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ABSTRACT

Crustaceans are a highly economically valuable
aquatic resource with important contributions to
aquatic ecology, food security, and international
trade. However, crustacean catches, especially
penaeid shrimp, show high variability due to
habitat degradation, catch pressure, and
environmental changes. This condition is driving
a shift from the exploitation of natural stocks to
cultivation as a strategy to ensure the availability
of supply and meet the growing demands of the
global market. This article presents a systematic
literature review (SLR) of scientific publications for
the period 2015-2025, with reference to the
PRISMA 2020 guidelines. Data were obtained
from international databases (Scopus, Web of
Science, Google Scholar) as well as additional
literature from regional organizations (FAO,
SEAFDEC, KKP). The results of the survey
revealed that: (1) the diversity of crustaceans in
the tropics is still high but the catch is unstable;
(2) penaeid shrimp is the main commodity that
has undergone a significant shift from capture to
cultivation; (3) non-antibiotic strategies such as
probiotics, biofloc, phytotherapy, and integrated
multi-trophic aquaculture (IMTA) have been
proven to support shrimp health and reduce
environmental impacts. This study emphasizes
the importance of integrating aspects of
biodiversity, aquaculture technology, and
ecosystem approaches in the development of
sustainable penaeid shrimp aquaculture.
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INTRODUCTION

Crustaceans are one of the groups of aquatic biota that have high economic
value and play an important role in maintaining the balance of aquatic
ecosystems (Behringer & Duermit-Moreau, 2021). Types of crustaceans such as
penaeid shrimp, crab (Portunus pelagicus), mangrove crab (Scylla spp.), and mantis
shrimp (Stomatopoda) have long been used as a source of food and commodities
for international trade (Emerenciano et al., 2022; FAO, 2022). In the last decade,
global demand for crustaceans, particularly penaeid shrimp, has shown a
significant increase in line with the growth of the human population and
consumer preference for high-nutritional seafood (Apine et al., 2023; Lee et al.,
2022; Monsalve & Quiroga, 2022; Syafaat et al., 2021).

Among the different types of crustaceans, the penaeid shrimp occupies a
very strategic position. Species such as Penaeus monodon (tiger shrimp) and
Litopenaeus vannamei (vannamei shrimp) are major commodities in both capture
and aquaculture fisheries (Albalat et al., 2022; Asmild et al., 2024). Initially, the
global supply of penaeid shrimp relied heavily on wild catches, but high
variability of natural stocks, degradation of coastal habitats, and overfishing
pressures caused catches to become unstable (Simtoe et al., 2025). This has led to
the development of penaeid shrimp aquaculture since the end of the 20th
century, which is now one of the fastest-growing subsectors in the global
aquaculture industry (FAO, 2020; Pauly & Zeller, 2017).

As the human population increases and consumption patterns shift, the
global market demand for penaeid shrimp continues to show a positive trend
(Balmer, 2024; Grandviewresearch, 2023). According to FAO (2022) shrimp is one
of the fishery products with the highest international trade value, accounting for
more than 15% of the world's export value of fishery products. Southeast Asia is
a major production hub, with countries such as Thailand, Vietnam, Indonesia,
and the Philippines contributing significantly in both exports and domestic
consumption. In Indonesia, shrimp ranks first in fishery export commodities with
a foreign exchange contribution of more than USD 2 billion per year, making it a
priority in sustainable production enhancement programs (KKP, 2023).

The trend of increasing market demand, both at the regional and global
levels, presents both opportunities and challenges. On the one hand, this
opportunity encourages the development of more intensive and standardized
penaeid shrimp cultivation, but on the other hand, new problems arise, such as
environmental degradation, price fluctuations, and the threat of recurrent
diseases (Ahmed, 2025; Boonyawiwat et al., 2017, Purnomo et al., 2022).
Therefore, it is important to understand the dynamics between crustacean
diversity, aquaculture needs, and sustainable management strategies, so that the
aquaculture industry can continue to meet market needs without sacrificing
ecological and social aspects.
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LITERATURE REVIEW
Crustacean Diversity and Its Significance

Crustaceans are one of the groups of aquatic invertebrates that play an
important role in coastal and high-sea ecosystems. Ecologically, they play a role
in maintaining the balance of the trophic chain, while economically, they are the
main commodity in global fisheries trade (FAO, 2022) Various types of
crustaceans have high commercial value, such as mangrove crabs (Scylla spp.),
crabs (Portunus pelagicus), and mantis shrimp (Stomatopoda), but penaeid shrimp
occupy a dominant position in both domestic consumption and export markets
(Pauly & Zeller, 2017).

The biodiversity of crustaceans in the tropics, including Southeast Asia, is
still relatively high. However, habitat degradation, such as mangrove
conversion, pollution, and climate change, has an impact on the sustainability of
wild populations. Some studies show a significant decline in catch yields in the
last two decades, giving rise to the urgency to shift the focus from harvest
exploitation to aquaculture development (Bogmans & van Soest, 2022; Costello
et al.,, 2022; FAO, 2022; Gephart et al., 2020).

Variability of Penaeid Shrimp Catch

Historically, the world's supply of penaeid shrimp was mostly met through
capture fisheries. However, population fluctuations due to overfishing, climatic
variability, and natural reproductive cycles cause catch instability (Chen et al.,
2025; Schlenker et al., 2023). In Indonesia, catches of tiger shrimp (Penaeus
monodon) and crabs have shown a downward trend since the early 2000s (Badan
Pusat Statistik, 2022; FAO (Food and Agriculture Organization), 2018; Wiyono &
Ihsan, 2018; Yi et al., 2018). This variability of catches poses a risk to marine food
security and global supply chains. Supply instability also has a direct impact on
market prices, thus giving rise to the urgency to find a more controlled and
sustainable production alternative, namely through aquaculture systems.

