 3.80%), Denmark (244 cases, 3.58%), Poland (223 cases, 3.28%), the 

Netherlands (216 cases, 3.17%) and Thailand (185 cases, 2.72%). As much as 

52.76% of all notifications come from these countries, with the remaining 

47.24% divided among various countries. Previous research has shown that 
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7.5% of the notified Spanish products originate from America (mainly 

Mexico, Ecuador and Brazil) and Asia (42%) [39]. Furthermore, Morocco, 

Ecuador, China, Argentina and India were the leading suppliers in Southern 

Europe in 2018 [40]. Moreover, most of the hazardous products recorded in the 

RASFF come from Asian countries [41]. 

Table 10: Top 10 origin countries involved in RASFF notifications on fish 

from 2000 to 2022 

 Country %  Country %  Country %  Country %  Country %  Country %  

 Spain 14.66  Spain 21.16  Spain 35.94  Poland 23.39  Spain 17.05  Spain 35.41  

 Vietnam 7.70  Indonesia 10.05  Indonesia 7.26  Denmark 15.00  France 14.43  Portugal 11.67  

 Morocco 5.35  Vietnam 6.97  Vietnam 6.99  Germany 7.86  Morocco 9.84  Namibia 7.00  

 China 4.48  Sri Lanka 6.97  Singapore 6.89  United Kingdom 5.54  Norway 8.52  Vietnam 4.67  

 Indonesia 4.02  Thailand 6.26  Sri Lanka 5.51  France 5.36  Denmark 6.89  Panama 3.89  

 France 3.80  Netherlands 4.23  Chile 5.24  Norway 5.36  Netherlands 4.92  China 2.72  

 Denmark 3.58  Ecuador 3.70  Portugal 5.06  United States 4.64  China 4.26  France 2.72  

 Poland 3.28  Seychelles 3.09  France 3.95  Chile 4.11  Thailand 3.93  Italy 2.33  

 Netherlands 3.17  Senegal 2.65  Netherlands 2.30  Spain 3.93  Poland 3.28  Morocco 2.33  

 Thailand 2.72  India 2.12  Denmark 1.84  Netherlands 3.75  Croatia 2.95  Taiwan 2.33  

 Total 52.76  Total 67.20  Total 80.97  Total 78.93  Total 76.07  Total 75.10  

 

Opportunities for Developing Fish Farming with Recirculating 

Aquaculture Systems 

Integration with Digital Technology 

The integration of digital technology with recirculating aquaculture 

systems (RAS) holds very promising prospects for enhancing the efficiency 

and productivity of fish farming. Here are the explanations and findings from 

several studies: 

 Sensors and automation enhance water quality monitoring  

The Internet of Things (IoT) in aquaculture systems depends on the 

progress of information and communication technologies; thus, they become 

essential. IoT solutions in this system use the interconnectivity among devices 

to gather fish pond monitoring data from sensor devices and send that data to 

a remote server for analysis in pond management decision-making. This 

enables farmers to track the health situation of fish from several ponds, control 

fish production cycles, record fish feeding schedules and monitor sensor 

readings [42]. 

 Feed automation increases cost efficiency and fish growth 

The automatic feeding system integrated with fish growth and behaviour 

data can reduce waste and optimize feed conversion [43]. State that the 
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automated system can improve feed efficiency, enhance fish growth through 

scheduled feed management and maintaining water quality and reduce 

reliance on manual labour. However, this system also has challenges, such as 

the need for a significant initial investment, dependence on system supplies 

and the necessity for regular device maintenance. This technology provides a 

promising modern system to enhance efficiency and productivity in small to 

medium-scale fish farming. 

 Artificial intelligence (AI) for action-taking and early disease 

detection 

AI predicts growth, detects diseases early and automatically adjusts 

environmental parameters. This helps optimize production and reduce 

dependence on the subjective experience of the cultivators. The study by [44] 

on using machine learning with the Gradient Boosting Algorithm model, one 

of the most popular machine learning algorithms for prediction and 

classification, works by gradually building predictive models (stepwise and 

iterative). By using a dataset from various parameters such as pH, DO, BOD, 

COD, TSS, TDS, EC, PO4
3-, NO3-N and NH3-N as input for calculating the 

final WQI (Water Quality Index) value will be used for classifying water status 

and as input in the machine learning model to detect fish diseases. Early 

detection is important because it allows for prevention before mass fish deaths 

occur, significantly improving aquaculture yields. 

Diversification of Fish Species 

Species diversification in global aquaculture shows a continuously 

developing positive trend, with an increasing number of species cultivated in 

various regions worldwide. Although most production is still concentrated on 

a small number of main species, there is an increasing contribution from non-

traditional species in many countries. Countries with high production capacity 

and supportive policies are showing greater diversification. This 

diversification is important to enhance food and economic resilience and 

reduce biological and market risks from dependence on species. However, 

challenges remain, including infrastructure, technology, markets and policies 

supporting new species' cultivation. Therefore, a more coordinated and policy-

based approach is needed to promote sustainable diversification in aquaculture 
[45]. 

Figure 45 shows the growth of aquaculture species diversity from 1950 to 

2015, where the number of species increased significantly from around 600 to 
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about 1,800. The blue line on the graph reflects a stable trend in species 

richness, while the green bars show fluctuations in the annual growth rate of 

species diversity, which have tended to increase particularly in recent years. 

This indicates that although species richness has increased, the annual growth 

rate has experienced variability, likely due to changes in aquaculture 

management practices and environmental factors. Calculating the Annual 

Growth Rate (AGR) during that period, approximately 3.42% was obtained, 

indicating the average annual growth of aquaculture species [46]. This graph 

highlights the long-term increase in aquaculture species diversity and reflects 

positive progress in fisheries management to enhance biodiversity. 

 

Fig 45: Fishery species diversity (species richness and annual growth rate) 

Sustainable Business Model (SBM) 

Fish farming using the Recirculating Aquaculture System (RAS) offers 

broad, flexible and sustainable business prospects, both on a small scale and 

industrial scale. On a small scale, RAS allows for fish farming management 

in limited areas with high water use efficiency and environmental quality 

control, supporting local food security. On the industrial side, RAS enables 

intensive fish production in a closed system that produces high-quality, 

contamination-free and export-worthy products. In addition to fish, RAS also 

supports business diversification by utilizing solid waste as organic fertilizer 

and the potential for agro-tourism. Although challenges such as high initial 

capital requirements, energy dependence and technical expertise pose 

obstacles, the opportunity to meet the local and global market demand for 

sustainable protein remains significant. With support from training, digital 

technology and public and private sector incentives, RAS can become an 

inclusive, efficient and environmentally friendly future aquaculture solution. 
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Therefore, to see the prospects and challenges of the Sustainable Business 

Model (SBM) from this RAS system, the author approached it with a TOWS 

analysis. According [47], TOWS is an extension of the SWOT (Strengths, 

Weaknesses, Opportunities, Threats) method, which is used to formulate 

strategies based on the relationship between internal factors (strengths and 

weaknesses) and external factors (opportunities and threats). The main 

objective is to help organizations optimize strengths and opportunities, as well 

as minimize weaknesses and threats through concrete and structured 

strategies. 

The TOWS analysis matrix (Table 11) indicates that fish farming 

technology utilising the Recirculating Aquaculture System (RAS) formulates 

strategies that leverage internal strengths, including water efficiency, product 

quality and environmental control, to seize opportunities in the high-quality 

fish market and export demand. Aggressive strategies (SO) promote the 

incorporation of technology like AIoT and the diversification of products, such 

as organic fertiliser and agrotourism. Simultaneously, the WO strategy 

emphasises enhanced human resource capabilities and improved access to 

funding, particularly for MSME stakeholders. Defensive measures (WT and 

ST) promote the adoption of small-scale systems, the utilisation of renewable 

energy and market education to enhance acceptance of RAS technology. 

Table 11: TOWS Matrix Strategy Sustainable Business Model RAS System 

SO (Aggressive) 

 Utilize RAS efficiency for the high-end 

export market;  

 Provide eco-friendly products; 

 Integrate AIoT for competitiveness and 

efficiency;  

 Diversify your product line to include 

organic fertilizers and agro-tourism. 

WO (Conservative) 

 Utilize government incentives 

and capacity building; 

 Development of small-scale 

household RAS; 

 Digital training for farmers; 

 Cooperative and incubator 

partnership. 

 

ST (Competitive) 

 High levels of biosecurity to prevent 

disease;  

 effectiveness to endure changes in the 

market; 

 and branding of iconic and sustainable 

products. 

WT (Defensive) 

 Starting on a small scale to 

minimize risk; 

 The use of renewable energy 

for efficiency; 

 Building a community of RAS 

users; 

 Market education to reduce 

technology resistance. 
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Conclusion 

The Recirculating Aquaculture System (RAS) offers innovative and 

sustainable fish farming solutions that can address global food security 

challenges, land limitations and the need for high-quality fishery products. 

This study shows that RAS provides efficient use of resources such as water 

and feed and generates significant social and economic impacts, including 

increased community income, job creation and integration into integrated 

agriculture. Better fish quality, high biosecurity control and significant export 

potential are added values of this technology. On the other hand, implementing 

RAS also faces challenges, such as high initial costs and the need for technical 

expertise. However, with policy support, digital innovation and sustainable 

business models, RAS can be adopted from household scale to large 

industries. Therefore, RAS can potentially become a key pillar in developing 

resilient, efficient and environmentally friendly aquaculture systems in the 

future. 
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Abstract 

Recirculating Aquaculture Systems (RAS) provides a sustainable 

alternative to traditional aquaculture by reducing water use and waste. 

However, adoption in tropical smallholder settings like Indonesia faces 

challenges, including high costs, technical complexity and limited 

infrastructure. This paper explores integrating circular economy principles 

into RAS to enhance efficiency, resilience and livelihoods for rural 

communities. It emphasizes low-tech, affordable strategies tailored to tropical 

climates, such as repurposing treated water, nutrients and solid waste into 

valuable products like microalgae, microbial biomass, organic fertilizers and 
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biogas. These approaches leverage Indonesia’s climate to accelerate biological 

processes while ensuring system stability. The study highlights resource 

optimization, low-cost methods like gravity-based recirculation and 

composting and community-driven processing models. Circular RAS reduces 

operational costs, creates jobs, diversifies income and strengthens food 

security. However, barriers like capital constraints, knowledge gaps and weak 

policies persist. By proposing scalable, inclusive solutions, this study 

positions circular RAS as a transformative model for sustainable aquaculture 

in Southeast Asia, aligning with climate adaptation and rural development 

goals. It offers practical guidance for researchers, policymakers and farmers 

to drive innovation and adoption of circular practices in tropical aquaculture. 

