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A B S T R A C T   

The increasing global population drives a rising demand for food, particularly fish as a preferred protein source, 
straining capture fisheries. Overfishing has depleted wild stocks, emphasizing the need for advanced aquaculture 
technologies. Unlike agriculture, aquaculture has not seen substantial technological advancements. Artificial 
Intelligence (AI) tools like Internet of Things (IoT), machine learning, cameras, and algorithms offer solutions to 
reduce human intervention, enhance productivity, and monitor fish health, feed optimization, and water 
resource management. However, challenges such as data collection, standardization, model accuracy, inter
pretability, and integration with existing aquaculture systems persist. This review explores the adoption of AI 
techniques and tools to advance the aquaculture industry and bridge the gap between food supply and demand.   

Introduction 

Since the 21th century, the global population has experienced rapid 
growth. Despite efforts in the agriculture sector to keep up with the 
demand of food, the pace of population growth has outstripped agri
cultural production (Ahmed et al., 2024). Consequently, this imbalance 
has resulted in an uneven distribution of essential nutrients such as 
protein, fat and calories in the diet consumed by the people (Pradhan 
et al., 2019). According to United Nation’s estimates, there are over 900 
million malnourished people worldwide with one fourth of them being 
children under the age group of four or five. These young children are 
particularly vulnerable to the adverse effects of severe protein and en
ergy malnutrition (PEM). The primary cause of inadequate access to 
nutritious remains a significant factor contributing to under-nutrition, 
especially among children in many developing countries (UN, 2010). 

Over the past few decades, fish has emerged as a significant protein 
source in many developing countries (Ahmed and Ahmad, 2020; FAO, 
2020; Ahmad et al., 2021. Ahmad et al., 2021a, b; Ahmad et al., 2022). 
The nutritional value of fish is unquestionable as it is rich in high-quality 
protein, essential micronutrients and omega-3 unsaturated fatty acids. 

Notably, fish exhibits more pronounced satiating effects compared to 
terrestrial animal proteins like beef and chicken meat (Uhe et al., 1992). 
Around 60 % of people in developing countries heavily depend on fish 
for at least 30 % of their animal protein intake, while nearly 80 % of the 
population in most developed countries obtain less than 20 % of the 
animal protein from fish (FAO, 2022). However, some Asian countries 
show a relatively higher reliance on fish (Delgado, 2003). Despite fish 
plays a crucial role in sustaining a significant segment of the global 
population, with a major portion of the diet consisting of fish and fishery 
related products (Minar et al., 2012; Chakraborty et al., 2015; Gandotra 
et al., 2017). It’s availability is being compromised by unsustainable 
fishing practices in natural water bodies. This management is contrib
uting to a deficiency in providing nutritionally adequate food for the 
populations of developing countries. 

Worldwide total catch of fisheries production in 2016 was around 91 
million tons, involving about 79 million tons from marine waters and 
only 12 million tons from inland waters (FAO, 2018). By 2030, an extra 
quantity or quantum of 37 million tons of fish for each year will be 
needed to meet the demand of current degrees of fish utilization for an 
extended world population. As capture fisheries is showing the 
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indications of nearly stagnation for last one decade, there is a dire need 
to tap extra sources of resources that can be achieved through the 
mobilization of water bodies. Aquaculture emerges as a viable solution 
to this challenge, offering the potential to significantly augment overall 
fish production (Allan, 2004; Khursheed et al., 2023). To address the 
growing disparity between demand and supply on a global scale, 
advanced aquaculture technologies represent the sole viable recourse. 

Although different traditional techniques have already been 
employed in aquaculture, but recent technological advancements 
promise to reduce human intervention and enhance aquaculture pro
ductivity. Notably, AI stands out as a transformative force in the aqua
culture industry (Mustapha et al., 2021). AI technologies are actively 
employed in monitoring and managing fish health and growth, leading 
to improved feed, diminished risk of disease outbreaks, and enhanced 
overall farm productivity. Geetha and Bhanu (2018) reported that the 
involvement of developmental algorithms and models in AI, enabling 
that conventially necessitate human intelligence, such as learning, 
reasoning and problem-solving. In the realm of aquaculture, AI facili
tates the analysis of data derived from sensors and cameras to monitor 
fish behaviour, detect signs of disease or stress, employ automatic sen
sors for measuring fish length and weight, and optimize feeding regimes 
(Barreto et al., 2022; Føre et al., 2018; Tonachella et al., 2022). By 
analyzing this data using AI algorithms, researchers can develop pre
dictive models that can identify the early signs of disease or stress in fish 
(Gladju et al., 2022). Sharma and Kumar (2021) emphasize the role of 
integrated sensors, biosensors, and AI in minimizing the reliance on 
antibiotics and other medications. Furthermore, AI contributes to the 
formulation of personalized feeding programs tailored to meet the 
nutritional requirements of individual fish, optimizing growth rates and 
fostering improved overall health and well-being (Kaur et al., 2021). It 
can also help to improve the management of fish reproduction, by 
developing predictive models that can identify the optimal conditions 
for spawning and egg production (Chapman et al., 2014; Migaud et al., 
2013). This review comprehensively synthesis the application of AI to 
enhance the efficiency and sustainability of the aquaculture industry, 
particularly in the domains of fish reproduction, feeding, and growth. A 
compilation of prior studies on AI applications is presented in Tables 1 

and 2. Moreover, this paper aims to delve into the myriad applications of 
AI in aquaculture elucidating potential benefits and addressing the 
challenges and limitations that must be surmounted to fully exploit its 
potential. 

Overview of Artificial intelligence (AI) 

AI refers to the simulation or approximation of human intelligence in 
machines. The aim of AI includes computer-enhanced learning, rea
soning and perception (Xu et al., 2021). In recent years, AI has grown an 
importance in aquaculture research and production, with both start-ups 
and established corporations developing new AI-based applications for 
the industry (The Lutz Report, 2023). Data mining and machine learning 
are two closely related techniques that are commonly used in the field of 
AI to analyze large amounts of data and extract useful insights and 
knowledge. While they share some similarities, there are also few dif
ferences between the two techniques (Sarker, 2022). Data mining refers 
to the process of extracting patterns and relationships from large data
sets. It involves using a variety of statistical and computational tech
niques to identify trends, associations, and anomalies in the data. Data 
mining techniques can be used to explore the data, identify patterns and 
relationships, and develop predictive models that can be used to make 

Table 1 
An overview of some studies related to Artificial Intelligence (AI) in aquaculture.  

S. 
No. 

Area of Research Outcome Reference 

1. AI in aquaculture Effectiveness in traceability, 
feeding, disease detection, 
growth prediction, 
environmental monitoring, 
market information, and others is 
key to increasing aquaculture 
productivity and sustainability. 

Mustapha 
et al., 2021  

2. Deep learning 
techniques 

InceptionV3 pre-trained model 
for classifying three different 
types of abnormal appearance of 
grouper can reach average 98.94 
% accuracy in phase II task. 

Chen et al., 
2022 

3. AI based disease 
detection 

Covers periodical optical 
monitoring of the fishes in the 
farm, detecting the onset of any 
disease, with a minimum time 
lag. 

Darapaneni 
et al., 2022 

4. Intelligent feeding 
technique 

To calculate the shrimp biomass 
and determine the appropriate 
feeding amount by reading the 
sensors in real time. 

Chen et al., 
2022 

5. Intelligent feeding Intelligent equipment can replace 
people, reduce labor intensity, 
reduce risk, and improve work 
efficiency. 

Wu et al., 2022 

6. Internet of Things 
(IoT) systems in 
aquaculture 

Maintaining water quality and 
other parameters within the 
acceptable ranges. 

Rastergari 
et al., 2023  

Table 2 
Use of Artificial Intelligence (AI) in aquaculture.  

Area of application Examples of AI techniques Benefits 

Breeding Machine learning 
algorithms, genetic 
algorithms, neural 
networks 

Improved accuracy in selecting 
breeding pairs, faster genetic 
improvement, reduced cost 
and time of breeding 
programs, increased disease 
resistance 

Feeding 
optimization 

Neural networks, fuzzy 
logic, decision trees, 
genetic algorithms 

Reduced feed wastage, 
improved growth rates, lower 
costs, improved sustainability, 
identification of optimal 
feeding regimes for different 
fish species 

Disease detection 
and management 

Machine learning 
algorithms, image 
recognition, natural 
language processing 

Early detection and diagnosis 
of diseases, improved accuracy 
in diagnosis, reduced 
treatment costs, improved 
disease management 

Water quality 
management 

Expert systems, fuzzy 
logic, neural networks 

Improved water quality 
management, reduced use of 
chemicals and antibiotics, 
improved disease prevention 
and control, reduced mortality 
rates 

Environmental 
monitoring 

Artificial neural networks, 
machine learning 
algorithms, acoustic 
sensors 

Improved understanding of the 
impact of environmental 
factors on fish behavior and 
growth, improved 
sustainability 

Harvesting and 
processing 

Robotics, computer vision, 
machine learning 
algorithms 

Improved efficiency, reduced 
labor costs, improved accuracy 
in grading and sorting fish, 
reduced waste 

Supply chain 
management 

Blockchain, artificial 
intelligence algorithms 

Improved traceability, reduced 
fraud, increased transparency, 
improved efficiency 

Energy 
optimization 

Artificial neural networks, 
fuzzy logic, genetic 
algorithms 

Reduced energy consumption, 
improved sustainability, 
reduced costs 

Aquatic vegetation 
management 

Machine learning 
algorithms, artificial 
neural networks 

Improved understanding of the 
impact of aquatic vegetation 
on fish growth, identification 
of optimal vegetation 
management strategies 

Aquaponics Machine learning 
algorithms, expert 
systems, genetic 
algorithms 

Improved efficiency, reduced 
labor costs, improved 
sustainability, increased crop 
yields  
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decisions based on the data (Wu et al., 2021). 
Machine learning, on the other hand is a subfield of AI that involves 

the development of algorithms and models that can learn from data and 
make predictions or decisions based on that learning (Sarker, 2021). 
Machine learning algorithms are designed to identify patterns and re
lationships in data, and then use those patterns to make predictions or 
decisions about new data (Choudhury et al., 2021). There are several 
different types of machine learning algorithms, including supervised 
learning, unsupervised learning, and reinforcement learning (Mahesh, 
2020). Supervised learning algorithms are trained on labelled data, 
where the correct answers are known, and are used to make predictions 
or decisions about new data learning (Mahesh, 2020). Unsupervised 
learning algorithms, on the other hand, are trained on unlabelled data, 
where the correct answers are not known, and are used to identify 
patterns and relationships in the data (Patel, 2019). Reinforcement 
learning algorithms are used to train agents to take actions in an envi
ronment in order to maximize a reward. Both data mining and machine 
learning techniques are widely used in a variety of industries and ap
plications, including finance, healthcare, marketing, and more (Sarker, 
2021). They are particularly useful in fields where large amounts of data 
are available, and where there is a need to extract insights and knowl
edge from that data in order to make informed decisions. An overview of 
some studies related to AI in aquaculture is presented in Table 1. 
Considering the revolutionary of AI and machine learning, present re
view has been designed to summarize the role, importance and future 
perspectives of AI in aquaculture. 