Studies have shown that variability in catches (due to environmental
fluctuations, catch pressures, and habitat degradation) has a direct impact on
marine food security and global supply chain stability. Globally, capture fisheries
productivity tends to stagnate and even decline in some regions in line with
historical ocean warming, so that the supply capacity of wild stocks becomes
increasingly uncertain from year to year (Free et al., 2019). This uncertainty
magnifies supply risks, both in volume, quality, and continuity of supply, which
in turn disrupts the availability of aquatic proteins for domestic and export
markets. The latest edition of the FAO report also confirms that, although the
world's fisheries and aquaculture production reached new records, the
contribution of catches is no longer the main engine of growth. This trend
underscores the limitations of capturing resources to sustain the ever-increasing
demand (FAO, 2024).

The downstream implication of supply variability is price volatility in the
seafood market. The fisheries economics literature finds that supply uncertainty
from capture fisheries tends to increase price volatility, while more stable
aquaculture supplies have the potential to dampen such turmoil. A number of
empirical analyses show lower volatility in cultivated commodities than in
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catches, and there is a spillover of volatility between market segments during
supply shocks (Dahl & Jonsson, 2015). In shrimp commodities, the dynamics of
global trade 2024-2025 also show adjustments in imports and trade values that
are sensitive to changes in supply and demand, confirming the urgency of
alternative production that is more controlled and sustainable through
aquaculture systems (Dahl & Jonsson, 2018). Aquaculture development
(including penitentiary) is a key strategy to stabilize supply while meeting long-
term demand.

Transition from Capture Fisheries to Aquaculture

The shift from capture exploitation to penaeid shrimp farming is one of the
important transformations in the global fisheries sector. The paradigm shift in
global fisheries is reflected in the acceleration of aquaculture production growth,
replacing stagnant growth in capture fisheries as the main source of aquatic food
supply (Naylor et al.,, 2021). Sistem budidaya udang penaeid secara khusus
diintroduksi untuk menjawab keterbatasan stok liar dengan menawarkan
kontrol produksi yang lebih tinggi, efisiensi pertumbuhan, dan mitigasi risiko
terhadap fluktuasi tangkapan (FAO, 2022). Several studies show that vannamei
shrimp (L. vannamei) is the main commodity that is widely developed because it
grows quickly, is tolerant of varied environmental conditions, and is more
resistant to diseases (Shi et al., 2024; Z. Zhu et al., 2024).

In addition to penaeid shrimp cultivation, the opportunity to diversify
crustacean cultivation is quite strong in the mangrove crab (Scylla spp.)
commodity, which shows prospects through fattening, soft crab production, and
improvement of hatchery techniques, latest on technical advances, as well as
obstacles that need to be addressed to increase business scale (Liew et al., 2024).
Meanwhile, tropical rock lobster (Panulirus spp.), the availability of puerulus
(natural seeds), and market demand are of high value in Indonesia. This
encourages the development of marine cage-based grow-out systems, supported by
scientific evidence regarding potential seed sources and economic technical
feasibility for aquaculture expansion (Priyambodo et al.,, 2020). Crab/blue
swimming crab (Portunus pelagicus), a recent sectoral study in the Philippines
shows room for strengthening value chains through seed management, product
quality improvement, and upstream-downstream integration; these findings
open up opportunities for hatchery-nursery innovation and integrated
aquaculture schemes to complement capture fisheries (Yap et al., 2020)

Penaeid shrimp dominate crustacean cultivation activities. This is because,
especially vannamei shrimp (L. vannamei) has the ability to tolerate a wide range
of salinity (0-40%o), a faster growth rate, and a more stable performance in
intensive production than tiger shrimp (Penaeus monodon) and other crustaceans
(Emerenciano et al., 2022). At the global level, the production of penaeid shrimp
cultivation continues to show rapid growth, one of which is revealed that the
production of farmed shrimp has increased by more than 86% in the last decade
(Emerenciano et al., 2022). In Indonesia, the government targets national shrimp
production to reach 2 million tons by 2024 as part of a strategy to increase exports
and marine food security (KKP, 2023).
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Challenges in Penaeid Shrimp Culture.

Although the production of penaeid shrimp through aquaculture has
soared, the sector continues to face major challenges in the form of viral diseases
such as White Spot Syndrome Virus (WSSV) and Early Mortality Syndrome (EMS),
which have led to mass deaths and significant economic losses in many
aquaculture areas (Kim et al., 2023). Mass mortality in shrimp farming is often
also associated with pathogenic bacterial infections, especially the genus Vibrio,
which causes vibriosis disease and Acute Hepatopancreatic Necrosis Disease
(AHPND), with mortality that can reach 70-100% within 20-30 days post-
stocking (Bhassu et al., 2024; Herawati et al., 2025, V. Kumar et al., 2021).
Microbial ecology studies on ponds show that when water quality deteriorates
(e.g., decreased pH, excess organics), opportunistic communities such as Vibrio,
Alteromonas, and Pseudoalteromonas can dominate and trigger disease outbreaks
and mass mortality in farmed shrimp (Alfiansah et al., 2020).