Keywords:  Recirculating Aquaculture Systems (RAS), circular economy, 

microalga production, biofertilizer, tropical aquaculture, resource 

valorization, waste repurposing. 

Introduction 

Aquaculture is a rapidly growing food production sector, essential for 

global food security and livelihoods, particularly in tropical and developing 

regions like Indonesia, the world’s second-largest aquaculture producer [1]. 

However, traditional pond-based systems face challenges from declining 

natural resources, water scarcity, land use conflicts and environmental 

degradation [2]. Recirculating Aquaculture Systems (RAS) address these issues 

by providing controlled, water-efficient and biosecure environments, 

recycling up to 99% of water through treatment processes [3]. Despite these 

benefits, high operational costs and management complexities in tropical 

climates pose sustainability and economic barriers [4, 5]. 

The circular economy (CE) offers a framework to overcome these 

challenges by minimizing waste, optimizing resources and repurposing 

materials. CE promotes regenerative systems where outputs become inputs for 

other processes, reducing environmental impact [6–8]. It operates at micro 

(individual businesses), meso (eco-industrial parks) and macro (entire 

economies) levels [9]. CE also emphasizes sustainable business models that 

reject the traditional end-of-life approach [10, 11]. While integrated multi-trophic 

aquaculture (IMTA), aquaponics and biofloc systems are common CE 

applications in aquaculture [12], non-aquaponics CE strategies in RAS, 

particularly in tropical Southeast Asia, remain underexplored [13]. 

The practical, low-tech methods to repurpose treated water, dissolved 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

233 

nutrients and solid by-products in RAS, will enhance economic resilience and 

reduce environmental footprints for smallholder farmers in Indonesia. Facing 

pressure to increase production amid resource constraints and regulatory 

demands, Indonesia’s smallholder-dominated sector struggles with high-tech 

RAS adoption due to costs and expertise barriers [14, 15]. Low-cost, scalable CE 

strategies, such as microalgae feed production, biofertilizers and community-

based waste management, reduce reliance on external inputs, create revenue 

streams and generate jobs. These efforts align with United Nations Sustainable 

Development Goals (SDGs) for Zero Hunger (SDG 2), Clean Water and 

Sanitation (SDG 6), Responsible Consumption and Production (SDG 12) and 

Life below Water (SDG 14) [16, 17]. 

This paper synthesizes recent research and context-specific challenges to 

position RAS with CE strategies as a scalable model for sustainable 

aquaculture in Southeast Asia. It focuses on non-aquaponics, non-IoT 

applications tailored for tropical smallholder systems and outlines: (i) key 

treated resources in RAS; (ii) methods for internal optimization of water, 

nutrients and energy; (iii) value-adding applications for treated outputs; (iv) 

economic and social benefits of circular models; (v) barriers and practical 

solutions for implementation; and (vi) future directions for scaling these 

practices across Indonesia and beyond. 

Treated Resources for Circular Applications 

Recirculating Aquaculture Systems (RAS) are designed to sustain water 

quality and fish health by continuously treating and reusing water in a near-

closed-loop environment. This process generates valuable by-products, e.g. 

clarified water from filtration, dissolved nutrients (primarily nitrogen 

compounds) and solid organic waste from uneaten feed, fish waste and 

microbial biomass. Previously regarded as waste, these by-products now offer 

valuable opportunities within a circular economy (CE) framework to enhance 

sustainability, operational efficiency and profitability [4, 5]. 

RAS generates treated water, nutrients (e.g., nitrates, phosphates) and 

solid wastes (e.g., uneaten feed, feces, microbial flocs) that can be repurposed 

beyond aquaponics for applications like microalgae cultivation, microbial 

biomass production, soil amendments and organic fertilizers [18, 19]. These 

practices lower costs, improve nutrient management and diversify income. In 

Indonesia’s rural aquaculture sector, where advanced technologies and 

centralized waste management are often inaccessible, low-tech, decentralized 

solutions are critical for sustainability and economic viability [16]. In warm, 
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tropical climates, accelerated biological processes further increase the 

potential for resource recovery and reuse, strengthening the resilience and 

sustainability of decentralized aquaculture operations. 

Treated Water: Characteristics and Reuse Potential 

As the primary product in RAS, treated water undergoes mechanical, 

biological and occasionally chemical treatment to maintain optimal 

conditions. Mechanical filtration removes solids, while biofiltration converts 

toxic ammonia (NH₃) and nitrite (NO₂⁻) into less harmful nitrate (NO₃⁻). 

Additional treatments like UV sterilization, ozone application or degassing 

further improve water quality [20, 21]. With water reuse rates between 90–99%, 

RAS dramatically reduce freshwater demand compared to flow-through 

systems [5].  

Beyond reuse within the system, nutrient-rich treated water supports 

microalgae cultivation for fish feed, biofertilizers and biofuels [22, 23]. Safe, 

pathogen-free water also serves for irrigation and ornamental plant cultivation 
[24] or for growing lower trophic aquaculture species like molluscs [25]. In 

Indonesia’s tropical climate, high temperatures and sunlight accelerate 

microbial metabolism, enhancing nutrient removal and boosting biomass 

production potential [26]. However, these benefits require careful monitoring 

of dissolved oxygen, pH and nutrient concentrations to maintain system 

stability and maximize secondary use opportunities. 

Dissolved Nutrients: Composition and Valorization Opportunities 

Biofiltration in RAS transforms ammonia and nitrite into nitrate while 

accumulating phosphates, trace minerals and dissolved organic carbon (DOC) 

in treated water. If unmanaged, these dissolved nutrients destabilize systems, 

yet under a CE framework, they represent valuable resources for biomass 

production and organic fertilizer inputs [18, 27]. 

Nitrate- and phosphate-rich water supports rapid microalgae growth, 

yielding high-value biomass from species such as Chlorella vulgaris, 

Scenedesmus obliquus and Nannochloropsis sp. for aquafeeds, biofertilizers 

and biofuels [28, 29]. Similarly, dissolved nutrients foster the growth of 

heterotrophic bacteria like Bacillus sp. and Lactobacillus sp., producing 

microbial biomass for probiotics, biofertilizers and organic waste digesters 

that benefit both aquaculture and agriculture [30]. Nitrate-rich water also serves 

as a base for liquid biofertilizers, offering an organic alternative to synthetic 

fertilizers [1]. Careful monitoring is essential to prevent nutrient 
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overaccumulation or losses through volatilization or denitrification, ensuring 

system stability [30, 31]. 

In tropical Southeast Asia, rising demand for organic fertilizers and 

natural feed additives, driven by ecological concerns and high agricultural 

input costs, makes these valorization strategies particularly promising.  

Solid By-Products: Composition and Reuse Pathways 

Solid wastes from RAS include uneaten feed, fish feces, microbial flocs 

and biofilm debris, traditionally discarded but increasingly recognized for 

their reuse potential [32–34]. Low-tech processing methods like sun drying, 

composting or anaerobic digestion convert these materials into organic 

fertilizers, protein-rich aquafeed ingredients and biogas for farm use 

Mechanical filtration (settling tanks, drum filters) and foam fractionation 

efficiently remove solids to maintain water quality. Once separated, solids can 

be stabilized through dewatering, composting or fermentation. Dried fish 

waste, rich in nitrogen, phosphorus and organic matter, improves soil fertility 

as a compost additive or organic soil conditioner [35]. Composting RAS solids 

reduces farmers’ disposal costs while supporting local nutrient cycling and 

sustainable crop production. 

Processed RAS solids can also produce polyhydroxyalkanoates (PHA) 

and single-cell protein (SCP), valuable as aquafeed additives and 

immunostimulants [36]. Anaerobic digestion transforms organic solids into 

methane-rich biogas and nutrient-rich digestate for liquid fertilizers [37].  

The treated resources produced within RAS, including clarified water, 

dissolved nutrients and solid by-products, possess significant potential for 

circular reuse applications beyond conventional aquaponics. Community-

based processing units with shared drying racks, composting pits or biogas 

digesters offer smallholders cost-effective, scalable options to manage waste 

valorization collaboratively. 

Internal Resource Optimization in RAS 

The efficiency and sustainability of Recirculating Aquaculture Systems 

(RAS) depend on effectively managing and reusing water, nutrients and 

energy within the system. In low-tech, smallholder aquaculture settings like 

those in Indonesia, simple, cost-effective strategies are essential for 

operational viability and environmental sustainability. RAS minimize 

freshwater use and effluent discharge by continuously treating and recycling 
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water in a closed-loop system. Optimizing the reuse of treated water, dissolved 

nutrients and by-products reduces waste, lowers costs and enhances 

environmental performance. In tropical climates, where high temperatures 

accelerate biological processes, low-tech solutions—such as manual water 

quality monitoring, gravity-based filtration and passive energy-saving 

techniques—are well-suited for smallholder and community-based 

operations, ensuring resource circularity and system resilience [16, 38]. 

Water Recirculation: Strategies for High-Efficiency Reuse 

A hallmark of Recirculating Aquaculture Systems (RAS) is their ability 

to recycle 90–99% of water daily, maintaining quality for fish health while 

significantly reducing freshwater use and wastewater discharge compared to 

traditional pond-based aquaculture [27, 39-41]. In low-tech tropical systems, this 

is achieved through mechanical filtration, biofiltration and disinfection 

methods like UV sterilization or ozone application [42, 43]. 

In tropical settings like Indonesia, elevated temperatures boost 

evaporation, oxygen demand and waste decomposition, complicating water 

management [16]. To maintain high recirculation rates affordably, several 

strategies prove effective. Low-tech water treatment options, such as sand 

filtration, gravel biofilters or foam fractionators, offer cost-effective quality 

maintenance where advanced systems are impractical. Constructed wetlands 

or plant-based polishing units further refine water treatment [4]. To counter 

evaporation, which alters salinity and nutrient levels, simple measures like 

tank shading with netting, floating covers (e.g., polystyrene sheets) or 

windbreaks reduce water loss economically [44]. Optimized water replacement 

involves manual monitoring of parameters like temperature, pH, dissolved 

oxygen, nitrate and TDS, allowing strategic small-volume exchanges to 

manage buildup without harming fish health [5]. Additionally, integrating 

rainwater harvesting or basic storage reservoirs helps offset evaporation, 

boosting system resilience [45-47]. 