Types of AI 

AI refers to the simulation of human intelligence in machines that are 
programmed to perform tasks that would typically require human in
telligence, such as perception, reasoning, learning, and decision-making 
(Xu et al., 2021). AI is a broad field that encompasses various subfields 
and applications, and there are several types of AI (Fig. 1). 

Based on functionalities, types of AI are as below; 
Reactive AI: This type of AI is programmed to react to specific sit

uations or inputs but cannot learn from past experiences or make pre
dictions about the future (Sarker., 2022). 

Limited Memory AI: This type of AI can learn from past experiences 

and make decisions based on that knowledge, but it has limited memory 
and cannot consider a large amount of data (Xu et al., 2021). 

Theory of Mind AI: This type of AI can understand the beliefs, 
emotions, and intentions of other agents, making it useful for applica
tions such as social robotics. 

Self-Aware AI: This type of AI has a sense of self and can understand 
its own capabilities and limitations. 

Based on Capabilities following are types of AI; 
Narrow AI: Weak AI, commonly referred to as narrow AI, is limited 

to performing a single narrow task. It advances along the spectrum of a 
single subset of cognitive talents. As machine learning and deep learning 
techniques advance, specialised AI applications are appearing more 
frequently in our daily lives (Sarker., 2022). 

General AI: General AI, also known as strong AI, is capable of un
derstanding and learning any intellectual task that a human being is 
capable of. It enables a machine to apply knowledge and skills in a va
riety of contexts. So far, AI researchers have not been able to achieve 
strong AI. They have to figure out how to make machines conscious, 
programming a full set of cognitive abilities. 

Super AI: Outperforms human intelligence and is capable of per
forming any task better than a human. Artificial super intelligence en
visions AI evolving to be so similar to human sentiments and experiences 
that it not only understands them, but also elicits emotions, needs, be
liefs, and desires of its own. Its existence is still speculative. Thinking, 
solving puzzles, making judgements, and making decisions on its own 
are some of the critical characteristics of super AI (Xu et al., 2021; 
Sarker, 2022). 

Potential applications of artificial intelligence in aquaculture 

Aquaculture stands as a rapidly expanding industry that demands 
significant technological advancements to improve farming practises. 
To enhance productivity, the development of novel farming methods is 
imperative and AI emerges as a key in many ways. Nowadays, AI gadgets 
are accessible to provide a more stable environment for the stock. 
Although there are several applications of AI in aquaculture, but here we 
discuss few of them in detail as below: 

1. Use of AI in monitoring water quality. 
Effective water quality monitoring is paramount for the success of 

Fig. 1. Artificial Intelligence (AI) and its types.  
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aquaculture operations (Lindholm-Lehto, 2023), given the multifaceted 
factors influencing it. Some of them are necessary to keep water at least 
as sustainable as possible. Fish activity can be directly impacted by the 
water quality due to the fish’s high reliance on the aquatic environment. 
Monitoring water quality is therefore a crucial problem to take into 
account, particularly in the fish farming industry (Arafat et al., 2020) 
and AI is increasingly being used to help in this area (Lu et al., 2022). 
This section aims to elucidate how AI can be effectively employed in 
monitoring water quality within aquaculture systems. By analyzing data 
from sensors that measure parameters such as temperature, dissolved 
oxygen, pH and ammonia levels (Dupont et al., 2018), AI algorithms can 
detect patterns and anomalies that may indicate problems with the 
water quality (Zhao et al., 2021; Khurshid et al., 2022). This can help 
farmers to take corrective actions before any harm is done to the fish. AI- 
powered water quality monitoring systems can continuously monitor 
multiple parameters in real-time, which can provide more accurate and 
timely information than manual monitoring methods (Javaid et al., 
2022). This allows farmers to respond quickly to any changes in water 
quality, reducing the risk of fish mortality and other negative outcomes. 

AI assumes a pivotal role in developing predictive models that 
anticipate changes in water quality before they occur. It can be helpful in 
analyzing the historical data on water quality and other factors such as 
weather patterns and feeding schedules (Saeed et al., 2022). Besides, AI 
algorithms can predict the likelihood of changes in water quality and 
provide early warnings to farmers. Gunda et al. (2018) have developed 
an AI-based mobile application platform for water quality monitoring 
for bacterial contamination, where they have used a low-cost rapid test 
kit i.e., Mobile water kit for detecting the water quality for bacterial 
contamination. Moreover, AI algorithms can help farmers to optimize 
water quality parameters based on the specific needs of the fish species 
being farmed (Chiu et al., 2022). Aldhyani et al. (2020) developed 
advanced AI algorithms to predict water quality index (WQI) and water 
quality classification (WQC). For the WQI prediction, artificial neural 
network models, namely nonlinear autoregressive neural network 
(NARNET) and long short-term memory (LSTM) deep learning algo
rithm have been developed. In addition to this, three machine learning 
algorithms, namely, support vector machine (SVM), K-nearest neigh
bour (K-NN) and Naive Bayes have been used for the WQC forecasting. 
Their results revealed that the proposed models can accurately predict 
WQI and classify the water quality according to superior robustness. 

Moreover, temperature is a critical factor in aquaculture, as it 
directly affects the health and growth of aquatic organisms (Mugwanya 
et al., 2022). AI algorithms can analyze data from temperature sensors 
in fish farms to monitor water temperature continuously. By this tech
nique, the system can identify patterns and anomalies in the tempera
ture data and provide real-time alerts to farmers if the temperature 
deviates from the optimal range for the specific fish species being farmed 
(Yang et al., 2021). This will allow farmers to detect changes in tem
perature quickly and take appropriate actions to maintain optimal 
conditions for the health and growth of the fish (Mustafa et al., 2016; 
Joseph et al., 2019; Chiu et al., 2022). By continuously monitoring the 
temperature, AI algorithms can also provide valuable insights to farmers 
on the impact of environmental changes on the fish and help to prevent 
potential problems that may arise due to changes in temperature (Føre 
et al., 2018). Besides this, AI algorithms can identify trends and patterns 
in the data, which can indicate potential risks to the health and growth 
of the fish (Manoj et al., 2022). This might be explained that when 
temperature increases rapidly, it may indicate a problem with the 
cooling system, which could lead to higher mortality rates for the fish 
(FAO, 2018). 

AI algorithms can also analyze data from other environmental factors 
such as water quality, feed management and weather patterns to provide 
a holistic view of the fish farm’s conditions (Lafont et al., 2019). By 
integrating this data, AI algorithms can provide more accurate and 
comprehensive insights to farmers on how different environmental 
factors can impact the health and growth of the fish (Niloofar et al., 

2021). This can help farmers make more informed decisions on how to 
optimize their fish farm operations and prevent potential problems that 
may arise due to changes in temperature or other environmental factors 
(Gladju et al., 2022). Considering the findings of these studies, it can be 
inferred that AI algorithms can provide valuable insights to fish farmers. 

2. Use of AI in disease detection and prevention 
A pivotal application of AI in bolstering the health and well-being of 

fish within aquaculture system revolves around disease identification 
and control. Numerous studies have focused on the use of AI for disease 
detection and management, optimization of feeding regimes and man
agement of fish reproduction (Fig. 2). In the realm of aquaculture op
erations, the increasing utilization of AI is notably evident in the 
identification and treatment of fish infections (Li et al., 2023). AI can be 
used in analyzing the data from sensors and cameras to find indicators of 
illness or stress in fish. Cameras, for instance, can be used to observe fish 
behaviour and spot alterations that can point to stress or disease, such 
decreased activity levels or unusual swimming behaviour. Chen et al. 
(2022) reported that advanced disease identification based on fish 
behaviour and external appearance has been identified as a promising 
field for AI use. In addition, this detection system is based on underwater 
cameras or sensors to capture images that are sent through the cloud to 
the processing unit and scoring system. This gives artisanal farmers 
considerably more time to seek for management solutions (Darapaneni 
et al., 2022). 

Analyzing fish photos for disease indicators is another method of 
applying AI to the identification of disease in fish (Yang et al., 2021). It 
can detect disease symptoms like lesions, odd behaviour, or dis
colouration by examining fish photos captured by cameras in the fish 
farm (Nik Zad, 2013; Chan et al., 2022). This can help farmers in early 
disease detection and treatment, limiting the demand for antibiotics and 
the risk of outbreaks. This method can assist aquaculturists in identi
fying fish infections sooner, which can enhance treatment results and 
lessen the disease’s ability to spread to other fish populations. Analyzing 
water quality data for disease indicators is another method of employing 
AI for fish disease identification (Setiyowati et al., 2022). Temperature, 
pH, and dissolved oxygen levels are a few examples of water quality 
variables that can have an impact on fish health and reveal the existence 
of specific diseases. AI programmes can be used to examine data on 
water quality and spot trends that can point out the presence of disease 
(Nayan et al., 2021). AI algorithms can, for instance, assess environ
mental information like temperature, precipitation, and nutrition levels 
to forecast when and where disease outbreaks are likely to occur (Ela
varasan et al., 2018). This can assist aquaculturists in taking proactive 
steps to stop the spread of disease and lower the possibility of suffering 
financial losses (Rajitha et al., 2007). Besides, the use of antibiotics and 
other pharmaceuticals may be decreased by using AI tools and tech
niques to perform early interventions, such as modifying water quality 
indicators or delivering tailored therapies (Holmes et al., 2016). 

Furthermore, several studies explored the use of AI to analyze the 
video data from salmon farms to detect changes in behaviour that may 
indicate stress or disease. The researchers used a deep learning algo
rithm to identify behavioural patterns in the fish, and were able to detect 
early signs of disease with a high degree of accuracy. Wu et al. (2022) 
studied four major aspects of deep-sea aquaculture including intelligent 
feeding, water quality detection, biomass estimation, and underwater 
inspection. This transitional development has changed the traditional 
manual way to mechanization, then to automation, hence named as 
unmanned intelligent equipment. Use of these intelligent equipment in 
various fields of aquaculture can reduce labour cost, reduce threats and 
can increase working potential. Lee et al. (2000) used fuzzy logic-based 
control system for denitrification in a closed recirculation system. They 
developed a computer-control denitrifying bioreactor for a system 
housing squid for biomedical research. This Fuzzy logic can be used to 
process real-time inputs from sensors used to measure dissolved oxygen, 
oxidation–reduction potential and pH and in turn controls the pumping 
rates and addition carbon feed to the bioreactor. 
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Overall, the use of AI to fish disease detection has the potential to 
dramatically enhance the health and wellbeing of fish populations raised 
in aquaculture. Table 3 shows some techniques which are being used in 
disease detection. However, further research is needed to explore the 
full range of applications of AI in aquaculture, and to develop more 
advanced and sophisticated AI algorithms and models. 