In addition, the intensive use of antibiotics and chemicals in shrimp
farming has triggered increased microbial resistance and contamination of
resistance genes in aquaculture water systems, giving rise to long-term food
security and ecological health issues (Thornber, Verner-Jeffreys, et al., 2020). The
excessive use of antibiotics and chemicals in shrimp farming systems has the
potential to trigger increased microbial resistance, making pathogenic bacteria
difficult to control and affecting the effectiveness of therapy. Several studies
show that the pollution of estuaries and oceans by antibiotics and the presence of
antibiotic-resistant genes are caused by aquaculture activities that use antibiotics
(Kemp et al., 2021; Zheng et al., 2021).

The environmental impacts of shrimp farming include eutrophication and
organic pollution due to solid waste and nutrients, which worsen water quality,
lower dissolved oxygen, and trigger overgrowth of algae (de Lacerda et al., 2021).
The conversion of mangrove land into shrimp ponds has led to the loss of the
ecological function of mangroves as pollutant filters and shoreline protection, as
well as damaging coastal biodiversity (Macusi et al.,, 2022). Socially and
economically, smallholder farmers often struggle to access modern technology
and global markets, leaving them lagging in competition and facing economic
risks due to aquaculture failures (Macusi et al., 2022). The impacts and obstacles
of shrimp farming activities indicate the need for more sustainable aquaculture
innovation and management (Villarreal, 2023).

Sustainable Strategy in Penaeid Shrimp Farming

A variety of non-antibiotic strategies have been developed to strengthen
the health resilience of shrimp while minimizing negative environmental
impacts. Research on the application of probiotics and prebiotics has been shown
to stabilize the gut microbiota of shrimp and increase the immune response to
pathogens (Amiin et al., 2023). Biofloc systems utilize nutrient recycling and
reduce organic waste by streamlining water and feed use (Raza et al., 2024).
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The phytotherapy and natural immunostimulant approach, as well as
multi-trophic integration (IMTA), expands the diversification of the aquaculture
ecosystem through the use of bioactive compounds and synergies between
organisms in the cultivation system (Jasmanindar et al., 2018; Li et al., 2023).

The implementation of this strategy has shown positive results in reducing
mortality, improving growth performance, and improving production efficiency,
although scalability and adoption by smallholder farmers remain a challenge.
One of the implementations of non-antibiotic strategies in the form of the use of
bioflocs and probiotics has been shown to reduce mortality in L. vannamei when
challenging the pathogen Vibrio parahaemolyticus, compared to conventional
systems (V. Kumar et al.,, 2020). Meta-analyses of various probiotic studies
showed improved survival rates and growth performance (e.g., increased SGR
and feed efficiency) in penaeid shrimp farming with beneficial microbial
supplementation. However, widespread adoption is still hampered by the
challenges of small business scale and lack of access to financing or technology,
although the benefits of more efficient production have been identified as a major
attraction (Ghosh et al., 2024; Raza et al., 2024).

Research Gaps and the Urgency of Systematic Studies

Although local and experimental studies have extensively discussed
crustacean diversity and innovation in penaeid shrimp farming, methodological
gaps are still evident in the lack of a systematic review linking catch variability
to the transition to aquaculture and the effectiveness of sustainable strategies.
Many studies have focused only on one intervention, such as probiotics or
bioflocs, or focused on one local area, so they are less able to describe cross-
country patterns and different ecological contexts (Emerenciano et al., 2021; Iber
et al., 2025; Sha et al., 2025). These limitations limit understanding of moderation
factors such as environmental conditions, policies, and regional technical
capacity — particularly in Southeast Asia—which are critical in formulating a
truly adaptive and sustainable penaeid cultivation strategy (SEAFDEC, 2021).

Thus, a systematic literature review (SLR) is needed to summarize the latest
findings, identify patterns, and decipher knowledge gaps. This study is
important to strengthen the scientific basis for fisheries policy formulation and
the sustainable development of penaeid shrimp farming. The following is the
framework or framework that can be described in Figure 1.

3066



International Journal of Education and Life Sciences (IJELS)
Vol. 3 No 11 November, 2025: 3061-3084

\
SYSTEMATIC LITERATURE
REVIEW (SLR)

v

SUMMARIZE CURRENT
FINDINGS

A 4

IDENTIFY PATTERNS

A

OUTLINE KNOWLEDGE
GAPS

l I

[ CRUSTACEAN ] [ PENAEID SHRIMP ]

DIVERSITY AQUACULTURE
SUSTAINABLE
DEVELOPMENT

Figure 1. Conceptual Framework

The framework in Figure 1 illustrates the conceptual relationship between
crustacean catch variability, transition to a penaeid cultivation system, and
implementation of sustainability strategies. The process begins with a capture
variability analysis, which highlights production fluctuations due to
environmental factors, climate change, and fishing pressures on natural stocks.
Furthermore, the results of the analysis became the basis for the transition to a
more controlled and efficient penaeid cultivation system, through the application
of technological innovations such as biofloc, probiotics, phytotherapy, and the
Integrated Multi-Trophic Aquaculture (IMTA) system. The final stage focuses on the
integration of sustainability strategies that include environmental, social, and
economic aspects, to produce scientific synthesis and policy recommendations
that support the sustainable management of aquatic resources at the regional and
global levels.

