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SUMMARY

Artificial Intelligence (Al) is revolutionizing aquaculture by enabling precision in fish nutrition.
Through tools like machine learning, computer vision, loT-connected sensors, and predictive analytics, Al
systems optimize feeding timing and quantity, customize diet composition, estimate biomass non-invasively,
detect early disease indicators, and monitor water quality in real time. These advancements lead to improved
feed conversion ratios (FCR), reduced environmental impact, better health outcomes, and enhanced
sustainability. While challenges include high implementation costs, data limitations, and technical expertise
needs, emerging innovations such as edge-Al, ensemble learning, and sustainable feed inputs—are paving the
way for broader industry adoption.

INTRODUCTION

Aquaculture currently fulfills over half of global seafood demand and is projected to supply two-thirds by
2030 as wild fish stocks diminish. However, feed costs contribute significantly to production—typically 40-70%
of farm expenses while inefficiencies can pollute waterways and stunt growth . Al offers a solution: integrating
real-time sensing with adaptive algorithms to create responsive, data-driven fish nutrition systems. By combining
behavior recognition, nutrition modeling, health surveillance, and environmental monitoring, Al can completely
transform traditional feed-overfeeding or underfeeding paradigms into precision-managed operations. This aligns
with the industry’s urgent need for sustainable, intelligent aquaculture solutions.
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Figure 1:Al in Fisheries

Precision Feeding: Computer Vision, Acoustic Sensing & AloT

Feeding represents the most advanced and widely implemented application of Al in aquaculture. Smart
feeders utilize cameras and acoustic sensors to monitor fish behavior, detect surface agitation and feeding cues,
and adjust feed dispensation automatically. For example, camera-based Al distinguishes hunger signals, such as
splash intensity or fish activity, while acoustic sensors recognize specific feeding sounds to refine timing and
quantity. AloT platforms tie this data to water quality measures, ensuring feed is adjusted in real time depending
on dissolved oxygen or temperature values. One notable implementation for tilapia farms used a hybrid system
combining YOLO-based vision with 10T sensors to measure fish size, count populations, and calculate necessary
feed volume. This system achieved a 94% weight estimation accuracy on ~3,500 images, outperforming
traditional estimation methods, and reportedly enabled up to 58 x production gains in controlled trials. In
European sea cages with sea bass, behavioral indices such as fish swimming speed were used to predict satiation
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status and adjust feeding schedules in real time These systems often leverage cloud/mobile platforms to enable
remote monitoring, lending them versatility across farm types—from large commercial facilities to small-scale
setups (~20%—70% feed waste reduction; ~70% labor savings reported in Southeast Asian farms).

Tailored Feed Formulation & Nutrient Optimization

Beyond schedule control, Al also enables diet customization based on species-specific nutritional needs.
ML models have been applied, for instance, to carp nutrition where fuzzy logic and neural network models
analyzed feed ingredients and environmental factors to suggest diets minimizing nutrient leakage and optimizing
FCR. In an innovative advance, systems now evaluate feed ingredients’ nutritional profiles—Ilike protein
fractions, fatty acids, vitamins, probiotics—and correlate them with fish health and immune responses. One
approach dynamically adjusts amino acid or probiotic content to enhance disease resistance, reduce antibiotic
dependence, and fortify gut health. Studies using probiotic-enhanced diets showed marked improvements in
survival rates during infections and elevated immune enzyme activity .These intelligent systems support
sustainability goals, enabling incorporation of novel feed inputs such as insect meal, microalgae, microbial
protein, and phytogenic additives—facilitating a shift toward circular-aligned, low FCR feeds, with Fish-In Fish-
Out ratios as low as 0.22-0.33.

Biomass Estimation & Growth Forecasting

Precise biomass tracking is critical for nutrition planning and harvest timing. Conventional sampling is
intrusive and laborious. Al-driven vision systems now allow non-invasive, accurate biomass estimation. For
tilapia, YOLOV8 vision models achieve ~94% accuracy by measuring fish length and extrapolating weight—
without interfering with fish via manual sampling In marine cages, CNNs with semantic segmentation track
individual fish body lengths over time—even during overlapping group behaviors—enabling accurate counts with
F1-scores up to 97.9% Drone- and ROV-based monitoring allow holistic biomass and behavior observation across
large pens. Paired with predictive modeling, these systems forecast growth trajectories based on historical data
and environmental patterns. For example, Q-learning reinforcement learning has been applied to determine
optimal feeding and temperature control policies, enabling systems to reach target biomass levels with minimal
feed use across life stages .Such precision allows farmers to adjust feeding campaigns to maximize growth while
minimizing costs.