3. Use of AI in biomass monitoring. 
For determining fish health and growth rate during the growing 

stage, biomass is one of the most crucial factors (Li et al., 2020). The 
manual procedure for estimating biomass entails sampling using a 
fishing net or tray, catching each fish, weighing them individually, and 
then calculating the biomass (Martinez-de et al., 2003). It is a time- 
consuming and labor-intensive process, which makes it difficult to es
timate a larger number of samples for precise biomass estimation (Cai 
et al., 2020). Additionally, it shows a higher level of measurement errors 
brought on by human error. This procedure stresses the fish, which may 
have negative consequences like growth retardation, nerve damage, and 
even death. Manually handling dead fish during post-processing for 
biomass estimation also compromises the texture and quality of the 
product (Zion, 2012). As a result, extensive research has been done to 
investigate alternative techniques for estimating biomass (Li et al., 
2020). The use of AI offers new opportunities for modern aquaculture. 
Meanwhile, combining machine learning and vision can more precisely 
estimate fish’s size, weight, number, and other biological data. 

Machine learning and computer vision have emerged as powerful 
tools in various domains and their application in estimating the weight 
of fish showcases their potential in fisheries management and environ
mental monitoring (Monkman et al., 2019). Several studies and research 
projects have explored the use of machine learning algorithms to more 
accurately estimate the weight of fish. One notable approach involves 
utilizing computer vision techniques to analyze images of fish and 
extract relevant features for weight prediction. Bravata et al. (2020) 
highlights the implementation of convolutional neural networks (CNNs) 
to process images of fish and predict their weight with high accuracy. 

The study demonstrates the effectiveness of deep learning in capturing 
intricate patterns and characteristics that contribute to weight varia
tions among different fish species. Another study by Lopez-Tejeida et al. 
(2020) improved a method to obtain fish weight using machine learning 
and NIR camera with Haar Cascade Classifier. They reported that by the 
implementation of hardware and software adds an infrared light and 
pass band filter for the camera successfully, the fish was detected 
automatically, and the fish weight and length were calculated moreover 
the future weight was estimated. 

a. Size estimates: Body lengths of harvested fish are key indices for 
marine resource management. Some fisheries management organiza
tions require fishing vessels to report the lengths of harvested fish (Tseng 
et al., 2020). Conventionally, body lengths of fish are measured manu
ally using rulers or tape measures. Such methods are, however, time 
consuming, labour intensive, and subjective. Several researchers have 
used the ImageNet dataset and the Atlantic fish dataset to conduct 
algorithmic research on estimates of fish size. For estimating the length 
of European bass under various architectures, Monkman et al. (2019) 
suggested the R-CNN model. In addition, the author used OpenCV to 
calculate the image and increase accuracy in light of the image distor
tion. According to the findings, the typical deviation percentage was 2.2 
%. 

b. Age determination: One of the main methods of fish age 
discrimination used presently is the automatic interpretation and 
recognition of fish age using fish otolith images (Bermejo et al., 2007). 
Machine learning has been successfully used for tasks like object 
recognition and other types of image analysis, and it is essential for 
otolith image-based age estimation. In order to determine the age of fish, 
Moen et al. (2018) used deep learning to automatically interpret otolith 
images and converted ImageNet pre-trained parameters to the trained 
CNN model through transfer learning. The experimental outcomes 
showed that the model performed well and could be used to compare the 
accuracy of artificial experts. The model was unable to accurately pre
dict the youngest fish age area, which resulted in low prediction 

Fig. 2. Applications of Artificial Intelligence (AI) in aquaculture.  
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accuracy for specific ages. 
c. Sex determination: For the identification of the sex of fish, bio

logical methods were used in the past (Du et al., 2017; Yarmohammadi 
et al., 2017; Webb et al., 2019). These methods had high detection errors 
and caused fish trauma. The machine learning method for identifying 
fish sex does not rely on the quality or age of the fish, but rather on the 
relative morphological parameters of the fish. In parallel, machine 
vision technology can effectively obtain the morphological parameters 
of the fish. For these reasons, the method of combining machine vision 
and machine learning can obviously identify the sex of fish in an 
effective manner (Barulin, 2017). Barulin (2019) conducted a study on 
Sex identification of starlet sturgeon based on based on scute structure 
using Boruta algorithm/Random forest algorithm. The experimental 
results showed that this approach performs well, and they also offer a 
positive outlook for using AI to determine a species sex. 

4. Use of AI in fish feeding. 
The cost of feeding fish accounts for 40–50 % of the total operational 

cost of aquaculture (Ogunlela and Adebayo, 2016), while 60 % of the 
feed that is dispensed into the aquarium becomes particulates (Srivas
tava and Liu, 2015). These accumulated particles pollute the water, 
which uses oxygen to break them down and release ammonia, nitrogen, 
and other noxious substances that can stunt the growth of fish. While 
measuring the amount of fish feed intake remains a significant chal
lenge, the amount of feed dispensed to match fish appetite levels plays a 
significant role in increasing fish productivity. 

AI can also help to optimize feeding of fish and AI software can 
calculate the ideal feeding schedule and serving size. This could improve 
feed use, reduce waste, and foster fish growth and health. One important 

area where AI can have a significant impact on fish behaviour, appetite, 
and growth rates is aquaculture feeding optimization. By taking into 
account elements like water temperature, dissolved oxygen levels, and 
the nutritional content of feed, AI may be used to develop prediction 
models that determine the ideal feeding schedule and quantity for a 
certain fish population. Through waste and the chance of overfeeding, 
this can have a detrimental effect on the environment by resulting in 
contaminated water. By reading the sensors in real-time, an optimal 
model for artificial intelligence may be employed to determine the 
shrimp biomass and determine the proper amount (Chen et al., 2022). 

AI can also be used to assess fish behaviour and hunger in real-time in 
addition to optimising feeding schedules. It has been reported that 
cameras and sensors can be used to keep an eye on activities like feeding, 
swimming, and other signs of stress or hunger (Barreto et al., 2022). Fish 
will then receive the ideal quantity of nutrition to support their growth 
and development by using this information to change feeding schedules 
and amounts in real-time (Lafont et al., 2022). Studies have reported 
that AI can also be used to develop individualised feeding plans for each 
fish, taking into account their genetic make-up, age, and body weight 
(Reyed, 2023). Precision aquaculture is a method for maximising growth 
rates and minimising the overall environmental effect of aquaculture 
operations (O’Donncha and Grant, 2019). Using AI for feeding optimi
zation can significantly increase fish growth rates, appetite, and 
behaviour in aquaculture while lowering waste and having a minimally 
detrimental environmental impact (Føre et al., 2018). 

5. Use of AI in promoting growth rates. 
The optimal temperature for the growth of fish varies, depends on 

the species of fish reared. Maintenance of the optimal temperature, fish 
farmers can promote faster growth rates and larger fish (Uddin et al., 
2022). However, if the temperature rises too high or too low, it can 
negatively impact growth rates (Sivri et al., 2007). There are several 
ways in which growth rates, aquaculture, and AI are interconnected. 
Foremost factor is to monitor growth rate. The growth rates of these 
organisms are critical to the success of the aquaculture industry. AI can 
be used to monitor and manage the growth rates of these organisms, 
ensuring optimal conditions for growth and maximizing production. 

In the current era modern and innovative and technical instrumental 
devices are using stereoscopic observations to measure the size, observe 
the shape, position and behaviour of fish and shrimps. It has been re
ported that “Sonar cameras” converts sound echoes into video images to 
use them in dark or turbid environments (Li et al., 2020). Studies have 
reported that water quality can be monitored in three dimensional in 
cages and large tanks by using autonomous vehicles that lift and lowers 
the sensor to develop 3-D data profiles (Edan et al., 2009). Whereas 
indoor recirculatory aquaculture system and underwater net-pen pro
duction environment were found more stable (Using sonar to help 
farmers solve the biomass problem, 2022). 

Moreover, AI can be used to develop predictive models that can 
forecast the growth rates of aquatic organisms (Hmoud Al-Adhaileh & 
Waselallah Alsaade, 2021). To effectively estimate growth rates, these 
models can take into account a variety of environmental variables, 
including water temperature, oxygen concentrations, and nutrition 
availability (Ansari et al., 2021). This can help farmers in reducing waste 
and streamlining their production processes. Based on a fish species’ 
development rate, water temperature, and other environmental condi
tions, a prediction model can be used to establish the ideal feeding rate 
for that species (Ghandar et al., 2021). In order to help farmers organise 
their operations more efficiently, the model may also forecast the 
anticipated yield and the date of harvest. Predictive models can not only 
increase manufacturing efficiency but also help stop disease outbreaks. 
Predictive models can identify early indications of stress or disease in 
aquatic species through environmental monitoring, enabling farmers to 
take preventative action and lessen the effect on production (Bell et al., 
2022). Predictive modelling is a useful tool for farmers who want to 
maximise output while minimising environmental effect since it can 
boost growth rates, efficiency, and sustainability in aquaculture (Das 

Table 3 
Use of Artificial Intelligence (AI) in disease detection.  

S. 
No 

Disease diagnosis Technique/tool Detection 
Accuracy 

Reference  

Fish parasites 
(Ichthyophthirius 
multifiliis, 
Gyrodactylus 
kobayashii, 
and Argulus 
japonicus) 

Deep learning 
algorithm 
YOLOv4 through 
python 

95.41 % Li et al., 2023  

Difference between 
Infected fish and 
fresh fish 

Support Vector 
Machine (SVM) 
algorithm 

91.42 % 
without 
augmentation 
94.12 % with 
augmentation 

Ahmed et al., 
2022  

WSSV (White Spot 
Syndrome Virus 

Artificial Neural 
network, Fuzzy 
Algorithm 

90 % Fabregas 
et al., 2018  

EUS (Epizootic 
Ulcerative 
Syndrome) 

Machine 
learning 
algorithims 
Principal 
Component 
Analysis (PCA) 
and Histogram of 
Oriented Gra- 
dients (HOG) 

86 % Malik et al., 
2017  

EUS (Epizootic 
Ulcerative 
Syndrome) 

Principal 
Component 
Analysis (PCA) 
and K-menas 
Algorithm 

90 % Chakravorty 
et al., 2015  

Red Spot and White 
spot 

Convolutional 
Neural Network 
(CNN) 

91.67 % for 
white spot 
94.44 % for 
red spot 

Hassan et al. 
2022  

EUS, Red Spot, 
Argulus, Tail and Fin 
Rot, Broken 
antennae rostrum 
and Bacterial Gill 
rot. 

