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1. Introduction

With global seafood demand projected to increase by 38% by 2050 [1], the shrimp
aquaculture industry faces pressing challenges in balancing production growth with en-
vironmental sustainability [2]. This Special Issue, “Advances in Shrimp Aquaculture:
Management and Sustainability”, presents cutting-edge research addressing three key
industry challenges: (1) optimizing production systems for environmental sustainabil-
ity, (2) developing effective disease prevention strategies, and (3) implementing circular
economy approaches in aquaculture.

Emerging evidence demonstrates that sustainable aquaculture practices, particularly
improved feed efficiency and bioremediation, can substantially enhance seafood production
while reducing environmental impacts [3,4]. Nevertheless, persistent challenges including
disease outbreaks, water pollution, and reliance on finite marine resources continue to
hinder industry progress [5]. The five studies in this collection exemplify innovative solu-
tions ranging from biofloc technology applications to integrated multi-trophic aquaculture
(IMTA) systems. By synthesizing these findings, we highlight their collective contribution
to advancing sustainable shrimp aquaculture practices while identifying critical areas
requiring further investigation.

2. Key Contributions of the Special Issue

This collection presents significant advances in addressing fundamental challenges in
shrimp aquaculture. Xu et al. [6] demonstrate conclusively that biofloc systems maintain
optimal water quality at remarkably high stocking densities (600 shrimp/m?), providing
an effective solution to intensive aquaculture challenges. Their findings reveal that biofloc
technology not only reduces water exchange requirements but also enhances nutrient
recycling, contributing to global efforts to minimize aquaculture’s environmental impact.

Complementing this work, Ren et al. [7] investigate microbial community dynamics
in different aquaculture systems, showing that biofloc systems foster more stable micro-
bial ecosystems compared to traditional ponds, thereby reducing pathogenic outbreaks
and improving survival rates. These findings align with recent progress in microbiome
management for disease prevention.

Two pioneering studies explore bioremediation approaches for effluent management
and the re-utilization of resources. Li et al. [8] establish that Gracilaria—oyster IMTA systems
can greatly reduce nitrogen levels by an impressive 65%, while Sun et al. [9] demonstrate
that fish-alga coupling effectively recycles nitrogen and phosphorus from shrimp culture
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effluents. These findings support the growing adoption of nature-based solutions in
aquaculture waste management, offering scalable strategies for reducing eutrophication
risks in coastal ecosystems.

Additionally, Ferreira Colares et al. [10] contribute to the growing research on func-
tional feed additives, demonstrating that polyphenol supplementation enhances both
growth performance and antioxidant capacity in Penaeus vannamei. Their work pro-
vides a promising alternative to synthetic growth promoters, which have raised con-
cerns over residues and antibiotic resistance. Collectively, these studies advance our
understanding of sustainable shrimp aquaculture while providing practical solutions for
industry stakeholders.

3. Emerging Challenges and Research Priorities
3.1. Environmental Pollution and Ecological Restoration

The rapid expansion of shrimp aquaculture has intensified environmental pressures,
necessitating urgent mitigation strategies. Artificial compound feeds with low digestibility
contribute to excessive nitrogen and phosphorus discharge, exacerbating coastal eutroph-
ication [11]. Additionally, groundwater over-extraction for shrimp aquaculture has led
to soil salinization, rendering abandoned ponds unsuitable for agriculture and damaging
adjacent ecosystems [12]. Future research should focus on the following: (1) developing
nutrient-efficient feeds: creating low-pollution formulations with improved protein reten-
tion; (2) advancing land rehabilitation: exploring the phytoremediation and microbial-based
restoration of abandoned ponds.

3.2. Feed Utilization and Waste Reduction

Inefficient feeding practices incur substantial economic losses and environmental
impacts, with 25-30% of high-protein feeds remaining unconsumed due to manual feeding
inaccuracies in shrimp aquaculture [13]. Over-reliance on fishmeal further exacerbates
sustainability concerns, despite promising alternatives such as fermented soybean meal and
insect-based proteins [14]. The key research directions include the following: (1) automated
feeding systems: implementing Al-driven technologies for precision feeding; (2) functional
additives: expanding the adoption of probiotics, enzymes, and immunostimulants to
enhance feed efficiency.

3.3. Aquaculture Disease and Biosecurity Threats

Shrimp aquaculture suffers frequent disease outbreaks, particularly from AHPND
(acute hepatopancreatic necrosis disease), vibriosis, and EHP (Enterocytozoon hepatopenaei)
in recent years [15]. Moreover, intensive aquaculture practices have exacerbated pathogen
resistance and environmental contamination [16]. Strengthening biosecurity measures has
become critical for sustainable intensive aquaculture systems. The key research priorities
include (1) breeding disease-resistant strains through marker-assisted genomic selection;
(2) developing probiotics and immunostimulants targeting specific pathogens; and (3) im-
plementing closed production systems including biofloc technology (BFT) and recirculating
aquaculture systems (RAS) to reduce water exchange.