Health Surveillance & Early Disease Detection

Disease outbreaks pose a major threat to aguaculture productivity and sports with antibiotics and economic
loss. Al-enhanced visuals and sensors offer early disease detection through asymptomatic indicators: lesions,
erratic swims, skin discoloration, etc. CNNs trained on pathogen-specific features can diagnose diseases like red-
spot, Aeromoniasis, or gill disease, achieving 94.7-99.7% accuracy across multiple fish species .Hybrid models
like PMIWEs—integrating DenseNet, ResNet, EfficientNet—achieve 97.5% accuracy across freshwater fish
diseases. Using ResNet50+CBAM vyields near 90% detection robustness, even under inconsistent lighting or
turbidity conditions.Beyond visuals, water quality-based outbreak prediction via gradient boosting models
monitor pH, DO, ammonia biases to predict disease risk with >92% accuracy. These predictions enable proactive
interventions and vaccination timing. In tilapia farms, vaccine timing optimization via Al models enhances
immune response by avoiding vulnerable periods, reducing antibiotic use and mortality rates. Mobile-integrated,
cloud-based disease monitoring systems enable smallholder farmers to upload images and receive immediate
alerts via simple smartphone interfaces—modular, scalable, and accessible.

Water Quality Monitoring & Environment Response

Environmental parameters directly influence fish metabolic rates and nutrition efficiency. AloT systems
employ buoys, sensors, ROVSs, drones, and cage cameras to monitor temperature, pH, DO, ammonia, turbidity at
high frequency. Sensor data streams feed into anomaly detection models that spot oxygen dips, thermal
stratification, or algal bloom precursors, triggering automatic system adjustments or alerts. For example, biofloc-
based pond farms use sensor data and ML models to balance microbial biomass generation with water quality,
converting wasted feed into beneficial microbial protein. Smart RAS systems regulated via Al show water usage
and mortality improvements in Norway, while Singapore’s urban farms demonstrate efficient yield through
constant chemistry control. These dynamic systems ensure optimal feeding timing aligns with metabolic windows,
maximizing nutrient uptake while reducing stress and waste.
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Genomics & Breeding Applications

Looking forward, Al is being applied to genetic data to assist selective breeding. Multi-omic datasets—
combining feed composition, environment and performance—are analyzed with ML to optimize genetic traits like
growth rate, disease resistance, and feed efficiency. Collaboration between IBM (SalmoBreed) and research
partners uses Al to guide salmon breeding cycles with high throughput genotype-phenotype models. Integration of
genetic feedback with feed management allows breeders to tailor nutrition to genetic lines, creating precision
nutrition at breed level—accelerating gains in growth and sustainability.

Supply Chain Traceability & Quality Grading

Emerging Al-blockchain hybrids focus on end-to-end product traceability. Al-validated feed provenance
with tamper-proof blockchain enhances consumer trust and regulatory compliance. Another example: Fujitsu’s
Sonofai Al-ultrasound system for tuna fatty grading drastically cuts operation time (from ~60 sec to ~12 sec),
enabling fast and accurate quality assessment for sashimi-grade tuna— applicable even in small-scale processing
plants.

Challenges & Limitations

Data Scarcity & Heterogeneity

learning, zero-shot and ensemble models
partly address this.

federated learning with privacy.

| Challenge H Description \ Mitigation \
Advanced sensors, compute hardware, 10T || Edge-Al devices, open-source
High Costs & Infrastructure networks, and licensing costs exclude || frameworks, pay-per-use
smaller farms. models.
Insufficient  high-quality labeled data
across species and conditions. Transfer | Crowdsourced datasets,

Expertise Gaps

interdisciplinary teams.

- - Models may not generalize across farms or || Modular architectures,
Scalability & Adaptability species without retraining. reinforcement learning.
Effective deployment requires skilled| Capacity  building,  farmer

training programs.

Regulatory & Standardization
Issues

Lack of common protocols for sensor
interoperability, data sharing.

International standards, public—
private partnerships.

CONCLUSION

Al has evolved into a cornerstone of modern aquaculture nutrition—optimizing feeding, customizing diet
formulations, improving biomass estimation, enhancing disease prevention, and safeguarding environmental
quality. While current applications rely on established sensors and cloud-models, the next frontier lies in
decentralized, edge-based, multimodal systems, automation, and genomics integration. Challenges remain—
infrastructure cost, data generation, model generalization, and skills development—but ongoing innovation and
collaborative frameworks promise wider adoption. By uniting technology providers, researchers, farmers, and
policymakers, Al-powered fish nutrition can lead to a more efficient, responsible, and sustainable aquaculture
industry—feeding our growing global population with lower environmental impact.
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