C-means Fuzzy 
logic and K- 
means clustering 

96.48 % for K- 
means 
clustering 
97.90 % for C- 
means Fuzzy 
logic 

Sikder et al., 
2021  
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et al., 2022). Another study examined the use of AI to optimize feeding 
regimes for salmon. They use machine learning algorithms to develop 
personalized feeding programs based on individual fish characteristics, 
and were able to achieve significant improvements in growth rates and 
feed conversion ratios (Barreto et al., 2022). AI algorithms may create 
individualised feeding schedules that satisfy each fish’s unique nutri
tional needs and maximise growth rates by accessing data on feeding 
behaviour and development rates (Metcalfe, 2019). 

6. Use of AI in sustainability, efficiency and behaviour of fish. 
Aquaculture has the potential to be a sustainable food supply, but it 

needs to be carefully managed to prevent harm to the environment. It 
has been reported that AI can be employed to keep an eye on environ
mental factors like water quality, fertiliser levels, waste reduction, and 
productivity (Krishnan et al., 2021). The use of AI in aquaculture has the 
potential to boost productivity, promote sustainability, reduce disease 
outbreaks, and improve growth rates, making aquaculture a more viable 
and long-term source of food (Mandal and Ghosh, 2023). Fish feeding 
habits, activity levels, and social relationships can all be affected by 
temperature conditions. Certain fish species have been found to grow 
more aggressive in warmer temperatures. Some fish species are known 
to become more aggressive in warmer temperatures. Well-known ex
amples are tilapia, a common freshwater fish raised for food that has 
been demonstrated to become more aggressive in warmer temperatures. 
This is thought to be caused by changes in their metabolism, which can 
have an impact on how they behave. Popular sport fish, largemouth bass 
have been seen to become more hostile in warmer water temperatures. 
This is assumed to be caused by changes in their food habits and 
increased metabolic activity. 

The behavior of various fish species in response to temperature 
changes is a fascinating area of study. Bluegills, a popular freshwater 
sunfish, exhibit increased aggression in warmer water likely due to 
heightened competition for resources such as food and habitat (Barber, 
2007). Similarly, Atlantic salmon have been found to become more 
aggressive in warmer climates, which can lead to higher stress levels and 
increased succeptibility to diseases, potentially impacting their overall 
health and productivity (Portz et al., 2006; Svenning et al., 2022).). 
Coldwater fish called yellow perch have been seen to grow more 
aggressive in warmer weather (Stasko et al., 2012). Their feeding habits 
may vary as a result, and there may be more competition for few re
sources. Depending on the species and the particular environmental 
factors, the effect of rising temperatures on fish aggression may differ. 
Nonetheless, it is widely acknowledged that variations in water tem
perature can significantly affect fish behaviour as well as their general 
health and wellbeing. 

Several fish species become less active as a result of their slowed 
metabolisms and the need to conserve energy to keep their bodies warm 
in colder climates (Reeve et al., 2022). Which include a few fish species 
that slowdown in cooler weather (Power et al., 1999). Coldwater fish 
like trout become less active when the temperature drops. In order to 
save energy, they are known to seek out warmer water, such as at the 
surface or close to a warm tributary’s outflow (Heggenes et al., 2021). 
Another fish species that slows down in cooler weather is the catfish. As 
the water temperature is more consistent and they can preserve energy, 
they are known to go to deeper parts of a body of water. Freshwater fish 
with a wide tolerance for temperature variation include carp. However, 
they are known to become less active in colder temperatures and will 
often move to deeper areas of a body of water to conserve energy (Ficke 
et al., 2007). Pike are a type of predatory fishes that slowdown in cooler 
weather. They are known to travel to warmer water in deeper parts of a 
body of water where they can conserve energy. Besides, popular sport 
fish, walleye, become less active in cooler weather. In order to preserve 
energy, they are known to seek out warmer water, for example, close to a 
warm tributary’s outflow. 

This shows that depending on the species and the particular envi
ronmental conditions, the effects of cooler temperatures on fish activity 
might differ (Huntingford et al., 2006). Nonetheless, it is widely 

acknowledged that variations in water temperature can significantly 
affect fish behaviour as well as their general health and wellbeing. 
Consequently, fish producers can encourage healthy behaviours that 
produce fish with better health by maximising the temperature cir
cumstances (Craig et al., 2017). The Tokyo-based Umitron Corporation 
created the Umitron’s system, a system for tracking swimmer behaviour, 
using AI technology. This system makes decisions about when and how 
much feed should be supplied in each fish cage based on real-time 
observation of swimming behaviour. This approach significantly re
duces trash production, transportation and logistical needs compared to 
daily feeding as well as feed transformation efficiency. The fish are sold 
under the name “AI Sumagastsuo” in Tokyo (Umitron launches feed 
optimisation and mortality estimation software, 2022). 

7. Use of AI in reproduction 
The study of reproductive mechanisms is crucial across various or

ganisms, including, humans, animals, and plants, each with unique 
reproductive processes. Temperature plays a significant role in fish 
reproduction as certain species require specific temperature ranges for 
successful spawning. Fishermen can encourage effective reproduction 
and increase the number of fish in their farm by adjusting the temper
ature conditions. Freshwater or saltwater habitats can be used for 
aquaculture, which can use a variety of techniques include tank-based 
systems, net-pen systems, and integrated multi-trophic aquaculture. It 
has been studied that in aquaculture, AI can be used to enhance feeding 
and water quality, regulate fish populations, and prevent disease out
breaks (Prapti et al., 2022). Research on reproduction can be used in 
aquaculture to create fresh breeding plans that will boost the wellbeing 
and output of populations of farmed fish. In addition, there have been 
several studies exploring the use of AI for the management of fish 
reproduction. For example, one of the studies developed a predictive 
model to identify the optimal conditions for egg production in striped 
bass. Moreover, previous literature suggests that the use of AI in aqua
culture has significant potential to improve the efficiency and sustain
ability of the industry. By enabling more effective management of fish 
reproduction, feeding, and growth (Mustapha et al., 2021), AI can lead 
to improved fish health and well-being, as well as increased productivity 
and profitability for fish farmers (Ubina and Cheng, 2022; Khan et al., 
2018). 

8. Use of AI in breeding programs. 
Based on genomic data, AI can be used to create prediction models of 

fish performance, allowing for more effective and focused breeding 
programmes for qualities like disease resistance and growth rate. AI 
systems may find genetic differences associated with particular features 
by analysing vast amounts of genomic data, and they can then utilise this 
knowledge to create prediction models of fish performance (Dixit et al., 
2023). The performance of various fish populations under various 
environmental situations may thus be predicted using these models, as 
well as the top candidates for breeding to achieve particular objectives 
like disease resistance or growth rate. AI enables breeding operations to 
be more targeted and effective, which saves time and money while 
achieving desired features. By increasing the productivity and sustain
ability of fish populations, this can have a large positive impact on 
aquaculture and fisheries management (Mandal and Ghosh, 2023). 
Therefore, the use of AI and breeding programmes together has great 
potential to advance the fields of aquaculture and fisheries management 
as well as genetic quality and performance of fish populations. 

9. Use of AI in conservation genetics. 
AI can be used to analyze genetic data from endangered or threat

ened fish species, enabling better understanding of their genetic di
versity and potential for conservation. The conservation of these species 
is important for maintaining healthy aquatic ecosystems and preserving 
the biodiversity of our planet. Endangered or threatened fish species 
face many challenges, including overfishing, habitat loss, pollution, and 
climate change. In order to overcome these problems, conservation ge
netics can play a crucial role in understanding and addressing these 
challenges. 
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Analysis of genetic data using AI algorithms, researchers can identify 
distinct populations within a species, as well as the genetic diversity 
within and among these populations (Vilhekar and Rawekar, 2024).This 
information can be used to develop more effective conservation strate
gies, such as targeting conservation efforts to areas with high genetic 
diversity or prioritizing the protection of distinct populations that may 
be more vulnerable to extinction (Vilhekar and Rawekar, 2024). Re
searchers can use AI to track alterations in the genetic diversity of fish 
populations that are at danger of extinction. They can also evaluate the 
success of conservation methods and spot possible dangers to the long- 
term survival of a species by monitoring changes in genetic diversity. 
AI can also assist researchers in finding genetic markers linked to 
characteristics like disease resistance or successful reproduction that are 
crucial for the survival and procreation of fish species (Palaiokostas, 
2021).. Using this knowledge, breeding strategies may be created that 
put an emphasis on maintaining certain qualities and support the species 
long-term survival. In general, the application of AI to conservation 
genetics can assist us in understanding and preserving fish species that 
are in danger of extinction and are crucial to the health of our aquatic 
ecosystems and the lives of those who depend on them. 

Conservation genetics is an important field that aims to understand 
and preserve the genetic diversity of endangered or threatened species. 
AI can be a valuable tool in this field, as it can help researchers analyze 
large amounts of genetic data more efficiently and accurately than 
traditional methods (Xu et al., 2021). By analyzing genetic data using AI 
algorithms, researchers can identify patterns of genetic diversity within 
a species, such as the presence of unique or rare alleles. This information 
can then be used to develop effective conservation strategies, such as 
targeted breeding programs or the establishment of protected habitats. 
Additionally, AI can help researchers identify potential threats to the 
genetic diversity of endangered species, such as the introduction of 
invasive species or habitat destruction (Branco et al., 2023). By identi
fying these threats early on, conservationists can take action to mitigate 
their impact and preserve the genetic diversity of vulnerable species. 
Overall, the use of AI in conservation genetics has the potential to 
greatly enhance our understanding of endangered and threatened spe
cies and help ensure their long-term survival. Overall, AI holds the 
promise of revolutionising the research of fish genomes and opening up 
new possibilities for aquaculture, fishery management, and environ
mental conservation. The ethical ramifications of genetic tools based on 
AI, though, are also a source of worry, and it’s important to make sure 
they’re used sustainably and responsibly. As a result, it’s critical to 
carefully weigh the possible advantages and disadvantages of AI in fish 
genome analysis and to make sure it’s applied in a way that’s advan
tageous to both people and the environment. 

Hence, AI has the potential to change the aquaculture sector by 
enabling more profitable, efficient, and sustainable production tech
niques. Yet, there are also worries about the price and availability of AI 
technology, as well as potential moral dilemmas with the treatment of 
animals and the environment. To ensure that AI is utilised responsibly 
and sustainably, it is crucial to thoroughly weigh the potential advan
tages and hazards of its usage in aquaculture. 

