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ABSTRACT 

The growing global emphasis on sustainable aquaculture has driven the adoption of innovative farming approaches, including 
aquamimicry and biofloc technology (BFT), for the culture of whiteleg shrimp ( Litopenaeus vannamei ). The sector faces persistent 
challenges, including declining water quality, dependence on commercial feed, high production costs and fluctuating survival 
rates. As demand grows for eco-efficient culture systems, aquamimicry and BFT have emerged as promising alternatives due 
to their capacity for nutrient recycling, natural food production and reduced environmental impact. A systematic literature 
search was conducted in Scopus and PubMed databases for peer-reviewed articles published between 2013 and 2025. Studies 
were screened using predefined inclusion criteria, and the review process followed the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines. The study presents a comparative assessment of growth performance, 
proximate composition of L. vannamei , microbial load variation and key water quality indicators under different culture systems. 
Weighted mean analysis of the included studies showed survival rates of 86.77 ± 13.83% ( n = 9) for aquamimicry and 83.62 ± 12.97% 

( n = 22) for BFT, while FCR averaged 1.63 ± 0.63 and 1.59 ± 0.46, respectively. Effect size analysis indicated small differences 
between systems with no statistically significant variation ( p > 0.05). In contrast, overall biomass yield was greater in the BFT 
system. The findings highlight the need for further research integrating emerging monitoring tools and management technologies 
to improve system efficiency and sustainability. The strategic adoption of aquamimicry and BFT offers a promising pathway to 
reduce production costs, improve productivity and strengthen environmental resilience in L. vannamei aquaculture. 
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 Introduction 

quaculture has emerged as the most rapidly expanding segment
f the global food production system and plays a crucial role
n supplying animal protein to a growing human population
rojected to approach 9 billion by mid-century (Tran et al. 2023 ).
ith an estimated annual growth rate of about 5.80%, global
quaculture output is expected to rise substantially, increasing
rom approximately 73.80 million tonnes in 2014 to over 140
illion tonnes by 2050 (FAO 2016 ). Although fish are among the
ost efficient converters of feed into edible protein, sustaining
his expansion will require greater inputs of formulated feeds and
utrient supplements to maintain productivity levels (Christophe
t al. 2015 ). 

quaculture, including finfish, crustaceans, molluscs and aquatic
lants (Thierry and Tacon 2021 ), has grown steadily over recent
ecades, with an average annual increase of 5.30% between 2001
nd 2018 (FAO 2020 ). Global production reached 82.10 million
onnes in 2018, with inland aquaculture contributing 62% and
arine/coastal systems 38% (FAO 2020 ). Crustacean aquaculture,
n particular, grew 2.90% per year over the past two decades,
roducing 9.40 million tonnes valued at US $69.30 billion
FAO 2020 ). Early gains were driven by area expansion, while
ecent growth reflects system intensification and technological
nnovation (Olivier et al. 2018 ; M. G. C. Emerenciano et al. 2022 ).

ising global food requirements, driven by population growth
rojected to reach approximately 9.60 billion by 2050, continue to
lace pressure on food production systems worldwide (Berners-
ee et al. 2018 ; Ehrlich and Harte 2015 ). Addressing this challenge
emains a priority for both scientific research and policy formu-
ation (Ehrlich and Harte 2015 ). Despite substantial progress, the
quaculture sector faces notable constraints in achieving future
roduction targets, with global output forecasted to reach around
09 million tonnes by 2030 and approximately 140 million tonnes
y 2050 (FAO 2020 ; Mair et al. 2023 ). 

mong farmed aquatic species, Litopenaeus vannamei , com-
only referred to as the whiteleg shrimp, has demonstrated
xceptional expansion within global aquaculture. The Pacific
hite shrimp currently dominates crustacean farming, contribut-
ng approximately 59% of total crustacean production in 2018
FAO 2020 ). Global production increased dramatically from about
.15 million metric tonnes in 2000 to nearly 5 million metric
onnes in recent years, with an estimated market value of US
302 million (FAO 2022 ). By 2020, L. vannamei had become the
ost extensively cultivated aquatic species worldwide, reaching a
roduction volume of 5.81 million metric tonnes (FAO 2020 ). This
pecies now forms the backbone of shrimp aquaculture industries
n major producing countries, including Indonesia (Astiyani et al.
020 ; Novriadi et al. 2021 ; Wijayanto et al. 2017 ), Vietnam (Quyen
t al. 2020 ), Ecuador (Rivera et al. 2018 ) and Thailand (Tookwinas
t al. 2005 ). Its widespread adoption is attributed to strong market
emand, efficient feed conversion, high commercial value, which
ogether support superior growth and survival performance (Roy
t al. 2009 ). 

. vannamei is a euryhaline species and remains the most widely
ultured crustacean globally, accounting for approximately 53% of
otal crustacean aquaculture production (FAO 2020 ). Its capacity
of 24
to tolerate broad salinity ranges, perform well at high stocking
densities, and deliver strong economic returns has positioned
it as the preferred species for intensive farming systems (G.
Liu et al. 2017 ; K. Catalani et al. 2023 ). The species is highly
adaptable, thriving in diverse environments ranging from inland
freshwater systems to coastal and tropical marine habitats, and
can withstand salinity levels from as low as 2% to as high as
30% (Y. Liu et al. 2023 ). The rapid expansion of L. vannamei
aquaculture has generated significant socio-economic benefits,
including job creation, enhanced food security and increased
availability of affordable, high-quality protein (Tian et al. 2024 ). In
addition, farming systems for this species incorporate a wide array
of production technologies and are compatible with polyculture
practices (FAO 2020 ). 

Despite its impressive growth, the shrimp aquaculture sector
continues to face persistent challenges, including disease out-
breaks, inadequate wastewater management, limited access to
sustainable feed ingredients and constraints in the supply of high-
quality broodstock (Tian et al. 2024 ). Disease epidemics remain a
major source of economic loss (Zeng, Zhou, et al. 2020 ), while
dependence on fishmeal and fish oil has contributed to rising
production costs and market volatility (Cheng et al. 2020 ; Engle
et al. 2020 ). In response, producers are increasingly adopting
high-density and biosecure farming systems to reduce disease risk
(Khanjani et al. 2023 ). Nevertheless, environmental degradation
associated with overcrowding and poor water quality can com-
promise shrimp immune function, underscoring the importance
of effective health management and disease prevention strategies
for sustainable L. vannamei production (J. H. Kim et al. 2021 ; Moss
et al. 2012 ). 

Historically, antibiotics were widely used to control disease in
aquaculture during the 1970s and 1980s (Ringø 2020 ). Over time,
however, such practices have proven increasingly ineffective
and have contributed to the development of antibiotic-resistant
bacteria (Assefa and Abunna 2018 ). Furthermore, the presence of
antibiotic and pesticide residues in farmed aquatic products poses
potential risks to human health, including allergic reactions and
toxicity (Chowdhury et al. 2022 ), and may disrupt the intestinal
microbiota of both cultured organisms and consumers (Ringø
and Song 2016 ). Growing antimicrobial resistance concerns and
stricter antibiotic regulations in the European Union, the United
States and China have accelerated interest in sustainable shrimp
culture systems that minimize chemical inputs (Chowdhury et al.
2022 ; Ringø and Song 2016 ). 

Water scarcity has emerged as a critical global environmental
challenge (Malekmohammadi 2025 ). The interaction of climate
variability, prolonged drought events, rapid population expansion
and inefficient water governance has intensified the imbalance
between freshwater availability and demand (Khan et al. 2024 ).
In parallel, intensive shrimp farming has contributed to signif-
icant ecological degradation in coastal ecosystems, particularly
across Southeast Asia (Anh et al. 2010 ). Currently, more than
41% of the world’s population resides in regions susceptible to
drought, highlighting the urgent necessity for water-conserving
and environmentally responsible aquaculture production sys-
tems (Khanjani et al. 2022 ). Recent technological innovations,
however, have strengthened biosecurity measures, optimized
water quality control and lowered production costs, thereby
Aquaculture, Fish and Fisheries, 2026
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ostering the development of more resilient and sustainable
quaculture practices (Panigrahi et al. 2020 ; Valenti et al. 2021 ). 

icrobial-driven production strategies, notably biofloc technol-
gy (BFT) and aquamimicry, have gained considerable attention
s promising solutions for improving aquaculture sustainability
nd efficiency. Aquamimicry is based on the fermentation of
arbon-rich agricultural by-products such as rice bran, soy-
ean meal and wheat bran, often supplemented with probiotic
icroorganisms (e.g., Bacillus spp.), to stimulate the proliferation
f naturally occurring zooplankton, particularly copepods rich
n protein, lipids and pigments that serve as live feed for
ultured species (Deepak et al. 2020 ; Ghosh and Hasanuzza-
an 2025 ). This approach improves water quality, stabilizes
H, reduces feed expenses and enhances bioremediation pro-
esses within culture systems (Khanjani et al. 2023 ; Nisar et al.
022 ). In shrimp farming, aquamimicry has been associated
ith enhanced growth performance, stronger immune responses
nd reduced dependence on chemical additives and antibiotics,
aking it an environmentally sound and economically viable
roduction method (Mehrim et al. 2025 ; Islam et al. 2024 ).
lthough aquamimicry is a relatively recent innovation, first
eveloped in Thailand in 1990 (Romano 2017 ), it offers substantial
otential for the sustainable expansion of aquaculture. 

FT is a microbial-driven aquaculture system that enhances
roduction efficiency, biosecurity and nutrient recycling in L.
annamei culture (Nisar et al. 2022 ). Beyond functioning as a
ater treatment mechanism, bioflocs serve as a supplemental
atural feed source, reducing dependence on external feed
nputs while maintaining growth performance (M. Emerenciano
t al. 2012 ). The system also limits water exchange, mitigates
nvironmental pollution and improves biosafety (Ramiro et al.
024 ). In practice, BFT promotes the proliferation of beneficial
icrobial communities that stimulate innate immunity and
trengthen resistance to pathogenic infections, thereby enhanc-
ng survival and growth through activation of digestive enzymes
nd immune function (S. K. Kim et al. 2014 ; Cardona et al.
015 ; Long et al. 2015 ; Miao et al. 2017 ). The quality and stability
f bioflocs depend on the source and proportion of organic
arbon inputs such as molasses, corn, wheat, glucose, acetate,
lycerol and tapioca and the carbon: nitrogen (C:N) ratio, which
egulates microbial metabolism and the nutritional composition
f protein, lipids, carbohydrates and fatty acids (Panigrahi et al.
018 ; Ekasari et al. 2014 ). Reported optimal C:N ratios for L.
annamei range from 10 to 20 (Panigrahi et al. 2018 ; Ekasari et al.
014 ; Esparza-Leal et al. 2015 ; Chakrapani et al. 2021 ; Xu et al.
018 ), collectively supporting improved growth, water quality and
mmune competence. Compared to natural or plankton-based
ystems such as aquamimicry, BFT relies more on controlled
icrobial management and external carbon supplementation,
ffering higher production consistency but requiring careful
onitoring and energy input. Overall, BFT integrates microbial
cology and system management to provide a cost-effective
nd environmentally sustainable approach for intensive shrimp
ulture (Zafar and Rana 2022 ; Bossier and Ekasari 2017 ). 

oth aquamimicry and BFT have been widely adopted in shrimp
quaculture due to their ability to maintain stable, ecologically
alanced culture conditions (Ramiro et al. 2024 ; Khanjani et al.
022 ). L. vannamei exhibits strong adaptability to aquamimicry-
quaculture, Fish and Fisheries, 2026
based systems, making it particularly well suited for sustainable
production strategies (Eissa et al. 2025 ). Empirical evidence
indicates that BFT can sustain high stocking densities while
maintaining optimal productivity in L. vannamei farming (da
Silveira et al. 2020 ; Krummenauer et al. 2011 ). When BFT is
combined with aquamimicry principles and operated under
zero-water-exchange conditions, environmental impacts can be
substantially reduced (K. Catalani et al. 2023 ). Feed conversion
ratios (FCRs) as low as 1.25 have been reported in BFT-based sys-
tems, compared with approximately 1.68 in conventional shrimp
farming practices (Avnimelech et al. 2012 ). Similarly, shrimp cul-
tured under aquamimicry conditions often exhibit higher survival
rates, attributed to enhanced availability of natural live feed and
beneficial microbial interactions (Nisar et al. 2022 ). In addition,
bioflocs produce bioactive signaling molecules and quorum-
sensing inhibitors that suppress luminous vibriosis (Panigrahi
et al. 2021 ), while stimulating non-specific immune responses
in L. vannamei , potentially serving as early indicators of disease
resistance (Khanjani et al. 2023 ). Collectively, aquamimicry and
BFT contribute to the achievement of multiple Sustainable
Development Goals (SDGs), including Goal 12 (Responsible
Consumption and Production) and Goal 14 (Life Below Water)
(Haque and Mahmud 2025 ). 

This systematic review critically evaluates aquamimicry and
biofloc technologies in the culture of whiteleg shrimp ( L. van-
namei ), focusing on their effects on key production metrics
such as growth performance, survival and feed efficiency, as
well as on water quality management. By synthesizing the
available literature, the review identifies the strengths, limitations
and knowledge gaps associated with each system and provides
evidence-based recommendations for their effective and sustain-
able integration in shrimp aquaculture. Overall, the study aims
to provide actionable insights for farmers, researchers and policy-
makers to optimize production while maintaining environmental
sustainability. 

2 Material and Methods 

2.1 Identification, Retrieval and Screening of 
Relevant Literature 

A structured and exhaustive review of the literature was con-
ducted following the methodological principles outlined by Xiao
and Watson ( 2019 ). To enhance transparency and reproducibility,
the review adhered to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines throughout
the search, screening and selection processes. In line with the
recommendations of Green et al. ( 2006 ) and previous systematic
reviews (Anastasiou et al. 2023 ; Gambelli et al. 2019 ), two major
bibliographic databases, Scopus and PubMed, were selected as
primary sources for literature retrieval. Peer-reviewed studies
addressing aquamimicry and BFT in the culture of L. vannamei
were identified and compiled for detailed evaluation. All retrieved
records were subsequently examined manually to confirm their
relevance and suitability for inclusion in the review (Figure 1 ). 

A comprehensive literature search was conducted (2013–2025)
using multiple scientific databases including Scopus and
PubMed. Boolean search operators (AND) were used to combine
3 of 24

ve C
om

m
ons L

icense



Scopus

Research articles: 2,836

PubMed

Research articles: 3,741

A total of 207 unique full-text articles published 

between 2013 and 2025 were retrieved and assessed 

for eligibility

46 studies of interest checked for raw data 

accessibility 

31 studies included for comprehensive analysis

161 studies excluded as:

- Insufficient quantitative 

data

- Non-target species

- Lack of direct relevance

15 studies excluded as:

- Studies without accessible 

data

- Non-target species 

- Lack of direct relevance

FIGURE 1 Flow diagram depicting the systematic literature search and study selection procedure. 
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eywords related to aquamimicry, BFT and shrimp culture. The
ull search strings used in each database are provided in Table S1
o ensure reproducibility. 

his search strategy yielded a total of 6577 records, comprising
836 articles from Scopus and 3741 from PubMed. From 6577
dentified records, 6370 duplicates and irrelevant studies were
emoved, leaving 207 records for full-text assessment. Following
ligibility screening, 31 studies were included in the final analysis
Table S2 ) (Figure 1 ). 

.2 Eligibility Criteria 

he eligibility criteria for study selection were defined following
he recommendations of the PRISMA guidelines to ensure trans-
arency and reproducibility. Studies were included if they were
eer-reviewed journal articles focusing on aquamimicry and BFT
or the culture of L. vannamei . Only studies published between
013 and 2025 and written in English were considered. Eligible
rticles were required to report quantitative or experimental
ata related to L. vannamei production performance, including
rowth rate, survival rate, FCR, water quality parameters or
verall system performance. Articles that did not focus on L.
annamei culture or were not related to aquamimicry or BFT
roduction systems were excluded. Review articles, conference
bstracts, studies without quantitative data and studies on non-
elevant species were excluded from the analysis. Duplicate
ecords identified during the database screening process were also
xcluded to ensure that each study was considered only once in
he final dataset. 
of 24
2.3 Analytical Framework and Data Synthesis 

After completion of the screening process, a descriptive synthesis
was conducted by extracting and evaluating key variables from
the selected studies. The number of eligible publications and
their corresponding datasets were organized using Microsoft
Excel and examined through descriptive statistical methods. All
extracted information was systematically recorded, integrated
and cross-checked to ensure reliability and internal consistency.
The synthesized outcomes are presented in the form of tables and
figures to improve clarity and support effective interpretation of
the results. 