These practices, when combined, can maintain high water recirculation 

rates while reducing operational costs and the ecological footprint of 

aquaculture in water-scarce or environmentally sensitive areas. 

Nutrient Management: Balancing Inputs and Outputs for Internal 

Circularity 

Effective nutrient management is essential for preserving water quality, 

reducing waste and enhancing resource circularity in Recirculating 
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Aquaculture Systems (RAS). Nutrient inputs from fish feed and water, 

alongside outputs like fish biomass, dissolved nitrogenous compounds, 

phosphates and solid organic waste, require careful balance to maintain system 

stability and efficiency. In small-scale, low-tech RAS common in Indonesia, 

practical approaches can optimize nutrient use while supporting fish health 

and sustainability [48, 49]. 

Key internal strategies include optimized feeding practices, where 

overfeeding is minimized through stage-specific protocols tailored to biomass, 

water temperature and feed conversion ratios (FCR), lowering excess nutrients 

and costs [50, 51]. In smallholder contexts, manually adjusting feed based on fish 

appetite proves effective. Biofilter management enhances nutrient processing 

by converting ammonia and nitrite into nitrate via healthy biofilms, 

maintained through regular cleaning and manual checks of color and 

thickness, especially without automated tools [5]. Developing a microbial loop 

with carbon sources like molasses or rice bran fosters beneficial bacteria, 

assimilating nitrogen into harvestable biomass via foam fractionation or 

probiotics [52]. Additionally, diverting nitrate-rich effluent to grow microalgae 

or microbial flocs reduces accumulation while yielding feed supplements or 

biofertilizers [18, 19, 28]. 

In tropical environments, high temperatures accelerate nutrient turnover 

and microbial growth, enhancing biomass production but requiring vigilant 

monitoring with simple water quality testing kits to prevent imbalances [30, 40, 

53, 54]. These strategies enable smallholder RAS operators to maintain system 

stability, reduce costs and enhance resource circularity. 

Energy Efficiency: Resource Recirculation with Minimal Energy Inputs 

Energy consumption in Recirculating Aquaculture Systems (RAS) 

significantly impacts operational costs, driven by water circulation, aeration, 

filtration and temperature control. In Indonesia’s small-scale rural 

aquaculture, where energy costs can burden budgets, low-tech, energy-

efficient solutions are vital for sustainability. Tropical climates lessen heating 

needs but heighten aeration and biological activity demands, requiring specific 

strategies [55]. 

To boost energy efficiency and internal circularity, low-energy pumping 

systems with appropriately sized submersible or centrifugal pumps, optimized 

plumbing and gravity-fed designs reduce electricity use [4]. Manual aeration 

adjustments, based on periodic oxygen checks and fish behavior, enhance 
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efficiency by intensifying during feeding peaks and easing at night or low 

biomass phases [44]. In cooler tropical highlands, passive solar heating with 

greenhouse coverings or black-bottom tanks maintains water temperatures 

without extra energy [56, 57]. Optimized designs, like deep raceways, circular 

tanks with central drains and radial flow settlers, improve circulation, cutting 

high-powered aeration needs [5]. Additionally, integrating sunlight for 

microalgae cultivation supports nutrient recycling and biomass production, 

further lowering energy demands [58, 59]. 

These strategies enable smallholder RAS operators in tropical regions to 

lower costs, maintain system performance and enhance environmental 

sustainability. 

Non-Aquaponics Applications for Treated RAS Outputs 

While aquaponics is widely known for integrating aquaculture with 

hydroponic plant systems, its technical complexity, high capital investment 

and market limitations restrict its viability for smallholder and tropical 

aquaculture systems like those in Indonesia [39]. To expand circular economy 

opportunities, non-aquaponics applications offer accessible, low-cost 

alternatives for repurposing treated water, dissolved nutrients and solid by-

products, improving economic viability and sustainability for small-scale 

Recirculating Aquaculture Systems (RAS). 

In Indonesia, where smallholder RAS operations typically lack advanced 

infrastructure, repurposing treated outputs into high-value products is 

essential. Low-tech methods well-suited for tropical climates include 

microalgae cultivation, microbial biomass production and solid waste 

valorization. These applications leverage warm temperatures and abundant 

sunlight to accelerate biological processes, enhancing resource recovery while 

reducing costs and environmental impacts [19, 28, 32]. 

Microalgae Production Using Nutrient-Rich Treated RAS Water 

Post-biofiltration effluent in RAS systems is rich in nitrates, phosphates 

and dissolved organic carbon, making it an ideal medium for microalgae 

cultivation. This process removes excess nutrients while generating biomass 

for aquafeed, biofertilizers, biofuels or even cosmetic applications [18, 19]. In 

Indonesia’s tropical climate, high temperatures (25–32°C) and abundant 

sunlight accelerate algal growth, boosting production efficiency without the 

need for artificial heating or lighting [30, 40]. 

Small-scale rural producers can adopt simple systems such as open ponds, 
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raceway tanks or plastic bag bioreactors with minimal infrastructure and 

technical demands. Harvesting techniques like sedimentation, filtration, solar 

drying or natural flocculation using moringa seed extract enable efficient 

biomass collection without mechanized tools [28, 29]. Key microalgae species 

such as Chlorella vulgaris, Scenedesmus obliquus and Nannochloropsis sp. 

produce protein-rich biomass containing PUFAs, essential amino acids and 

pigments like astaxanthin, valuable as feed additives for fish and shrimp [28, 

60]. 

Beyond aquafeed, microalgae-derived biofertilizers improve soil 

microbial health and nutrient availability, supporting organic crop production 
[61]. While smallholders may face challenges scaling biofuel production, lipid-

rich algae still offer potential for biogas generation in community-based 

systems. 

Microbial Biomass Production for Probiotics and Biofertilizers 

Treated RAS water also supports the cultivation of heterotrophic and 

nitrifying bacteria, offering applications as probiotics for aquaculture or 

biofertilizers for agriculture. These microbial cultures stabilize water 

chemistry, enhance fish gut health and outcompete pathogens in RAS tanks 

while enriching soil fertility when applied to crops [18, 19]. 

Low-tech fermentation systems such as barrel-based digesters and 

compost tea fermenters allow smallholders to produce microbial biomass 

using treated water and affordable carbon sources like molasses or rice bran. 

Key species like Bacillus subtilis, Lactobacillus plantarum and Pseudomonas 

putida improve water quality and reduce disease risks in aquaculture 

operations [62, 63].  

In tropical Indonesia, elevated temperatures accelerate microbial 

metabolism, reducing culture times and boosting biomass yields [64, 65]. Locally 

adapted microbial consortia are often better suited to regional water chemistry 

and climatic conditions than imported commercial products. Community-

managed fermentation facilities further reduce individual production costs 

while fostering knowledge exchange and cooperation among smallholder 

farmers [66].  

Solid By-Products Repurposing 

Solid waste generated from Recirculating Aquaculture Systems (RAS) 

including fish feces, uneaten feed and biofilm debris is often undervalued 

despite its significant potential for reuse [49]. After undergoing dewatering or 
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partial treatment, these organic residues can be transformed into valuable 

materials such as soil conditioners, compost substrates or supplemental feed 

ingredients. Stabilization methods like drying, composting or fermentation 

can convert these by-products into nutrient-rich resources suitable for 

agricultural or aquaculture applications [67–69]. 

In Indonesia, where integrated farming practices are widespread, reusing 

aquaculture solids in adjacent crop fields or agroforestry systems presents a 

practical circular economy strategy. Research indicates that biofertilizers 

made from treated RAS sludge can increase soil organic content and reduce 

reliance on synthetic fertilizers, offering both environmental and financial 

advantages [30, 35]. Composting transforms nitrogen- and phosphorus-rich 

solids into organic soil conditioners, enhancing soil health while closing 

nutrient loops. Fish waste solids, after drying and fermenting, can also be 

incorporated into cost-effective feed formulations for omnivorous and 

detritivorous fish species [25].  

Anaerobic digestion of these solids produces biogas (mostly methane) 

and nutrient-rich digestate, usable as liquid fertilizer or soil conditioner [37]. 

Simple, community-scale facilities featuring covered composting pits, shared 

drying racks, fermentation tanks and biogas digesters enable smallholder 

groups to manage by-product valorization collaboratively, improving cost 

efficiency and operational feasibility. 

The non-aquaponics applications of treated RAS resources offer 

significant opportunities for enhancing circularity and economic resilience in 

tropical aquaculture systems. By integrating microalgae cultivation, microbial 

biomass production and by-product valorization into RAS operations, 

smallholder farmers can generate additional income, reduce input costs and 

strengthen environmental stewardship. The feasibility of these innovations in 

tropical Southeast Asia is enhanced by favorable climate conditions, year-

round production cycles and growing regional demand for sustainable 

agricultural inputs. Table 12 summarizes the potential non-aquaponics 

applications of treated RAS resources and their specific advantages for 

tropical aquaculture systems. 
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Table 12: Non-aquaponics circular applications of treated RAS outputs in tropical 

systems 

Resource Type Application Product Tropical Advantage 

Treated Water 
Microalgae 

production 
Feed, fertilizer, biofuels 

High sunlight, warm 

temperatures 

Dissolved Nutrients Microbial biomass Probiotics, biofertilizers Fast microbial growth cycles 

Solid By-products 
Compost, biogas, 

feed 

Organic fertilizer, 

methane 

Rapid composting, efficient 

digestion 

 

Tropical Climate Considerations for Resource Recovery 

Indonesia’s tropical climate presents both opportunities and operational 

challenges for resource recovery in Recirculating Aquaculture Systems 

(RAS). Warm temperatures and high humidity accelerate biological processes, 

enhancing the efficiency of organic waste decomposition, composting, 

microbial biomass production and microalgae cultivation [18, 30, 40]. These 

climatic conditions naturally support faster generation of fish feed additives, 

biofertilizers, biogas and other valorized by-products, reducing the time and 

energy typically required in temperate systems. 

However, the same environmental conditions also increase risks such as 

nutrient buildup, oxygen depletion and pathogen proliferation, particularly in 

open, low-tech systems common among smallholder farmers [5, 70]. Rapid 

nutrient turnover can lead to ammonia spikes, nitrate accumulation and 

eutrophication if not carefully managed [71, 72]. Additionally, high humidity can 

promote odor issues and nutrient leaching during solid waste handling [16]. 