10. Use of AI in fish genome. 
AI has the potential to revolutionise the study of fish genomes by 

enabling a speedier and more precise analysis of genetic data and 
accelerating the development of new genetic tools for use in aquaculture 
and fisheries management (Song et al., 2023). Fish genome research is 
one area where AI has showed considerable potential (Ditria et al., 
2022). AI can assist researchers in swiftly and accurately analysing 
enormous amounts of genetic data due to the growing complexity of 
data analysis techniques and the availability of genomic data (De Alwis 
et al., 2022). In order to detect genetic variations and comprehend the 
activities of particular genes, it can be incredibly helpful for AI algo
rithms to learn from enormous amounts of data in order to recognise 
patterns and make predictions. 

By detecting desirable genetic features and enabling the selection of 

the best candidates for breeding, AI can assist in aquaculture and fish
eries management to improve the breeding of fish species. By examining 
genetic diversity and locating genetic markers that can be used to follow 
fish movements and population changes, it can also assist in the moni
toring of fish populations. AI can also be utilised to create novel genetic 
tools that can be used to improve the health and production of fish, such 
as gene editing technology (Rasal and Sundaray, 2020). AI has the po
tential to significantly advance the study of fish genomes, leading to 
important breakthroughs in aquaculture and fisheries management. 
Some of the potential applications of AI in fish genome analysis include: 

11. Use of AI in genome sequencing and editing. 
Large volumes of genomic data may be analysed using AI, allowing 

for quicker and more precise genome sequencing and assembly. AI can 
speed up the process of genome sequencing, a critical tool for deter
mining the genetic makeup of fish species (Ruppert et al., 2019). AI 
algorithms can assist researchers in finding the most pertinent and 
instructive regions of the genome and speed up the synthesis of high- 
quality genome sequences by processing enormous amounts of 
genomic data. This can be very advantageous for fish breeding and se
lection in aquaculture. For instance, researchers can find desired fea
tures like disease resistance, rapid growth, and environmental 
adaptation by sequencing the genomes of several fish populations and 
examining genetic variants. Researchers can choose the best candidates 
for breeding with the use of AI, which can make the process much 
quicker and more precise than conventional techniques (Xue et al., 
2023). This will ultimately increase the productivity and sustainability 
of aquaculture operations. In order to advance the research of fish ge
nomes and enhance aquaculture techniques, AI and genome sequencing 
hold immense potential. 

In order to change fish genomes more effectively and precisely for 
purposes like increased growth and disease resistance, AI can be used to 
design and refine genome editing technologies like CRISPR-Cas9 (Fer
dous et al., 2022). The science of genome editing, which makes use of 
instruments like CRISPR-Cas9, holds great promise for enhancing fea
tures in fish species including disease resistance and growth (Houston 
et al., 2020). Unfortunately, developing and refining genome editing 
technologies can take a lot of time and resources. By anticipating the 
most efficient target areas for genome editing and refining the CRISPR- 
Cas9 system’s design for optimum effectiveness and precision, AI can 
speed up this process (Jones and Wilson, 2022). AI systems can discover 
potential off-target effects and reduce the danger of unintentional 
modifications to the genome by evaluating vast volumes of genetic data. 
Researchers can create more effective and precise genome editing tools 
for use in aquaculture and fisheries management with the aid of AI. For 
instance, CRISPR-Cas9 can be used to change existing features to better 
fit changing environmental conditions or to introduce desired genetic 
traits such as disease resistance or increased growth into fish pop
ulations (Roy et al., 2022). Overall, the development of new genetic 
tools and interventions that can improve the health and resilience of fish 
populations is made possible by the combination of AI and genome 
editing technologies, which has enormous potential for improving the 
productivity and sustainability of aquaculture and fisheries 
management. 

Major challenges 

One problem is the absence of clear data and data sharing guidelines. 
A large amount of high-quality data is required to develop effective AI 
models and algorithms. There is currently a lack of common data for
mats and protocols to facilitate data sharing across different aquaculture 
enterprises and research institutions. This limits the application of AI in 
aquaculture and creates difficulties in collecting and analysing large 
amounts of data. 

Mustapha et al. (2021) reported that, there are various limitations 
and challenges that may hinder the extensive adoption of AI in aqua
culture. One of them is security concerns associated with many levels of 
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the interconnected systems and networks that will be required. It re
quires complex data acquisition to convert it into meaningfully capture 
the complexity and biological interactions found in many production 
systems. Deep learning AI requires large amounts of training data, which 
is typically difficult to come by. For some applications, this is further 
compounded by the turbidity and bio-fouling associated with many 
culture systems. Finally, cost-benefit considerations will largely deter
mine the extent and pace of AI adoption. But the long term trends for 
adoption are increasingly apparent. 

In order to develop effective AI algorithms and models, large 
amounts of high-quality data are required. However, there is currently a 
lack of standardized data formats and protocols for sharing data across 
different aquaculture operations and research institutions. This makes it 
difficult to collect and analyze large amounts of data, and limits the 
effectiveness of AI in aquaculture. Aquaculture operations involve a 
wide range of variables, such as water quality, temperature, and feed 
inputs, that can interact in complex ways to affect fish health and 
growth. Developing AI algorithms and models that can effectively cap
ture and analyze these complex interactions is a major challenge that 
will require continued research and development. Developing and 
implementing AI systems in aquaculture can be expensive, particularly 
for smaller-scale operations. There may be a need for investment in 
infrastructure and technology to support the implementation of AI in 
aquaculture. As AI systems rely on large amounts of sensitive data, there 
is a need to ensure that data is securely stored and transmitted, and that 
data privacy is maintained. 

Skill and knowledge gaps 

Data analysis, software development, and aquaculture domain 
knowledge are just a few of the abilities needed to build and implement 
AI systems in aquaculture. Programs for education and training might be 
required to fill in skill and knowledge gaps. These challenges need to be 
addressed if aquaculture is to completely benefit from AI. By creating 
effective AI models and algorithms, addressing concerns with data 
sharing, complexity, cost, privacy, and data security, AI can help 
aquaculture operations become more sustainable and efficient while 
also providing a stable and secure supply of high-quality seafood for the 
growing global population. It can also help close skill and knowledge 
gaps. Another issue is the creation of sophisticated AI models and al
gorithms that can account for the intricate and dynamic structure of 
aquaculture systems. A few of the several variables that can interact 
intimately in aquaculture operations to affect fish health and growth are 
temperature, feed inputs, and water quality. It will take ongoing 
research and development to create AI models and algorithms that can 
successfully record and evaluate these intricate interactions. 

Conclusion 

Because AI makes it possible to regulate fish growth, feeding, and 
reproduction more effectively and over the long term, the aquaculture 
industry could undergo a total transformation. AI can improve decision- 
making speed and accuracy, decrease the need for antibiotics, and lower 
the negative environmental effects of aquaculture operations. However, 
there are a number of challenges that need to be solved before aqua
culture can completely benefit from AI. Some of them include the lack of 
standardized data and data communication protocols, as well as the 
need for advanced AI models and algorithms that can account for the 
complex and dynamic nature of aquaculture systems. Notwithstanding 
these challenges, the future of aquaculture AI looks bright. The aqua
culture industry will likely see an increase in the use of AI as technology 
grows. Thanks to AI, fish production can be managed more effectively 
and sustainably, providing a consistent and safe supply of premium 
seafood for the world’s growing population. 

Future recommendations 

Despite these difficulties, aquaculture AI has a promising future. The 
advancements in sensor technology and data collection techniques have 
made it easier to collect and share high-quality data. Additionally, the 
progress in machine learning and deep learning algorithms allows for 
more sophisticated analysis of large datasets. As these technologies 
continue to evolve in the aquaculture sector, AI is expected to play a 
more significant role in the effective and sustainable management of fish 
production, as well as in improving the overall health and well-being of 
farmed fish. The following suggestions for upcoming research and 
development will help aquaculture fully reap the potential advantages 
of AI: 

Standardization of data and data sharing protocols 

Standardized data formats and protocols must be established in order 
to facilitate data exchange among various aquaculture companies and 
research institutes. This will make it possible to gather and evaluate vast 
volumes of high-quality data and will speed up the creation of efficient 
AI models and algorithms. AI algorithms and models need to be devel
oped that can effectively capture and analyze the complex interactions 
between variables in aquaculture operations, such as water quality, 
temperature, and feed inputs. AI systems need to be integrated with 
existing aquaculture technologies, such as sensors and cameras, to 
enable real-time monitoring and decision-making. There is a need to 
develop low-cost AI systems that are accessible to smaller-scale aqua
culture operations, and that can help to improve the efficiency and 
sustainability of these operations. AI can be used to develop predictive 
models that can forecast fish growth, feed requirements, and disease 
outbreaks, enabling more effective and efficient management of aqua
culture operations. Collaboration between the aquaculture industry and 
academia can help to bridge skill and knowledge gaps, and facilitate the 
development and implementation of AI systems in aquaculture. 

By addressing these recommendations, AI can help to improve the 
efficiency and sustainability of aquaculture operations, and ensure a 
reliable and secure source of high-quality seafood for the growing global 
population. 

CRediT authorship contribution statement 

Mohd Ashraf Rather: Writing – review & editing, Visualization, 
Resources, Project administration, Conceptualization. Ishtiyaq Ahmad: 
Writing – review & editing, Writing – original draft, Validation, Re
sources, Methodology, Formal analysis, Data curation, Conceptualiza
tion. Azra Shah: Writing – review & editing, Visualization, Resources, 
Data curation. Younis Ahmad Hajam: Writing – original draft, Visu
alization, Resources, Formal analysis, Data curation. Adnan Amin: 
Writing – review & editing, Visualization, Resources, Formal analysis, 
Data curation. Saba Khursheed: Writing – review & editing, Visuali
zation, Resources, Formal analysis, Data curation. Irfan Ahmad: 
Writing – review & editing, Validation, Supervision, Project adminis
tration. Showkat Rasool: Writing – review & editing, Visualization, 
Investigation. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

No data was used for the research described in the article. 

M. Ashraf Rather et al.                                                                                                                                                                                                                        



Food Chemistry: X 22 (2024) 101309

10

Acknowledgements 

The authors are highly grateful to all the reviewers for evaluating our 
manuscript. 

Funding 

This study was not supported by any funding agency. 

References 

Ahmed, I., & Ahmad, I. (2020). Effect of dietary protein levels on growth performance, 
hematological profile and biochemical composition of fingerlings rainbow trout, 
Oncorhynchus mykiss reared in Indian himalayan region. Aquaculture Reports, 16, 
Article 100268. 