2.4 Statistical Analysis 

A quantitative systematic analysis was conducted to compare
the production performance of aquamimicry and BFT culture
systems. Weighted mean values were calculated to account for
differences in sample sizes among datasets. Standardized effect
sizes were estimated using Cohen’s d to quantify the magnitude
of differences between the two culture systems. The pooled
standard deviation was used to standardize mean differences
(MD) across studies. Ninety-five per cent confidence intervals
(CI) (95%) were calculated to assess the precision of the estimated
effects. Statistical significance between aquamimicry and BFT
datasets was evaluated using independent sample t -tests. Effect
size interpretation followed conventional thresholds (negligible
< 0.19, small 0.20–0.49, medium 0.50–0.79 and large > 0.80). All
statistical analyses were performed using IBM SPSS (version 25)
Statistics and Microsoft Excel. 
Aquaculture, Fish and Fisheries, 2026
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FIGURE 2 Annual publication trends on aquamimicry and biofloc 
technology (BFT) in L. vannamei farming from 2013 to 2025. 
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 Result and Discussion 

.1 Historical Development of Aquamimicry and 

FT 

quamimicry emerged in Southeast Asian shrimp farming in the
990s, particularly in Thailand, as an ecosystem-based approach
hat mimics natural estuarine processes to improve water quality,
utrient recycling and shrimp health (Khanjani et al. 2022 ; Deepti
t al. 2024 ; Islam et al. 2024 ). The formal establishment of
he aquamimicry system occurred in 2013, led by experienced
hai shrimp farmers, Mr. Sutee Prasertmark and Mr. Veerasan
rayotamornkul (Khanjani et al. 2022 ; Zeng, Khoruamkid, et al.
020 ). According to Romano ( 2017 ), aquamimicry is designed to
mulate natural aquatic ecosystems by encouraging the growth
f algae and zooplankton, which serve as live feed, and by
tilizing beneficial bacteria to maintain water quality (Ghosh and
asanuzzaman 2025 ; Sangsayan et al. 2025 ). The system inte-
rates fermented rice bran, probiotics and naturally developing
lankton to recreate ecological dynamics typical of natural waters
Khanjani et al. 2023 ). Key management practices involve regular
ddition of fermented carbon or grain-based substrates such as
ice bran, soybean meal and wheat bran, in combination with
robiotics (e.g., Bacillus spp.) and supplementary water additives
K. M. Catalani 2020 ; dos Santos, Coelho-Filho, Gonçalves, et al.
022 ; dos Santos, Coelho-Filho, Assunção, et al. 2022 ; Nisar et al.
022 ; Khanjani et al. 2023 ). 

icroorganisms and their enzymes enhance the solubility of car-
on sources and facilitate nutrient breakdown. Specific bacteria
e.g., Lactobacillus spp., Bacillus spp.), fungi and yeasts (e.g., Sac-
haromyces spp.) produce hydrolytic enzymes that reduce fibre
nd carbohydrate content while increasing protein availability
Khanjani et al. 2023 ; Romano et al. 2018 ). Water supplements
uch as sodium bicarbonate are sometimes employed to stabilize
H. Unlike conventional shrimp farming, aquamimicry empha-
izes ecological balance, microbial diversity and sustainable
roduction, eliminating the need for antibiotics or harmful chem-
cals (Ghosh and Hasanuzzaman 2025 ). This approach has been
dopted and adapted in multiple countries, including Australia,
angladesh, Brazil, Brunei, China, Ecuador, Egypt, India, Korea,
alaysia, Mexico, Peru, Singapore, Sri Lanka, the United States
nd Vietnam (Zeng, Khoruamkid, et al. 2020 ). Notably, research
onducted in Nakhon Nayok province, Thailand, has examined
he diversity of intestinal microbial communities in L. vannamei ,
s well as in sediment and culture water under aquamimicry
ystems (Zeng, Khoruamkid, et al. 2020 ). 

FT was developed in the 1970s by the French Research Institute
or Exploitation of the Sea (IFREMER-COP) at the Pacific
ceanic Centre. It was initially applied to species including
enaeus monodon , Fenneropenaeus merguiensis , L. vannamei and
. stylirostris (Kaviarasu et al. 2021 ; J. Lal et al. 2024 ). Research
n Israel and the United States during the late 1980s and early
990s, particularly at the Waddell Mariculture Centre, advanced
FT through trials with tilapia and L. vannamei (M. Emerenciano
t al. 2013 ). A landmark industrial-scale implementation in
ahiti (French Polynesia) in 1988 utilized 1000 m2 concrete
anks with minimal water exchange, achieving yields of 20–
5 tonnes per hectare per year across two production cycles
quaculture, Fish and Fisheries, 2026

reat
(M. Emerenciano et al. 2011 ). Although early trials in Tahiti
during the 1980s highlighted the potential of microbial aggregates
in shrimp culture, modern biofloc systems have significantly
advanced through improved aeration, carbon management and
microbial regulation. Since then, commercial BFT operations
have expanded globally, including in Asia, Latin and Central
America, the United States, South Korea, Brazil, Italy, China and
India, demonstrating the system’s broad applicability and success
(Tokrisna 2004 ). 

The rising global demand for L. vannamei and environmental
concerns associated with conventional shrimp farming have
fuelled interest in sustainable alternatives such as aquamimicry
and BFT. Figure 2 illustrates the annual number of publications
indexed in Scopus and PubMed from 2013 to 2025 related to
aquamimicry and BFT in L. vannamei culture, highlighting the
growing focus on technological innovations that promote food
security and environmentally sustainable shrimp aquaculture. 

3.2 Distinguishing Aquamimicry From BFT 

Aquamimicry and BFT are two innovative approaches to sustain-
able shrimp aquaculture, yet they differ significantly in concept,
mechanism and management (Table 1 ). Aquamimicry promotes
the growth of beneficial microorganisms and zooplankton, such
as copepods, through the fermentation of plant-based materials
like rice bran or soybean meal (Ghosh and Hasanuzzaman 2025 ).
This process not only recycles nutrients but also provides a
continuous supply of natural live feed for shrimp (Deepti et al.
2024 ). It emphasizes ecological balance, low water exchange and
lower aeration requirements, making it a more energy-efficient
and nature-based approach (Deepti et al. 2024 ). 

BFT relies on the proliferation of heterotrophic bacteria to convert
waste nutrients, such as ammonia, into microbial protein that
shrimp can consume (C. Li and Dai 2025 ). It typically requires
high aeration to keep the bioflocs suspended and often uses
simple carbon sources like molasses or glucose to maintain an
appropriate C:N ratio (Minaz and Kubilay 2021 ). While BFT effec-
tively improves water quality, reduces feed costs and enhances
biosecurity, it demands high energy input and technical expertise
for optimal management (Ogello et al. 2021 ). 
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TABLE 1 Differentiation between aquamimicry and BFT. 

Characteristics Aquamimicry BFT 

Definition Ecosystem-based approach that stimulates 
heterotrophic bacteria and copepod blooms to provide 
natural feed and improve water quality. (Deepti et al. 

2024 ). 

Stimulates biofloc bacteria to convert organic waste 
and ammonia into microbial biomass, improving 
water quality and nutrient recycling (C. Li and Dai 

2025 ). 
Indoor or outdoor Normally outdoor (Khanjani et al. 2023 ). Both indoor/outdoor (Khanjani et al. 2023 ). 
Stocking densities Conservative (150–300 shrimp m− 2 ) (Khanjani et al. 

2023 ). 
Conservative to high (300 to > 450 shrimp m− 2 ) 

(Khanjani et al. 2023 ). 
Carbon sources External inputs such as rice bran or wheat bran (K. 

Catalani et al. 2023 ; Deepti et al. 2024 ; Cho and Yigit 
2022 ). 

Molasses, carbohydrate-rich materials or 
commercial carbon sources (Abakari et al. 2021b ). 

Microorganisms’ 
addition 

Probiotic use recommended. Limited use of probiotics (Zeng, Khoruamkid, et al. 
2020 ). 

Water exchange Minimum (Khanjani et al. 2023 ). No (Khanjani et al. 2025 ). 
Water quality 
management 

Preserves water quality using natural ecosystem 

processes (Deepti et al. 2024 ). 
Controls key nitrogen compounds through 

microbes and biofiltration (Khanjani et al. 2024 ). 
Stoichiometric 
adjustment of the C:N 

ratio 

No (Khanjani et al. 2023 ). Often (Xu et al. 2016 ). 

Intense zooplankton 
blooms 

Yes (mandatory) (Khanjani et al. 2023 ). Not expected (Yun et al. 2022 ). 

Phytoplankton role Major (TAN uptake and sustain zooplankton blooms) 
(Ghosh and Hasanuzzaman 2025 ). 

Minor (Llario et al. 2019 ). 

Disease Management Enhance shrimp immunity and suppress pathogens 
through symbiotic action. (Deepti et al. 2024 ). 

Enhances biosecurity by suppressing pathogens 
and minimizing chemical/antibiotic use (Butucel 

et al. 2022 ). 
Economic High setup cost; variable operations; manage excess 

sediments (Nisar et al. 2022 ). 
High setup and operational costs (carbon, water 
treatment, electricity) (Khanjani et al. 2024 ). 

Sustainability Eco-friendly; enhances shrimp nutrition with natural 
feed sources (Deepti et al. 2024 ). 

Improves nutrient recycling and lowers 
environmental footprint (C. Li et al. 2023 ). 
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.3 Mechanistic Nutrient Cycling of 
quamimicry Versus BFT Systems 

quamimicry and BFT are intensive shrimp culture systems with
istinct ecological mechanisms (Figure 3 ). In BFT, ammonia
rom shrimp metabolism is rapidly assimilated by heterotrophic
acteria into microbial biomass (bioflocs), supported by external
arbon inputs, continuous aeration and mixing. In contrast,
quamimicry mimics natural estuarine ecosystems, recycling
itrogen through planktonic and detrital loops, relying on fer-
ented plant substrates, moderate energy inputs and a complex
lankton-based food web. Waste assimilation in BFT occurs via
icrobial biomass formation, whereas in aquamimicry wastes
re recycled through detritus → plankton → shrimp pathways.
verall, while both systems enhance water quality and growth,
FT is a microbially-driven system with high external inputs, and
quamimicry functions as a plankton-based ecosystem, reflecting
atural trophic dynamics. 
of 24
3.4 Aquaculture Species Suitable for 
Aquamimicry and BFT Systems 

Aquamimicry systems replicate natural estuarine and mangrove
ecosystems, promoting plankton, beneficial microbes and live
feed organisms, which create a balanced environment for poly-
culture and multi-trophic aquaculture (Khanjani et al. 2023 ;
Deepti et al. 2024 ). Shrimp species such as L. vannamei , P.
monodon , F. merguiensis and Metapenaeus ensis , as well as
finfish like Oreochromis niloticus , Chanos chanos , Lates calcarifer
and Mugil cephalus , benefit from the stable water quality and
natural productivity of these systems (Khanjani et al. 2022 ;
Ambasankar et al. 2022 ; M. M. Lal et al. 2023 ). Co-cultured
crustaceans ( Macrobrachium rosenbergii ) and mollusks ( Cras-
sostrea madrasensis , Perna viridis ) enhance nutrient cycling and
ecosystem stability (Alam et al. 2024 ). Overall, aquamimicry
reduces feed dependency, enhances biodiversity and improves
farm resilience. 
Aquaculture, Fish and Fisheries, 2026
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FIGURE 3 Mechanistic nutrient cycling and system-level comparison between aquamimicry and biofloc technology (BFT) shrimp culture systems. 
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n contrast, BFT is designed for species tolerant to high suspended
olids and variable water quality (Mugwanya et al. 2021 ). Air-
reathing fish ( Heteropneustes fossilis , Clarias batrachus , Ompok
abda , Anabas testudineus , Pangasianodon hypophthalmus ) per-
orm well under BFT conditions, while non-air-breathing species
 Cyprinus carpio , Labeo rohita , O. niloticus , C. chanos ) also show
avourable growth (Mugwanya et al. 2021 ). Among crustaceans, L.
annamei , P. monodon , Litopenaeus stylirostris , Farfantepenaeus
aulensis and M. rosenbergii thrive in biofloc systems (M. Emeren-
iano et al. 2011 ; Mugwanya et al. 2021 ; Cardona et al. 2016 ).
ntegrated culture studies indicate that co-culturing L. vannamei
ith mullet ( Mugil curema ) in BFT can increase total production
TP) by ∼ 31% (Legarda et al. 2019 ). 

hile aquamimicry emphasizes ecological mimicry and polycul-
ure for ecosystem stability and reduced feed inputs, BFT prior-
tizes high-density production of tolerant species with enhanced
utrient recycling and microbial management. Selection between
hese systems should consider species tolerance, production goals
nd sustainability objectives. 

.5 Microorganisms in Aquamimicry and BFT 

he use of probiotics in modern aquaculture has expanded
onsiderably, as they help maintain a healthy gut microbiota
De et al. 2014 ) and improve the nutritional value of plant-based
eed ingredients through fermentation (Van Nguyen et al. 2018 ).
n aquamimicry systems, probiotics synergize with fermented
arbon substrates, inhibiting pathogens via quorum-sensing
athways, enhancing shrimp immune responses, supporting in
itu water bioremediation and increasing post-larval survival
Deepti et al. 2024 ). Notably, shrimp acquire only a minor
quaculture, Fish and Fisheries, 2026
portion of their gut microbiota from surrounding water; intestinal
microbial community succession is largely driven by the host’s
developmental stage and age (V. Xiong et al. 2019 ; J. Xiong et al.
2020 ). 

Liquid fermented rice bran (LFRB), produced by fermenting
rice bran with Bacillus subtilis for 24 h under aeration, can
alter hepatopancreas microbial composition and improve sur-
vival and growth in L. vannamei (Abdel-Tawwab et al. 2022 ;
Liñan-Vidriales et al. 2021 ). In BFT systems, microbial dynamics
involve floc-forming bacteria, saprophytes, nitrifiers, algal grazers
and potential pathogens (Kumar et al. 2021 ). Bacterial densities
typically range from 106 to 109 CFU mL− 1 (Avnimelech 2007 ),
regulated by C:N ratio, carbon source, species cultured, salinity
and water quality parameters (Halim et al. 2025a , 2025b , 2025c ,
2025d ). 

Recent metagenomic studies have revealed the functional poten-
tial of these microbial communities, identifying genes involved
in nitrogen and carbon metabolism, antimicrobial compound
production and immune modulation (J. Xiong et al. 2020 ).
Quantitative ecological indices, such as the Shannon index and
Simpson’s index, are increasingly used to characterize microbial
diversity and metagenomic monitoring, with higher diversity
correlating with system stability, disease resistance and improved
shrimp growth (Cardona et al. 2016 ). For example, BFT systems
with Shannon indices > 3.5 demonstrate greater resilience against
Vibrio outbreaks, while aquamimicry ponds with moderate Simp-
son indices indicate balanced dominance of beneficial species
(Ghosh and Hasanuzzaman 2025 ). 

Microbial communities interact through quorum sensing, com-
petitive exclusion and production of antimicrobial compounds,
7 of 24
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hich collectively suppress pathogens and stabilize water qual-
ty (Panigrahi et al. 2021 ). Co-culturing probiotics with het-
rotrophic bacteria can produce synbiotic effects, enhancing
hrimp immune responses and supporting nutrient recycling
Ringø 2020 ; De et al. 2014 ). Incorporating metagenomic monitor-
ng and diversity indices allows predictive management of system
ealth, informing carbon supplementation, probiotic dosing and
ater exchange strategies. Table 2 summarizes microorganisms
ommonly associated with aquamimicry systems, while Table 3
ists beneficial microbes frequently observed in BFT environ-
ents. 