Effective management in these conditions relies on practical, low-cost 

and labor-based strategies suited to smallholder aquaculture operations. 

Simple adaptations such as covered composting pits, plastic-lined anaerobic 

digesters, manual water quality monitoring and natural shading systems help 

maintain system stability while leveraging tropical advantages [1, 30, 44]. Open-

pond and raceway systems constructed from readily available materials like 

plastic sheeting and cement tanks allow for efficient microalgae production 

without costly automation [28]. 

The tropical climate also enhances resource conversion rates and reduces 

external energy demands. High solar irradiance supports passive heating and 

natural light-based cultivation of microalgae and beneficial microbes, 

minimizing energy inputs compared to temperate systems [37, 73]. Accelerated 

composting and anaerobic digestion processes further optimize resource 

recovery cycles in tropical conditions [30, 40]. 
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To prevent operational risks, manual oversight, regular harvesting 

schedules and system flow management are essential. These practices are 

compatible with the labor-rich, low-capital nature of smallholder aquaculture 

operations, offering scalable, sustainable solutions without the need for 

sophisticated technology [74, 75]. 

In sum, while Indonesia’s tropical climate accelerates biological resource 

recovery processes and reduces operational costs, it simultaneously demands 

careful management to mitigate risks associated with rapid nutrient cycling 

and pathogen outbreaks. Incremental, context-appropriate improvements in 

water reuse, nutrient recovery and by-product valorization are both feasible 

and advantageous for small-scale RAS operators. These locally adapted, 

circular strategies form a resilient foundation for advancing sustainable 

aquaculture systems in tropical Southeast Asia. 

Economic and Social Benefits of Circular Resource Utilization 

The integration of circular economy (CE) practices within Recirculating 

Aquaculture Systems (RAS) presents a range of economic and social 

advantages, particularly for emerging aquaculture regions such as Indonesia. 

By shifting away from the traditional linear model of “take-make-dispose” 

toward regenerative, closed-loop systems, RAS operators can achieve 

measurable cost savings, unlock new revenue opportunities and promote local 

employment. These outcomes carry particular significance in rural and 

smallholder contexts, where enhancing economic resilience and fostering 

community-based development remain key priorities. 

While much of the discourse around circular aquaculture has focussed on 

environmental benefits like nutrient load reduction and water savings [4], 

increasing attention is now directed toward the socio-economic returns of 

circular resource strategies. These gains are particularly significant for 

smallholder farmers and aquaculture-dependent communities in tropical 

Southeast Asia, where livelihoods closely rely on sustainable aquaculture 

productivity. 

By integrating treated water reuse, nutrient recovery and by-product 

valorization, circular aquaculture models deliver both direct operational 

savings and wider socio-economic benefits, supporting the United Nations 

Sustainable Development Goals (SDGs), notably SDG 1 (No Poverty), SDG 

2 (Zero Hunger), SDG 8 (Decent Work and Economic Growth) and SDG 12 

(Responsible Consumption and Production) [17]. 
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Economic Advantages through Cost Savings and New Revenue Streams 

Circular resource management in RAS effectively reduces operational 

costs by minimizing dependency on water, feed and energy. Water reuse rates 

of 90–99% significantly cut expenses associated with extraction and 

wastewater discharge [38, 76]. Nutrient recovery initiatives converting 

biofiltration by-products into microalgae-based feeds, microbial biomass or 

organic fertilizers further lower reliance on external inputs [18, 19]. 

Producing microalgae with nutrient-rich effluent offers a practical feed 

supplement strategy, partially replacing costly fishmeal and reducing feed 

expenses, a major operational burden in Indonesian aquaculture [18, 19]. 

Similarly, repurposing solid fish waste into organic composts and soil 

enhancers lowers fertilizer and waste disposal costs [38, 76]. 

Beyond operational savings, circular models unlock new income 

opportunities. Value-added products such as microalgal biomass, probiotics 

and organic fertilizers derived from RAS by-products have commercial 

applications in aquaculture, agriculture and cosmetics [18, 19]. In Indonesia, 

microalgae products like spirulina can command US$30–50 per kilogram in 

niche health markets [2], while probiotics and organic fertilizers meet growing 

demand in organic farming [77]. 

Broader Social Benefits: Employment, Empowerment and Food Security 

Circular economy initiatives in RAS generate substantial social value 

through job creation and community empowerment. Activities such as 

microalgae cultivation, composting, fermentation and by-product packaging 

introduce labor-intensive, low-tech employment opportunities in rural areas 

with limited job prospects [7, 78]. These positions are often accessible to women 

and younger workers, supporting gender-inclusive and youth employment [79]. 

Community-based cooperative models have proven effective for 

managing decentralized resource recovery and by-product processing in rural 

aquaculture regions. Shared facilities like microalgae raceways, fermentation 

units and composting pits enable smallholders to pool capital and labor, 

reinforcing local economic participation and social cohesion [7, 80, 81]. These 

collaborative frameworks also strengthen farmers’ collective bargaining 

power and facilitate knowledge exchange [82, 83].  

Circular RAS practices contribute indirectly to food and nutritional 

security by lowering production costs, diversifying household incomes and 

improving local access to nutrient-rich fish and chemical-free produce. By 
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supporting organic crop cultivation in peri-urban and rural areas, organic 

fertilizers and biofertilizers produced from RAS outputs enhance food 

availability and health outcomes [2, 84]. 

Moreover, participatory, community-managed aquaculture initiatives 

align well with Indonesian rural traditions, making circular approaches 

culturally compatible and socially acceptable while advancing sustainable 

aquaculture without capital-intensive technologies [7, 81]. 

Environmental and Climate Resilience Co-Benefits 

In addition to economic and social impacts, circular RAS systems 

mitigate environmental risks by reducing nutrient discharge and water 

consumption. Recycling nutrients within aquaculture operations or redirecting 

them for agricultural use curbs water pollution and safeguards freshwater 

resources for communal needs [31, 85]. This approach also strengthens climate 

resilience by decreasing reliance on external inputs and diversifying income, 

helping smallholder operations adapt to droughts, water shortages or 

fluctuating input prices [79]. 

Moreover, integrating circular aquaculture models into local economies 

supports sustainable rural development in Southeast Asia. These initiatives 

promote inclusive growth, reduce poverty and enhance environmental 

sustainability, aligning with long-term regional development goals and policy 

priorities [1]. 

Implementation Challenges and Solutions for Circular Resource 

Utilization 

While circular economy (CE) practices in Recirculating Aquaculture 

Systems (RAS) deliver notable environmental, economic and social benefits, 

their implementation in tropical, smallholder and resource-limited contexts 

faces significant technical, financial, environmental and institutional 

challenges. Constraints often involve the complexity of resource recovery 

technologies, infrastructure costs, knowledge gaps in non-traditional 

aquaculture applications and region-specific environmental factors. 

Overcoming these barriers requires affordable, scalable and locally adapted 

solutions to unlock the potential of circular aquaculture in Indonesia and 

similar regions. 

Technical Constraints and Adaptive Solutions 

One of the primary technical obstacles lies in producing microalgae and 
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microbial biomass at small scales without access to controlled environments 

and advanced equipment. Maintaining stable nutrient, light and temperature 

conditions in tropical regions—where environmental parameters fluctuate 

rapidly—remains difficult [18, 19]. Achieving consistent, commercially viable 

microalgae or microbial biomass production within RAS requires precise 

control over parameters such as nutrient concentrations, light intensity, 

aeration and contamination risks [28, 29], which can be beyond the reach of 

smallholders. 

To address this, low-cost, modular systems such as plastic-lined open 

ponds, cement tanks and barrel fermenters have been recommended [28, 52]. 

Microbial biomass can be cultivated in simple fermentation units using treated 

RAS water and inexpensive carbon sources like molasses or rice bran. 

Operational efficiency improves with standardized, context-specific 

procedures for managing water quality, harvesting, nutrient adjustment and 

contamination risks [86]. Additionally, community cooperatives can pool 

resources to establish shared microalgae and microbial production facilities, 

reducing individual financial burdens. 

Economic Barriers and Financial Mechanisms 

High capital costs for by-product processing infrastructure—such as 

composting pits, biogas digesters and microalgae raceways—pose a persistent 

challenge for smallholders, despite long-term benefits [48, 87]. Financing 

options such as microloans, government grants, tax incentives and cooperative 

investment schemes are crucial for lowering entry barriers [7, 80, 81, 88].  

Proposed solutions include community-shared facilities that enable 

producers to collectively process resources while distributing investment and 

operational costs [84]. Microfinance initiatives and targeted subsidies can 

further support individual farmers adopting circular aquaculture technologies 
[2, 35]. 

Knowledge and Capacity Limitations 

A significant barrier to circular aquaculture adoption lies in the limited 

technical expertise and management experience among farmers, particularly 

in areas beyond aquaponics, such as microbial biomass cultivation, 

composting and biofertilizer production [19, 89, 90]. 

Addressing this requires expanding extension services and farmer 

education programs tailored to low-tech, tropical systems. Community-based 

training, on-farm demonstrations and peer-to-peer knowledge exchange 
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platforms have proven effective [7, 80, 81]. Incorporating circular economy topics 

into vocational aquaculture curricula would also help develop long-term 

capacity. National extension services should provide hands-on training in 

microalgae cultivation, probiotic culture and organic waste management [1]. 

Farmer Field Schools (FFS) can promote practical learning and collaborative 

problem-solving through peer-to-peer demonstrations [35]. Additionally, 

locally tailored open-source technical manuals, made available in digital 

formats, can improve access to essential knowledge on affordable circular 

aquaculture practices [91]. 

Environmental Risks in Tropical Conditions 

High ambient temperatures in tropical aquaculture systems accelerate 

microbial processes, destabilize nutrient balances and increase pathogen risks. 

Open, unshaded systems are particularly vulnerable to rapid nutrient cycling, 

oxygen depletion and evaporative losses [30, 40]. Rapid nutrient turnover in 

tropical aquaculture systems increases the risk of nitrate accumulation, 

ammonia spikes and pathogen outbreaks [71, 72]. 

Simple design modifications and adaptive management practices can 

effectively address these risks. Adaptive management practices and the use of 

locally adapted microbial and algal strains improve system stability under 

high-temperature conditions [74, 75]. Regular water quality checks using simple 

test kits enable farmers to detect and respond to problems early [5]. 