METHODOLOGY
Research Design

This study uses the Systematic Literature Review (SLR) approach with
reference to the PRISMA 2020 (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. This approach was chosen to compile, evaluate,
and synthesize scientific evidence related to crustacean diversity, catch
dynamics, and the transition to sustainable penaeid shrimp farming.
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Data Sources and Search Strategies
The literature search process is carried out on major international databases i.e:
e Scopus
» Web of Science
o ScienceDirect
o Google Scholar
In addition, additional literature was obtained from the reports of international
and regional organizations, such as FAO, SEAFDEC, and the Indonesian
Ministry of Maritime Affairs and Fisheries.
The keywords used in the search incorporate Boolean terms, among other things:
o “crustacean diversity” OR “penaeid shrimp” OR “capture fisheries”
o “aquaculture development” OR “sustainability” OR “disease management”
o “non-antibiotic strategies” OR “probiotics” OR “biofloc” OR “integrated
aquaculture”
The search was limited to the time range 2015-2025, English and Indonesian
publication languages, and articles published in reputable journals and scientific
proceedings.
Inclusion and Exclusion Criteria
Criteria included:
1. Articles on the diversity of crustaceans or penaeid shrimp.
2. Articles discuss capture fisheries, aquaculture, or the transition from
capture to aquaculture.
3. Study highlighting sustainable shrimp health management strategies.
4. Articles with relevant primary data, reviews, or technical reports.
Exclusion criteria:
1. Articles that do not provide relevant empirical data or analysis.
2. Studies that focus only on non-economic crustaceans.
3. Opinion articles, editorials, or publications without peer review.
Literature Selection Process
The stages of article selection are carried out as follows:
1. Identification - all articles from the database are collected (n = X).
2. Initial screening - titles and abstracts are checked to rule out duplication
and inconsistencies.
3. Eligibility - the full text is reviewed according to the inclusion-exclusion
criteria.
4. Final inclusion - articles that meet the criteria are included in the analysis
n=Y).
This process is illustrated using the PRISMA 2020 flowchart.
Article Quality Assessment
To ensure reliability, each article is assessed with a Quality Appraisal Checklist,
which includes the following aspects:
1. Clarity of the purpose of the research.
2. Relevance of the methodology.
3. Data validity.
4. Contribution to the theme of sustainability of penaeid shrimp farming.
Articles are scored, and only articles of "good" to "excellent" quality are used in
the final synthesis.
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Data Analysis Techniques
The analysis is carried out in two approaches:
1. Descriptive Analysis
o Distribution of publications by year, country, and journal.
o Research trends on crustacean diversity, capture fisheries, and penaeid
shrimp cultivation.
2. Thematic Synthesis Articles that passed were analyzed based on themes:
o Crustacean diversity and catch conditions.
o Transition from capture fisheries to aquaculture.
o Non-antibiotic strategies in shrimp health management.
o Concept of sustainability and application of environmentally friendly
technology.
The results of the analysis are presented in the form of tables, graphs, and
comparative narratives to highlight research gaps and recommendations for the
sustainable development of penaeid shrimp cultivation. The quality of the article
was evaluated using a CASP (Critical Appraisal Skills Programme) checklist to
ensure methodological validity and data clarity.

RESEARCH RESULT
Publication Distribution and Study Characteristics

A total of 120 publications met the inclusion criteria, with a consistent
increase in the number of articles since 2018, especially after 2020 when the issue
of the sustainability of penaeid shrimp farming became more prominent in the
Southeast Asian region. Indonesia (n = 38), Vietnam (n = 27), Thailand (n = 19),
and the Philippines (n = 11) are the countries with the highest number of
publications, in line with their dominance in global penaeid shrimp production.
Most studies use experimental approaches (56%), followed by field survey
studies (22%), policy and socio-economic reviews (14%), and scientific reviews
(8%). In general, the trend of research is moving towards intensification with
sustainability safequards, especially related to bioflocs, probiotics, integrated
systems, and environmental impact analysis.
Crustacean Diversity and Catch Dynamics in Southeast Asia

The SLR results show that the Southeast Asian region has a high diversity
of economic crustaceans, especially in the families Penaeidae, Portunidae, and
Scyllaridae. Molecular taxonomy research in Malaysia, Vietnam, and Indonesia,
conducted since 2018, has identified both stability and genetic fragmentation in
wild penaeid shrimp populations as a result of environmental pressures and
exploitation. Most national reports (FAO, SEAFDEC) show a decline in the
stability of crustacean catches, especially penaeid shrimp, red shrimp, crabs, and
mangrove crabs since 2015-2022. This variability is triggered by climate change,
degradation of coastal habitats, the intensification of fishing catches, and the
declining health of estuarine ecosystems. The change reinforces the scientific
rationale that wild stocks are no longer able to support market demand, and
makes the transition to aquaculture an inevitable structural change.
Transition from Catching to Penaeid Shrimp Farming
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Most publications conclude that the increasing global demand for
vannamei shrimp is directly accelerating the shift from capture exploitation to
intensive aquaculture. Indonesia and Vietnam are the most prominent examples,
taking advantage of fluctuations in catches as a momentum to expand pond
industrialization programs. The 2018-2023 study confirms that L. vannamei was
chosen as the main commodity because of its rapid growth, feed conversion
efficiency, tolerance to variable salinity, as well as its resistance to several
diseases when compared to local species. Nonetheless, some studies underscore
the risk of genetic homogenization due to the use of uniform seed strains, which
has the potential to reduce long-term resistance to new diseases.