.6 Total Haemocyte Counts of L. vannamei in 

quamimicry and BFT Systems 

otal hemocyte count (THC) serves as a vital immunological
arameter for assessing the health and immune capacity of L.
annamei , since haemocytes play critical roles in phagocytosis,
ncapsulation, coagulation and defence against pathogens (Tong
t al. ( 2020 ). In the aquamimicry system, THCs are influenced
y natural microbial communities, fermented rice bran and
table water quality, creating a probiotic-rich environment that
romotes immune stimulation (Deepti et al. 2024 ). Shrimp reared
nder aquamimicry therefore tend to exhibit moderate to high
HCs due to continuous exposure to beneficial bacteria and
atural detritus (Khanjani et al. 2022 ). In contrast, the BFT
ystem provides dense microbial flocs that function as both
 biosecurity barrier and a nutritional supplement, supplying
icrobial proteins, essential fatty acids and immunostimulants
hat further enhance immune activity (Ogello et al. 2021 ). As
 result, L. vannamei cultured in BFT typically shows higher
HCs than those reared in aquamimicry, largely due to greater
icrobial diversity, continuous immunological stimulation and
nriched bioactive compounds (Raza et al. 2024 ). Overall, both
quamimicry and BFT outperform traditional clear-water culture
y supporting elevated THCs and stronger immune responses,
hich ultimately contribute to higher disease resistance, better
urvival and improved stress tolerance. 

he comparative data presented (Table 4 ) for aquamimicry and
FT systems demonstrate clear differences in growth perfor-
ance, feeding regimes, stocking duration and immune status
f L. vannamei , as reflected by THCs. Under aquamimicry
onditions, shrimp exhibited relatively higher final body weight
FW) and longer culture duration, with FW values of 10.71 ± 9.13 g
t water temperatures of approximately 27.97 ± 0.62◦C similar
o Eissa et al. ( 2025 ). Feeding strategies based on formulated
eed (FP) or feed combined with plankton-based carbon sources
FCPC) supported salinity at 19.99 ± 14.84% and were associated
ith elevated THCs ranging from 40.48 × 104 to 34.03 × 107 cells
L− 1 (Eissa et al. 2025 ; Galkanda-Arachchige et al. 2021 ). These
igh THC values indicate enhanced immune competence, likely
riven by stable water quality and the availability of natural biota
n aquamimicry systems. 

n contrast, shrimp reared in BFT systems generally showed
ower final body weights but were cultured at comparable tem-
eratures (27.95 ± 0.51◦C) under controlled feeding conditions
sing commercial feeds (CF1 and CF2 ). Salinity in BFT ranged
7.00 ± 9.67, with THCs varying between 2.44 × 105 and 45.69
of 24 Aquaculture, Fish and Fisheries, 2026
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TABLE 3 List of microorganisms with bacterial loads recorded in BFT system for L. vannamei aquaculture. 

Microbial species names 
Bacterial 
abundance Cited literature 

Cyanobacteria 3.86 × 107 cells/L K. Catalani et al. ( 2023 ) 
Lysinibacillus fusiformis , Enterococcus hirae 72.36 × 109 CFU/mL Halim et al. ( 2025c ) 

235.80 × 109 CFU/ mL Halim et al. ( 2025d ) 
131.76 × 109 CFU/mL Halim et al. ( 2025b ) 

Gammaproteobacteria, Thiotrichaceae, Leucothrix, 
Alphaproteobacteria, Rhodobacteraceae, Bacteroidetes, and 
Saprospiraceae 

— Cardona et al. ( 2016 ) 

Pseudomonas spp., including Pseudomonas fluorescens 105 –108 CFU/mL Dou et al. ( 2021 ) 
Bacillus subtilis 106 CFU/mL He et al. ( 2023 ) 
Bacillus species 10.42 × 108 cells/g Hostins et al. ( 2017 ) 
Vibrio species 9.76 × 108 cells/g 
Heterotrophic microbial populations 5.93 × 105 CFU/mL Khanjani et al. ( 2020 ) 
Bacillus subtilis 109 CFU/L K. F. Liu et al. ( 2010 ) 
Vibrio fluvialis , Vibrio alginolyticus , Aeromonas hydrophila , Aeromonas 
salmonicida and Pseudomonas aeruginosa 

105 CFU/mL Manan et al. ( 2017 ) 

Cobetia, Exiguobacterium , Bacillus , Marinilactibacillus , Staphylococcus 
and Novosphingobium 

104 CFU/mL Panigrahi et al. ( 2017 ) 

Heterotrophic bacteria 6.12 × 104 CFU/mL Panigrahi et al. ( 2020 ) 
Heterotrophic bacteria 98.24 × 106 CFU/mL Rajkumar et al. ( 2016 ) 
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105 cells mL− 1 (Halim et al. 2025b , 2025c , 2025d ; Panigrahi
t al. 2019 ). The observed variability in THCs under BFT reflects
ifferences in culture intensity, biofloc density and feeding
egimes, which can differentially stimulate the shrimp immune
ystem. Overall, while aquamimicry systems tend to support
igher growth and consistently elevated immune responses, BFT
ystems demonstrate greater flexibility in management and can
lso promote strong immunological performance when opti-
ized, highlighting the influence of culture strategy on shrimp
ealth and productivity. 

.7 Proximate Composition (On a Dry Weight 
asis) of L. vannamei in Aquamimicry and BFT 

ystems 

he nutrient content and availability in feed are crucial determi-
ants of the proximate composition of cultured aquatic species
Gunalan et al. 2013 ). In the present study, the proximate
omposition of L. vannamei was analysed on a dry-weight basis
o evaluate the nutritional quality of shrimp cultivated under
quamimicry and BFT systems. Key biochemical components,
ncluding crude protein, crude lipid, ash and carbohydrates, were
uantified following the standard procedures established by the
ssociation of Official Analytical Chemists (AOAC). Noticeable
ifferences in proximate composition were found between the
wo culture systems, reflecting variations in microbial activity,
atural productivity and nutrient availability. Shrimp cultured
n the BFT system generally exhibited higher protein and ash
ontents, likely due to continuous ingestion of biofloc particles
hat function as a natural supplemental feed (El-Sayed 2021 ).
quaculture, Fish and Fisheries, 2026
In contrast, aquamimicry-reared shrimp displayed relatively
higher lipid levels and more stable carbohydrate concentrations,
indicating efficient energy utilization and consistent nutrient
assimilation from plankton-based natural feeds (Abdel-Tawwab
et al. 2022 ). Overall, these findings demonstrate that culture envi-
ronment significantly influences the nutritional profile of L. van-
namei , offering valuable insights for optimizing feeding strategies
and improving culture system efficiency (Y. Li et al. 2024 ). 

As presented in Table 5 , shrimp reared under aquamimicry
showed consistently high protein content (71.35 ± 1.20%), indicat-
ing stable nutrient assimilation within the plankton-mimicking
environment. Lipid content was comparatively higher (16.07
± 11.08%), reflecting the availability of natural detritus and
energy-rich particulates. Conversely, ash (6.20%) and carbohy-
drate (6.39%) levels remained relatively low, suggesting moderate
mineral deposition and glycogen storage. 

Shrimp cultured in the BFT system exhibited a more vari-
able biochemical profile. Although average protein content was
slightly lower (69.46 ± 9.30%), ash (14.28%) and carbohydrate
(10.26%) contents were markedly higher, indicating enhanced
mineral uptake and increased glycogen accumulation associated
with continuous exposure to suspended microbial flocs. Lipid
content was substantially lower (6.00 ± 3.26%), consistent with
leaner tissue formation in biofloc-based systems. In summary,
aquamimicry favours the development of lipid-rich, high-energy
tissues, whereas BFT promotes greater mineralization and car-
bohydrate accumulation. These contrasting nutritional outcomes
reflect the distinct ecological and trophic dynamics inherent to
each culture strategy. 
9 of 24
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3.8 Growth Parameters 

Aquamimicry has been developed in shrimp aquaculture to
replicate natural environmental conditions, fostering healthier
and more sustainable shrimp production (Khanjani et al. 2023 ).
This method is designed to improve feed efficiency, reduce disease
incidence, limit the need for water exchange and enhance overall
production quality (Zeng, Khoruamkid, et al. 2020 ). Research has
shown that incorporating fermented carbohydrate substrates in
culture ponds stimulates plankton growth, particularly copepods,
by supporting heterotrophic microbial communities that mimic
natural aquatic ecosystems (Deepak et al. 2020 ; Romano and
Kumar 2017 ). In addition, Damayanti et al. ( 2020 ) reported that
fermentation of rice bran significantly increased the produc-
tion of live feed, such as Moina macrocopa , compared with
unfermented treatments. 

The summarized growth-performance data highlight clear con-
trasts between aquamimicry and BFT systems for L. vannamei
culture under comparable thermal conditions (Table 6 ). In
aquamimicry systems, water temperature remained within the
optimal 27.54 ± 1.51◦C, supporting moderate stocking durations
of 58.33 ± 32.13 days and relatively low culture densities (1.35
± 1.16 ind. L− 1 ). Shrimp in these systems exhibited steady
growth, with an average FW of 10.93 ± 7.40 g and high survival
rates (86.77 ± 13.83%). FCRs were generally favourable (1.63 ±
0.63), while specific growth rate (SGR) showed considerable
variability (3.43 ± 2.37% day− 1 ), reflecting differences in feed type,
stocking strategy and natural productivity across studies. Overall,
aquamimicry promoted stable growth performance with efficient
feed utilization and consistent survivability. 

In contrast, BFT systems operated at slightly higher mean tem-
peratures (28.18 ± 1.90◦C) and shorter but more intensive culture
cycles (52.82 ± 30.49 days), typically at higher stocking densities
(0.90 ± 1.15 ind. L− 1 ) and with greater system inputs. Although
average final weight (8.11 ± 7.95 g) and survival (83.62 ± 12.97%)
were slightly lower than in aquamimicry. However, BFT systems
showed higher variability in feed efficiency and growth dynamics,
as reflected by a broader range of FCR values (mean 1.59 ± 0.46)
and generally elevated SGR (5.13 ± 4.21% day− 1 ). TP tended to be
higher in BFT due to intensified management and continuous
nutrient recycling, despite the modest individual growth. 

Overall, aquamimicry systems favour consistent individual
growth, feed efficiency and survival under semi-natural condi-
tions (Khanjani et al. 2023 ), whereas BFT systems emphasize
intensified production with higher growth rates and greater
variability in performance indicators (Ogello et al. 2021 ). These
differences underscore the influence of culture strategy, feeding
regime and stocking management on growth performance and
productivity of L. vannamei , providing valuable guidance for
selecting system-specific management approaches. 

The comparative analysis indicated no statistically significant
differences between aquamimicry and BFT for most performance
indicators ( p > 0.05) (Table S2 ). Aquamimicry showed slightly
higher survival rate (86.77 ± 13.83%) and final weight (10.93 ±
7.40 g) than BFT (83.62 ± 12.97% and 8.11 ± 7.95 g, respectively),
although the effect sizes were small (Cohen’s d = 0.24 and
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TABLE 6 Comparison of growth performance of L. vannamei between aquamimicry and biofloc (BFT) systems. 

System 

WT 

(◦C) FC ST ( ‰ ) 
CD 

(days) SD/L IW (g) FW (g) SR (%) FCR 

SGR (% 

day− 1 ) 
TP 

(kg/m3 ) Cited literature 

Aquaminicry 24.19 CF1 11.42 120 0.60 1.44 11.73 53.3 1.75 1.75 0.10 K. Catalani et al. 
( 2023 ) 

28.5 — 5 72 — — 24.48 92 1.33 — 0.4 Zeng, Khoruamkid, 
et al. ( 2020 ) 

27 RB 37.50 28 — 6.50 12.25 98.25 2.23 2.24 0.18 Liñan-Vidriales et al. 
( 2021 ) 

26.70 BS 18.33 84 1 0.51 6.35 88.70 — 2.80 4.80 Abdel-Tawwab et al. 
( 2022 ) 

29.70 SD 2.80 30 — 0.59 6.03 100 1.60 7.75 0.60 Qiu and Davis ( 2018 ) 
28.85 SF 15.5 75 0.25 4.79 15.39 82.78 1.58 1.56 0.38 Van Nguyen et al. 

( 2018 ) 
27.28 CF2 28.18 30 2.62 — 0.76 83.15 0.52 — 1.43 Cho and Yigit ( 2022 ) 
27.53 DC1 30.48 56 0.025 5.01 17.16 90.83 1.39 2.19 0.40 Eissa et al. ( 2025 ) 
28.40 CF3 9.50 56 — 0.17 4.25 91.88 2.64 5.75 — Galkanda- 

Arachchige et al. 
( 2021 ) 

Av . 27.54 18.69 58.33 1.35 3.14 10.93 86.77 1.63 3.43 1.08 
SD 1.51 11.83 32.13 1.16 2.60 7.40 13.83 0.63 2.37 1.48 
BFT 27.42 FNB 32.60 35 2.50 0.02 0.85 83.58 1.39 9.50 1.80 Brito et al. ( 2016 ) 

29.20 FG 30.78 47 0.50 7.81 13.42 79 — 1.15 1.06 de Morais et al. ( 2020 ) 
28 CF4 16.50 42 4.88 0.09 0.44 89.88 1.50 8.60 0.04 Esparza-Leal et al. 

( 2015 ) 
26.87 CD1 26.87 42 1 1.30 5.22 83.64 2.61 3.31 0.44 Furtado et al. ( 2015 ) 
29.20 CF5 34.71 119 0.35 0.18 11.58 98.14 1.24 3.50 4.54 Gaona et al. ( 2016 ) 
29.05 DC2 19.50 49 0.25 4.70 13.27 86.92 — 2.12 2.88 Jatobá et al. ( 2014 ) 
28.73 CFS 5 63 0.27 0.81 11.81 90.67 1.26 4.18 2.87 Huang et al. ( 2022 ) 
27.50 LD 33.30 14 0.40 0.01 0.13 91.50 — 18.32 0.01 S. K. Kim et al. ( 2014 ) 
30.77 CF6 32.95 32 1 0.10 1.66 87.49 1.30 8.81 0.15 Khanjani et al. ( 2017 ) 
30.63 CF7 22.09 35 1 2.56 5.97 80.32 — 2.36 0.48 Khanjani, Alizadeh, 

et al. ( 2020 ) 
30.51 CFBF 21.01 27 1 0.07 0.66 83.93 — 6.73 0.06 Khanjani, Sharifinia, 

et al. ( 2020 ) 
28.63 CD2 30.30 120 0.90 0.96 13.80 82.73 1.70 2.22 3.09 Krummenauer et al. 

( 2011 ) 
26.66 BCF 33.14 30 0.31 3.50 8.08 92.94 1.17 1 2.34 Krummenauer et al. 

( 2014 ) 
28.63 FD 30.30 112 0.10 1.34 19.32 88.22 1.18 2.41 1.70 Panigrahi et al. ( 2017 ) 
29.10 HI, EXP 29.64 77 0.29 4.70 28.01 88.24 1.66 2.32 8 Prangnell et al. ( 2022 ) 
23.32 CP 25 30 0.13 0.15 7.09 86.25 — 4.34 0.61 Rajkumar et al. ( 2016 ) 
30.70 HF 16.20 84 0.25 0.72 22.10 49.70 2.50 4.08 1.10 Ray et al. ( 2011 ) 
27.80 CFA 31.60 48 3 0.01 0.67 86.20 1.10 1.40 1.70 Tierney and Ray 

( 2018 ) 
24 SF 32 30 0.19 7.41 10.83 89.53 — 1.25 0.97 Xu et al. ( 2013 ) 
27.42 CF8 7.5 42 0.50 0.02 0.32 42.17 1.85 6.15 0.07 Halim et al. ( 2025c ) 

(Continues) 
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TABLE 6 (Continued) 

System 

WT 

(◦C) FC ST ( ‰ ) 
CD 

(days) SD/L IW (g) FW (g) SR (%) FCR 

SGR (% 

day− 1 ) 
TP 

(kg/m3 ) Cited literature 

27.98 CF8 15 42 0.50 0.03 1.54 90 1.87 9.49 1.44 Halim et al. ( 2025d ) 
27.75 CF8 15 42 0.50 0.03 1.60 88.5 1.50 9.57 0.71 Halim et al. ( 2025b ) 

Av . 28.18 24.59 52.82 0.90 1.66 8.11 83.62 1.59 5.13 1.64 
SD 1.90 8.90 30.49 1.15 2.43 7.95 12.97 0.46 4.21 1.86 

Abbreviations: CD, culture duration; FC, feed composition; FCR, feed conversion ratio; FW, final body weight; IW, initial body weight; SD, stocking density; SGR, 
specific growth rate; SR, survival rate; ST, salinity; TP, total production; WT, water temperature. 
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.36). FCR was nearly identical between the systems ( d = 0.07),
ndicating negligible differences in feed efficiency. Conversely,
FT demonstrated somewhat higher SGR and biomass yield, but
hese differences were also small and statistically non-significant
 d = − 0.46 and − 0.32). Overall, the results suggest that both
ystems produce comparable production performance, with only
inor variations depending on the indicator. 

 wide variety of feed types and formulations were applied across
he experimental trials. CF1 refers to a commercial Guabi feed
ontaining 40% crude protein. RB denotes rice bran fermented
sing a consortium of Bacillus and Lysinibacillus species, while
S indicates rice bran fermented specifically with B. subtilis .
D represents spray-dried fermented biomass incorporated at
nclusion levels of 0, 25, 50 and 100 g/kg as a partial substitute
or fishmeal. SF consists of soybean meal fermented with B.
ubtilis , blended with locally sourced fishmeal (600 g/kg protein)
nd imported Chilean fishmeal (650 g/kg protein). CF2 is a
ommercial feed containing 50% protein and 7% lipid. 