Additionally, natural shading and evaporation control measures, such as 

floating covers, perimeter plantings or shade netting, help regulate 

temperatures and minimize water loss in open systems [44].  

Institutional and Policy Constraints 

In several Southeast Asian countries, regulatory frameworks for 

aquaculture effluent discharge, biofertilizer production and microalgae 

commercialization remain fragmented, poorly enforced or entirely lacking. 

This regulatory uncertainty deters investment in circular resource utilization 

among smallholder farmers [2]. The absence of clear standards, certification 

schemes and legal guidelines complicates market access for circular 

aquaculture products. 

To address this, governments should promote public-private partnerships 

(PPPs) to pilot circular innovations, establish formal guidelines for by-product 

utilization and integrate CE principles into national aquaculture development 

strategies. Introducing eco-labels and sustainability certifications for zero-
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waste aquaculture products can enhance market value and incentivize broader 

adoption [28].  

An integrated summary of the major constraints and practical, 

smallholder-appropriate solutions for circular resource utilization in tropical 

aquaculture is presented in Table 15. 

Table 13: Integrated summary of challenges and contextual solutions for integration 

of circular economy in Recirculating Aquaculture Systems (RAS) 

Dimension Challenge Recommended Smallholder Solution 

Technical 
Microalgae production 

complexity 
Plastic bag bioreactors [28] 

Economic Infrastructure costs Cooperative shared facilities [84] 

Knowledge Limited CE expertise Farmer Field Schools [35] 

Environmental Pathogen risks Manual monitoring kits [5] 

Policy Regulatory fragmentation Biofertilizer certification [2] 
 

Potential Negative Economic, Social and Environmental Impacts of 

Circular Economy in RAS 

The implementation of Circular Economy in Recirculating Aquaculture 

Systems (CERAS) presents several significant challenges, as outlined in Table 

16 One major issue is the displacement of traditional livelihoods, creating a 

noticeable social divide between high-tech adopters and conventional fishers. 

This shift not only disrupts established communities but also demands 

advanced technical skills, risking the obsolescence of general aquaculture 

labor. Additionally, the high capital investment required for CERAS 

infrastructure, such as biofilters, tanks and pumps, poses a barrier, particularly 

for small-scale farmers who may lack the financial and human resources to 

participate effectively. 

Furthermore, the economic viability of CERAS is hampered by elevated 

operational costs and potential market saturation. The reliance on imported 

fish feed, seed and technical components adds another layer of complexity, 

increasing expenses. Community resistance may also arise due to unfamiliar 

practices, complicating adoption. Environmentally, the high energy demand 

and waste management issues, including the risk of invasive species, 

underscore the need for careful planning to mitigate negative impacts while 

striving for sustainability in aquaculture practices. 
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Table 14: Potential negative economic, social and environmental impacts of 

implementation of circular economy in Recirculating Aquaculture Systems (RAS). 

Dimension 
Potential 

Negative Impacts 
Details 

Social 

Displacement of 

traditional 

livelihoods 

RAS with relatively high technology 

compared to traditional open systems 

might sideline traditional fishers and 

pond farmers, creating social or even 

welfare gap 

 
Skills and labor 

mismatch 

RAS requires more technical 

knowledge which consequently might 

make general aquaculture labor 

obsolete. 

 Inequitable access 

Rural or small-scale farmers might not 

have enough capital, both financial and 

human, to start CE-RAS. 

 
Community 

resistance 

There is a probability of community 

resistance or even rejection when there 

are unfamiliar practices trying to alter 

local, deeply-rooted practices. 

Communities might not agree to take 

the risk. 

Economic 
High capital and 

operational costs 

RAS infrastructure (biofilters, tanks, 

pumps) and energy use are costly even 

when we present low-cost small-scale 

alternatives. Many might not have 

necessary fund. 

 

Market saturation 

and 

overproduction 

If low-cost CE-RAS succeeds, it might 

contribute to oversupply and eventually, 

falling prices, especially when there is 

no or limited, market planning. 

 
Continued reliance 

on external inputs 

Fish feed, seed and technical 

components are often imported and 

expensive. 

 
Technological 

lock-in 

Once people are committed to specific 

CE-RAS technology, it might be hard 

for them to switch to other types of 

technology because it will require more 

fund and know-how. 

Environmental 
High energy 

demand 

RAS operations are electricity 

intensive. Unless we unplug and rely on 

renewable energy (e.g., solar panels), 

the environmental benefits from 

running CE-RAS might be negated by 

its emission because of reliance to fossil 

fuels. 

 Concentrated Wastewater, sludge and bio-solids can 
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waste handling 

risks 

cause pollution if not properly 

managed. 

 
Risk of non-native 

species escape 

If containment fails, farmed species can 

become invasive and harm local 

ecosystems. 

 
Resource 

competition 

Competes for clean water, land (e.g. for 

integrated hydroponics) and alternative 

feed resources (e.g. insects, algae). 
 

Prospects for Circular Resource Utilization in RAS 

The integration of circular economy principles into Recirculating 

Aquaculture Systems (RAS) in Indonesia offers significant opportunities for 

enhancing both environmental sustainability and economic resilience in the 

coming years. As global aquaculture demand rises and environmental 

pressures intensify, developing accessible, scalable and climate-adapted 

circular models will be essential for ensuring the long-term viability of 

smallholder aquaculture operations in tropical regions. 

Scaling Up Microalgae and Microbial Biomass Production 

One of the most promising future directions lies in the expansion of 

microalgae and microbial biomass cultivation using RAS effluent nutrients. 

As studies have shown, microalgae systems can fully uptake nitrates and 

phosphates, producing biomass suitable for use in aquaculture feed, organic 

fertilizers and bioproducts [18]. In Indonesia’s warm climate, rapid growth rates 

of microalgae and heterotrophic bacteria offer a strategic advantage for 

resource recovery without the need for energy-intensive systems. 

The prospects include the development of regional pilot projects and 

community-based cooperative models that pool resources, land and labor to 

operate low-tech algae ponds or microbial fermenters. Such models would not 

only improve resource efficiency but also provide employment and income 

diversification opportunities for rural communities [7, 80, 81]. 

Developing Affordable, Tropical-Adapted Processing Technologies 

Another priority is the innovation of low-cost, tropical-adapted by-

product processing technologies. Techniques such as manual drying racks for 

solid waste, passive solar dryers for microalgae and simple fermentation 

barrels for microbial cultures require minimal capital investment and can be 

easily integrated into smallholder operations. Research partnerships between 

universities, government extension services and farmer cooperatives can help 

refine these technologies for widespread adoption in Indonesia’s aquaculture 

sector [91, 92]. 
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Encouraging localized technology innovation, drawing on indigenous 

knowledge and available materials, will be essential in ensuring scalability 

and economic feasibility, particularly in regions with limited infrastructure. 

Public-Private and Farmer Cooperative Partnerships 

To finance and operationalize these circular initiatives at scale, 

collaborative partnerships between public institutions, private investors and 

farmer cooperatives will be critical. Public-private partnerships (PPPs) can 

support the establishment of shared by-product processing facilities, algae 

cultivation centers and training hubs, while government agencies provide 

regulatory support and fiscal incentives [93, 94]. 

Additionally, promoting decentralized, cooperative business models, 

where groups of smallholder farmers collectively manage waste processing 

and biomass production units, has proven effective in increasing resource 

access and reducing individual investment burdens. These models foster 

inclusive growth and distribute economic benefits equitably across rural 

communities [7, 80]. 

Positioning RAS as a Regional Model for Resource-Efficient Aquaculture 

With the successful development and scaling of these low-tech, circular 

resource management strategies, Indonesia has the potential to position its 

RAS sector as a regional benchmark for resource-efficient aquaculture in 

Southeast Asia. As neighbouring countries face similar environmental and 

resource limitations, Indonesia’s experience in applying circular economy 

principles in decentralized, smallholder contexts could inform broader 

regional sustainability frameworks [14, 48, 95]. 

International knowledge exchange platforms, technical collaboration 

initiatives and joint regional research projects could further accelerate 

innovation in tropical aquaculture sustainability, reinforcing the role of 

circular RAS as a model for balancing productivity, profitability and 

environmental stewardship [39, 96]. 

Conclusion 

Integrating circular economy principles into Recirculating Aquaculture 

Systems (RAS) offers a transformative pathway for sustainable aquaculture in 

tropical smallholder settings like Indonesia. By repurposing treated water, 

nutrients and solid waste into valuable products such as microalgae, microbial 

biomass, organic fertilizers and biogas, circular RAS enhances resource 
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efficiency, reduces operational costs and diversifies income for rural 

communities. Low-tech, climate-adapted strategies, such as gravity-based 

recirculation, composting and open-pond bioreactors, make these practices 

accessible to small-scale farmers, despite challenges like technical 

complexity, capital constraints and knowledge gaps. These solutions not only 

mitigate environmental impacts but also create jobs, strengthen food security 

and align with global sustainability goals. By scaling up cooperative models, 

fostering public-private partnerships and developing affordable technologies, 

Indonesia can position circular RAS as a regional model for resource-efficient 

aquaculture, driving economic resilience and environmental stewardship in 

Southeast Asia. 
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Glossary 

 

Acoustic Sensors: Devices that detect and measure sound waves, 

converting them into electrical signals for various applications across multiple 

industries 

Actuator System: A crucial component in automation and control, 

converting energy into motion to perform various tasks in mechanical systems 

Acute Hepatopancreatic Necrosis Disease (AHPND): A fatal bacterial 

disease in shrimp is also known as Early Mortality Syndrome (EMS). It is 

caused by Vibrio parahaemolyticus (VpAHPND), which carries PirA and PirB 

toxins. AHPND attacks the shrimp’s hepatopancreas, leading to mass 

mortalities, often within the first 30-35 days post-stocking. Clinical signs 

include a pale or atrophied hepatopancreas, an empty gut and lethargy. PCR 

can confirm the diagnosis. 

Adaptive Data Rate (ADR): LoRaWAN mechanism that automatically 

adjusts data rate and transmit power to optimize power consumption. 