Sustainability Challenges in Penaeid Cultivation

The SLR identified four main groups of challenges in the sustainability of
penaeid cultivation in Southeast Asia:

(1) Aquaculture Diseases (WSSV, AHPND/EMS, EHP)

WSSV and AHPND are reported to be the largest causes of economic losses
in Indonesia, Vietnam, and Thailand. Molecular studies 2018-2023 showed that
the virulence variation of Vibrio parahaemolyticus and the presence of toxin
plasmids were the main factors in the EMS outbreak, while WSSV remained
highly contagious and able to survive in the pond environment.

(2) Antibiotic Dependence and AMR (Antimicrobial Resistance)

About 45% of studies reported non-standard use of antibiotics in small-
scale farming. Strong evidence suggests increased bacterial resistance to
oxytetracycline, florfenicol, and enrofloxacin, which has an impact on food safety
and environmental health.

(3) Environmental Impact

Several studies have found that intensive ponds contribute to
eutrophication, increased organic load, and mangrove degradation —especially
in coastal areas of Indonesia and Vietnam. Traditional ponds without modern
waste management have greater pollution potential.

(4) Socio-Economic Barriers

Smallholder farmers face limited access to biofloc technology, commercial
probiotics, SPF (Specific Pathogen Free) seeds, and highly competitive market
access. The inequality of production capacity leads to an income gap between
traditional farmers and industrial farmers.

Non-Antibiotic Strategy and Sustainable Technology

The SLR identified four dominant groups of strategies that were
considered effective in reducing mortality and improving the health and
productivity of penaeid shrimp:

(1) Bioflok Technology (BFT)

BFT was reported in 31% of the total studies as the most effective method for
improving growth, biosecurity, and water quality. BFT has been proven to
reduce feed costs by 20-35% through the use of floc as a natural additional feed.
(2) Probiotic, Prebiotic, dan Sinbiotic

Experimental studies in Indonesia, Vietnam, and Thailand showed an increase in
non-specific immunity, feed efficiency, and survival by 10-40% when using
Bacillus, Lactobacillus, and Pseudomonas probiotics.

(3) Integrated Multi-Trophic Aquaculture (IMTA)
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IMTA systems that integrate shrimp with fish, seaweeds, or mollusks have been
shown to reduce organic waste accumulation by more than 50% and improve
water quality, based on studies conducted in the Philippines and Thailand.
(4) Natural Phytotherapy and Immunostimulants
Plant extracts such as Gracilaria, Ulva, and terrestrial spices have been shown to
increase the immune response of shrimp at certain doses, although their
scalability is still a question.
Thematic Summary and Gap Analysis
Based on the results of thematic mapping in the SLR, several key research
gaps were successfully identified and summarized in Table 1 to provide a
comprehensive picture of areas that still require scientific deepening. The SLR
results reveal several key patterns:
1. The intensification of penaeid production has increased significantly, but has
not been fully followed by an increase in health management capacity.
2. Sustainability technologies (BFT, probiotics, IMTA) are widely researched at
the laboratory level, but field adoption is still low.
3. The availability of wild crustacean biodiversity data is limited and tends to be
fragmentary between countries.
4. The Ecosystem Approach to Aquaculture (EAA) has only been adopted in a
small number of studies in Southeast Asia.
5. Lack of integration of socio-economic studies in the design of cultivation
technical strategies.
A summary of the research gaps identified in the SLR is presented in Table 1.
Therefore, future studies need to integrate sustainable aquaculture technologies
with ecological, social, and governance dimensions to develop a penaeid shrimp
production system that is genuinely resilient to environmental fluctuations and
market dynamics

DISCUSSION

Crustaceans, especially penaeid shrimp, have a vital role in the global
fisheries and aquaculture sector. From an economic perspective, penaeid shrimp
accounts for more than 50% of the export value of fishery products in the
Southeast Asian region, making it a major commodity in international trade.
From an ecological perspective, the presence of crustaceans in nature contributes
to the food chain and the balance of coastal ecosystems, especially in mangrove,
seagrass, and coral reef ecosystems. However, dependence on wild-caught stocks
can no longer guarantee supply stability, due to overfishing, habitat degradation,
and climate change factors.
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Table 1. Research Gaps Summary

Research SLR Findings Research Gaps
Category
Limited implementation of | Lack of long-term field
Shrimp Health (standardized biosecurity evaluations on integrated
Management protocols; pathogen-focused |health management
studies dominate research. systems.
. Biofloc, pr0b10t1?s, SyanOt.ICS, Absence of national-scale
Sustainable and IMTA are widely studied |. .
implementation models and
Aquaculture at the laboratory scale but . .
. limited assessment of socio-
Technologies poorly adopted at the farm . e
lovel. economic feasibility.
Bl.OdIVEI'Slty 1nf01.*mat10n of No regionally standardized
wild crustaceans is e .
Crustacean . . biodiversity database or
Biodiversity Data fragmented and inconsistent genomic monitoring
across Southeast Asian
. programs.
countries.
Ecosystem Onlv a small proportion of Lack of evidence-based
Approach to Y Propo . ; I[EAA frameworks tailored
studies apply EAA in penaeid .
Aquaculture shrimp production for Southeast Asian
(EAA) PP ' aquaculture systems.
Socio-economic dimensions || Limited interdisciplinary
Socio-economic (are generally excluded from |research linking social,
Integration the design and testing of economic, and technical
technical innovations. aspects of shrimp farming.