C1 describes a formulated diet comprising fishmeal (72% pro-
ein), soybean meal (38%), corn gluten (63%), wheat bran, yellow
orn, soybean oil, starch and a vitamin–mineral premix. CF3
ncludes a commercial feed with protein ≥ 50%, fat ≥ 15% and
ibre ≤ 1%. FNB is a formulated diet containing 40% protein and
% lipid, enriched with Navicula spp. and Brachionus plicatilis . FG
efers to Guabi commercial feed (1.60 mm pellet size) containing
0% protein. CF4 and CD1 are commercial feeds containing 40%
nd 38% protein, respectively, with CD1 also providing 8% lipid.
F5 contains 38% protein and 8% lipid, while DC2 represents
iets formulated with protein levels of 24.30%, 30.30%, 32.90% and
6.70%. 

FS denotes a commercial shrimp feed containing 40% protein,
% lipid, 5% fibre, 15% ash and 12% moisture, whereas LD refers to
 larval diet with 45% protein. CF6 and CF7 differ in protein and
ipid composition but share similar ash and moisture contents.
FBF represents a commercial feed (42% protein) supplemented
ith moist biofloc at 15% of body weight. CD2 is a commercial
iet containing 38% protein. BCF refers to diets incorporating
iofloc at graded levels (0%–100%) with a 40% protein commercial
eed. FD denotes a formulated diet with 35% protein. HI and
XP feeds differ in proximate composition, while CP indicates
haroen Pokphand feed containing 34.50% protein. HF refers
o a hyper-intensive feed formulation. CFA denotes commercial
eed supplemented with Artemia , SF indicates shrimp feed with
0% protein and CF8 refers to finely crumbled commercial feed
0.25–1 mm) containing 40% protein. 
quaculture, Fish and Fisheries, 2026
3.9 Key Water Quality Indicators 

Environmental conditions, including water temperature, salinity,
dissolved oxygen (DO) and pH, play a pivotal role throughout
the culture period of L. vannamei (Lara et al. 2017 ). Variations
in these parameters can markedly influence shrimp physiological
processes such as growth, metabolism, reproduction and molting
(Nugraha et al. 2023 ). Critical water quality variables includ-
ing temperature, alkalinity, salinity, pH, DO, concentrations of
ammonia and nitrite and total suspended solids (TSS) also affect
nitrification dynamics within the culture environment (Abakari
et al. 2021a ). 

In this study, measured values were as follows: DO at 6.30
± 0.50 ppm, temperature at 26.80 ± 1.20◦C, pH at 7.90 ±
0.20, salinity at 16.50 ± 0.20 ‰ , total ammonia-N at 0.42 ±
0.05 ppm, nitrite-N at 0.02 ± 0.05 ppm and nitrate-N at 31.06 ±
29.69 ppm. All observed parameters fell within the optimal ranges
recommended for L. vannamei culture (Furtado et al. 2015 ).
Furthermore, maintaining alkalinity above 100 mg CaCO3 L− 1 

is essential for promoting stable biofloc formation and ensuring
overall system stability (Furtado et al. 2015 ). 

The compiled water-quality data clearly illustrate contrasting
environmental characteristics between aquamimicry and BFT
systems used for L. vannamei culture (Table 7 ). In aquamimicry
systems, pH values generally ranged from slightly acidic to mod-
erately alkaline, with an overall mean of 7.65 ± 0.53, reflecting
relatively stable and buffered conditions. Water temperature
remained within a narrow optimal 27.54 ± 1.51◦C, while DO levels
were consistently adequate for shrimp growth 6.28 ± 0.94 mg L− 1 .
Ammonia and nitrite concentrations were comparatively low on
average (1.16 ± 1.06 and 1.15 ± 1.41 mg L− 1 , respectively), indicating
effective natural nitrification supported by plankton-based pro-
ductivity. Salinity was relatively long 18.69 ± 11.83 ‰ , and where
reported, TSS and alkalinity values suggested moderate organic
loading and sufficient buffering capacity, consistent with semi-
natural, low-intensity culture conditions reported across multiple
studies. 

In contrast, BFT systems exhibited a more dynamic and nutrient-
rich water quality profile. Mean pH (7.70 ± 0.34) and temperature
(28.18 ± 1.90◦C) were comparable to aquamimicry, but DO levels
were slightly lower on average (5.99 ± 0.81 mg L− 1 ), reflecting
higher microbial respiration associated with dense biofloc com-
munities. Nitrate and nitrite concentrations were markedly more
variable and generally higher (48.78 ± 77.85 and 2.50 ± 3.29 mg
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L− 1 , respectively), highlighting the intense nitrogen turnover
typical of BFT systems. Salinity averaged 24.42 ± 8.89 ‰ , while
TSS levels were substantially elevated (mean 378.15 ± 242.43 mg
L− 1 ), a defining feature of biofloc-based culture. Alkalinity values
(133.94 ± 61.56 mg CaCO3 L− 1 ) further emphasize the need for
active buffering to sustain microbial activity and system stability.

Aquamimicry systems generally maintain more stable water
quality, exhibit lower nutrient concentrations and contain mod-
erate levels of organic matter, primarily supported by natural
productivity (Ghosh and Hasanuzzaman 2025 ; Khanjani, Shar-
ifinia, et al. 2020 ). In contrast, BFT systems are characterized
by higher organic and microbial activity, increased suspended
solids and greater variability in nitrogenous compounds (Abakari
et al. 2021b ; Khanjani et al. 2024 ). These differences in water-
quality prof iles highlight the distinct ecological dynamics of each
culture method and emphasize the necessity of implementing
management strategies tailored to the specific system to ensure
optimal shrimp health and growth performance. 

Climate resilience in aquamimicry and biofloc systems has been
supported by studies reporting tolerance of cultured species
to a wide range of environmental conditions. For instance, L.
vannamei demonstrates optimal growth within a temperature
range of approximately 26◦C–32◦C, while maintaining survival at
slightly broader limits ( ≈ 22◦C–35◦C) (Halim et al. 2025c ; Halim
et al. 2025d ). Similarly, this species tolerates salinity fluctuations
from 5 ‰ –35 ‰ , with best performance typically observed between
10 ‰ and 25 ‰ (Y. Liu et al. 2023 ; Cho and Yigit 2022 ). 

In biofloc systems, microbial activity contributes to buffering
environmental fluctuations, allowing stable production even
under moderate temperature and salinity shifts. Several studies
report successful culture of shrimp and finfish under low-salinity
( < 10 ‰ ) and high-density conditions, indicating system-level
resilience (K. M. Catalani 2020 ; Abdel-Tawwab et al. 2022 ; Halim
et al. 2025c ). 

However, the degree of resilience is species-specific and
management-dependent, influenced by factors such as aeration,
carbon source, stocking density and microbial community
structure. Therefore, while both systems show adaptive capacity
to environmental variability, their performance under climate
stressors should be interpreted within defined operational ranges
rather than generalized. 

Water exchange requirements differ substantially between con-
ventional, aquamimicry and biofloc systems. Conventional
shrimp culture typically involves daily water exchange rates of
10%–30%, whereas aquamimicry systems operate with minimal
exchange (generally < 5% per day), relying on natural ecosystem
processes for water quality maintenance (Khanjani et al. 2022 ).
In contrast, BFT systems are designed for near-zero or zero
water exchange, with only periodic additions to compensate for
evaporation and sludge removal (Khanjani et al. 2024 ). 

In terms of water use efficiency, conventional systems may
require 20,000–60,000 m3 of water per tonne of shrimp produced,
while aquamimicry systems can reduce this to approximately
5000–15,000 m3 tonne− 1 (K. Catalani et al. 2023 ). BFT systems
demonstrate the greatest efficiency, with water use often reported
15 of 24
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gement practices (M. Emerenciano et al. 2013 ). These reductions
re primarily achieved through microbial nutrient recycling,
educed effluent discharge and improved internal water quality
egulation. 

 range of feed types and formulations were used in the
xperiments. CF1 denotes a commercial Guabi feed containing
0% crude protein, while CF2 provides 50% protein and 7% crude
at. RB represents rice bran fermented using a consortium of
acillus and Lysinibacillus strains, and BS indicates rice bran
ermented with B. subtilis . SD refers to spray-dried fermented
iomass included at 0, 25, 50 and 100 g/kg as a partial fishmeal
eplacement. SF consists of soybean meal fermented with B.
ubtilis , blended with local fishmeal (600 g/kg protein) and
hilean fishmeal (650 g/kg protein). 

C1 is a formulated diet made up of fishmeal (72% protein),
oybean meal (38%), corn gluten (63%), wheat bran, yellow corn,
oybean oil, starch and a vitamin–mineral premix. CF3 includes
eed with protein ≥ 50%, fat ≥ 15% and fibre ≤ 1%. FNB is a
ormulated feed with 40% protein and 8% lipid, enriched with
avicula spp. and B. plicatilis . FG represents Guabi 1.60 mm feed
ith 40% protein. CF4 contains 40% protein, while CD1 has 38%
rotein and 8% lipids. CF5 provides 38% protein and 8% lipid.
C2 represents diets formulated with 24.30%, 30.30%, 32.90% and
6.70% protein. 

FS is a commercial shrimp feed with 40% protein, 5% lipid, 5%
ibre, 15% ash and 12% moisture. LD is a larval diet with 45%
rotein. CF6 contains 38% protein, 9% lipid, 3% fibre, 14% ash and
0% moisture, while CF7 includes 36% protein, 8% lipid, 3% fibre,
4% ash and 10% moisture. CFBF denotes commercial feed (42%
rotein) supplemented with moist bioflocs at 15% of body weight.
D2 contains 38% protein. BCF represents biofloc applied at 0%,
5%, 50%, 75% and 100% with commercial feed containing 40%
rotein. FD is a formulated diet with 35% protein. 

I feed (% wet weight) contains 35.80% protein, 8.70% lipid, 1.90%
ibre, 9.70% ash and 37.20% carbohydrate. EXP feed contains
9.50% protein, 9.20% lipid, 3% fibre, 12.30% ash and 31% car-
ohydrate. CP is Charoen Pokph feed with 34.50% protein. HF
s a hyper-intensive feed with 33.40% protein, 10.40% fat, 8.60%
oisture and 6.60% ash. CFA refers to commercial feed enriched
ith Artemia , SF is shrimp feed with 40% protein, and CF8 is
inely crumbled commercial feed (0.25–1 mm) containing 40%
rotein. 

 Assessment of Advantages, Limitations, 
xpenses, and Applications of Aquamimicry and 

FT Systems 

quamimicry and BFT represent two ecologically driven yet
perationally distinct approaches to intensive shrimp culture
Table 8 ). Aquamimicry is designed to simulate natural estuarine
nd mangrove food webs by promoting the growth of beneficial
lankton, benthic organisms and probiotic microbial commu-
ities (Ghosh and Hasanuzzaman 2025 ). This approach offers
everal benefits, including high survival rates, reduced physio-
ogical stress, improved immune response and lower dependence
6 of 24
on formulated feeds due to the availability of natural live food
(Deepti et al. 2024 ). However, aquamimicry generally produces
moderate growth rates and comparatively lower TP than highly
intensive systems (Sangsayan et al. 2025 ). Performance may also
vary with environmental conditions and the quality of fermented
carbon and biological inputs used (Khanjani et al. 2022 ). In terms
of costs, aquamimicry requires relatively low capital investment
and modest operational expenses, as it relies on earthen ponds,
limited aeration and reduced energy input (Nisar et al. 2022 ).
Consequently, this system is well suited for small to medium-
scale farmers, low-input sustainable aquaculture and regions
with limited or unreliable electricity supply (Deepak et al. 2020 ). 

In contrast, BFT is an intensive culture system driven by
microbial activity, where dissolved nitrogenous compounds are
converted into bioflocs through precise regulation of the C:N
ratio and constant aeration (Khanjani et al. 2024 ). Its main
advantage is the capacity to support high stocking densities,
accelerate biomass growth, and maximize TP, all while reducing
water exchange and environmental discharge (Ogello et al. 2021 ).
Bioflocs also serve as a supplemental protein source, improving
feed utilization and overall productivity (Khanjani and Sharifinia
2020 ). Despite these advantages, BFT is operationally complex
and highly sensitive to management failures, particularly aera-
tion disruption, excessive floc accumulation and imbalances in
water quality (Khanjani et al. 2024 ). These factors can elevate
stress and disease risks if not carefully controlled. BFT entails
high capital and operational costs due to the need for lined ponds
or tanks, continuous aeration, carbon source inputs and intensive
monitoring (Ogello et al. 2021 ). As a result, this system is best
suited for technically skilled operators, commercial-scale farms
and settings where land is limited but energy and investment
capacity are sufficient (Khanjani et al. 2024 ). 

Overall, aquamimicry emphasizes system stability, animal wel-
fare and cost-effectiveness, making it a lower-risk and envi-
ronmentally harmonious option for sustainable shrimp farming
(Islam et al. 2024 ). In contrast, BFT prioritizes maximum
productivity and nutrient recycling efficiency, offering higher
economic returns under optimal management but with greater
technical demands and operational risk (M. G. C. Emerenciano
et al. 2025 ). Both approaches show potential under controlled
conditions but requires standardized validation across different
species, environments and management practices. The choice
between these systems should therefore be guided by farmer
capacity, infrastructure availability, risk tolerance and production
objectives. 

5 Challenges of Aquamimicry and BFT 

The advancement of aquaculture technologies has greatly
improved productivity and sustainability, yet many farmers con-
tinue to face limited access to modern tools, infrastructure and
technical expertise necessary for effective management (Mustafa
et al. 2021 ). Inadequate system maintenance further heightens the
risk of disease outbreaks and the emergence of new pathogens
(Subasinghe et al. 2023 ). Moreover, many sustainable culture sys-
tems require large treatment ponds and are difficult to implement
in indoor environments. To mitigate these challenges, rigorous
monitoring, proper treatment of used water, responsible effluent
Aquaculture, Fish and Fisheries, 2026
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TABLE 8 Comparison of aquamimicry and biofloc technology (BFT) in terms of benefits, limitations, costs and practical applications. 

Aspect Aquamimicry Biofloc technology (BFT) 

Core concept Aquamimicry creates an aquatic system 

regulated by synbiotics (beneficial bacteria and 
prebiotics) (Khanjani et al. 2023 ). 

Manipulates microbial communities through C:N 

ratio management to convert waste nutrients into 
bioflocs (Markou et al. 2024 ). 

Main benefits It ensures high survival through reduced stress 
and natural feeding behaviour, enhances shrimp 
health and immunity and lowers dependence on 

artificial feeds (Ghosh and Hasanuzzaman 
2025 ). 

Higher total production and biomass yield 
through efficient nutrient recycling, waste 

utilization and minimal water exchange, resulting 
in reduced environmental discharge (Nisar et al. 

2022 ). 
Growth performance Moderate growth with stable size distribution 

(Cho and Yigit 2022 ). 
Rapid growth and higher stocking density 

potential (Said et al. 2024 ). 
Feed utilization Natural live feed supplements reduce feed input 

and FCR (Khanjani et al. 2023 ). 
Bioflocs act as supplemental protein source, 

improving feed efficiency (Panigrahi et al. 2019 ). 
Water quality management Relies on balanced ecological processes and 

moderate water exchange (Cho and Yigit 2022 ). 
Requires strict control of aeration, C:N ratio and 

solids (Minaz and Kubilay 2021 ). 
Disease resistance Enhanced due to natural microbial diversity and 

probiotic dominance (Zeng, Khoruamkid, et al. 
2020 ). 

Improved immunity but risk of stress-related 
outbreaks if floc load is poorly managed (Said and 

Ahmed 2022 ). 
Drawbacks It delivers lower yields than BFT and relies on 

natural carbon inputs, with performance 
sensitive to environmental conditions (Deepti 

et al. 2024 ). 

The system has high operational complexity, is 
highly sensitive to power failures and aeration 
breakdowns and carries a risk of water quality 

deterioration under poor management (Raza et al. 
2024 ). 

Capital cost Low to moderate (earthen ponds, minimal 
infrastructure) (K. Catalani et al. 2023 ). 

High (intensive aeration, liners, monitoring 
equipment) (Abakari et al. 2021b ). 

Operational cost Relatively low due to reduced energy and feed 
use (Khanjani et al. 2022 ). 

High due to continuous aeration, carbon source 
addition and monitoring (Abakari et al. 2021b ). 

Energy requirement Low to moderate (Sangsayan et al. 2025 ). Very high (24/7 aeration essential) (M. M. Lal 
et al. 2023 ). 

Environmental impact Environment-friendly, mimics natural 
ecosystems with moderate nutrient discharge 

(Deepti et al. 2024 ). 