Additive Links On-line Hawaii Area (ALOHA): A protocol or the 

simplest multiple access method where stations can send data at any time 

without coordination 

Advanced Biofloc Technology (ABFT): An innovative and sustainable 

aquaculture system that leverages bio floc to treat nutrient-rich waste, provide 

natural feed and maintain water quality. Integrating biofloc with additional 

water treatment units facilitates intensive cultivation under controlled 

conditions, leading to high productivity. 

Aeration Efficiency (AE): A key factor used to assess how effectively 

an aeration system adds oxygen to water and distributes it evenly throughout 

a pond or tank, thereby supporting the life of fish and other aquatic biota. This 

efficiency also relates to how well an aerator can minimize oxygen loss and 

maximize oxygen transfer into the water. 

AI-Camera: A camera system that integrates artificial intelligence 

technologies to improve its performance and overall user experience. By 

leveraging machine learning algorithms, computer vision and other AI 

techniques, these cameras can recognize and process the visual information 
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within a scene, enabling features such as object recognition, scene recognition, 

image enhancement, smart composition, facial recognition, video stabilization 

and more. 

Alanine Aminotransferase (ALT): An enzyme linked to liver function, 

commonly used as a biochemical marker of hepatic stress or injury in fish and 

other aquatic animals. 

Alpha Melanocyte Stimulating Hormone (α-MSH): A peptide 

hormone is involved in regulating pigmentation, stress response and immune 

function in fish. α-MSH plays a crucial role in physiological adaptations to the 

environment, including changes in body coloration and defense mechanisms 

against stressors. 

Alternative Proteins: Non-traditional protein sources used in fish feed, 

such as vegetable proteins (soybeans, algae), insect proteins (black soldier fly 

larvae) and microbial proteins. The use of protein alternatives aims to reduce 

dependence on fishmeal and improve sustainability in aquaculture. 

Ammonia (NH₃/NH₄⁺): The decomposition of nitrogenous organic 

matter naturally generates a chemical compound with a pungent and distinct 

odor. Ammonia formation often includes the breakdown of metabolic 

excretions from biota and decaying uneaten feed in aquatic environments. 

Ammonia Excretion: The process by which fish excrete ammonia as a 

byproduct of metabolism. Ammonia is toxic at high concentrations, so its 

removal or conversion to less harmful compounds is critical for water quality. 

Ammonia-Oxidizing Bacteria (AOB): Chemoautotrophic bacteria 

responsible for the oxidation of ammonia (NH3) to nitrite (NO2 -), utilizing 

CO2 as a carbon source. Notable genera include Nitrosomonas sp., 

Nitrosospira sp. and Nitrosococcus sp. 

Antibiotics: a type of antimicrobial substance active against bacteria. 

Aquaculture Species: Fish species or aquatic organisms that are 

cultivated in aquaculture systems. Each species has unique nutritional and 

environmental needs, which influence management practices within RAS. 

Aquaculture: The cultivation of aquatic organisms such as fish, 

crustaceans, mollusks and aquatic plants, under controlled conditions for 

commercial, recreational or resource management purposes. 

Aquaponic RAS Technology: The combination technology of 

aquaponics systems and recirculation aquaculture systems. 
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Aquaponic: a food production system that couples fish with plants, 

whereby the nutrient-rich aquaculture water is fed to hydroponically grown 

plants. Plants are grown in hydroponics systems, with their roots immersed in 

the nutrient-rich effluent water. This enables them to filter out the ammonia 

that is toxic to the aquatic animals or its metabolites. After the water has passed 

through the hydroponic subsystem, it is cleaned and oxygenated and can return 

to the aquaculture vessels 

Aquatic: Pertaining to water environments, including freshwater and 

marine systems; used to describe organisms, systems or processes that occur 

in or are related to water. 

Artemia: Brine shrimp, commonly used as live feed in aquaculture, 

especially for young fish. 

Artificial Intelligence (AI): The capability of to perform tasks typically 

associated with, such as learning, reasoning, problem-solving, perception and 

decision-making. It is a in that develops and studies methods and that enable 

machines to and use and to take actions that maximize their chances of 

achieving defined goals. 

Aspartate Aminotransferase (AST): An enzyme involved in amino acid 

metabolism; elevated levels in fish blood or tissue may indicate liver or tissue 

damage caused by stress, toxins or disease. 

Automated Adaptive Feeders: An automatic feeding system that adjusts 

the amount and time of feeding based on real-time data from sensors that 

monitor fish behavior and feed residues. This technology helps to minimize 

feed waste and improve efficiency. 

Automated Feeding Systems: An automated feeding system that uses 

technology to feed fish based on programmed time or real-time data obtained 

from fish behavior and water quality. This system reduces feed wastage and 

improves feeding efficiency. 

Benefit-Cost Ratio (BCR): A financial metric used to assess the cost-

effectiveness of a project, calculated as the ratio of total benefits to total costs. 

Biofilm: A layer of microorganisms, including nitrifying bacteria, that 

forms on the surface of filter media. This biofilm is crucial in biological 

filtration processes within aquaculture systems or water treatment, converting 

toxic compounds like ammonia into less harmful nitrates. 

Biofilter: A component of RAS that hosts beneficial bacteria to convert 
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toxic ammonia into less harmful nitrates. 

Biofiltration: The biological filtration process uses microorganisms, 

such as nitrifying bacteria, to remove toxic substances such as ammonia and 

nitrites from the water. Biofiltration is essential in maintaining water quality 

in the RAS system. 

Biofloc Technology (BFT): An aquaculture system that utilizes naturally 

formed communities of microorganisms (biofloc) within the pond. This 

biofloc serves a dual purpose: it processes organic waste (such as uneaten feed 

and feces) into protein rich biomass and it acts as an additional natural food 

source for the cultured fish or shrimp. This system typically employs minimal 

or even zero water exchange, making it efficient in water usage and potentially 

reducing feed costs. 

Biological Filtration: A process in Recirculating Aquaculture Systems 

(RAS) where bacteria convert ammonia into less harmful compounds, 

ensuring water quality and supporting fish health. 

Biometric Sensors: Specialized devices that convert biometric traits of 

individuals into electrical signals for identification and authentication 

purposes. They utilize unique physical or behavioral attributes, making them 

more secure than traditional methods like passwords or PINs. 

Bixa orellana: (Annatto) A plant that is a natural source of carotenoid 

pigments. It is used as a shrimp feed additive to enhance the red or orange 

coloration of the shell and provides health benefits due to its antioxidant and 

antimicrobial properties. 

Bluetooth: A short-range wireless technology standard that is used for 

exchanging data between fixed and mobile devices over short distances and 

building personal area networks. In the most widely used mode, transmission 

power is limited to 2.5 milliwatts, giving it a very short range of up to 10 

metres. It employs UHF radio waves in the ISM bands, from 2.402 GHz to 

2.48 GHz. 

Broodstock: Mature fish used for breeding to produce offspring (seeds) 

in aquaculture. 

Cannibalism: The phenomenon of one individual preying on another of 

the same species. Cannibalism often occurs in shrimp and barramundi 

aquaculture due to differences in size, high stocking density or insufficient 

feed, leading to significant survival losses. 
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Carboxyl: A functional group (-COOH) commonly found in organic 

acids, including humic substances, that contributes to their ability to chelate 

metal ions and influence pH and buffering capacity in water. 

Circular Economy: An economic system aimed at minimizing waste and 

making the most of resources by reusing, recycling and regenerating materials 

in production. 

Cloud: a paradigm for enabling network access to a scalable and elastic 

pool of shareable physical or virtual resources with self-service provisioning 

and administration on-demand 

Condition Factor (CF): An index used in aquaculture to assess fish or 

shrimp’s health, plumpness and wellbeing. It is calculated based on the 

relationship between an organism’s weight and body length, reflecting how 

well it utilizes feed and adapts to its environment. A higher condition factor 

generally indicates better overall condition. 

Conductivity: A measure of its ability to. The unit of conductivity is per 

meter (S/m). 

Daily Feed Intake (DFI): The amount of feed consumed by an individual 

or group of fish within 24 hours. DFI is a crucial indicator for monitoring 

aquaculture growth performance, health and feed efficiency. Measuring DFI 

helps culturists optimize feeding practices and farm management. 

Digestibility of Feed: The ability of the feed to be digested and absorbed 

by fish. A more digestible feed will reduce feed wastage and improve feed 

conversion efficiency, which is important for maintaining water quality in 

RAS. 

Digestibility: The ability of fish to digest and absorb nutrients from feed. 

Feed with a high level of digestibility reduces feed waste and waste produced, 

as well as maintaining water quality in RAS. 

Disease Management: Strategies used to monitor, prevent and treat 

diseases in aquaculture systems. 

Disease: A deviation from the state of complete physical or social well-

being of an organism involving a well-defined set of symptoms and etiology 

and leading to an impairment of its normal function. It may be inherited or 

caused by parasites, dietary deficiencies or by physical and chemical factors 

in the environment. 

Dissolved Oxygen (DO): The concentration of oxygen in water, essential 

for fish respiration and survival; optimal levels are above 5–6 mg/L. 
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Downflow Hanging Sponge (DHS) reactor: This is an aerobic biofilter 

reactor used for water treatment in aquaculture. It consists of vertically hung 

sponge media through which water flows from top to bottom (downflow), 

allowing for the formation of a microbial biofilm. The reactor treats water by 

forming an efficient microbial biofilm that removes ammonia and organic 

matter, thereby improving water quality. 

Edge Computing Devices: Hard ware components that process data 

closer to its source, enabling faster insights and reduced latency in various 

applications. 

Electrochemical: Any process either caused or accompanied by the 

passage of an and involving in most cases the transfer of electrons between 

two substances—one a solid and the other a liquid. 

Enterocytozoon hepatopenaei (EHP): A microsporidian parasite that 

infects the hepatopancreas of cultured shrimp. EHP causes hepatopancreatic 

microsporidiosis (HPM), characterized by stunted growth and significant size 

variation among shrimp. The HPM will lead to substantial economic losses, 

although it rarely causes mass mortality. 

Ethoxyresorufin-O-deethylase (EROD): A biomarker enzyme used to 

measure the activity of cytochrome P450 1A, involved in the detoxification of 

organic pollutants in fish, often used in environmental monitoring. 

Eutrophication: The process of excessive accumulation of nutrients, 

especially nitrogen and phosphorus, in water bodies, which can lead to a 

decrease in oxygen and water quality. In RAS, eutrophication can occur if 

feeding is not properly managed. 