The Southeast Asian region has a high diversity of economic crustaceans,
especially from the families Penaeidae, Portunidae, and Scyllaridae, which are
important components of coastal fisheries. Regional biodiversity studies show
that the high diversity of crustacean species in this region is influenced by
tropical oceanographic conditions, primary productivity, and the complexity of
coastal habitats such as mangroves and seagrass beds. Molecular taxonomy
research conducted in Malaysia, Vietnam, and Indonesia since 2018 has revealed
that wild penaeid shrimp populations show patterns of genetic stability at the
macro level, but also show genetic fragmentation in some locations due to
environmental degradation and intensive fishing pressure. These findings
confirm that the genetic integrity of wild penaeid shrimp in Southeast Asia is
increasingly vulnerable to environmental changes and overexploitation (FAO,
2022; Naylor et al., 2021; SEAFDEC, 2021).

Most national reports published by FAO and SEAFDEC show a decline in
the stability of crustacean catches in Southeast Asia since 2015-2022, especially
for penaeid shrimp (Litopenaeus vannamei, Penaeus monodon), red shrimp, crab
(Portunus pelagicus), and mangrove crab (Scylla spp.). The decline in catches is
related to increasingly extreme environmental variability, including ocean
warming, changes in salinity, and storm events that affect the life cycle of
crustaceans. In addition, the degradation of coastal ecosystems due to mangrove
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conversion, sedimentation, and pollution has resulted in the decline of habitats
important for spawning and the development of crustacean larvae. Regional
fisheries reports also show that intensification of catches, especially in shallow
waters and estuaries, has contributed significantly to the depletion of wild
crustacean stocks in the past decade (FAO, 2022; Pauly & Zeller, 2017; SEAFDEC,
2021).

The variability in wild crustacean production triggered by climate change,
coastal degradation, intensification of catches, and declining ecosystem health
reinforces the scientific rationale that wild stocks are no longer able to meet
market demand consistently. This condition has triggered a structural shift
towards penaeid shrimp farming as the main source of supply, especially in
countries such as Indonesia and Vietnam, which have experienced increased
investment and pond expansion since 2018 (Mustafa et al., 2023). Regional
production modelling studies show that aquaculture's contribution to the supply
of penaeid shrimp now exceeds marine catch, marking a fundamental change in
crustacean-based food security systems. Thus, the transition to aquaculture is not
only a response to fluctuations in catches but also a structural need to provide
commodities with more controlled standards of quality, quantity, and continuity
(Rubel et al., 2019).

Most publications conclude that the increasing global demand for
vannamei shrimp is directly accelerating the shift from capture exploitation to
intensive aquaculture. For example, a review by Naser et al., (2022) mentions that
L. vannamei has become a major commodity due to its strong export potential and
its ability to be produced on a large scale with international standards. Southeast
Asia, Indonesia, and Vietnam are the most prominent examples; The two
countries are using fluctuations in wild-caught yields as a momentum to expand
the pond industrialization program supported by national policies and foreign
investment.

Studies published between 2018 and 2023 confirm that L. vannamei was
chosen as the main cultivated species due to its superior biological characteristics,
including its rapid growth, high feed conversion efficiency, its tolerance to wide
salinity variations from 0.5 ppt to 40 ppt, as well as its resistance to several
diseases when compared to local species such as Penaeus monodon. For example,
Luo et al., (2022) report that L. vannamei can grow well at low and high salinity,
demonstrating ecological flexibility that is well-suited for intensive cultivation
systems.

Nonetheless, some studies underscore the risk of genetic homogenization
arising from the widespread use of uniform seed strains, which could reduce
long-term resistance to new diseases and diminish genetic diversity. The review
of Naser et al., (2022) highlights that the production of L. vannamei monocultures
with high commercial seed stocks can lead to genetic dependencies and increase
susceptibility to emerging pathogens. Therefore, while intensive aquaculture
offers an alternative to the global shrimp supply, sustainability strategies require
seed management, genetic diversification, and strict biosecurity monitoring.

Aquaculture diseases are still the most critical challenge in the sustainability
of penaeid shrimp farming in Southeast Asia, especially White Spot Syndrome
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Virus (WSSV), Acute Hepatopancreatic Necrosis Disease/Early Mortality
Syndrome (AHPND/EMS), and Enterocytozoon hepatopenaei (EHP) (World
Organisation for Animal Health, 2023). Various studies show that WSSV is one
of the most destructive pathogens in shrimp farming, with a potential mortality
of 70-100% in a short period of time, and has spread widely in major production
centers, including Southeast Asian countries (Islam et al., 2023) AHPND/EMS
caused by the PirA /PirB toxin-producing strain of Vibrio parahaemolyticus has also
been reported to cause acute mortality in the early phases of rearing and is a
major cause of intensive aquaculture failures in many shrimp-producing
countries (Kumar et al., 2020). Meanwhile, EHP contributes to chronic growth
decline and "growth retardation" syndrome, thereby lowering productivity, even
though mortality rates are not always high (Dhar & Mai, 2021) These findings
confirm that without strengthening biosecurity, early detection, and integrated
health management, these diseases will continue to be a major inhibitor to the
sustainability of penaeid production.