Ahmad, I., Ahmed, I., Fatma, S., & Peres, H. (2021). Role of branched chain amino acids 
on growth, physiology and metabolism of different fish species: A review. 
Aquaculture Nutrition, 27, 1270–1289. 

Ahmad, I., Ahmed, I., & Dar, N. A. (2021a). Effects of dietary leucine levels on growth 
performance, hemato-biochemical parameters, liver profile, intestinal enzyme 
activities and target of rapamycin signaling pathway related gene expression in 
rainbow trout, Oncorhynchus mykiss fingerlings. Aquaculture Nutrition, 27, 
1837–1852. 

Ahmad, I., Ahmed, I., & Dar, N. A. (2021b). Dietary valine improved growth, immunity, 
enzymatic activities and expression of TOR signaling cascade genes in rainbow trout, 
Oncorhynchus mykiss fingerlings. Scientific Reports, 11, 22089. 

Ahmad, I., Ahmed, I., & Dar, N. A. (2022). Effects of dietary isoleucine on growth 
performance, enzymatic activities, antioxidant properties and expression of TOR 
related genes in rainbow trout. Oncorhynchus mykiss fingerlings. Aquaculture Research, 
53(6), 2366–2382. 

Ahmed, M. S., Aurpa, T. T., & Azad, M. A. K. (2022). Fish disease detection using image 
based machine learning technique in aquaculture. Journal of King Saud University- 
Computer and Information Sciences, 34(8), 5170–5182. 

Ahmed, R. A., Hemdan, E. E. D., El-Shafai, W., Ahmed, Z. A., El-Rabaie, E. S. M., & Abd 
El-Samie, F. E. (2022). Climate-smart agriculture using intelligent techniques, 
blockchain and internet of things: Concepts, challenges, and opportunities. 
Transactions on Emerging Telecommunications Technologies, 33(11), e4607. 

Ahmed, I., Ahmad, I., & Malla, B. A. (2024). Effects of dietary tryptophan levels on 
growth performance, plasma profile, intestinal antioxidant capacity and growth 
related genes in rainbow trout (Oncorhynchus mykiss) fingerlings. Aquaculture, 
740710. 

Aldhyani, T. H. H., Al-Yaari, M., Alkahtani, H., & Maashi, M. (2020). Water quality 
prediction using artificial intelligence algorithms. Applied Bionics and Biomechanics, 
6659314. https://doi.org/10.1155/2020/6659314 

Allan, G. (2004) Fish for feed vs fish for food. In A.G. Brown (ed.). Fish, aquaculture and 
food security: sustaining fish as a food supply, pp. 20-26. Record of a conference 
conducted by ATSE Crawford Fund, Parliament House, Cambera, 11 August 2004. 

Ansari, F. A., Nasr, M., Rawat, I., & Bux, F. (2021). Artificial neural network and techno- 
economic estimation with algae-based tertiary wastewater treatment. Journal of 
Water Process Engineering, 40, Article 101761. 

Barber, I. (2007). Parasites, behaviour and welfare in fish. Applied Animal Behaviour 
Science, 104(3–4), 251–264. 

Barreto, M. O., Rey Planellas, S., Yang, Y., Phillips, C., & Descovich, K. (2022). Emerging 
indicators of fish welfare in aquaculture. Reviews in Aquaculture, 14(1), 343–361. 

Barulin, N.V., 2019. Using machine learning algorithms to analyse the scute structure 
and sex identification of sterlet Acipenser ruthenus (Acipenseridae). Aquac. Res. 50, 
2810–282. 

Bell, J. L., Mandel, R., Brainard, A. S., Altschuld, J., & Wenning, R. J. (2022). 
Environmental monitoring tools and strategies in salmon net-pen aquaculture. 
Integrated Environmental Assessment and Management, 18(4), 950–963. 

Bermejo, S., Monegal, B., & Cabestany, J. (2007). Fish age categorization from otolith 
images using multi-class support vector machines. Fisheries Research, 84, 247–253. 

Branco, V. V., Correia, L., & Cardoso, P. (2023). The use of machine learning in species 
threats and conservation analysis. Biological Conservation, 283, Article 110091. 

Bravata, N., Kelly, D., Eickholt, J., Bryan, J., Miehls, S., & Zielinski, D. (2020). 
Applications of deep convolutional neural networks to predict length, circumference, 
and weight from mostly dewatered images of fish. Ecology and Evolution, 10(17), 
9313–9325. 

Cai, K., Miao, X., Wang, W., Pang, H., Liu, Y., & Song, J. (2020). A modified YOLOv3 
model for fish detection based on MobileNetv1 as backbone. Aquacultural 
Engineering, 91, Article 102117. 

Chakraborty, S. B., Molnár, T., Ardo, L., Jeney, G., & Hancz, C. (2015). Oral 
administration of Basella alba leaf methanol extract and genistein enhances the 
growth and non-specific immune responses of Oreochromis niloticus. Turkish Journal 
of Fisheries and Aquatic Sciences, 15, 167–173. 

Chakravorty, H., Paul, R., & Das, P. (2015). Image processing technique to detect fish 
disease. International Journal of Computer Science and Security, 9, 121–131. 

Chan, S. N., Fan, Y. W., & Yao, X. H. (2022). Mapping of coastal surface chlorophyll-a 
concentration by multispectral reflectance measurement from unmanned aerial 
vehicles. Journal of Hydro-Environment Research, 44, 88–101. 

Chapman, R. W., Reading, B. J., & Sullivan, C. V. (2014). Ovary transcriptome profiling 
via artificial intelligence reveals a transcriptomic fingerprint predicting egg quality 
in striped bass. Morone saxatilis. PLoS One, 9(5), e96818. 

Chen, F., Sun, M., Du, Y., Xu, J., Zhou, L., Qiu, T., & Sun, J. (2022). Intelligent feeding 
technique based on predicting shrimp growth in re-circulating aquaculture system. 
Aquaculture Research, 53(12), 4401–4413. 

Chiu, M. C., Yan, W. M., Bhat, S. A., & Huang, N. F. (2022). Development of smart 
aquaculture farm management system using IoT and AI-based surrogate models. 
Journal of Agriculture and Food Research, 9, Article 100357. 

Choudhury, P., Allen, R. T., & Endres, M. G. (2021). Machine learning for pattern 
discovery in management research. Strategic Management Journal, 42(1), 30–57. 

Craig, S.R., Helfrich, L.A., Kuhn, D. and Schwarz, M.H., 2017. Understanding fish 
nutrition, feeds, and feeding. 

Darapaneni, N., Sreekanth, S., Paduri, A.R., Roche, A.S., Murugappan, V., Singha, K.K. 
and Shenwai, A.V., 2022. AI Based Farm Fish Disease Detection System to Help 
Micro and Small Fish Farmers. In 2022 Interdisciplinary Research in Technology and 
Management (IRTM) (pp. 1-5). 

Das, B. K., Meena, D. K., Das, A., & Sahoo, A. K. (2022). Prospects of Smart aquaculture in 
Indian Scenario: A new horizon in the Management of Aquaculture Production 
Potential. In Smart and Sustainable Food Technologies (pp. 59–85). Springer Nature 
Singapore: Singapore.  

De Alwis, S., Hou, Z., Zhang, Y., Na, M. H., Ofoghi, B., & Sajjanhar, A. (2022). A survey 
on smart farming data, applications and techniques. Computers in Industry, 138, 
Article 103624. 

Delgado, C. L. (2003). Rising consumption of meat and milk in developing countries has 
created a new food revolution. The Journal of Nutrition, 133, 3907S–3910S. 

Ditria, E. M., Buelow, C. A., Gonzalez-Rivero, M., & Connolly, R. M. (2022). Artificial 
intelligence and automated monitoring for assisting conservation of marine 
ecosystems: A perspective. Frontiers in Marine Science, 9, Article 918104. 

Dixit, S., Kumar, A., Srinivasan, K., Vincent, P. D. R., & Krishnan, N. R. (2023). 
Advancing genome editing with artificial intelligence: Opportunities, challenges, 
and future directions. Frontiers in Bioengineering and Biotechnology, 11. 

Du, H., Zhang, X., Leng, X., Zhang, S., Luo, J., Liu, Z., Qiao, X., Kynard, B., & Wei, Q. 
(2017). Gender and gonadal maturity stage identification of captive chinese 
sturgeon, Acipenser sinensis, using ultrasound imagery and sex steroids. General and 
Comparative Endocrinology, 245, 36–43. 

Dupont, C., Cousin, P., & Dupont, S. (2018). IoT for aquaculture 4.0 smart and easy-to- 
deploy real-time water monitoring with IoT. In In 2018 global internet of things summit 
(GIoTS) (pp. 1–5). IEEE.  

Edan, Y., Han, S., & Kondo, N. (2009). Automation in agriculture. Springer handbook of 
automation, 1095–1128. 

Elavarasan, D., Vincent, D. R., Sharma, V., Zomaya, A. Y., & Srinivasan, K. (2018). 
Forecasting yield by integrating agrarian factors and machine learning models: A 
survey. Computers and Electronics in Agriculture, 155, 257–282. 

Fabregas, A. C., Cruz, D., & Marmeto, M. D. (2018). A white spot disease detection in 
shrimps using hybrid neural networks with fuzzy logic algorithm. ACM International 
Conference Proceeding Series, 199–203. 

FAO (2018) Food and agriculture organization. The state of world fisheries and 
aquaculture. Contributing to food security and nutrition for all. Rome, Italy, pp. 223. 

FAO (2020) The state of world fisheries and aquaculture. FAO, Rome, Italy, pp. 206. 
FAO, 2022. The State of Food Security and Nutrition in the World 2022. Repurposing 

food and agricultural policies to make healthy diets more affordable. Rome, FAO. 
https://doi.org/10.4060/cc0639en. 

Ferdous, M. A., Islam, S. I., Habib, N., Almehmadi, M., Allahyani, M., Alsaiari, A. A., & 
Shafie, A. (2022). CRISPR-cas genome editing technique for fish disease 
Management: Current study and future perspective. Microorganisms, 10(10), 2012. 

Ficke, A. D., Myrick, C. A., & Hansen, L. J. (2007). Potential impacts of global climate 
change on freshwater fisheries. Reviews in Fish Biology and Fisheries, 17, 581–613. 

Føre, M., Frank, K., Norton, T., Svendsen, E., Alfredsen, J. A., Dempster, T., Eguiraun, H., 
Watson, W., Stahl, A., Sunde, L. M., & Schellewald, C. (2018). Precision fish farming: 
A new framework to improve production in aquaculture. Biosystems Engineering, 173, 
176–193. 

Gandotra, R., Kumari, R., Sharma, M., & Singh, D. (2017). Growth response of juveniles 
of rohu, Labeo rohita to different levels of lipid in the diet. Fisheries and Aquaculture 
Journal, 8, 1000210. 