3.4. Technological and Production System Limitations

Traditional earthen ponds dominate shrimp aquaculture but suffer from high water
exchange rates, low production efficiency, and weak climate change resilience [17]. While
increasing stocking densities can boost yields, inadequate system controls often lead to
crashes due to poor water quality management and disease outbreaks [18]. Promising
innovations to address these limitations include (1) upgrading facility systems through BFT
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and RAS to reduce water use while improving waste management [19], and (2) applying
smart management technologies such as loT-based monitoring systems for real-time water
quality and health assessment, automated feeding devices, and Al-driven disease prediction
models to enhance production efficiency and sustainability [20]. These advancements
are essential for transitioning from traditional, resource-intensive practices to precision-
controlled, sustainable shrimp aquaculture.

4. Conclusions

The research presented in this Special Issue represents significant advancements in sus-
tainable shrimp aquaculture, offering innovative solutions across three critical dimensions:
(1) optimized production systems that enhance efficiency while reducing environmental
footprints, (2) improved environmental management strategies that mitigate ecological
impacts, and (3) novel feed formulations that promote both animal health and resource
sustainability. These collective contributions provide a robust scientific foundation for
transforming aquaculture practices.

Looking forward, we identify three priority research directions essential for the sec-
tor’s sustainable development: (1) technology integration: combining emerging digital
technologies (Al IoT sensor networks, automation) with traditional aquaculture knowledge
to develop smart farming systems; (2) climate resilience: developing adaptive strategies to
address warming waters, ocean acidification, and extreme weather events; (3) circular econ-
omy: creating value-added products from aquaculture byproducts to maximize resource
utilization and minimize waste.

Funding: This work was supported by the open fund of the China (Guangxi)-ASEAN Key Labora-
tory of Comprehensive Exploitation and Utilization of Aquatic Germplasm Resources, Ministry of
Agriculture and Rural Affairs, and the Key Laboratory of Aquaculture Genetic and Breeding and
Healthy Aquaculture of Guangxi, Guangxi Academy of Fishery Sciences (GXKEYLA-2023-02-4); and
Guangxi Science and Technology Major Program (AA23062046, AA23062047).

Acknowledgments: We extend our sincere gratitude to all contributors—authors, reviewers, and
editors—whose dedication made this Special Issue possible.

Conflicts of Interest: The author declares no conflicts of interest.

References

1.  Costello, C.; Cao, L.; Gelcich, S.; Cisneros-Mata, M.A.; Free, C.M.; Froehlich, H.E.; Golden, C.D.; Ishimura, G.; Maier, ]
Macadam-Somer, I; et al. The future of food from the sea. Nature 2020, 588, 95-100. [CrossRef] [PubMed]

2. Cao, L.; Naylor, R.; Henriksson, P.; Leadbitter, D.; Metian, M.; Troell, M.; Zhang, W. China’s aquaculture and the world’s wild
fisheries. Science 2015, 347, 133-135. [CrossRef] [PubMed]

3. vanRiel, A.J.; Nederlof, M.A].; Chary, K.; Wiegertjes, G.E; de Boer, 1.].M. Feed-food competition in global aquaculture: Current
trends and prospects. Rev. Aquac. 2023, 15, 17. [CrossRef]

4. Boyd, C.E; D’Abramo, L.R.; Glencross, B.D.; Huyben, D.C.; Juarez, L.M.; Lockwood, G.S.; McNevin, A.A.; Tacon, A.G.].; Teletchea,
F; Tomasso, J.R., Jr.; et al. Achieving Sustainable Aquaculture: Historical and Current Perspectives and Future Needs and
Challenges. J. World Aquac. Soc. 2020, 51, 578-633. [CrossRef]

5. Stentiford, G.D.; Sritunyalucksana, K.; Flegel, T.W.; Williams, B.A.P.; Withyachumnarnkul, B.; Itsathitphaisarn, O.; Bass, D. New
paradigms to help solve the global aquaculture disease crisis. PLoS Pathog. 2017, 13, e1006160. [CrossRef] [PubMed]

6. Xu, W,; Zhang, B.; Zhao, Y.; Cao, Y. Effect of Stocking Density on Water Quality, Harmful Nitrogen Control, and Production
Performance of Penaeus vannamei in Biofloc-Based Systems with Limited Water Exchange. Fishes 2025, 10, 326. [CrossRef]

7. Ren, H.; Xu, Y,; Jing, L.; Su, H.; Hu, X.; Cao, Y.; Wen, G. The Effects of Two Different Aquaculture Methods on Water Quality,
Microbial Communities, Production Performance, and Health Status of Penaeus monodon. Fishes 2025, 10, 106. [CrossRef]

8. LiJ;Xu, Y, Deng, Y.; Hu, X.; Su, H.; Wen, G.; Cao, Y. Purification of Intensive Shrimp Farming Effluent by Gracilaria Coupled
with Oysters. Fishes 2025, 10, 179. [CrossRef]

9.  Sun,Z;Hu, X; Xu, Y,; Wen, G; Su, H.; Pan, Z; Cao, Y. Purification Effect of Fish-Algae Coupling on Nitrogen and Phosphorus in