Dependence on antibiotics and the emergence of Antimicrobial Resistance
(AMR) are serious issues that threaten the sustainability of shrimp farming, food
security, and the health of coastal ecosystems. A global study of the shrimp
industry shows that uncontrolled use of antibiotics can encourage the selection
of resistant bacteria, which are then spread through pond wastewater, coastal
sediments, and food chains (Thornber, et al., 2020). A recent review of AMR in
Asian and Southeast Asian aquaculture noted that hotspots of antimicrobial
resistance are found in various intensive aquaculture systems, including shrimp
ponds, although quantitative data on drug use are still limited (Milijasevic et al.,
2024). Policy studies have emphasized the need for a One Health approach to
reduce antibiotic use, through the promotion of probiotics, vaccines (where
available), improved feed management, and stricter regulatory regulation of the
distribution and use of antimicrobials in the aquaculture sector (Ibarra et al.,
2020).

The environmental impacts of intensified penaeid cultivation have been
extensively documented, including eutrophication, increased organic waste
loads, degradation of water quality, and loss of mangrove ecosystems and
seagrass meadows around pond areas. A synthesis study in the Philippines
shows that shrimp pond expansion contributes to increased soil and
groundwater salinity, changes in coastal land use, and increased risk of organic
pollution in recipient waters (Macusi et al., 2022). Another study on the impacts
of aquaculture in Southeast Asia highlights that the conversion of mangroves to
ponds has reduced the buffer capacity of coastal ecosystems against waves, tidal
floods, and seawater intrusion, while degrading the ecosystem function as an
important habitat for larval and juvenile stadia of various organisms (Tahiluddin
et al., 2025). In the long term, the accumulation of organic waste and nutrients
around poorly managed aquaculture areas can increase the vulnerability of the
ponds themselves to disease and production failures (FAO, 2022; Hemati et al.,
2025).

Socio-economic barriers are also a pillar of challenges that are no less
important, especially for smallholder farmers in the Southeast Asian region.
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Studies have shown that small-scale farmers often face limited access to capital,
technology, information, and markets, making it difficult to adopt innovations
such as bioflocs, probiotics, or ecolabel certifications that require initial
investment and compliance with strict standards (Belton et al., 2018). Socio-
economic analyses in the Philippines and Indonesia reveal that the intensification
of shrimp farms can give rise to inequality, including the marginalization of
smallholder fishers, changes in coastal livelihood structures, and the risk of
income vulnerability when commodity prices fluctuate (Macusi et al., 2022). On
the other hand, medium- and large-scale pond companies are better able to meet
international certification standards such as the Aquaculture Stewardship
Council (ASC) and Best Aquaculture Practices (BAP), thereby gaining better
access to premium export markets, while smallholder farmers are lagging in the
process of "upgrading" sustainability (Vo et al., 2024). This condition shows that
efforts to strengthen sustainability are not only a technological issue, but also
involve inclusive policy design, institutional support, and financing schemes that
favor small-scale producers.

SLR shows that Biofloc Technology (BFT) is one of the most effective non-
antibiotic strategies in improving the health and productivity of penaeid shrimp,
especially through the mechanism of reducing ammonia load, stabilizing the
aquatic microbiome, and providing natural feed from microbial flocs. Various
experimental studies in Southeast Asia prove that BFT is able to improve shrimp
growth, feed conversion efficiency (FCR), as well as survival through improved
water quality and pathogen suppression based on microbial competition. In
addition, the use of BFT can reduce dependence on antibiotics because the system
supports better biosecurity conditions than conventional systems. Overall, BFT
is considered a key pillar of sustainable aquaculture technology due to its impact
on nutrient efficiency and the reduction of organic waste (El-Sayed, 2020;
Emerenciano et al., 2021).

The use of probiotics, prebiotics, and synbiotics has also been identified as
a key strategy in increasing the physiological resilience of penaeid shrimp. The
results of the analysis show that probiotics based on Bacillus, Lactobacillus, and
Pseudomonas have been shown to increase non-specific immune responses,
improve nutrient absorption, and suppress the growth of pathogens such as
Vibrio parahaemolyticus, which causes AHPND (Amiin et al., 2023). Prebiotics
such as P-glucan and mannan-oligosaccharides also act as immunostimulants
that can enhance shrimp's innate defense mechanisms, while synbiotics offer a
dual approach by combining the benefits of probiotics and prebiotics (Khanjani
et al., 2024). The implementation of this strategy is an important solution in
reducing antibiotic dependence in intensive ponds, while supporting food
security and environmental health.

Integrated Multi-Trophic Aquaculture (IMTA) is seen as an ecosystem-
based strategy that is able to reduce environmental impact while increasing
productivity through the integration of shrimp with other species such as fish,
bivalves, or seaweed (Gracilaria or Ulva). Recent studies in the Philippines,
Thailand, and Indonesia show that IMTA is able to reduce the accumulation of
organic waste, stabilize water quality, and provide additional economic value
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through the harvesting of companion organisms (Biswas et al., 2020). In addition,
the integration of filter feeders and photosynthetic organisms has been shown to
suppress pathogen growth through nutrient competition and natural
bioremediation capacity enhancement (Holanda et al., 2023). Thus, IMTA offers
a holistic approach that is aligned with the principles of ecological and economic
sustainability.