Extruded Feeds: Feed processed with extrusion technology to improve 

water stability, nutrient availability and digestibility. Usually, these feeds float 

and are suitable for fish species that require stable feed on the surface. 

Feed Conversion Efficiency: A measure of how efficiently fish convert 

feed into body biomass. The higher the feed conversion efficiency, the less 

feed is needed to produce fish, which is beneficial for environmental 

sustainability and agricultural profits. 

Feed Conversion Ratio (FCR): Feed conversion ratio, which is the ratio 

between the amount of feed given and the amount of fish biomass produced. 

Lower FCR values indicate better feed efficiency, which means fish can grow 

better with less feed amounts. 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

269 

Feed Formulation: The process of making a balanced feed mixture for 

fish, paying attention to the nutritional content such as proteins, fats, 

carbohydrates, vitamins and minerals that suit the specific needs of each fish 

species. 

Feed Monitoring Technologies: The technology is used to monitor fish 

feed consumption in real-time and evaluate feeding efficiency. The tool 

includes sensors that measure the amount of feed consumed by the fish and 

the rest of the feed in the system. 

Feed Waste: Feed that is not eaten by the fish and collects at the bottom 

of the tank or decomposes. The disposal of this uneaten feed can lead to 

increased water pollution and a load on the biofiltration system. 

Fixed Media Filters: Water treatment units use solid, stationary media 

(like gravel or plastic bio-balls) to attract nitrifying bacterial biofilms. 

FLOCponics: A hybrid aquaponic system combining Biofloc and 

hydroponic techniques to enhance nutrient recycling and crop production. 

Fluidized Bed Filters: Water treatment units in which the filter media 

(e.g., sand, garnet or plastic beads) are suspended by an upward water flow. 

Upward water flow maximizes the surface area for microbial biofilm to 

efficiently break down pollutants like ammonia and nitrite, making them 

highly effective for biological filtration in aquaculture systems. 

Food Security: The condition in which people have regular access to 

sufficient, safe and nutritious food to maintain a healthy life. 

Food-Producing Sector Globally: A vast and complex system 

encompassing agriculture, fisheries and aquaculture, which together provide 

the majority of the world's food supply. 

Fulvic Acids: Low molecular weight, water-soluble fractions of humic 

substances that remain soluble across all pH ranges. They have a high capacity 

for chelating metals and enhancing nutrient absorption in aquatic organisms. 

Functional Feeds: Specially formulated feed with additional active 

ingredients such as probiotics, enzymes or immunostimulants to improve fish 

health, improve feed efficiency and support water quality. 

Gateway: A device that receives data from a LoRa end device and 

forwards it to a network server via the internet. 

Global System for Mobile Communication (GSM): A digital cellular 
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communication technology. GSM technology is widely applied to mobile 

communication devices, especially mobile phones. This technology utilizes 

microwaves and signal transmission that is divided based on time, so that the 

information signal sent will reach its destination. GSM is used as a global 

standard for cellular communication as well as the most widely used cellular 

technology in the world. 

Grouper: A marine fish from the Serranidae family, subfamily 

Epinephelinae, which is found in tropical and subtropical waters. This fish has 

the characteristics of a stocky body, wide mouth, small scales, serrated 

operculum and serrated dorsal fin. 

Hardware: A wide range of physical tools, equipment and devices used 

in various applications, including construction, DIY projects and technology. 

Hepatosomatic Index (HSI): The ratio of liver weight to total body 

weight in fish, often used as an indicator of energy storage and fish health. 

Humic Acids: Higher molecular weight components of humic substances 

that are soluble in alkaline solutions but precipitate in acidic conditions. 

Known for their ability to bind heavy metals and act as bioactive agents in 

aquatic systems. 

Humic Substances: Naturally occurring organic materials resulting from 

the decomposition of plant and microbial matter. They include humic acids, 

fulvic acids and humin and play a key role in soil and water chemistry by 

influencing nutrient availability and metal binding. 

Hybrid Biofloc-RAS: A system that combines biofloc technology with 

external RAS components to improve nitrification and provide extra nutrition 

for shrimp. This system can enhance both water quality management and feed 

efficiency. 

Hydraulic Loading Rate (HLR): The media’s water flow rate per unit 

surface area in a biofilter. HLR determines how quickly water passes through 

the biofilter, influencing the contact time between waste and microbial biofilm 

and, thus, pollutant removal efficiency. 

Hypoxia: A condition of low oxygen levels in water, causing stress or 

mortality in fish. 

Immune System: A complex network of cells, tissues, organs and 

substances that protects the body from infection and other diseases. 

Immunostimulants: Substances that enhance the immune response of 
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aquatic organisms, often added to feed or water to improve disease resistance 

and overall health in fish farming. 

Integrated Agriculture-Aquaculture (IAA): A farming system that 

combines crop, livestock and aquaculture operations to optimize resource use 

and productivity. 

Integrated Biofilters: Biofilters that combine sewage and plant bacteria 

to purify water in the RAS, remove harmful substances such as ammonia, 

nitrite and phosphate and support nutrient circulation in aquaculture 

ecosystems. 

Integrated Multi-Trophic Aquaculture (IMTA): Sustainable 

aquaculture practices that involve the cultivation of several species of different 

trophic levels (e.g. fish, shrimp and algae) in one integrated system to optimize 

resource use and reduce waste. 

Intensification: The increase of production in an aquacultural system 

through increasing the stock density (and expected production) in the existing 

water area. 

Internal Rate of Return (IRR): The discount rate that makes the net 

present value (NPV) of an investment zero; a higher IRR indicates greater 

profitability. 

Internet of Things (IoT): A network of physical devices embedded with 

sensors and software to collect and exchange data for real-time monitoring 

and control. 

Lates calcarifer: Asian Sea Bass or barramundi, a fish species with high 

economic and nutritional value in aquaculture. 

Listen Before Talk (LBT): An important technique in LoRaWAN 

communications to avoid interference and improve spectrum efficiency. 

Litopenaeus vannamei: Also known as Pacific white shrimp, it is a 

dominant species in global shrimp farming due to its fast growth, adaptability 

to various salinity levels and high market demand. 

Long Range (LoRa): Radio modulation technology for long distance 

communication with low power consumption. 

Long Range Wireless Area Network (LoRaWAN): A network protocol 

that uses LoRa technology for IoT communications. 

Long-Range Frequency Hopping Spread Spectrum (LR-FHSS): A 
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new physical layer option that has been recently added to the LoRa family 

with the promise of achieving much higher network capacity than the previous 

versions of LoRa. 

Low-Salinity RAS: A recirculating aquaculture system designed 

explicitly for culturing saltwater species, such as Pacific white shrimp 

(Litopenaeus vannamei), under low salinity conditions (salinity range of 5–15 

ppt). This system recycles water efficiently and reduces the need for new 

water. 

Melanin-Concentrating Hormone (MCH): This is a peptide hormone 

crucial in regulating fish’s appetite, energy metabolism and pigmentation. In 

aquaculture, MCH influences fish growth and stress response, making it an 

area of research for optimizing feed and farm management. 

Mergence of Gas: The process of gases from different galaxies or 

systems combining and interacting during a merger event. 

Methanogenesis Bacteria: Anaerobic archaea that produce methane as a 

byproduct of their energy metabolism, i.e., catabolism. Methane production or 

methanogenesis, is the only biochemical pathway for ATP generation in 

methanogens. 

Methemoglobinemia: A condition where nitrite binds to hemoglobin, 

reducing its oxygen-carrying capacity and leading to fish suffocation. 

Microalgae: Microscopic algae used in RAS for biofiltration, nutrient 

cycling and oxygenation. Microalgae help maintain water quality by 

absorbing CO2 and excess nutrients and providing a food source for some 

species. 

Microfinance Programs: Financial services (e.g., small loans) aimed at 

supporting small-scale farmers in adopting advanced technologies like RAS. 

Micronano Bubbles (MNBs): A technology used for oxygenation with 

tiny gas bubbles, reaching nano scale sizes, in advanced RAS to maintain 

water quality. 

Modular RAS Designs: Customizable, scalable RAS setups allowing 

gradual upgrades to suit farmers’ budgets and space constraints. 

Moina: A type of small freshwater crustacean used as live feed for larval 

and juvenile fish. 

Moving Bed Bioreactor (MBBR): A biofilm based biofilter technology 



Sustainable Aquaculture and Aquatic Science (Volume - 1) ISBN- 978-81-19915-00-2 

273 

where microorganisms attach to freely moving carriers within a reactor, 

combining the benefits of activated sludge and fixed film systems. 

Myostatin (MSTN): A natural protein that limits muscle growth in fish. 

Inhibiting MSTN can increase muscle mass and growth rate, resulting in larger 

cultured fish. 

Neon Tetra (Paracheirodon innesi): A small, brightly colored freshwater 

fish native to the Amazon Basin, popular in the global ornamental fish trade. 

Net Present Value (NPV): The difference between the present value of 

cash inflows and outflows over a period of time; a positive NPV indicates a 

profitable project. 

Nitrate (NO₃⁻): A less toxic compound that is the end product of the 

nitrification process. 

Nitrification: a microbial process in the nitrogen cycle in which reduced 

nitrogen compounds, primarily ammonia, are converted to nitrite and then 

nitrate. 

Nitrite (NO₂⁻): An intermediate, toxic compound produced during the 

first stage of nitrification when ammonia is oxidized. 

Nitrite-Oxidizing Bacteria (NOB): A group of autotrophic bacteria that 

play a role in oxidizing toxic nitrite (NO2-) into relatively harmless nitrate 

(NO3-). Examples of NOB include Nitrobacter and Nitrospira. NOB are 

essential in aquaculture biofilters to maintain water quality. 

Nitrobacter: The nitrifying bacteria responsible for converting nitrites 

(NO2-) to nitrates (NO3-). 

Nitrosomonas: The nitrifying bacteria responsible for converting 

ammomum (NH₄⁺) to nitrites (NO2-). 

Nursery Systems: The initial stage in aquaculture activities where fish or 

shrimp larvae/post larvae are reared in separate, controlled environments (e.g., 

small ponds, raceways or tanks) before being transferred to main grow-out 

ponds. Nursery systems aim to provide an optimal environment for early 

growth, reduce cannibalism, improve the survival rates of the young and allow 

for gradual adaptation to broader environmental conditions. 