Shrimp Aquaculture Effluent. Fishes 2024, 9, 490. [CrossRef]


https://doi.org/10.1038/s41586-020-2616-y
https://www.ncbi.nlm.nih.gov/pubmed/32814903
https://doi.org/10.1126/science.1260149
https://www.ncbi.nlm.nih.gov/pubmed/25574011
https://doi.org/10.1111/raq.12804
https://doi.org/10.1111/jwas.12714
https://doi.org/10.1371/journal.ppat.1006160
https://www.ncbi.nlm.nih.gov/pubmed/28152043
https://doi.org/10.3390/fishes10070326
https://doi.org/10.3390/fishes10030106
https://doi.org/10.3390/fishes10040179
https://doi.org/10.3390/fishes9120490

Fishes 2025, 10, 498 4 0of 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ferreira Colares, H.D.; de Souza Valente, C.; Zadinelo, I.V.; do Nascimento Ferreira, C.H.; Retcheski, M.C.; Cazarolli, L.H.;
Rosseel, L.; Ballester, E.L.C. Effect of a Commercial Polyphenol Compound on the Performance and Antioxidant Status of Penaeus
vannamei. Fishes 2024, 9, 410. [CrossRef]

Ural-Janssen, A.; Kroeze, C.; Meers, E.; Strokal, M. Large reductions in nutrient losses needed to avoid future coastal eutrophication
across Europe. Mar. Environ. Res. 2024, 197, 106446. [CrossRef] [PubMed]

Paul, B.G.; Vogl, C.R. Impacts of shrimp farming in Bangladesh: Challenges and alternatives. Ocean Coast. Manag. 2011, 54,
201-211. [CrossRef]

Naylor, R.L.; Hardy, R.W.; Buschmann, A.H.; Bush, S.R.; Cao, L.; Klinger, D.H.; Little, D.C.; Lubchenco, J.; Shumway, S.E.; Troell,
M. A 20-year retrospective review of global aquaculture. Nature 2021, 591, 551-563. [CrossRef] [PubMed]

Tacon, A.G.].; Metian, M. Fish matters: Importance of aquatic foods in human nutrition and global food supply. Rev. Fish. Sci.
2013, 21, 22-38. [CrossRef]

Piamsomboon, P.; Han, ].E. White feces syndrome, a multifactorial syndrome of cultured shrimp: A mini review. Fishes 2022,
7,339. [CrossRef]

de Souza Valente, C.; Wan, A.H.L. Vibrio and Major Commercially Important Vibriosis Diseases in Decapod Crustaceans.
I. Invertebr. Pathol. 2021, 181, 107527. [CrossRef] [PubMed]

Boyd, C.E.; McNevin, A.A.; Davis, R.P. The Contribution of Fisheries and Aquaculture to the Global Protein Supply. Food Secur.
2022, 14, 805-827. [CrossRef] [PubMed]

Dauda, A.B. Biofloc technology: A review on the microbial interactions, operational parameters and implications to disease and
health management of cultured aquatic animals. Rev. Aquac. 2020, 12, 1193-1210. [CrossRef]

Yu, Y.B.; Choi, ].H.; Lee, ].H.; Jo, AH.; Lee, ] W.; Choi, H].; Kang, Y.J.; Choi, C.Y.; Kang, ].C.; Lee, KM. The use, application
and efficacy of biofloc technology (BFT) in shrimp aquaculture industry: A review. Environ. Technol. Innov. 2024, 33, 103345.
[CrossRef]

Chandran, PJ.I; Khalil, H.A.; Hashir, PK.; Veerasingam, S. Smart technologies in aquaculture: An integrated IoT, Al, and
blockchain framework for sustainable growth. Aquac. Eng. 2025, 111, 102584. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/fishes9100410
https://doi.org/10.1016/j.marenvres.2024.106446
https://www.ncbi.nlm.nih.gov/pubmed/38518406
https://doi.org/10.1016/j.ocecoaman.2010.12.001
https://doi.org/10.1038/s41586-021-03308-6
https://www.ncbi.nlm.nih.gov/pubmed/33762770
https://doi.org/10.1080/10641262.2012.753405
https://doi.org/10.3390/fishes7060339
https://doi.org/10.1016/j.jip.2020.107527
https://www.ncbi.nlm.nih.gov/pubmed/33406397
https://doi.org/10.1007/s12571-021-01246-9
https://www.ncbi.nlm.nih.gov/pubmed/35075379
https://doi.org/10.1111/raq.12379
https://doi.org/10.1016/j.eti.2023.103345
https://doi.org/10.1016/j.aquaeng.2025.102584

	Introduction 
	Key Contributions of the Special Issue 
	Emerging Challenges and Research Priorities 
	Environmental Pollution and Ecological Restoration 
	Feed Utilization and Waste Reduction 
	Aquaculture Disease and Biosecurity Threats 
	Technological and Production System Limitations 

	Conclusions 
	References