Geetha, R., & Bhanu, S. R. D. (2018). Recruitment through artificial intelligence: A 
conceptual study. International Journal of Mechanical Engineering and Technology, 9 
(7), 63–70. 

Ghandar, A., Ahmed, A., Zulfiqar, S., Hua, Z., Hanai, M., & Theodoropoulos, G. (2021). 
A decision support system for urban agriculture using digital twin: A case study with 
aquaponics. IEEE Access, 9, 35691–35708. 

Gladju, J., Kamalam, B. S., & Kanagaraj, A. (2022). Applications of data mining and 
machine learning framework in aquaculture and fisheries: A review. Smart 
Agricultural Technology, 100061. 

Gunda, N. S., Gautam, S., & Mitra, S. (2018). Artificial intelligence for water quality 
monitoring. Electrochemical Society Meeting Abstracts aimes 2018. The 
Electrochemical Society, Inc. (No. 56, pp. 1997-1997). 

Heggenes, J., Stickler, M., Alfredsen, K., Brittain, J. E., Adeva-Bustos, A., & Huusko, A. 
(2021). Hydropower-driven thermal changes, biological responses and mitigating 
measures in northern river systems. River Research and Applications, 37(5), 743–765. 

Hmoud Al-Adhaileh, M., & Waselallah Alsaade, F. (2021). Modelling and prediction of 
water quality by using artificial intelligence. Sustainability, 13(8), 4259. 

Houston, R. D., Bean, T. P., Macqueen, D. J., Gundappa, M. K., Jin, Y. H., Jenkins, T. L., 
Selly, S. L. C., Martin, S. A., Stevens, J. R., Santos, E. M., & Davie, A. (2020). 
Harnessing genomics to fast-track genetic improvement in aquaculture. Nature 
Reviews Genetics, 21(7), 389–409. 

Huntingford, F. A., Adams, C., Braithwaite, V. A., Kadri, S., Pottinger, T. G., Sandøe, P., & 
Turnbull, J. F. (2006). Current issues in fish welfare. Journal of fish biology, 68(2), 
332–372. 

M. Ashraf Rather et al.                                                                                                                                                                                                                        

http://refhub.elsevier.com/S2590-1575(24)00196-2/h0005
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0005
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0005
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0005
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0010
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0010
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0010
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0015
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0015
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0015
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0015
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0015
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0020
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0020
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0020
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0025
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0025
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0025
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0025
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0030
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0030
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0030
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0035
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0035
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0035
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0035
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0040
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0040
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0040
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0040
https://doi.org/10.1155/2020/6659314
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0060
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0060
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0060
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0070
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0070
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0075
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0075
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0085
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0085
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0085
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0090
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0090
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0105
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0105
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0110
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0110
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0110
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0110
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0115
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0115
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0115
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0125
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0125
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0125
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0125
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0130
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0130
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0135
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0135
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0135
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0145
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0145
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0145
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0155
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0155
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0155
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0165
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0165
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0165
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0170
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0170
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0195
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0195
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0195
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0195
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0200
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0200
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0200
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0205
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0205
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0210
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0210
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0210
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0215
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0215
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0215
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0220
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0220
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0220
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0220
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0225
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0225
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0225
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0230
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0230
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0235
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0235
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0235
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0240
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0240
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0240
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0260
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0260
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0260
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0265
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0265
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0270
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0270
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0270
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0270
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0275
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0275
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0275
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0280
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0280
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0280
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0285
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0285
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0285
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0290
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0290
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0290
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0295
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0295
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0295
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0305
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0305
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0305
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0310
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0310
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0315
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0315
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0315
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0315
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0320
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0320
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0320


Food Chemistry: X 22 (2024) 101309

11

Javaid, M., Haleem, A., Khan, I. H., & Suman, R. (2022). Understanding the potential 
applications of artificial intelligence in agriculture sector. Advanced Agrochem. 

Jones, H. E., & Wilson, P. B. (2022). Progress and opportunities through use of genomics 
in animal production. Trends in Genetics. 

Joseph, T., Naik, S., Shaikh, A., Pereira, W., Ingle, B., & Rao, Y. S. (2019). Aquaculture 
monitoring and feedback system. In 2019 IEEE International Symposium on Smart 
Electronic Systems (iSES) (Formerly iNiS) (pp. 326–330). IEEE.  

Kaur, U., Voyles, R. M., & Donkin, S. (2021). Future of animal Welfare-technological 
innovations for individualized animal Care. Improving Animal Welfare, 570. 

Khan, A., Guttormsen, A., & Roll, K. H. (2018). Production risk of pangas (Pangasius 
hypophthalmus) fish farming. Aquaculture Economics & Management, 22(2), 
192–208. 

Khursheed, S., Dutta, J., Ahmad, I., Rather, M. A., Badroo, I. A., Bhat, T. A., & Habib, H. 
(2023). Biogenic silver nanoparticles: Synthesis, applications and challenges in food 
sector with special emphasis on aquaculture. Food Chemistry, X, Article 101051. 

Khurshid, H., Mumtaz, R., Alvi, N., Haque, A., Mumtaz, S., Shafait, F., Ahmed, S., 
Malik, M. I., & Dengel, A. (2022). Bacterial prediction using internet of things (IoT) 
and machine learning. Environmental Monitoring and Assessment, 194(2), 133. 

Lafont, M., Dupont, S., Cousin, P., Vallauri, A., & Dupont, C. (2019). June. Back to the 
future: IoT to improve aquaculture: Real-time monitoring and algorithmic prediction 
of water parameters for aquaculture needs. In In 2019 Global IoT Summit (GIoTS) (pp. 
1–6). 

Lee, P. G., et al. (2000). Denitrification in aquaculture systems: An example of a fuzzy 
logic control problem. Aquaculture Engineering, 23, 37–59. 

Li, D., Hao, Y., & Duan, Y. (2020). Nonintrusive methods for biomass estimation in 
aquaculture with emphasis on fish: A review. Reviews in Aquaculture, 12(3), 
1390–1411. 

Li, J., Lian, Z., Wu, Z., Zeng, L., Mu, L., Yuan, Y., Bai, H., Guo, Z., Mai, K., Tu, X., & Ye, J. 
(2023). Artificial intelligence–based method for the rapid detection of fish parasites 
(ichthyophthirius multifiliis, Gyrodactylus kobayashii and Argulus japonicus). 
Aquaculture, 563, Article 738790. 

Lindholm-Lehto, P. (2023). Water quality monitoring in recirculating aquaculture 
systems. Aquaculture, Fish and Fisheries, 3(2), 113–131. 

Lu, H. Y., Cheng, C. Y., Cheng, S. C., Cheng, Y. H., Lo, W. C., Jiang, W. L., Nan, F. H., 
Chang, S. H., & Ubina, N. A. (2022). A low-cost AI buoy system for monitoring water 
quality at offshore aquaculture cages. Sensors, 22(11), 4078. 

Mahesh, B. (2020). Machine learning algorithms-a review. International Journal of Science 
and Research (IJSR)., 9, 381–386. 

Malik, S., Kumar, T., & Sahoo, A. K. (2017). Image processing techniques for 
identification of fish disease. In 2017 IEEE 2nd International Conference on Signal and 
Image Processing (ICSIP) (pp. 55–59). IEEE.  

Mandal, A., & Ghosh, A. R. (2023). Role of artificial intelligence (AI) in fish growth and 
health status monitoring: A review on sustainable aquaculture. Aquaculture 
International, 1–30. 

Metcalfe, R. (2019). Food routes: Growing bananas in Iceland and other tales from the 
logistics of eating. MIT Press.  

Migaud, H., Bell, G., Cabrita, E., McAndrew, B., Davie, A., Bobe, J., Herraez, M. P., & 
Carrillo, M. (2013). Gamete quality and broodstock management in temperate fish. 
Reviews in Aquaculture, 5, 194–223. 

Minar, M. H., Adhikary, R. K., Begum, M., Islam, M. R., & Akter, T. (2012). Proximate 
composition of hilsha (Tenualosa ilisha) in laboratory condition. Bangladesh Journal 
of Progressive Science and Technology, 10, 57–60. 

Moen, E., Handegard, N. O., Allken, V., Albert, O. T., Harbitz, A., & Malde, K. (2018). 
Automatic interpretation of otoliths using deep learning. PLoS One1, 13(12), 
e0204713. 

Monkman, G. G., Hyder, K., Kaiser, M. J., & Vidal, F. P. (2019). Using machine vision to 
estimate fish length from images using regional convolutional neural networks. 
Methods in Ecology and Evolution, 10, 2045–2056. 

Mugwanya, M., Dawood, M. A., Kimera, F., & Sewilam, H. (2022). Anthropogenic 
temperature fluctuations and their effect on aquaculture: A comprehensive review. 
Aquaculture and Fisheries, 7, 223–243. 

Mustafa, F. H., Bagul, A. H. B. P., Senoo, S. S., & Shapawi, R. (2016). A review of smart 
fish farming systems. Journal of Aquaculture Engineering and Fisheries Research, 2(4), 
193–200. 

Mustapha, U. F., Alhassan, A. W., Jiang, D. N., & Li, G. L. (2021). Sustainable aquaculture 
development: A review on the roles of cloud computing, internet of things and 
artificial intelligence (CIA). Reviews in Aquaculture, 13(4), 2076–2091. 

Nayan, A.A., Mozumder, A.N., Saha, J., Mahmud, K.R., Azad, A.K.A. and Kibria, M.G., 
2021. A machine learning approach for early detection of fish diseases by analyzing 
water quality. arXiv preprint arXiv:2102.09390. 

Nik Zad Sangsari, H., 2013. Fish quality assessment through the application of chemico- 
physical, sensory and microbiological analyses. 

Niloofar, P., Francis, D. P., Lazarova-Molnar, S., Vulpe, A., Vochin, M. C., Suciu, G., 
Balanescu, M., Anestis, V., & Bartzanas, T. (2021). Data-driven decision support in 
livestock farming for improved animal health, welfare and greenhouse gas 
emissions: Overview and challenges. Computers and Electronics in Agriculture, 190, 
Article 106406. 

O’Donncha, F., & Grant, J. (2019). Precision aquaculture. IEEE Internet of Things 
Magazine, 2(4), 26–30. 

Ogunlela, A. O., & Adebayo, A. A. (2016). Development and performance evaluation of 
an automatic fish feeder. J. Aquaculture Res. Develop., 7, 407. 

Palaiokostas, C. (2021). Predicting for disease resistance in aquaculture species using 
machine learning models. Aquaculture Reports, 20, Article 100660. 

Patel, A.A., 2019. Hands-on unsupervised learning using Python: how to build applied 
machine learning solutions from unlabeled data. O’Reilly Media. 