Highly eco-efficient with minimal discharge but 
energy intensive (Khanjani et al. 2024 ). 

Skill requirement Moderate technical knowledge sufficient 
(Ghosh and Hasanuzzaman 2025 ). 

High technical expertise required for system 

stability (McCusker et al. 2023 ). 
Risk level Lower production risk; more resilient system 

(Khanjani et al. 2023 ). 
Higher risk due to system sensitivity and 

dependence on management (Mugwanya et al. 
2021 ). 

Suitable applications It is suitable for small- to medium-scale farmers, 
low-input sustainable shrimp farming and areas 

with limited electricity (Islam et al. 2024 ). 

This approach is suited for intensive commercial 
shrimp farming, utilizing high-density cultures in 
biosecure indoor or lined pond systems, especially 
where land availability is limited (El-Sayed 2021 ). 

Economic suitability Best for risk-averse farmers seeking stable 
returns (Deepti et al. 2024 ). 

Best for investors targeting maximum yield and 
profitability (Khanjani et al. 2024 ). 
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anagement and thorough soil preparation after each crop cycle
re essential to maintain optimal pond conditions. 

mong innovative approaches, the aquamimicry system has
merged as a promising method for sustainable shrimp farm-
ng. However, it still faces practical limitations such as its
imited adaptability to indoor facilities, risk of new disease
mergence and the requirement for extensive sediment manage-
ent. Despite these challenges, aquamimicry aligns closely with
quaculture, Fish and Fisheries, 2026
the goals of sustainable aquaculture by enhancing production
efficiency without substantial increases in water or land use.
It is environmentally friendly, cost-effective and supports both
economic and social sustainability (Santhanam et al. 2020 ). 

The incorporation of fermented bran enriched with probiotics
in aquamimicry systems has demonstrated notable success in
shrimp culture by improving water quality and growth perfor-
mance (Deepti et al. 2024 ). Shrimp produced under these systems
17 of 24
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re naturally fed, exhibiting higher immunocompetence and dis-
ase resistance (Ghosh and Hasanuzzaman 2025 ). Furthermore,
he absence of harmful chemicals and antibiotics allows the pro-
uction of organic, environmentally responsible seafood (Sheng
nd Wang 2021 ) However, the use of fermented carbon sources
equires caution, as organic acids such as acetic and lactic acids
an alter pH and inhibit beneficial microorganisms, including
acillus species and zooplankton (Ng and Koh 2017 ). Elevated
utrient concentrations from these additives may also promote
he growth of undesirable microbes or algae, emphasizing the
eed for careful nutrient management and sediment control
Hwang et al. 2024 ). 

FT contributes to sustainable aquaculture by facilitating micro-
ial floc formation, which enhances both water quality and
eed utilization. Successful operation, however, requires careful
anagement of water parameters. Recommended TSS levels are
00–1000 ppm (Gaona et al. 2011 ), total ammonia nitrogen (TAN)
hould be kept below 0.50 ppm (Krummenauer et al. 2020 ) and
O must remain above 5 ppm (Lara et al. 2017 ). The optimal floc
olume (FV) ranges between 5 and 10 mL/L and can be measured
sing Imhoff cones (Deng et al. 2018 ). Maintaining a C:N ratio of
0:1 has been shown to improve nitrification efficiency (Luo et al.
020 ). Adequate aeration, for example 33.75 L/min in L. vannamei
ulture, supports the proliferation of nitrifying bacteria, while
nsufficient aeration can lead to microbial imbalance (Mugwanya
t al. 2021 ; de Morais et al. 2020 ). 

espite its benefits, BFT presents certain challenges, including
igh energy requirements and susceptibility to power interrup-
ions, which can lead to substantial production losses (Prates et al.
023 ; Sun et al. 2023 ). The elevated electricity costs particularly
estrict its adoption among small-scale farmers (Zhao et al. 2023 ).
n addition, off-flavours such as geosmin and 2-methylisoborneol,
roduced by Actinomycetes and filamentous cyanobacteria, may
educe the market value of cultured fish and shrimp (Mugwanya
t al. 2021 ). 

oth aquamimicry and biofloc systems share the overarching
oal of enhancing water quality, improving productivity and
nsuring environmental sustainability (Nisar et al. 2022 ). While
quamimicry emphasizes ecological mimicry and natural feeding
ynamics, biofloc focuses on microbial recycling and nutrient
tilization (Khanjani et al. 2023 ). Integrating both systems could
enerate synergistic benefits strengthening resilience against
nvironmental fluctuations, disease risks and market uncertain-
ies (Khanjani et al. 2023 ). However, such integration requires
areful system design, controlled experimentation and adaptive
anagement. Collaborative efforts among researchers, practi-
ioners and industry stakeholders will be essential to refine these
ybrid approaches and advance their sustainable application in
odern aquaculture. 

 Future Prospects and Recommendations for 
quamimicry and BFT 

quamimicry and BFT offer promising strategies for sustainable
quaculture, but both approaches encounter challenges such as
igh initial capital investment, considerable energy requirements
nd the need for skilled management (Laktuka et al. 2023 ;
8 of 24
Gupta et al. 2024 ). Advances in technology are helping to
address these limitations, making the implementation of these
systems more practical and efficient (Gupta et al. 2024 ; Laktuka
et al. 2023 ). Ensuring technical feasibility is crucial to attain
economic sustainability (Khanjani et al. 2024 ). Given the high
upfront costs, financial support from banks, donor agencies
and NGOs is essential to encourage adoption among farmers
(Khanjani et al. 2024 ). Future efforts in aquamimicry and BFT
development should focus on optimizing both systems to enhance
sustainable and efficient shrimp production (Nisar et al. 2022 ).
Integrative strategies that combine the natural feed enhancement
of aquamimicry with the nutrient recycling benefits of BFT may
improve survival rates, growth performance and feed utilization
efficiency (Deepak et al. 2020 ; Nisar et al. 2022 ). 

Research is needed to fine-tune species-specific parameters such
as salinity, temperature and C:N ratio, along with real-time water
quality monitoring to prevent sudden deterioration, especially
in BFT systems (Matishov et al. 2025 ). Innovations in low-
cost carbon sources for BFT and fermented natural inputs for
aquamimicry can enhance microbial activity and natural feed
production (Nisar et al. 2022 ). Efforts should target small to
medium-scale farmers through user-friendly system designs and
practical training programs to improve management skills while
minimizing environmental impact (W. Liu et al. 2025 ). Empha-
sis on reduced water exchange, effective waste utilization and
integration with multi-trophic aquaculture can further support
sustainability (Al-Saeedi and Massad 2025 ). Finally, economic
viability studies and policy support, including technical guide-
lines and pilot projects, are essential to promote adoption and
ensure long-term profitability under local conditions. 

With the rapid development of artificial intelligence (AI), aqua-
culture is becoming increasingly technology-driven (Wu et al.
2022 ). AI-based systems can enhance production efficiency by
enabling smart feeding practices and real-time monitoring of
water quality and animal health (Alghamdi and Haraz 2025 ). The
integration of Fourth Industrial Revolution technologies such
as the Internet of Things (IoT), AI, big data analytics, cloud
computing, 5G networks, automatic identification systems, high-
resolution satellite imagery, machine learning, in situ sensor
networks and robotics provides considerable opportunities to
optimize productivity, processing and marketing in aquaculture
(Zreikat et al. 2025 ). 

These technologies help reduce reliance on manual labour, min-
imize risks and enable automation along with intelligent farm
management. The integration of ICT and IoT with aquamimicry
and BFT facilitates continuous monitoring of essential farm-
ing parameters through sensors, ensuring optimal growth and
health of cultured species (Naz et al. 2025 ). Smart aquacul-
ture, combining these advanced technologies with aquamimicry
and BFT, can be divided into three key areas: (1) Real-time
monitoring of physical and chemical environmental conditions,
(2) proactive management of potential crises using prediction
models, early warning systems and risk mitigation strategies and
(3) health and disease surveillance by tracking behavioural and
physiological indicators of cultured organisms in real time (Hu
et al. 2020 ). Combining BFT with aquamimicry continues to be
a critical strategy for improving sustainability and production
efficiency. 
Aquaculture, Fish and Fisheries, 2026
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 Conclusion 

quamimicry and BFT are two innovative and sustainable
pproaches for culturing whiteleg shrimp ( L. vannamei ).
quamimicry enhances natural feed production through
lankton-based food webs, supporting higher survival rates
nd more natural growth conditions, whereas BFT focuses
n nutrient recycling via microbial floc formation, enabling
igh stocking densities, rapid biomass accumulation and
fficient feed utilization. Both systems reduce environmental
mpacts by minimizing water exchange and improving waste
anagement, though they face challenges such as energy
equirements, technical complexity and initial investment
osts. The choice between aquamimicry and BFT depends on
roduction goals, available resources and managerial expertise.
uture research should prioritize hybrid production models that
ombine the strengths of both systems, long-term economic and
nvironmental assessments, co-culture strategies, integration
f ICT/IoT and AI for smart aquaculture, pathogen control
rotocols, regulatory frameworks for commercial adoption and
limate-resilient practices. Collectively, these advancements
rovide promising pathways toward sustainable, resilient
nd profitable L. vannamei aquaculture, supporting a more
fficient and environmentally responsible shrimp farming sector.
erformance advantages between aquamimicry and BFT appear
o be context-dependent and influenced by key management
ariables. 

uthor Contributions 

d. Abdul Halim : resources, writing – original draft, formal analysis,
ata curation, conceptualization, software, formal analysis, writing –
eview and editing. Dania Aziz : methodology, project administration,
upervision, validation, investigation. Aziz Arshad : conceptualization.
ur Leena W. S. Wong : visualization. M. M. Nabi : visualization,
onceptualization. Muhammad Hamidur Rahman : data curation.
d. Ariful Islam : conceptualization. Md. Saiful Islam : conceptual-

zation. Debashis Kumar Mondal : resources. Md. Fakhrul Islam :
isualization. Md. Eilious Hosain : conceptualization. 

cknowledgements 

he authors sincerely thank Dr. Farah Izana binti Abdullah, Mr. Ahmad
nuar Bin Zainal, En. Noraidi Mustafa Al Bakri, En. Nurisham Yahaya,
r. Jeeva Prakash Tanasygaran, Mrs. Nurbani A. Samad, Mr. Razali
okhtar, Mr. Nor Hisham Jusoh, and En. Nasoha bin Abdul Malek of
-AQUAS, UPM, Port Dickson, for their valuable support and assistance.
he authors also acknowledge the support of the Science and Technology
ellowship Trust, Ministry of Science and Technology, Bangladesh. 

unding 

he authors have nothing to report. 

onflicts of Interest 

he authors declare no conflicts of interest. 

ata Availability Statement 

he data supporting the findings of this review study are available from
he corresponding author upon reasonable request. 
quaculture, Fish and Fisheries, 2026
References 

Abakari, G., G. Luo, and E. O. Kombat. 2021a. “Dynamics of Nitrogenous
Compounds and Their Control in Biofloc Technology (BFT) Systems: A
Review.” Aquaculture and Fisheries 6, no. 5: 441–447. 

Abakari, G., G. Luo, E. O. Kombat, and E. H. Alhassan. 2021b. “Sup-
plemental Carbon Sources Applied in Biofloc Technology Aquaculture
Systems: Types, Effects and Future Research.” Reviews in Aquaculture 13,
no. 3: 1193–1222. 

Abdel-Tawwab, M., R. H. Khalil, A. M. Nour, B. K. Elkhayat, E. Khalifa,
and H. M. Abdel-Latif. 2022. “Effects of Bacillus subtilis -Fermented
Rice Bran on Water Quality, Performance, Antioxidants/Oxidants, and
Immunity Biomarkers of White Leg Shrimp ( Litopenaeus vannamei )
Reared at Different Salinities With Zero Water Exchange.” Journal of
Applied Aquaculture 34, no. 2: 332–357. 

Alam, M. M., N. O. G. Jørgensen, D. Bass, et al. 2024. “Potential of
Integrated Multitrophic Aquaculture to Make Prawn Farming Sustainable
in Bangladesh.” Frontiers in Sustainable Food Systems 8: 1412919. 

Alghamdi, M., and Y. G. Haraz. 2025. “Smart Biofloc Systems: Leveraging
Artificial Intelligence (AI) and Internet of Things (IoT) for Sustainable
Aquaculture Practices.” Processes 13, no. 7: 2204. 

Al-Saeedi, N. K., and M. Q. Massad. 2025. “Exploring the Efficacy of
Integrated Multi-Trophic Aquaculture (IMTA) for Nutrient Recycling and
Productivity Enhancement in Marshlands.” IOP Conference Series: Earth
and Environmental Science 1487: 012162. 

Ambasankar, K., T. Sivaramakrishnan, K. K. Vasagam, J. S. Dayal, and
K. P. Sandeep. 2022. “Development of Formulated Broodstock Feed for
Milkfish ( Chanos chanos ) and Grey Mullet ( Mughil cephalus ).” Recent
Advances in Hatchery Seed Production and Farming of Milkfish 3500, no.
4000: 51. 

Anastasiou, E., A. T. Balafoutis, and S. Fountas. 2023. “Applications of
Extended Reality (XR) in Agriculture, Livestock Farming, and Aquacul-
ture: A Review.” Smart Agricultural Technology 3: 100105. 

Anh, P. T., C. Kroeze, S. R. Bush, and A. P. J. Mol. 2010. “Water Pollution by
Intensive Brackish Shrimp Farming in South-East Vietnam: Causes and
Options for Control.” Agricultural Water Management 97, no. 6: 872–882. 

Assefa, A., and F. Abunna. 2018. “Maintenance of Fish Health in
Aquaculture: Review of Epidemiological Approaches for Prevention and
Control of Infectious Disease of Fish.” Veterinary Medicine International
2018, no. 1: 5432497. 

Astiyani, W. P., E. A. Prama, M. Akbarurrasyid, et al. 2020. “2109 An
Economic Analysis Ecoshrimp White Shrimp ( Litopenaeus vannamei )
Concept on Shrimp Culture With Plastic Pond, Indonesia.” Aquacultura
Indonesiana 21: 68. 

Avnimelech, Y. 2007. “Feeding With Microbial Flocs by Tilapia in
Minimal Discharge Bio-Flocs Technology Ponds.” Aquaculture 264, no.
1–4: 140–147. 

Avnimelech, Y., M. Kochba, B. Suryakumar, and A. Ghanekar. 2012.
“Nitrogen Isotope: Tool to Evaluate Protein Uptake in Biofloc Systems.”
Global Aquaculture Alliance 74–75. 

Berners-Lee, M., C. Kennelly, R. Watson, and C. N. Hewitt. 2018. “Current
Global Food Production Is Sufficient to Meet Human Nutritional Needs
in 2050 Provided There Is Radical Societal Adaptation.” Elementa: Science
of the Anthropocene 6: 52. 

Bossier, P., and J. Ekasari. 2017. “Biofloc Technology Application in
Aquaculture to Support Sustainable Development Goals.” Microbial
Biotechnology 10, no. 5: 1012–1016. 

