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SUMMARY

The increasing global demand for crustaceans, such as shrimp and crabs, has driven rapid growth in
aquaculture. However, conventional farming practices often lead to environmental degradation, disease
outbreaks and resource inefficiency.Smart ecological practices integrate ecological principles with precision
technologies to create resilient and sustainable crustacean farming systems. This paper reviews key strategies
including biofloc technology, integrated multi-trophic aquaculture (IMTA), precision water quality
management, habitat enhancement and digital monitoring tools. These innovations not only improve
productivity but also ensure ecological sustainability and climate resilience.

INTRODUCTION
Crustaceans represent a vital component of global aquaculture, contributing significantly to food security and
rural livelihoods. However, unsustainable practices—such as overuse of antibiotics, excessive feed inputs, and habitat
destruction pose challenges to ecosystem health (FAO, 2022). Smart Farming Practices to promote-ecological approaches
aim to harmonize productivity with ecosystem services by applying both traditional knowledge and modern innovations
(Altieri, 1995). This article explores how ecological principles, combined with smart technologies, can improve the
environmental, economic and social sustainability of crustacean farming.

Core Ecological Principles in Crustacean Farming
Biodiversity Integration

Diversifying species and trophic levels helps reduce disease incidence and improves nutrient cycling.
Integrated Multi-Trophic Aquaculture (IMTA) systems pair crustaceans with filter feeders (e.g., mussels) and
algae to absorb excess nutrients (Chopin et al., 2001). Integrating polyculture systems, such as co-culturing
shrimp with bivalves (e.g., oysters) or finfish, can improve nutrient utilization and reduce disease incidence.
Additionally, incorporating mangroves and aquatic vegetation restores habitat and acts as a natural biofilter
(Primavera, 2006). For example, mangrove-shrimp integrated systems can support both aquaculture and carbon
sequestration goals (Alongi, 2009).

Soil and Water Conservation

Maintaining pond bottom quality and water parameters is vital. Ecological practices emphasize the use
of probiotics, bioaugmentation, and sediment management to stabilize pond ecosystems without chemical inputs.
Sustainable crustacean ponds apply eco-friendly techniques such as:
e Pond lining to reduce seepage and nutrient loss.
e Sediment management to minimize organic matter buildup.
e Use of biofloc technology to recycle waste nitrogen into microbial biomass for shrimp nutrition (Crab et al.,

2012).

These strategies reduce effluent discharge and maintain pond soil health, preventing the need for

frequent water exchange

Resource Recycling

The use of waste as a resource is central to agro-ecology. Technologies like Biofloc systems allow
microbial flocs to convert nitrogenous waste into protein-rich biomass, reducing the need for external feed inputs
(Avnimelech, 2009).

Smart Technologies Enhancing-Ecological Approaches
Precision Water Quality Monitoring

Smart sensors (pH, DO, ammonia, salinity) linked to 10T systems provide real-time feedback to
optimize pond conditions. This reduces stress on crustaceans and lowers the risk of disease outbreaks (Lee et al.,
2020).
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GIS and Remote Sensing

Geospatial tools enable mapping of optimal sites for crustacean farming, considering environmental
variables such as tidal flow, salinity, and vegetation cover. These tools enhance farm siting and climate resilience
planning.

Avrtificial Intelligence and Data Analytics
Al-driven models forecast disease risks and suggest corrective actions based on farm data. Machine
learning algorithms can optimize feed schedules, saving costs and improving feed conversion ratios (FCR).

Environmental and Socio-Economic Benefits

Smart ecological practices in crustacean farming offer significant environmental advantages by reducing water
pollution, minimizing chemical use, and promoting habitat restoration, such as mangrove integration. Techniques
like biofloc and polyculture enhance nutrient recycling and reduce the carbon footprint of farming operations.
From a socio-economic perspective, these practices lower production costs in the long run, increase resilience to
market and climate shocks, and provide sustainable livelihoods for small-scale and rural farmers. They also
improve product quality and meet the standards for eco-certifications, opening access to premium
international markets.
e Smart Eco-Sustainability Farming Practices to promote aquaculture yields multiple co-benefits:
e Lower carbon and nutrient footprints.
o Greater resilience to climate change impacts.
e Higher compliance with eco-labels like ASC (Aquaculture Stewardship Council).
e Sustainable livelihood options for smallholder farmers (Tlusty et al., 2017).
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Case Studies and Applications

India’'s Coastal IMTA Systems: Pilot projects in Tamil Nadu and Andhra Pradesh show successful integration of shrimp
with seaweeds and bivalves, leading to improved water quality and additional income streams.

Vietnam's Biofloc Shrimp Culture: Adoption of low-cost biofloc systems among smallholders has shown 20-30% higher
survival rates and 25% reduction in feed costs.

Indonesia's Smart AquaTech Hubs: Al and loT-enabled farms are being used to scale up eco-friendly shrimp production
in coastal zones.

Challenges and Future Directions
Despite proven benefits, several barriers limit the widespread adoption of smart ecological practices:
Cost and Accessibility: Initial investment for sensors and automation tools is high, especially for small-scale farmers.
Training and Capacity Building: Farmers need education on ecological principles, digital literacy, and maintenance of
smart systems.

Future efforts should focus on participatory research, public-private partnerships, and scalable financing
models to bridge these gaps.
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CONCLUSION

Smart ecological practices in crustacean farming offer a promising path to sustainable and climate-
resilient crustacean farming. By combining ecological knowledge with emerging digital technologies, farmers can
increase yields, reduce environmental impact, and build adaptive capacity against future shocks. The integration
of smart solutions must be inclusive, farmer-friendly, and supported by enabling policies to unlock their full
potential.
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