Nutrient Cycling: The process of recycling nutrients in an aquaculture 

system involves converting organic waste into a source of nutrients that are 

useful for plants or other organisms in the system, such as through the use of 

algae or plants in Integrated Multi-Trophic Aquaculture (IMTA). 
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Nutrient Loading: Accumulation of excess nutrients in the water that 

comes from uneaten feed and fish waste. This buildup can lead to a decrease 

in water quality, which has the potential to lead to eutrophication. 

Nutritional Requirements: Fish nutritional needs include protein, 

carbohydrates, fats, vitamins and minerals. This need varies depending on the 

species of fish and its growth stage, as well as the environmental factors 

present within the RAS. 

Oxygen Transfer Coefficient (kLa): A measure of the efficiency of an 

aeration system in transferring oxygen from the air into water. A higher kLa 

value indicates that the aeration system is more effective at dissolving oxygen, 

which is crucial for maintaining optimal dissolved oxygen (DO) levels for the 

health and growth of cultured aquatic organisms. 

Oxygen Transfer Rate (OTR): The amount of oxygen transferred from 

the air to the water per unit of time. OTR is a critical measure of aeration 

effectiveness in aquaculture, ensuring sufficient dissolved oxygen (DO) 

availability for aquatic organisms and other biological processes. 

Pathogens: Disease-causing microorganisms 

(e.g., Aeromonas, Pseudomonas, Vibrio) that threaten fish health in 

aquaculture. 

Payback Period: The time it takes for an investment to break even in 

present value terms, considering the time value of money. 

Pelletized Feeds: Feed is processed in the form of pellets, which can be 

submerged, slow-sinking or floating, depending on the type of fish and its food 

preferences. Pellets contain a mixture of nutrients that fish need and are 

designed to reduce wastage. 

Phenolic Hydroxyl: A functional group (-OH attached to an aromatic 

ring) present in humic substances, contributing to antioxidant properties and 

redox behavior. 

POKDAKAN (Kelompok Pembudidaya Ikan): Fish farmer groups in 

Indonesia that collaborate on production, marketing and resource 

management. 

Precision Feeding: A feeding strategy that uses technology to measure 

the metabolic needs of fish in real-time and deliver the right amount of feed 

according to these needs. Precision feeding helps reduce feed waste and 

maximize the efficiency of fish growth. 
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Probiotics and Enzymes: Beneficial microorganisms (probiotics) and 

biological enzymes used in feed to improve digestion efficiency and nutrient 

absorption. Probiotics also support the gut health of fish, while enzymes help 

break down hard-to-digest feed components. 

Probiotics: Beneficial bacteria (e.g., Bacillus, Lactobacillus) added to 

aquaculture systems to improve water quality and fish immunity. 

Protein Efficiency Ratio (PER): An index used to evaluate protein 

quality in feed. PER is calculated based on the ratio of body weight gain 

(grams) per gram of protein consumed by fish or shrimp. A higher PER value 

indicates that the protein in the feed is utilized more efficiently for growth, 

making it an important parameter in aquaculture feed formulation. 

Quinone: An aromatic compound with a ketone structure that plays a role 

in electron transfer and redox reactions within humic substances, influencing 

their oxidative and antimicrobial properties. 

Quorum Sensing: A bacterial communication mechanism that regulates 

virulence factor expression, often linked to pathogenicity. 

RASFF (Rapid Alert System for Food and Feed): A European Union 

system for sharing information on food and feed safety issues to ensure public 

health protection. 

Recirculating Aquaculture Systems (RAS): An advanced land based 

farming technology that improves water quality control, a crucial factor for 

biota health and growth. It uses mechanical filtration, biofiltration and 

oxygenation units to create a biosecure environment. 

Salinity: The saltiness or amount of dissolved in a body of, called (see 

also). It is usually measured in g/L or g/kg (grams of salt per liter/kilogram of 

water; the latter is dimensionless and equal to). 

Server: that provides information to other computers called "" on a. This 

is called the. Servers can provide various functionalities, often called 

"services", such as sharing data or among multiple clients or performing for a 

client. A single server can serve multiple clients and a single client can use 

multiple servers. A client process may run on the same device or may connect 

over a network to a server on a different device. Typical servers are and. 

Sinking Feeds: Submerged feed, usually used for fish species that prefer 

to feed at the bottom of ponds or tanks. This type of feed must be managed 

carefully to prevent the accumulation of residual feed that can damage water 

quality. 
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Smart sensors: Advanced devices that integrate sensing capabilities with 

processing and communication functions, enabling them to gather, analyze 

and transmit data efficiently. 

Socio-Economic Impact: The effect of an activity or project on the social 

and economic well-being of a community or population. 

Software: Computer programs that instruct the execution of a computer. 

Software also includes design documents and specifications. 

Specific Growth Rate (SGR): A measure of the growth rate of fish over 

a specific period. It is a metric that quantifies the daily percentage increase in 

an organism’s weight or biomass. It is a valuable tool for assessing growth 

performance and comparing the effectiveness of different treatments or 

conditions in fish farming. 

Specific Surface Area (SSA): The total surface area of the filter media 

per unit volume influences the density of biofilm growth. The specific surface 

area (SSA) of biofilter media refers to the total surface area available for 

microbial colonization per unit volume or mass of the media. It is a crucial 

factor in determining the effectiveness of a biofilter because it dictates how 

much surface area is available for beneficial bacteria and other 

microorganisms to attach and perform their roles in waste removal. 

Standard RAS: A baseline model of Recirculating Aquaculture Systems 

that includes conventional components like mechanical filtration, 

biofiltration, oxygenation units and water recirculation pumps. This system 

maintains water quality and creates a controlled and sustainable aquaculture 

environment. 

Stocking Density: The number of aquatic animals kept per unit area or 

volume in a culture system; affects growth, health and water quality. 

Submerged Biofilter: This is a type of biofilter where the media remains 

completely immersed in water. Microorganisms grow on the filter media to 

remove pollutants. These filters treat wastewater, improve water quality in 

aquaculture systems or remove contaminants from other water sources. 

Sustainable Aquaculture: Aquaculture practices that aim to minimize 

environmental impact, optimize the use of resources (such as water and feed) 

and improve the well-being of aquatic species, while maintaining economic 

benefits. 
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Sustainable Business Model (SBM): A business strategy that creates 

long-term value by balancing environmental, social and economic goals. 

Sustainable Fish Farming: The farming involves the cultivation of fish 

species in controlled environments, such as ponds, tanks etc. 

Tandem Mariculture: A production system where species are spatially 

segregated to reduce direct competition and organic waste accumulation, 

leading to better water quality and higher yields than traditional polyculture. 

Total Ammonia Nitrogen (TAN): The total amount of both ionized 

(NH₄⁺) and un-ionized (NH₃) ammonia in the water. 

Total Dissolved Solids (TDS): The total concentration of dissolved 

inorganic and organic substances in water, affecting water quality and fish 

health. 

TOWS Matrix: A strategic planning tool used to develop strategies based 

on the analysis of internal (Strengths and Weaknesses) and external 

(Opportunities and Threats) factors. 

Trickling Filters: These are biofilters in which water trickles over media 

that is not fully submerged, providing a large, porous surface area for biofilm 

growth and enhanced oxygen exposure. 

Trypsin-to-Chymotrypsin (T/C) ratio: The ratio of the activity of two 

key digestive enzymes, trypsin and chymotrypsin, found in the digestive tract 

of fish and shrimp. The T/C ratio is a crucial indicator of nutritional status, 

feed digestive efficiency and gut health in cultured aquatic organisms. 

Changes in this ratio can suggest issues with nutrient absorption or a response 

to specific feed formulations. 

Urbanization: The expansion of urban areas, leading to challenges like 

land scarcity and water pollution for aquaculture. 

UV Sterilization: A water treatment method using ultraviolet light to kill 

or inactivate pathogens by damaging their DNA. 

Volumetric TAN Removal Rate (VTR): A measure of a biofilter’s 

performance in removing Total Ammonia Nitrogen from the water per unit 

volume of media per day. It measures how effectively a biofilter removes total 

ammonia nitrogen (TAN) from water, expressed as grams of TAN removed 

per cubic meter of biofilter media per day. It is a crucial metric for evaluating 

the performance and sizing of biofilters, especially in aquaculture and 

wastewater treatment systems. 
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Waste: In aquaculture, it usually refers to the effluent water that emanates 

from a farm unit. In integrated livestock-aquaculture: liquid and solid animal 

dejections. 

Water Additive: A substance introduced into aquatic environments to 

enhance water quality, support fish health or promote system efficiency. 

Examples include probiotics, humic substances or chemical buffers. 

Water Quality Parameters: Variables that affect water quality in RAS, 

including pH, temperature, dissolved oxygen levels, ammonia concentration, 

salinity and light. These parameters must be monitored continuously to 

maintain optimal conditions for fish health. 

Water Quality: A critical factor in aquaculture; includes parameters like 

temperature, dissolved oxygen, pH, ammonia and salinity that influence health 

and growth. 

Water Remediation: The process of removing contaminants or 

improving water quality through physical, chemical or biological methods, 

often employed in aquaculture and environmental restoration. 

White Spot Syndrome Virus (WSSV): A highly contagious and lethal 

virus that infects crustaceans, particularly shrimp. WSSV belongs to the 

family Nimaviridae and genus Whispovirus and it is a large double-stranded 

DNA virus. This disease causes mass mortalities in cultured shrimp and can 

lead to significant economic losses. 

Wireless Fidelity (Wifi): wireless network protocol used by computer 

devices to connect to the internet without using cables. The term WiFi itself is 

used to refer to a wireless LAN (Local Area Network) based on the IEEE 

802.11 network protocol standard. 

Wireless Sensor Network (WSN): network of spatially distributed 

sensors that monitor and collect data on physical or environmental conditions, 

enabling real-time data analysis and decision-making. 

Zero Water Discharge RAS (ZWD-RAS): An aquaculture system 

designed to minimize or eliminate wastewater discharge into the environment. 

This is achieved by maximizing water reuse and processing solid waste for 

minimal discharge. 

Zero-Water Exchange Recirculation System (ZWERS): A type of 

RAS where water is continuously recycled without replacement, reducing 

water usage and maintaining stable water quality. 
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ZigBee: An -based for a suite of high-level used to create with small, low-

power, such as for, medical device data collection and other low-power low-

bandwidth needs, designed for small scale projects which need wireless 

connection. Hence, Zigbee is a low-power, low-data-rate and close proximity 

(i.e., personal area). 
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