Portz, D. E., Woodley, C. M., & Cech, J. J. (2006). Stress-associated impacts of short-term 
holding on fishes. Reviews in Fish Biology and Fisheries, 16, 125–170. 

Power, G., Brown, R. S., & Imhof, J. G. (1999). Groundwater and fish—insights from 
northern North America. Hydrological processes, 13(3), 401–422. 

Pradhan, C., Narasimmalu, R., & Mohanty, S. N. (2019). Effect of different feeding levels 
of plant-ingredient-based feed on fillet fatty acid profile, carcass trait, and sensory 
characteristics of indian major carps in earthen pond polyculture. Journal of World 
Aquaculture Society, 50, 374–389. 

Prapti, D. R., Mohamed Shariff, A. R., Che Man, H., Ramli, N. M., Perumal, T., & 
Shariff, M. (2022). Internet of things (IoT)-based aquaculture: An overview of IoT 
application on water quality monitoring. Reviews in Aquaculture, 14(2), 979–992. 

Rajitha, K., Mukherjee, C. K., & Chandran, R. V. (2007). Applications of remote sensing 
and GIS for sustainable management of shrimp culture in India. Aquacultural 
Engineering, 36(1), 1–17. 

Rasal, K. D., & Sundaray, J. K. (2020). Status of genetic and genomic approaches for 
delineating biological information and improving aquaculture production of farmed 
rohu, Labeo rohita (ham, 1822). Reviews in Aquaculture, 12(4), 2466–2480. 

Reeve, C., Rowsey, L.E. and Speers-Roesch, B., 2022. Inactivity and the passive slowing 
effect of cold on resting metabolism as the primary drivers of energy savings in 
overwintering fishes. Journal of Experimental Biology, 225(8), p.jeb243407. 

Reyed, R. M. (2023). Focusing on individualized nutrition within the algorithmic diet: An 
in-depth look at recent advances in nutritional science, microbial diversity studies, 
and human health. Food Health, 5(1), 5. 

Roy, S., Kumar, V., Behera, B. K., Parhi, J., Mohapatra, S., Chakraborty, T., & Das, B. K. 
(2022). CRISPR/Cas genome editing—Can it become a game changer in future 
fisheries sector? Frontiers in Marine Science, 9, Article 924475. 

Ruppert, K. M., Kline, R. J., & Rahman, M. S. (2019). Past, present, and future 
perspectives of environmental DNA (eDNA) metabarcoding: A systematic review in 
methods, monitoring, and applications of global eDNA. Global Ecology and 
Conservation, 17, e00547. 

Saeed, R., Zhang, L., Cai, Z., Ajmal, M., Zhang, X., Akhter, M., Hu, J., & Fu, Z. (2022). 
Multisensor monitoring and water quality prediction for live ornamental fish 
transportation based on artificial neural network. Aquaculture Research, 53(7), 
2833–2850. 

Sarker, I. H. (2021). Machine learning: Algorithms, real-world applications and research 
directions. SN computer science, 2(3), 160. 

Sarker, I. H. (2022). Ai-based modeling: Techniques, applications and research issues 
towards automation, intelligent and smart systems. SN Computer Science, 3(2), 158. 

Setiyowati, H., Thalib, S., Setiawati, R., Nurjannah, N., & Akbariani, N. V. (2022). An 
aquaculture disrupted by digital technology. Austenit, 14(1), 12–16. 

Sharma, D. and Kumar, R., 2021. Smart Aquaculture: Integration of Sensors, Biosensors, 
and Artificial Intelligence. Biosensors in Agriculture: Recent Trends and Future 
Perspectives, 455-464. 

Sikder, J., Sarek, K. I., & Das, U. K. (2021). Fish disease detection system: A case study of 
freshwater fishes of Bangladesh. Int. J. Adv. Comput. Sci. Appl. (IJACSA), 12(6), 
867–871. 

Sivri, N., Kilic, N., & Ucan, O. N. (2007). Estimation of stream temperature in Firtina 
creek(Rize-Turkiye) using artificial neural network model. Journal of Environmental 
Biology, 28(1), 67–72. 

Song, H., Dong, T., Yan, X., Wang, W., Tian, Z., Sun, A., Dong, Y., Zhu, H., & Hu, H. 
(2023). Genomic selection and its research progress in aquaculture breeding. Reviews 
in Aquaculture, 15(1), 274–291. 

Stasko, A. D., Gunn, J. M., & Johnston, T. A. (2012). Role of ambient light in structuring 
north-temperate fish communities: Potential effects of increasing dissolved organic 
carbon concentration with a changing climate. Environmental Reviews, 20(3), 
173–190. 

Svenning, M. A., Falkegård, M., Dempson, J. B., Power, M., Bårdsen, B. J., 
Guðbergsson, G., & Fauchald, P. (2022). Temporal changes in the relative abundance 
of anadromous Arctic charr, brown trout, and Atlantic salmon in northern Europe: 
Do they reflect changing climates? Freshwater Biology, 67(1), 64–77. 

Tonachella, N., Martini, A., Martinoli, M., Pulcini, D., Romano, A., & Capoccioni, F. 
(2022). An affordable and easy-to-use tool for automatic fish length and weight 
estimation in mariculture. Scientific Reports, 12(1), 1–11. 

Tseng, C. H., Hsieh, C. L., & Kuo, Y. F. (2020). Automatic measurement of the body 
length of harvested fish using convolutional neural networks. Biosystems Engineering, 
189, 36–47. 

Ubina, N. A., & Cheng, S. C. (2022). A review of unmanned system technologies with its 
application to aquaculture farm monitoring and management. Drones, 6(1), 12. 

Uddin, M. A., Dey, U. K., Tonima, S. A., & Tusher, T. I. (2022). In January. An iot-based 
cloud solution for intelligent integrated rice-fish farming using wireless sensor networks 
and sensing meteorological parameters (pp. 0568–0573). IEEE.  

Uhe, A. M., Collier, G. R., & O’Dea, K. (1992). A comparison of the effects of beef, 
chicken and fish protein on satiety and amino acid profiles in lean male subjects. 
Journal of Nutrition, 122, 467–472. 

Webb, M. A. H., Van Eenennaam, J. P., Crossman, J. A., & Chapman, F. A. (2019). 
A practical guide for assigning sex and stage of maturity in sturgeons and paddlefish. 
Journal of Applied Ichthyology, 35, 169–186. 

Wu, W. T., Li, Y. J., Feng, A. Z., Li, L., Huang, T., Xu, A. D., & Lyu, J. (2021). Data mining 
in clinical big data: The frequently used databases, steps, and methodological 
models. Military Medical Research, 8, 1–12. 

Wu, Y., et al. (2022). Application of intelligent and unmanned equipment in aquaculture: 
A review. Computers and Electronics in Agriculture, 199, Article 107201. 

Xu, Y., Liu, X., Cao, X., Huang, C., Liu, E., Qian, S., & Zhang, J. (2021). Artificial 
intelligence: A powerful paradigm for scientific research. The Innovation, 2(4), 
Article 100179. 

M. Ashraf Rather et al.                                                                                                                                                                                                                        

http://refhub.elsevier.com/S2590-1575(24)00196-2/h0325
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0325
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0335
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0335
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0340
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0340
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0340
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0345
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0345
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0350
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0350
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0350
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0355
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0355
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0355
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0360
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0360
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0360
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0370
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0370
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0370
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0370
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0375
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0375
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0385
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0385
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0385
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0390
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0390
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0390
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0390
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0395
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0395
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0410
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0410
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0410
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0415
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0415
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0420
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0420
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0420
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0425
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0425
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0425
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0430
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0430
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0435
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0435
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0435
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0440
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0440
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0440
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0445
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0445
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0445
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0450
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0450
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0450
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0455
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0455
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0455
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0460
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0460
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0460
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0465
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0465
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0465
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0485
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0485
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0485
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0485
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0485
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0490
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0490
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0495
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0495
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0500
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0500
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0510
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0510
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0515
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0515
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0520
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0520
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0520
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0520
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0525
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0525
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0525
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0535
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0535
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0535
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0540
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0540
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0540
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0550
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0550
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0550
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0555
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0555
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0555
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0560
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0560
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0560
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0560
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0570
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0570
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0570
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0570
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0575
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0575
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0580
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0580
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0585
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0585
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0595
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0595
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0595
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0600
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0600
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0600
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0605
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0605
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0605
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0610
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0610
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0610
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0610
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0615
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0615
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0615
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0615
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0620
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0620
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0620
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0625
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0625
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0625
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0630
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0630
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0635
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0635
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0635
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0640
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0640
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0640
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0655
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0655
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0655
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0660
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0660
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0660
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0665
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0665
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0670
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0670
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0670


Food Chemistry: X 22 (2024) 101309

12

Xue, B., Green, R., & Zhang, M. (2023). Artificial intelligence in New Zealand: 
Applications and innovation. Journal of the Royal Society of New Zealand, 53(1), 1–5. 

Vilhekar, R. S., & Rawekar, A. (2024). Artificial intelligence in genetics. Cureus, 16(1). 
Yang, X., Zhang, S., Liu, J., Gao, Q., Dong, S., & Zhou, C. (2021). Deep learning for smart 

fish farming: Applications, opportunities and challenges. Reviews in Aquaculture, 13 
(1), 66–90. 

Yarmohammadi, M., Pourkazemi, M., Kazemi, R., Yazdani Sadati, M. A., Hallajian, A., & 
Saber, M. H. (2017). Sex steroid level and sexual dimorphism expression of genes in 

gonads of the great sturgeon Huso huso linneaus, 1758 during maturity 
developmental stages. Aquaculture and Research, 48, 1413–1429. 

Zhao, S., Zhang, S., Liu, J., Wang, H., Zhu, J., Li, D., & Zhao, R. (2021). Application of 
machine learning in intelligent fish aquaculture: A review. Aquaculture, 540, Article 
736724. 

Zion, B. (2012). The use of computer vision technologies in aquaculture–a review. 
Computers and Electronics in Agriculture, 88, 125–132. 

M. Ashraf Rather et al.                                                                                                                                                                                                                        

http://refhub.elsevier.com/S2590-1575(24)00196-2/h0675
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0675
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0680
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0685
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0685
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0685
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0690
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0690
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0690
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0690
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0695
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0695
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0695
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0700
http://refhub.elsevier.com/S2590-1575(24)00196-2/h0700

	Exploring opportunities of Artificial Intelligence in aquaculture to meet increasing food demand
	Introduction
	Overview of Artificial intelligence (AI)
	Types of AI
	Potential applications of artificial intelligence in aquaculture
	Major challenges
	Skill and knowledge gaps

	Conclusion
	Future recommendations
	Standardization of data and data sharing protocols

	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Funding
	References