Phytotherapies and natural immunostimulants are emerging as
increasingly researched non-antibiotic alternatives, utilizing extracts of marine
and terrestrial plants to increase the immune resistance of penaeid shrimp.
Bioactive compounds such as phenolics, flavonoids, sulfate polysaccharides, and
terpenoids in plants such as Gracilaria, Ulva, turmeric, and garlic have been
shown to increase phagocytic activity, immune enzyme production, as well as
resistance to WSSV and AHPND infections (Dadras et al., 2023; Jasmanindar et
al., 2018; Zhu, 2020). In addition, this approach is considered environmentally
friendly and relatively accessible to smallholder farmers, although more
consistent scalability research and dosage guidance are still needed.
Phytotherapy has the potential to be an important component in an integrated
shrimp health management strategy based on EAA (Ecosystem Approach to
Aquaculture) (Chong et al., 2020; Cortez-Mago et al., 2025; Hassan et al., 2025).

The intensification of penaeid shrimp production has increased
significantly in Southeast Asia in the past decade, but this increase has not been
fully followed by the strengthening of health management and biosecurity. A
global study by (Naylor et al., 2021) shows that the rapid expansion of the shrimp
industry is causing a gap between the production capacity and readiness of
aquaculture health systems, especially in developing countries. This is reinforced
by a report (FAO, 2022) which highlights the high prevalence of WSSV, AHPND,
and EHP diseases in areas with pond intensification that is not balanced with
adequate health governance. As a result, many intensive production systems in
Southeast Asia remain vulnerable to disease outbreaks despite increased
productivity.

Sustainability technologies such as biofloc (BFT), probiotics, synbiotics, and
Integrated Multi-Trophic Aquaculture (IMTA) are widely researched on a
laboratory scale and small trials, but their adoption rate in the field is still low.
El-Sayed (2020) and Emerenciano et al., (2021) emphasized the gap between
scientific evidence and implementation, caused by capital barriers, lack of
technical training, and low infrastructure readiness for smallholder farmers. In
addition, wild crustacean biodiversity data to support stock management and
conservation is still limited and fragmented between countries, as reported by
SEAFDEC (2021), making it difficult to formulate an ecology-based regional
strategy. This data limitation also affects the accuracy of monitoring wild penaeid
shrimp stocks and their habitats on the coast of Southeast Asia.

Ecosystem-based approaches such as the Ecosystem Approach to
Aquaculture (EAA) have only been adopted in a small number of aquaculture
management studies and policies in Southeast Asia. In fact, according to FAO
(2021), the implementation of EAA is important to integrate ecological,
governance, and socio-economic dimensions to ensure long-term sustainability.
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Many technical studies still focus on the biological and technological aspects of
intensification, without linking them to the socio-economic conditions of coastal
communities, which actually greatly influence the successful implementation of
the technology. In line with this, other opinions emphasize that the non-
involvement of socio-economic aspects in the design of aquaculture technologies
has led to low adoption, production inequality, and market vulnerability. As
such, future research needs to create an interdisciplinary approach that connects
sustainable technologies with ecological, social, and governance contexts (Belton
etal., 2018, 2020; Garlock et al., 2024; Gephart et al., 2021; Henriksson et al., 2021).

CONCLUSIONS AND RECOMMENDATIONS

The results of the systematic review indicate that the high variability in
crustacean catch yields in tropical regions is driven by habitat degradation,
climate change, and fishing pressure, which have collectively triggered a
structural shift from reliance on wild stocks toward aquaculture systems,
particularly for L. vannamei. While penaeid aquaculture has expanded rapidly
due to its biological efficiency and production stability, the sector’s sustainability
remains constrained by disease challenges (WSSV, AHPND, EHP), antibiotic
dependence, ecological impacts, and the limited capacity of small-scale farmers
to adopt modern technologies.

The review also highlights that various non-antibiotic strategies, such as
biofloc, probiotics, IMTA, and phytotherapy, have been shown to effectively
enhance shrimp health and production performance, yet their adoption at the
farm level remains uneven. Therefore, the successful development of sustainable
penaeid shrimp aquaculture requires the integration of environmentally friendly
technologies, ecosystem-based approaches, strengthened biosecurity, and policy
support that ensures farmers’ access to innovation, resources, and improved
health management.

Based on the findings of the study, efforts are needed to strengthen
biosecurity and shrimp health management through the implementation of early
disease detection, the use of pathogen-free larvae, and the use of non-antibiotic
strategies such as biofloc, probiotics, IMTA, and phytotherapy as sustainable
alternatives that can reduce antibiotic dependence and increase aquaculture
resilience. The implementation of this technology needs to be expanded through
policy support, the provision of financing and technical training for smallholder
farmers, as well as the development of environmentally friendly production
infrastructure based on the Ecosystem Approach to Aquaculture (EAA), so that
ecological impacts can be minimized. In addition, it is necessary to develop a
crustacean biodiversity database and monitor population genetics as the basis for
natural broodstock management, as well as the harmonization of national
regulations related to the use of antibiotics, sustainability certification, and
management of aquaculture areas to ensure an adaptive, competitive, and
sustainable penaeid shrimp production system.
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ADVANCED RESEARCH

This study still has some limitations that open up space for further research,
especially since most of the studies are still laboratory-based, so long-term field
data is needed to test the sustainability of the technology under real conditions.
The integration of socio-economic aspects also needs to be strengthened by
including social variables, gender, capital structure, and market dynamics to
understand the adoption of technology by farmers. In addition, the availability
of local genomic and physiological data is still limited, so research on genetic
diversity and the domestication potential of local shrimp needs to be improved.
Long-term evaluation of the effectiveness of interstate non-antibiotic strategies is
also important to assess their consistency across different aquaculture
ecosystems. On the other hand, the development of climate-based disease
prediction models is an urgent need, considering that climate change contributes
directly to the emergence of outbreaks.
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