Brito, L. O., I. G. S. dos Santos, J. L. de Abreu, M. T. de Araújo, W. Severi,
and A. O. Gàlvez. 2016. “Effect of the Addition of Diatoms ( Navicula
spp.) and Rotifers ( Brachionus plicatilis ) on Water Quality and Growth
of the Litopenaeus vannamei Postlarvae Reared in a Biofloc System.”
Aquaculture Research 47, no. 12: 3990–3997. 
19 of 24

ive C
om

m
ons L

icense



B  

a  

n

C  

C  

s

C  

o  

S  

a
A

C  

“  

t  

B

C  

t  

A  

U

C  

P  

W  

o  

R

C  

“  

C  

A  

R

C  

S  

A  

a

C  

P
O

C  

b

D  

G  

M  

E

d  

W  

v  

t

D  

a  

I  

a

D  

N  

t

D  

2  

f  

A

d  

2  

D  

(  

7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2

 26938847, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aff2.70244 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicab
utucel, E., I. Balta, D. McCleery, et al. 2022. “Farm Biosecurity Measures
nd Interventions With an Impact on Bacterial Biofilms.” Agriculture 12,
o. 8: 1251. 

ardona, E., Y. Gueguen, K. Magré, et al. 2016. “Bacterial Community
haracterization of Water and Intestine of the Shrimp Litopenaeus
tylirostris in a Biofloc System.” BMC Microbiology 16, no. 1: 157. 

ardona, E., B. Lorgeoux, C. Geffroy, et al. 2015. “Relative Contribution
f Natural Productivity and Compound Feed to Tissue Growth in Blue
hrimp ( Litopenaeus stylirostris ) Reared in Biofloc: Assessment by C
nd N Stable Isotope Ratios and Effect on Key Digestive Enzymes.”
quaculture 448: 288–297. 

atalani, K., W. Wasielesky, R. Zuñiga, M. S. D. Souza, and G. Foes. 2023.
Comparison Between Biofloc Technology System and Aquamimicry in
he Cultivation of Litopenaeus vannamei in Lined Ponds in Southern
razil.” Boletim do Instituto de Pesca 49: 1–15. 

atalani, K. M. 2020. “Aquamimicry System: Technological Alterna-
ive for Intensive Cultivation of Marine Shrimp Litopenaeus vannamei .
 Comparison With the Biofloc System (BFT).” PhD diss., Federal
niversity of Rio Grande. 

hakrapani, S., A. Panigrahi, J. Sundaresan, M. R. Sivakumar, R.
alanisamy, and V. Kumar. 2021. “Three Different C: N Ratios for Pacific
hite Shrimp, Penaeus vannamei Under Practical Conditions: Evaluation
f Growth Performance, Immune and Metabolic Pathways.” Aquaculture
esearch 52, no. 3: 1255–1266. 

heng, A. C., S. P. Yeh, S. Y. Hu, H. L. Lin, and C. H. Liu. 2020.
Intestinal Microbiota of White Shrimp, Litopenaeus vannamei , Fed Diets
ontaining Bacillus subtilis E20-Fermented Soybean Meal (FSBM) or an
ntimicrobial Peptide Derived From B. subtilis E20-FSBM.” Aquaculture
esearch 51, no. 1: 41–50. 

ho, Y., and U. M. U. T. Yigit. 2022. “Biomass Gain, Feed Efficiency and
urvival Rates in White Leg Shrimp ( Litopenaeus vannamei ) Cultured in
quamimicry Concept and Conventional Methods With Water Exchange
nd Settling Chamber.”Marine Reports 1, no. 2: 75–91. 

howdhury, S., S. Rheman, N. Debnath, et al. 2022. “Antibiotics Usage
ractices in Aquaculture in Bangladesh and Their Associated Factors.”
ne Health 15: 100445. 

hristophe, B., M. Barange, R. Subasinghe, et al. 2015. “Feeding 9 Billion
y 2050 Putting Fish Back on the Menu.” Food Security 7, no. 2: 261–274. 

amayanti, K. Y., A. S. Mubarak, and L. A. Sari. 2020. “The Effect of
iving Fermented Rice Bran Suspension on Fecundity and Production of
oina macrocopa Offspring Per Parent.” IOP Conference Series: Earth and
nvironmental Science 441: 012156. 

a Silveira, L. G. P., D. Krummenauer, L. H. Poersch, V. T. Rosas, and
. Wasielesky. 2020. “Hyperintensive Stocking Densities for Litopenaeus
annamei Grow-Out in Biofloc Technology Culture System.” Journal of
he World Aquaculture Society 51, no. 6: 1290–1300. 

e, C. B., D. K. Meena, B. K. Behera, P. Das, P. K. D. Mohapatra,
nd A. P. Sharma. 2014. “Probiotics in Fish and Shellfish Culture:
mmunomodulatory and Ecophysiological Responses.” Fish Physiology
nd Biochemistry 40, no. 3: 921–971. 

eepak, A. P., R. J. Vasava, V. R. Elchelwar, et al. 2020. “Aquamimicry:
ew an Innovative Apporoach for Sustainable Development of Aquacul-
ure.” Journal of Entomology and Zoology Studies 8, no. 2: 1029–1031. 

eepti, M., M. Meinam, N. C. Devi, S. K. Singh, and W. M. Devi.
024. “Aquamimicry (Copefloc Technology): An Innovative Approach
or Sustainable Organic Farming With Special Reference to Shrimp
quaculture.” Blue Biotechnology 1, no. 1: 5. 

e Morais, A. P. M., P. C. Abreu, W. Wasielesky, and D. Krummenauer.
020. “Effect of Aeration Intensity on the Biofilm Nitrification Process
uring the Production of the White Shrimp Litopenaeus vannamei
Boone, 1931) in Biofloc and Clear Water Systems.” Aquaculture 514:
34516. 
0 of 24

le 
Deng, M., J. Chen, J. Gou, J. Hou, D. Li, and X. He. 2018. “The Effect of
Different Carbon Sources on Water Quality, Microbial Community and
Structure of Biofloc Systems.” Aquaculture 482: 103–110. 

dos Santos, R. B., P. A. Coelho-Filho, C. S. Assunção, et al. 2022. “The
Effect of Different Synbiotic Preparation Strategies on Water Fertilization
and Zootechnical Performance of Macrobrachium rosenbergii Reared in
the Nursery Stage.” Aquaculture International 30, no. 6: 3159–3178. 

dos Santos, R. B., P. A. Coelho Filho, A. P. Gonçalves, et al. 2022. “Effects
of Organic Carbon Sources on Water Quality, Microbial Flocs Protein and
Performance of Macrobrachium rosenbergii Post-Larvae Reared in Biofloc
and Synbiotic Systems.” Aquaculture Research 53, no. 2: 388–397. 

Dou, L., W. Chen, L. Pan, and F. Huang. 2021. “Characterization of Vibrio
sp. strain AB15 and Pseudomonas fluorescens Strain NB14 From the Biofloc
of Shrimp Culture Ponds Capable of High Ammonia and Nitrite Removal
Efficiency.” Journal of the World Aquaculture Society 52, no. 4: 843–858. 

Ehrlich, P. R., and J. Harte. 2015. “To Feed the World in 2050 Will Require
a Global Revolution.” Proceedings of the National Academy of Sciences of
the United States of America 112, no. 48: 14743–14744. 

Eissa, E.-S. H., H. A. Dowidar, N. Al-Hoshani, et al. 2025. “Dietary
Supplementation With Fermented Prebiotics and Probiotics Can Increase
Growth, Immunity, and Histological Alterations in Pacific Whiteleg
Shrimp ( Litopenaeus vannamei ) Challenged With Vibrio parahaemolyti-
cus .” Aquaculture International 33, no. 1: 62. 

Ekasari, J., D. Angela, S. H. Waluyo, et al. 2014. “The Size of Biofloc
Determines the Nutritional Composition and the Nitrogen Recovery by
Aquaculture Animals.” Aquaculture 426-427: 105–111. 

El-Sayed, A.-F. M. 2021. “Use of Biofloc Technology in Shrimp Aqua-
culture: a Comprehensive Review, With Emphasis on the Last Decade.”
Reviews in Aquaculture 13, no. 1: 676–705. 

Emerenciano, M., E. L. Ballester, R. O. Cavalli, and W. Wasielesky.
2011. “Effect of Biofloc Technology (BFT) on the Early Postlarval Stage
of Pink Shrimp Farfantepenaeus paulensis : Growth Performance, Floc
Composition and Salinity Stress Tolerance.”Aquaculture International 19,
no. 5: 891–901. 

Emerenciano, M., E. Ballester, R. O. Cavalli, and W. Wasielesky. 2012.
“Biofloc Technology Application as a Food Source in a Limited Water
Exchange Nursery System for Pink Shrimp Farfantepenaeus brasiliensis
(Latreille, 1817).” Aquaculture Research 43, no. 3: 447–457. 

Emerenciano, M., G. Gaxiola, and G. Cuzo. 2013. “Biofloc Technology
(BFT): A Review for Aquaculture Application and Animal Food Indus-
try.” In Biomass Now: Cultivation and Utilization , edited by M. D. Matovic,
278–449. InTech. 

Emerenciano, M. G. C., M. H. Khanjani, M. Sharifinia, and A. Miranda-
Baeza. 2025. “Could Biofloc Technology (BFT) Pave the Way Toward a
More Sustainable Aquaculture in Line With the Circular Economy?”
Aquaculture Research 2025, no. 1: 1020045. 

Emerenciano, M. G. C., A. N. Rombenso, F. N. Vieira, et al. 2022.
“Intensification of Penaeid Shrimp Culture: An Applied Review of
Advances in Production Systems, Nutrition and Breeding.” Animals 12,
no. 3: 236. 

Engle, C. R., G. Kumar, and J. van Senten. 2020. “Cost Drivers and
Profitability of US Pond, Raceway, and RAS Aquaculture.” Journal of the
World Aquaculture Society 51, no. 4: 847–873. 

Esparza-Leal, H. M., A. P. Cardozo, and W. Wasielesky. 2015. “Perfor-
mance of Litopenaeus vannamei Postlarvae Reared in Indoor Nursery
Tanks at High Stocking Density in Clear-Water Versus Biofloc System.”
Aquacultural Engineering 68: 28–34. 

FAO. 2016. The State of World Fisheries and Aquaculture 2016. Con-
tributing to Food Security and Nutrition for All . Food and Agriculture
Organization of the United Nations. 

FAO. 2020. The State of World Fisheries and Aquaculture, Sustainability in
Action . Food and Agriculture Organization of the United Nations. 
Aquaculture, Fish and Fisheries, 2026

C
reative C

om
m

ons L
icense



F  

B  

N

F  

a  

S
A

G  

“  

D  

N

G  

P  

P

G  

W  

t  

S

G  

W  

a  

S

G  

A  

a  

1

G  

L
J

G  

2  

v  

7

G  

R  

2

H  

R  

f  

S

H  

F  

L  

C  

8

H  

N  

a
A

H  

B  

r  

t

H  

o  

S

H  

i
A

H  

D  

L
A

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

 26938847, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aff2.70244 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

rea
AO. 2022. The State of World Fisheries and Aquaculture 2022. Towards
lue Transformation . Food and Agriculture Organization of the United
ations. 

urtado, P. S., B. R. Campos, F. P. Serra, M. Klosterhoff, L. A. Romano,
nd W. Wasielesky. 2015. “Effects of Nitrate Toxicity in the Pacific White
hrimp, Litopenaeus vannamei , Reared With Biofloc Technology (BFT).”
quaculture International 23, no. 1: 315–327. 

alkanda-Arachchige, H. S. C., A. S. Hussain, and D. A Davis. 2021.
Fermented Corn Protein Concentrate to Replace Fishmeal in Practical
iets for Pacific White Shrimp Litopenaeus vannamei .” Aquaculture
utrition 27, no. 5: 1640–1649. 

ambelli, D., D. Vairo, F. Solfanelli, and R. Zanoli. 2019. “Economic
erformance of Organic Aquaculture: A Systematic Review.” Marine
olicy 108: 103542. 

aona, C. A. P., F. Da Paz Serra, P. S. Furtado, L. H. Poersch, and W.
asielesky. 2016. “Effect of Different Total Suspended Solids Concen-
rations on the Growth Performance of Litopenaeus vannamei in a BFT
ystem.” Aquacultural Engineering 72-73: 65–69. 

aona, C. A. P., L. H. Poersch, D. Krummenauer, G. K. Foes, and W. J.
asielesky. 2011. “The Effect of Solids Removal on Water Quality, Growth
nd Survival of Litopenaeus vannamei in a Biofloc Technology Culture
ystem.” International Journal of Recirculating Aquaculture 12: 54–73. 

hosh, A. K., and A. F. M. Hasanuzzaman. 2025. “Aquamimicry in
quaculture: A Nature-Based Approach to Improve Growth, Immunity,
nd Environmental Sustainability.” Aquaculture International 33, no. 6:
–25. 

reen, B. N., C. D. Johnson, and A. Adams. 2006. “Writing Narrative
iterature Reviews for Peer-Reviewed Journals: Secrets of the Trade.”
ournal of Chiropractic Medicine 5, no. 3: 101–117. 

unalan, B. S. N. T., T. S. Nina, P. Soundarapandian, and T. Anand.
013. “Nutritive Value of Culture Red, White Leg Shrimp Litopenaeus
annamei .” International Journal of Fisheries and Aquatic Studies 5, no.
: 166–171. 

upta, S., P. Makridis, I. Henry, et al. 2024. “Recent Developments in
ecirculating Aquaculture Systems: A Review.” Aquaculture Research
024, no. 1: 6096671. 

alim, M. A., D. Aziz, A. Arshad, et al. 2025a. “A Systematic Analysis of
ecirculating Aquaculture Systems (RAS) and Biofloc Technology (BFT)
or White Leg Shrimp ( Litopenaeus vannamei ) in the Indoor Farming
ystem.” Aquacultural Engineering 110: 102544. 

alim, M. A., D. Aziz, A. Arshad, et al. 2025b. “Effect of Feeding
requency on Growth, Proximate Composition, and Hemocyte Status of
itopenaeus vannamei and Macrobrachium rosenbergii Under Nursery
o-Culture in a Biofloc System.” North American Journal of Aquaculture
8, no. 1: 1–17. 

alim, M. A., D. Aziz, A. Arshad, et al. 2025c. “Effect of Salinity on
ursery Bi-Culture of Pacific White Leg Shrimp ( Litopenaeus vannamei )
nd Giant Prawn ( Macrobrachium rosenbergii ) in a Biofloc System.”
quaculture Research 2025, no. 1: 5368636. 

alim, M. A., D. Aziz, A. Arshad, et al. 2025d. “Effects of C/N Ratio for
i-Culture of Litopenaeus vannamei (Boone, 1931) and Macrobrachium
osenbergii (de Man, 1879) in a Molasses Based Biofloc System.” Aquacul-
ure, Fish and Fisheries 5, no. 1: e70032. 

amidoghli, A., S. Won, F. A. Aya, et al. 2020. “Dietary Lipid Requirement
f Whiteleg Shrimp Litopenaeus vannamei Juveniles Cultured in Biofloc
ystem.” Aquaculture Nutrition 26, no. 3: 603–612. 

aque, M. M., and M. N. Mahmud. 2025. “Potential Role of Aquaculture
n Advancing Sustainable Development Goals (SDGs) in Bangladesh.”
quaculture Research 2025, no. 1: 6035730. 

e, X., G. Abakari, H. Tan, W. Liu, and G. Luo. 2023. “Effects of
ifferent Probiotics ( Bacillus subtilis ) Addition Strategies on a Culture of
itopenaeus vannamei in Biofloc Technology (BFT) Aquaculture System.”
quaculture 566: 739216. 
quaculture, Fish and Fisheries, 2026
Hostins, B., G. Lara, O. Decamp, D. E. Cesar, and W. Wasielesky. 2017.
“Efficacy and Variations in Bacterial Density in the Gut of Litopenaeus
vannamei Reared in a BFT System and in Clear Water Supplemented With
a Commercial Probiotic Mixture.” Aquaculture 480: 58–64. 

Hu, Z., R. Li, X. Xia, C. Yu, X. Fan, and Y. Zhao. 2020. “A Method Overview
in Smart Aquaculture.” Environmental Monitoring and Assessment 192,
no. 8: 493. 

Huang, H. H., C. Y. Li, T. Liang, Y. J. Lei, P. H. Yang, and M. X. Wu. 2022.
“Effects of Carbon:Nitrogen Ratio (C:N) on Water Quality and Growth
Performance of Litopenaeus vannamei (Boone, 1931) in the Biofloc System
With a Salinity of 5 ‰ .” Aquaculture Research 53, no. 15: 5287–5299. 

Hwang, S. O., I. H. Cho, H. K. Kim, E. A. Hwang, B. H. Han, and B. H.
Kim. 2024. “Toward a Brighter Future: Enhanced Sustainable Methods for
Preventing Algal Blooms and Improving Water Quality.” Hydrobiology 3,
no. 2: 100–118. 

Islam, M. S., M. Das, K. Chakroborty, J. M. Lee, M. R. Islam, and S. M.
Rafiquzzaman. 2024. “Aquamimicry Improves the Growth Performance
and Immunity of Black Tiger Shrimp ( Penaeus monodon ) in Low Saline
Ponds.” Aquaculture Reports 36: 102082. 

Jannathulla, R., J. S. Dayal, D. Vasanthakumar, K. Ambasankar, and
M. Muralidhar. 2017. “Effect of Fermentation Methods on Amino Acids,
Fiber Fractions and Anti-Nutritional Factors in Different Plant Protein
Sources and Essential Amino Acid Index for Penaeus vannamei Boone,
1931.” Indian Journal of Fisheries 64, no. 2: 40–47. 

Jatobá, A., B. C. da Silva, J. S. da Silva, et al. 2014. “Protein Levels for Litope-
naeus vannamei in Semi-Intensive and Biofloc Systems.”Aquaculture 432:
365–371. 

Kaviarasu, D., K. R. John, M. R. George, and A. Rathipriya. 2021.
“Advances in Biofloc Technology for Enhanced Production of Penaeus
vannamei Culture: A Review.” Journal of Aquaculture in the Tropics 36,
no. 1–4: 55–68. 

Khan, T., M. Samiullah, I. Rouf, et al. 2024. “The Nexus of Water Scarcity
and Climate Change: Understanding Interconnected Challenges and
Formulating Resilient Strategies.” International Journal of Environmental
Sciences 7, no. 3: 57–68. 

Khanjani, M. H., M. Alizadeh, and M. Sharifinia. 2020. “Rearing of
the Pacific White Shrimp, Litopenaeus vannamei in a Biofloc System:
The Effects of Different Food Sources and Salinity Levels.” Aquaculture
Nutrition 26, no. 2: 328–337. 

Khanjani, M. H., L. O. B. Da Silva, G. K. Fóes, et al. 2023. “Synbiotics and
Aquamimicry as Alternative Microbial-Based Approaches in Intensive
Shrimp Farming and Biofloc: Novel Disruptive Techniques or Comple-
mentary Management Tools? A Scientific-Based Overview.” Aquaculture
567: 739273. 

Khanjani, M. H., A. Mohammadi, and M. G. C. Emerenciano. 2024.
“Water Quality in Biofloc Technology (BFT): An Applied Review for an
Evolving Aquaculture.” Aquaculture International 32, no. 7: 9321–9374. 

Khanjani, M. H., M. T. Mozanzadeh, and G. K. Fóes. 2022. “Aquamimicry
System: A Sutiable Strategy for Shrimp Aquaculture – A Review.” Annals
of Animal Science 22, no. 4: 1201–1210. 

Khanjani, M. H., M. T. Mozanzadeh, M. Sharifinia, and M. G. C.
Emerenciano. 2023. “Biofloc: A Sustainable Dietary Supplement, Nutri-
tional Value and Functional Properties.” Aquaculture 562: 738757. 

Khanjani, M. H., M. M. Sajjadi, M. Alizadeh, and I. Sourinejad. 2017.
“Nursery Performance of Pacific White Shrimp ( Litopenaeus vannamei
Boone, 1931) Cultivated in a Biofloc System: The Effect of Adding Different
Carbon Sources.” Aquaculture Research 48, no. 4: 1491–1501. 

Khanjani, M. H., and M. Sharifinia. 2020. “Biofloc Technology as
a Promising Tool to Improve Aquaculture Production.” Reviews in
Aquaculture 12, no. 3: 1836–1850. 

Khanjani, M. H., M. Sharifinia, and M. G. C. Emerenciano. 2024. “Biofloc
Technology (BFT) in Aquaculture: What Goes Right, What Goes Wrong?
A Scientific-Based Snapshot.” Aquaculture Nutrition 2024, no. 1: 7496572. 
21 of 24

tive C
om

m
ons L

icense



K  

D  

C  

C  

A

K  

t
A

K  

2  

B  

n

K  

H  

P  

i

K  

2  

S  

2

K  

B  

D

K  

W  

v  

S  

7

K  

2  

L  

S

K  

H  

a

L  

“  

P

L  

A  

M

L  

A  

F  

T  

n

L  

2  

C  

C

L  

R  

T

L  

n  

3

L  

C

L  

p  

v  

L  

2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2

 26938847, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aff2.70244 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

rea
hanjani, M. H., M. Sharifinia, and S. Hajirezaee. 2020. “Effects of
ifferent Salinity Levels on Water Quality, Growth Performance and Body
omposition of Pacific White Shrimp ( Litopenaeus vannamei Boone, 1931)
ultured in a Zero Water Exchange Heterotrophic System.” Annals of
nimal Science 20, no. 4: 1471–1486. 

hanjani, M. H., M. Sharifinia, and S. Hajirezaee. 2022. “Recent Progress
owards the Application of Biofloc Technology for Tilapia Farming.”
quaculture 552: 738021. 

hanjani, M. H., S. Zahedi, M. Sharifinia, S. Hajirezaee, and S. K. Singh.
025. “Biological Removal of Nitrogenous Waste Compounds in the
iofloc Aquaculture System—A Review.” Annals of Animal Science 25,
o. 1: 3–21. 

im, J. H., S. Sohn, S. K. Kim, et al. 2021. “Effects on the Survival Rates,
ematological Parameters, and Neurotransmitters in Olive Flounders,
aralichthys olivaceus , Reared in Bio-Floc and Seawater by Streptococcus
niae Challenge.” Fish & Shellfish Immunology 113: 79–85. 

im, S. K., Z. Pang, H. C. Seo, Y. R. Cho, T. Samocha, and I. K. Jang.
014. “Effect of Bioflocs on Growth and Immune Activity of Pacific White
hrimp, Litopenaeus vannamei Postlarvae.” Aquaculture Research 45, no.
: 362–371. 

rummenauer, D., P. C. Abreu, L. Poersch, et al. 2020. “The Relationship
etween Shrimp ( Litopenaeus vannamei ) Size and Biofloc Consumption
etermined by the Stable Isotope Technique.” Aquaculture 529: 735635. 

rummenauer, D., S. Peixoto, R. O. Cavalli, L. H. Poersch, and W.
asielesky. 2011. “Superintensive Culture of White Shrimp, Litopenaeus
annamei , in a Biofloc Technology System in Southern Brazil at Different
tocking Densities.” Journal of the World Aquaculture Society 42, no. 5:
26–733. 

rummenauer, D., T. Samocha, L. Poersch, G. Lara, and W. Wasielesky.
014. “The Reuse of Water on the Culture of Pacific White Shrimp,
itopenaeus vannamei , in BFT System.” Journal of the World Aquaculture
ociety 45, no. 1: 3–14. 

umar, V., S. Roy, B. K. Behera, P. Bossier, and B. K. Das. 2021. “Acute
epatopancreatic Necrosis Disease (AHPND): Virulence, Pathogenesis
nd Mitigation Strategies in Shrimp Aquaculture.” Toxins 13, no. 8: 524. 

aktuka, K., A. Kalnbalkite, L. Sniega, K. Logins, and D. Lauka. 2023.
Towards the Sustainable Intensification of Aquaculture: Exploring
ossible Ways Forward.” Sustainability 15, no. 24: 16952. 

al, J., A. Vaishnav, K. S. Brar, et al. 2024. “Biofloc Technology: Optimizing
quaculture Through Microbial Innovation.” Journal of Advances in
icrobiology 24, no. 7: 11–24. 

al, M. M., K. T. Brown, P. Chand, and T. D. Pickering. 2023. “An
ssessment of the Aquaculture Potential of Indigenous Freshwater Food
ish of Fiji, Papua New Guinea, Vanuatu, Solomon Islands, Samoa and
onga as Alternatives to Farming of Tilapia.” Reviews in Aquaculture 15,
o. 2: 625–644. 

ara, G., D. Krummenauer, P. C. Abreu, L. H. Poersch, and W. Wasielesky.
017. “The Use of Different Aerators on Litopenaeus vannamei Biofloc
ulture System: Effects on Water Quality, Shrimp Growth and Biofloc
omposition.” Aquaculture International 25, no. 1: 147–162. 

egarda, E. C., M. A. Poli, M. A. Martins, et al. 2019. “Integrated
ecirculating Aquaculture System for Mullet and Shrimp Using Biofloc
echnology.” Aquaculture 512: 734308. 

i, C., and L. Dai. 2025. “Multifunctional Applications of Biofloc Tech-
ology (BFT) in Sustainable Aquaculture: A Review.” Fishes 10, no. 7:
53. 

i, C., X. Zhang, Y. Chen, et al. 2023. “Optimized Utilization of Organic
arbon in Aquaculture Biofloc Systems: A Review.” Fishes 8, no. 9: 465. 

i, Y., S. Cao, S. Jiang, et al. 2024. “Comparative Study of Nutritional Com-
osition, Physiological Indicators, and Genetic Diversity in Litopenaeus
annamei From Different Aquaculture Populations.”Biology 13, no. 9: 722.

iñan-Vidriales, M. A., A. Peña-Rodríguez, D. Tovar-Ramírez, et al.
021. “Effect of Rice Bran Fermented With Bacillus and Lysinibacillus
2 of 24
Species on Dynamic Microbial Activity of Pacific White Shrimp ( Penaeus
vannamei ).” Aquaculture 531: 735958. 

Liu, G., S. Zhu, D. Liu, X. Guo, and Z. Ye. 2017. “Effects of Stocking Density
of the White Shrimp Litopenaeus vannamei (Boone) on Immunities,
Antioxidant Status, and Resistance Against Vibrio harveyi in a Biofloc
System.” Fish & Shellfish Immunology 67: 19–26. 

Liu, K. F., C. H. Chiu, Y. L. Shiu, W. Cheng, and C. H. Liu. 2010. “Effects of
the Probiotic, Bacillus subtilis E20, on the Survival, Development, Stress
Tolerance, and Immune Status of White Shrimp, Litopenaeus vannamei
Larvae.” Fish & Shellfish Immunology 28, no. 5–6: 837–844. 

Liu, W., Y. Yang, Z. Lu, X. Li, M. Ning, and H. He. 2025. “Innovative
Approaches for Enhanced Nutrient (N and P) Removal and Biosecurity
in Marine Recirculating Aquaculture Systems Using Biofloc and Ultrafil-
tration Combined Systems.” Separation and Purification Technology 356:
129766. 

Liu, Y., B. Wang, K. Jiang, Z. Zhao, M. Liu, and L. Wang. 2023. “Effects
of Salinity Training on Growth Performance, Osmotic Regulation, and
Pathogen Resistance of Post-Larval Litopenaeus vannamei .” Aquaculture
562: 738770. 

Llario, F., M. Rodilla, J. Escrivá, S. Falco, and M. T. Sebastiá-Frasquet.
2019. “Phytoplankton Evolution During the Creation of a Biofloc System
for Shrimp Culture.” International Journal of Environmental Science and
Technology 16, no. 1: 211–222. 

Long, L., J. Yang, Y. Li, C. Guan, and F. Wu. 2015. “Effect of Biofloc
Technology on Growth, Digestive Enzyme Activity, Hematology, and
Immune Response of Genetically Improved Farmed Tilapia ( Oreochromis
niloticus ).” Aquaculture 448: 135–141. 

Luo, G., X. Chen, J. Tan, G. Abakari, and H. Tan. 2020. “Effects of
Carbohydrate Addition Strategy and Biofloc Levels on the Establishment
of Nitrification in Biofloc Technology Aquaculture Systems.”Aquaculture
514: 734441. 

Mair, G. C., M. Halwart, Y. Derun, and B. A. Costa-Pierce. 2023.
“A Decadal Outlook for Global Aquaculture.” Journal of the World
Aquaculture Society 54, no. 2: 196–205. 

Malekmohammadi, L. 2025. “Haloculture in a Changing World: A Com-
prehensive Review on Sustainable Agriculture, Saline Water Resource
Management, and Future Prospects Under Water Scarcity and Climate
Change Conditions.” Applied Water Science 15, no. 11: 289. 

Manan, H., J. H. Z. Moh, N. A. Kasan, S. Suratman, and M. Ikhwanuddin.
2017. “Identification of Biofloc Microscopic Composition as the Natural
Bioremediation in Zero Water Exchange of Pacific White Shrimp, Penaeus
vannamei , Culture in Closed Hatchery System.” Applied Water Science 7,
no. 5: 2437–2446. 

Markou, G., C. N. Economou, C. Petrou, et al. 2024. “Biofloc Tech-
nology Combined With Microalgae for Improved Nitrogen Removal at
Lower C/N Ratios Using Artificial Aquaculture Wastewater.”Aquaculture
International 32, no. 2: 1537–1557. 

Matishov, G., B. Meskhi, D. Rudoy, et al. 2025. “Using BioFloc Technology
to Improve Aquaculture Efficiency.” Fishes 10, no. 4: 144. 

McCusker, S., M. B. Warberg, S. J. Davies, et al. 2023. “Biofloc Technology
as Part of a Sustainable Aquaculture System: A Review on the Status and
Innovations for Its Expansion.” Aquaculture, Fish and Fisheries 3, no. 4:
331–352. 

Mehrim, A. I., A. T. Mansour, A. M. Abdelhamied, O. A. Zenhom, M. W.
Ziada, and M. M. Refaey. 2025. “Aquamimicry Feeding System Improved
Growth, Physiological Status, Muscle and Intestine Histomorphology, and
Flesh Quality of Keeled Mullet, Liza carinata .” Aquaculture 595: 741715. 

Miao, S., L. Sun, H. Bu, J. Zhu, and G. Chen. 2017. “Effect of Molasses
Addition at C: N Ratio of 20: 1 on the Water Quality and Growth
Performance of Giant Freshwater Prawn ( Macrobrachium rosenbergii ).”
Aquaculture International 25, no. 4: 1409–1425. 

Minaz, M., and A. Kubilay. 2021. “Operating Parameters Affecting
Biofloc Technology: Carbon Source, Carbon/Nitrogen Ratio, Feeding
Aquaculture, Fish and Fisheries, 2026

tive C
om

m
ons L

icense



R  

M

M  

2  

o  

P

M  

S  

S

M  

2  

P  

C

N  

t  

R  

I

N  

o  

A

N  

U  

T

N  

S  

P  

S  

C  

4

N  

A  

v

O  

2  

A

O  

S  

F

P  

B  

P  

1

P  

S  

G  

v  

I  

7

P  

(  

S  

n  

8

P  

D  

M  

W  

R

P  

n  

G  

1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

 26938847, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aff2.70244 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicabl
egime, Stocking Density, Salinity, Aeration, and Microbial Community
anipulation.” Aquaculture International 29, no. 3: 1121–1140. 

oss, S. M., D. R. Moss, S. M. Arce, D. V. Lightner, and J. M. Lotz.
012. “The Role of Selective Breeding and Biosecurity in the Prevention
f Disease in Penaeid Shrimp Aquaculture.” Journal of Invertebrate
athology 110, no. 2: 247–250. 

ugwanya, M., M. A. Dawood, F. Kimera, and H. Sewilam. 2021. “Biofloc
ystems for Sustainable Production of Economically Important Aquatic
pecies: A Review.” Sustainability 13, no. 13: 7255. 

ustafa, S., A. Estim, R. Shapawi, M. J. Shalehand, and S. R. M. Sidik.
021. “Technological Applications and Adaptations in Aquaculture for
rogress Towards Sustainable Development and Seafood Security.” IOP
onference Series: Earth and Environmental Science 718, no. 1: 012041. 

az, S., S. Iqbal, U. Ishaque, and A. M. M. Chatha. 2025. “Innova-
ive Technology and Emerging Trends in Sustainable Aquaculture: A
oad to Increase Output and Environmental Resilience.” Aquaculture
nternational 33, no. 7: 634. 

g, W. K., and C. B. Koh. 2017. “The Utilization and Mode of Action
f Organic Acids in the Feeds of Cultured Aquatic Animals.” Reviews in
quaculture 9, no. 4: 342–368. 

isar, U., D. Peng, Y. Mu, and Y. Sun. 2022. “A Solution for Sustainable
tilization of Aquaculture Waste: A Comprehensive Review of Biofloc
echnology and Aquamimicry.” Frontiers in Nutrition 8: 791738. 

ovriadi, R., R. Fadhilah, A. Eka Wahyudi, D. A. Prayogi, I. Ilham, and
. Nanda. 2021. “Effects of Nano-Scale Nutrients Supplement on Natural
roductivity of Thalassiosira sp. and Growth Performance of Pacific White
hrimp, Litopenaeus vannamei , Reared Under Intensive Conditions Using
oncrete Tank Culture System.” Jurnal Akuakultur Indonesia 20, no. 1:
7–55. 

ugraha, M. A. R., N. R. Dewi, M. Awaluddin, et al. 2023. “Recirculating
quaculture System (RAS) Towards Emerging Whiteleg Shrimp ( Penaeus
annamei ) Aquaculture.” International Aquatic Research 15, no. 1: 1–14. 

gello, E. O., N. O. Outa, K. O. Obiero, D. N. Kyule, and J. M. Munguti.
021. “The Prospects of Biofloc Technology (BFT) for Sustainable
quaculture Development.” Scientific African 14: e01053. 

livier, J., L. Klerkx, and T. N. D. Khoa. 2018. “Aquaculture Innovation
ystem Analysis of Transition to Sustainable Intensification in Shrimp
arming.” Agronomy for Sustainable Development 38, no. 3: 34. 

anigrahi, A., P. Esakkiraj, R. R. Das, et al. 2021. “Bioaugmentation of
iofloc System With Enzymatic Bacterial Strains for High Health and
roduction Performance of Penaeus indicus .” Scientific Reports 11, no. 1:
3633. 

anigrahi, A., C. Saranya, K. Ambiganandam, M. Sundaram, M. R.
ivakumar, and K. P. Kumaraguru Vasagam. 2020. “Evaluation of Biofloc
eneration Protocols to Adopt High Density Nursery Rearing of Penaeus
annamei for Better Growth Performances, Protective Responses and
mmuno Modulation in Biofloc Based Technology.” Aquaculture 522:
35095. 

anigrahi, A., C. Saranya, M. Sundaram, et al. 2018. “Carbon:Nitr ogen
C:N) Ratio Level Variation Influences Microbial Community of the
ystem and Growth as Well as Immunity of Shrimp ( Litopenaeus van-
amei ) in Biofloc Based Culture System.” Fish & Shellfish Immunology
1: 329–337. 

anigrahi, A., M. Sundaram, S. Chakrapani, S. Rajasekar, J. Syama
ayal, and G. Chavali. 2019. “Effect of Carbon and Nitrogen Ratio (C:N)
anipulation on the Production Performance and Immunity of Pacific
hite Shrimp Litopenaeus vannamei (Boone, 1931) in a Biofloc-Based
earing System.” Aquaculture Research 50, no. 1: 29–41. 

anigrahi, A., M. Sundaram, J. Jebha, et al. 2017. “Biofloc Based Tech-
ology Evaluation for Nutrient Dense Culture System for Nursery and
row-Out Farming of Pacific White Shrimp Penaeus vannamei Boone,
931.” Indian Journal of Fisheries 64: 2–13. 
quaculture, Fish and Fisheries, 2026
Prangnell, D. I., L. F. Castro, A. S. Ali, C. L. Browdy, and T. M.
Samocha. 2022. “The Performance of Juvenile Litopenaeus vannamei Fed
Commercial Diets of Differing Protein Content, in a Super-Intensive
Biofloc-Dominated System.” Journal of Applied Aquaculture 34, no. 1:
1–22. 

Prates, E., M. Holanda, V. F. Pedrosa, J. M. Monserrat, and W. Wasielesky.
2023. “Compensatory Growth and Energy Reserves Changes in the Pacific
White Shrimp ( Litopenaeus vannamei ) Reared in Different Temperatures
and Under Feed Restriction in Biofloc Technology System (BFT).”
Aquaculture 562: 738821. 

Qiu, X., and D. A. Davis. 2018. “Evaluation of Dried Fermented Biomass as
a Feed Ingredient in Plant-Based Practical Diets for Juvenile Pacific White
Shrimp Litopenaeus vannamei .” Aquaculture Nutrition 24, no. 1: 383–391. 

Quyen, N. T. K., H. V. Hien, L. N. D. Khoi, N. Yagi, and A. K.
L. Riple. 2020. “Quality Management Practices of Intensive Whiteleg
Shrimp ( Litopenaeus vannamei ) Farming: A Study of the Mekong Delta,
Vietnam.” Sustainability 12, no. 11: 4520. 

Rajkumar, M., P. K. Pandey, R. Aravind, A. Vennila, V. Bharti, and C.
S. Purushothaman. 2016. “Effect of Different Biofloc System on Water
Quality, Biofloc Composition and Growth Performance in Litopenaeus
vannamei (Boone, 1931).” Aquaculture Research 47, no. 11: 3432–3444. 

Ramiro, B. D. O., W. Wasielesky, O. A. L. F. Pimentel, et al. 2024. “Assess-
ment of Water Quality, Growth of Penaeus vannamei , and Partial Budget
in Super-Intensive BFT and RAS: A Comparison Between Sustainable
Aquaculture Systems.” Sustainability 16, no. 24: 11005. 

Ray, A. J., K. S. Dillon, and J. M. Lotz. 2011. “Water Quality Dynamics
and Shrimp ( Litopenaeus vannamei ) Production in Intensive, Mesohaline
Culture Systems With Two Levels of Biofloc Management.” Aquacultural
Engineering 45, no. 3: 127–136. 

Raza, B., Z. Zheng, J. Zhu, and W. Yang. 2024. “A Review: Microbes and
Their Effect on Growth Performance of Litopenaeus vannamei (White Leg
Shrimps) During Culture in Biofloc Technology System.”Microorganisms
12, no. 5: 1013. 

Ringø, E. 2020. “Probiotics in Shellfish Aquaculture.” Aquaculture and
Fisheries 5, no. 1: 1–27. 

Ringø, E., and S. K. Song. 2016. “Application of Dietary Supplements
(Synbiotics and Probiotics in Combination With Plant Products and
β-Glucans) in Aquaculture.” Aquaculture Nutrition 22, no. 1: 4–24. 

Rivera, L. M., L. E. Trujillo, J. M. Pais-Chanfrau, et al. 2018. “Functional
Foods as Stimulators of the Immune System of Litopenaeus vannamei
Cultivated in Machala, Province of El Oro, Ecuador.” Italian Journal of
Food Science 31: 227–232. 

Romano, N. 2017. “Aquamimicry: A Revolutionary Concept for Shrimp
Farming.” Global Aquaculture Advocate 10: 1–6. 

Romano, N., A. B. Dauda, N. Ikhsan, M. Karim, and M. S. Kamarudin.
2018. “Fermenting Rice Bran as a Carbon Source for Biofloc Technology
Improved the Water Quality, Growth, Feeding Efficiencies, and Bio-
chemical Composition of African Catfish Clarias gariepinus Juveniles.”
Aquaculture Research 49, no. 12: 3691–3701. 

Romano, N., and V. Kumar. 2017. “Vegetarian Shrimp: Pellet-Free Shrimp
Farming.”World Aquaculture 48, no. 4: 36–39. 

Roy, L. A., A. Bordinhon, D. Sookying, D. A. Davis, T. W. Brown, and G. N.
Whitis. 2009. “Demonstration of Alternative Feeds for the Pacific White
Shrimp, Litopenaeus vannamei , Reared in Low Salinity Waters of West
Alabama.” Aquaculture Research 40, no. 4: 496–503. 

Said, M. M., H. G. Abo-Al-Ela, Y. A. El-Barbary, O. M. Ahmed, and H. S.
Dighiesh. 2024. “Influence of Stocking Density on the Growth, Immune
and Physiological Responses, and Cultivation Environment of White-Leg
Shrimp ( Litopenaeus vannamei ) in Biofloc Systems.” Scientific Reports 14,
no. 1: 11147. 

Said, M. M., and O. M. Ahmed. 2022. “Carbohydrate Supplement Impact
on Growth Performance, Bacterial Community, and Bacterial Food Qual-
23 of 24

e C
reative C

om
m

ons L
icense



i
A

S  

C  

A  

S  

A  

C

S  

u  

S  

a

S  

a
J

S  

o  

c  

(

T  

t  

S

T  

v  

I  

o

T  

a  

P  

E

T  

A
A

T  

F  

E

T  

A  

i  

1

T  

W  

C  

i

T  

“  

F
W

V  

O
A

V  

2  

i  

N

W  

“  

s  

C

W  

a  

E

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2

 26938847, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aff2.70244 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

r

ty of Whiteleg Shrimp ( Litopenaeus vannamei ) Under Biofloc System.”
quaculture Nutrition 2022, no. 1: 8964714. 

angsayan, R., M. T. Kamble, and K. R. Salin. 2025. “Drivers of
arbon Footprint Variability in Shrimp Aquaculture: Insights From
quamimicry Shrimp Farming.” Aquaculture International 33, no. 5: 359.

anthanam, P., N. Manickam, and P. Perumal. 2020. “Biofloc-copefloc:
 Novel Technology Towards Sustained Aquaculture.” Indian Society of
oastal Agricultural Research 38: 43–50. 

heng, L., and L. Wang. 2021. “The Microbial Safety of Fish and Fish Prod-
cts: Recent Advances in Understanding Its Significance, Contamination
ources, and Control Strategies.” Comprehensive Reviews in Food Science
nd Food Safety 20, no. 1: 738–786. 

ubasinghe, R., V. Alday-Sanz, M. G. Bondad-Reantaso, H. Jie, A. P. Shinn,
nd P. Sorgeloos. 2023. “Biosecurity: Reducing the Burden of Disease.”
ournal of the World Aquaculture Society 54, no. 2: 397–426. 

un, Y., H. Hou, D. Dong, et al. 2023. “Comparative Life Cycle Assessment
f Whiteleg Shrimp ( Penaeus vannamei ) Cultured in Recirculating Aqua-
ulture Systems (RAS), Biofloc Technology (BFT) and Higher-Place Ponds
HPP) Farming Systems in China.” Aquaculture 574: 739625. 

hierry, C., and A. G. J. Tacon. 2021. “Importance of Seaweeds and Extrac-
ive Species in Global Aquaculture Production.” Reviews in Fisheries
cience & Aquaculture 29, no. 2: 139–148. 

ian, J., W. Wu, J. Li, et al. 2024. “Development Dilemma of Litopenaeus
annamei Industry in China, Current Countermeasures Taken and Its
mplications for the World Shrimp Aquaculture Industry.” Israeli Journal
f Aquaculture—Bamidgeh 76: 106–116. 

ierney, T. W., and A. J. Ray. 2018. “Comparing Biofloc, Clear-Water,
nd Hybrid Nursery Systems (Part I): Shrimp ( Litopenaeus vannamei )
roduction, Water Quality, and Stable Isotope Dynamics.” Aquacultural
ngineering 82: 73–79. 

inh, T. H., T. A. Momoh, F. Kokou, et al. 2021. “Effects of Carbohydrate
ddition Methods on Pacific White Shrimp ( Litopenaeus vannamei ).”
quaculture 543: 736890. 

okrisna, R. 2004. “Analysis of Shrimp Farms’ Use of Land.” In Shrimp
arming and Mangrove Loss in Thailand , edited by R. Tokrisna, 154–190.
dward Elgar Publishing. 

ong, R., S. Pan, L. Pan, and L. Zhang. 2020. “Effects of Biogenic
mines on the Immune Response and Immunoregulation Mechanism
n Hemocytes of Litopenaeus vannamei In Vitro.”Molecular Immunology
28: 1–9. 

ookwinas, S., K. Chiyakum, and S. Somsueb. 2005. “Aquaculture of
hite Shrimp Penaeus vannamei in Thailand.” In Regional Technical
onsultation on the Aquaculture of P. vannamei and Other Exotic Shrimps
n Southeast Asia , Manila, Tigbauan, Iloilo, Philippines. 

ran, N., E. O. Ogello, N. O. Outa, M. Muthoka, and Y. Hoong. 2023.
Promising Aquaculture Technologies and Innovations for Transforming
ood Systems Toward Low Emission Pathways in Kenya: A Review.”
orking Paper, CGIAR, December. 

alenti, W. C., H. P. Barros, P. Moraes-Valenti, G. W. Bueno, and R.
. Cavalli. 2021. “Aquaculture in Brazil: Past, Present and Future.”
quaculture Reports 19: 100611. 

an Nguyen, N., L. Hoang, T. Van Khanh, P. Duy Hai, and L. T. Hung.
018. “Utilization of Fermented Soybean Meal for Fishmeal Substitution
n Diets of Pacific White Shrimp ( Litopenaeus vannamei ).” Aquaculture
utrition 24, no. 3: 1092–1100. 

ijayanto, D., D. B. Nursanto, F. Kurohman, and R. A. Nugroho. 2017.
Profit Maximization of Whiteleg Shrimp ( Litopenaeus vannamei ) Inten-
ive Culture in Situbondo Regency, Indonesia.” Aquaculture, Aquarium,
onservation & Legislation 10, no. 6: 1436–1444. 

u, Y., Y. Duan, Y. Wei, D. An, and J. Liu. 2022. “Application of Intelligent
nd Unmanned Equipment in Aquaculture: A Review.” Computers and
lectronics in Agriculture 199: 107201. 
4 of 24
Xiao, Y., and M. Watson. 2019. “Guidance on Conducting a Systematic
Literature Review.” Journal of Planning Education and Research 39, no. 1:
93–112. 

Xiong, J., X. Li, M. Yan, J. Lu, Q. Qiu, and J. Chen. 2020. “Comparable
Ecological Processes Govern the Temporal Succession of Gut Bacteria and
Microeukaryotes as Shrimp Aged.”Microbial Ecology 80, no. 4: 935–945. 

Xiong, V., L. Xuan, W. Yu, J. Zhu, Q. Qiu, and J. Chen. 2019. “Spatiotempo-
ral Successions of Shrimp Gut Microbial Colonization: High Consistency
Despite Distinct Species Pool.” Environmental Microbiology 21, no. 4:
1383–1394. 

Xu, W. J., T. C. Morris, and T. M. Samocha. 2016. “Effects of C/N Ratio
on Biofloc Development, Water Quality, and Performance of Litopenaeus
vannamei Juveniles in a Biofloc-Based, High-Density, Zero-Exchange,
Outdoor Tank System.” Aquaculture 453: 169–175. 

Xu, W. J., T. C. Morris, and T. M. Samocha. 2018. “Effects of Two
Commercial Feeds for Semi-Intensive and Hyper-Intensive Culture and
Four C/N Ratios on Water Quality and Performance of Litopenaeus
vannamei Juveniles at High Density in Biofloc-Based, Zero-Exchange
Outdoor Tanks.” Aquaculture 490: 194–202. 

Xu, W. J., L. Q. Pan, X. H. Sun, and J. Huang. 2013. “Effects of Bioflocs on
Water Quality, and Survival, Growth and Digestive Enzyme Activities of
Litopenaeus vannamei (Boone) in Zero-Water Exchange Culture Tanks.”
Aquaculture Research 44, no. 7: 1093–1102. 

Yun, H. S., D. H. Kim, J. G. Kim, Y. S. Kim, and H. S. Yoon. 2022.
“The Microbial Communities (Bacteria, Algae, Zooplankton, and Fungi)
Improved Biofloc Technology Including the Nitrogen-Related Material
Cycle in Litopenaeus vannamei Farms.” Frontiers in Bioengineering and
Biotechnology 10: 883522. 

Zafar, M. A., and M. M. Rana. 2022. “Biofloc Technology: An Eco-Friendly
“Gr een Appr oach” to Boost up A quacultur e Pr oduction.” A quaculture
International 30, no. 1: 51–72. 

Zeng, S., S. Khoruamkid, W. Kongpakdee, et al. 2020. “Dissimilarity of
Microbial Diversity of Pond Water, Shrimp Intestine and Sediment in
Aquamimicry System.” AMB Express 10, no. 1: 180. 

Zeng, S., R. Zhou, S. Bao, et al. 2020. “Identification of Multigene
Biomarker for Shrimp White Feces Syndrome by Full-Length Transcrip-
tome Sequencing.” Frontiers in Genetics 11: 71. 

Zhao, Y., B. Xue, C. Bi, X. Ren, and Y. Liu. 2023. “Influence Mechanisms of
Macro-Infrastructure on Micro-Environments in the Recirculating Aqua-
culture System and Biofloc Technology System.” Reviews in Aquaculture
15, no. 3: 991–1009. 

Zreikat, A. I., Z. AlArnaout, A. Abadleh, E. Elbasi, and N. Mostafa. 2025.
“The Integration of the Internet of Things (IoT) Applications Into 5G
Networks: A Review and Analysis.” Computers 14, no. 7: 250. 

Supporting Information 

Additional supporting information can be found online in the Supporting
Information section. 
Supplementary TableS1 : aff270244-sup-0001- 
tableS1.docx Supplementary TableS2 : aff270244- 
sup-0002-tableS2.docx Supplementary TableS3 : 
aff270244-sup-0003-tableS3.docx 
Aquaculture, Fish and Fisheries, 2026

eative C
om

m
ons L

icense


	A Systematic Review of Aquamimicry and Biofloc Technologies in White Leg Shrimp (Litopenaeus vannamei) Aquaculture
	1 | Introduction
	2 | Material and Methods
	2.1 | Identification, Retrieval and Screening of Relevant Literature
	2.2 | Eligibility Criteria
	2.3 | Analytical Framework and Data Synthesis
	2.4 | Statistical Analysis

	3 | Result and Discussion
	3.1 | Historical Development of Aquamimicry and BFT
	3.2 | Distinguishing Aquamimicry From BFT
	3.3 | Mechanistic Nutrient Cycling of Aquamimicry Versus BFT Systems
	3.4 | Aquaculture Species Suitable for Aquamimicry and BFT Systems
	3.5 | Microorganisms in Aquamimicry and BFT
	3.6 | Total Haemocyte Counts of L. vannamei in Aquamimicry and BFT Systems
	3.7 | Proximate Composition (On a Dry Weight Basis) of L. vannamei in Aquamimicry and BFT Systems
	3.8 | Growth Parameters
	3.9 | Key Water Quality Indicators

	4 | Assessment of Advantages, Limitations, Expenses, and Applications of Aquamimicry and BFT Systems
	5 | Challenges of Aquamimicry and BFT
	6 | Future Prospects and Recommendations for Aquamimicry and BFT
	7 | Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information


