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ABSTRACT
Artificial intelligence is the future built from fragments of the past. These are the applications that learn new solutions with practice. Artificial intelligence has been used in various fields, ranging from agricultural activities to the automation of an entire industry. Due to the use of artificial intelligence, the fisheries industry has become a less labor-intensive activity, causing the fisheries industry to grow rapidly, increasing its production by three times. In the field of aquaculture and fishing systems, artificial intelligence is becoming a disruptive factor in the provision of innovative solutions for the world’s demand for food from water bodies while ensuring economic viability as well as environmental sustainability. The move from conventional management systems towards intelligent operational systems has been facilitated by the availability of advanced artificial intelligence technologies such as machine learning, deep learning, computer vision, and Internet of Things (IoT)-based smart sensing. The application of artificial intelligence in fishing systems helps in ensuring regulatory compliance and reducing cases of illegal, unreported, and unregulated fishing. This is achieved through monitoring, stock estimation, species identification, as well as predictions using satellite images, acoustic signals, and vessel tracking systems. Ecosystem-based fishing management, fishing harvest planning, as well as resource estimation can be achieved through the application of this technique. Artificial intelligence (AI) can be used in the fisheries industry to prevent waste of input materials, which can be reduced by up to 30%. In addition, machine learning models are able to analyze various parameters such as temperature, dissolved oxygen, pH, and ammonia levels in order to make predictions regarding stressful conditions and mortality rates. Moreover, AI-based decision support systems are able to combine various data sources in order to help farmers and policymakers develop production strategies that are efficient and minimize costs and environmental impact.This study discusses the latest technological advancements, applications, and performance results of the implementation of AI-based innovations in both marine and freshwater environments. The results of the study reveal the potential of AI innovations in facilitating digital transformations across the global fisheries and aquaculture sectors, thus enhancing the sustainability of the global blue economy, as well as the security of the world’s fisheries and aquaculture sector. The study concludes by providing strategic recommendations for the implementation of AI innovations in the global fisheries and aquaculture sectors.
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INTRODUCTION

In the contemporary world, the globe faces various complex problems, including hunger, malnutrition, and diseases related to diet deficiency, all of which are compounded by the increasing global population that requires abundant food for sustenance. In the twenty-first century, aquaculture needs to be recognized for its critical role in the fight against poverty, hunger, and malnutrition at the global level [1]. In the process, it is noted that close to 20% of the animal protein consumed by more than three billion people is derived from fish and shellfish, which play an important role in food security. At the same time, overfishing has become an issue of concern, with 90% of the fish stocks being subjected to maximum sustainable exploitation [2]. Aquaculture water quality is adversely affected by overfishing, poor aquatic culture practices, human activities, and industrial pollution, among other factors. In the process, the aquatic ecosystem is adversely affected, resulting in an increase in the number of diseases related to aquatic products [3,4]. Habitat damage and ecological deterioration are the consequences of aquaculture, especially prawn and salmon culture. A balance needs to be achieved between food production, economic development, and the admittedly difficult [5]. The long-term strategy of the European Union for the development of sustainable economic growth in the marine and maritime sectors can be identified with the term "Blue Growth." Currently, these sectors support more than 5 million jobs, with a gross added value of more than 500 billion euros, as reported by the EU Commission. This confirms the indispensable role that these sectors play in the economic life of each country [6]. The extraction of information from Big Data is considered essential for preventing the critical consequences of the alteration of sea resources due to overfishing, climate change, invasive species, etc. [7]. Here, we have assembled a number of encouraging instances of "best practices" or "blue solutions" that have had a positive impact on the environment, fish stocks, and fishermen and their livelihoods. We believe that these instances could be transferable to other situations and could contribute to the sustainability of fisheries and aquaculture in the long term. What if we could imagine a world in which robots could reason and act on their own in response to our needs [8]. This has been made possible through artificial intelligence (AI) and the Internet of Things (IoT). Almost 50 billion electronic devices are in operation today through IoT technology, with most of them being AI devices [9]. Artificial intelligence has been implemented in the agriculture and fishing industries. Every aspect of the animal enclosure can be observed, and any necessary actions will be taken without any need for human supervision. The ability of AI to learn from experience has been identified as one of its major benefits [10]. As the circumstances of the cultural system vary according to the surroundings, it will be helpful in the amazing growth of the fishing sector. AI in fisheries has been used to assist in open sea fishing and farm management through monitoring worldwide fishing activities with a mix of satellite information. In the last ten years, fish consumption has multiplied four times over in the world. Aquaculture has become an industry with increasing demand and decreasing supply. One key to increasing productivity with fewer laborers is AI-based technology [11].The objective of sustainable aquaculture practices is to reduce impacts on the environment in a manner that is consistent with enhancing productivity and profitability [12]. In this regard, the application of artificial intelligence (AI) has shown great promise in redefining fish growth optimization and health monitoring in a pivotal manner. AI refers to the development and application of computer systems that have the ability to perform tasks that have been associated with human intelligence, such as learning, problem-solving, and decision-making [14]. The combination of powerful computing capabilities and the presence of machine learning technology has the ability to reveal complex features and explore detailed information in the datasets, providing a path to intelligent aquaculture and a new era for the fisheries industry,  [15,16]. The “interconnection and functionality” of emerging digital technologies is “intertwined” and has formed a digital virtual network, as shown in Fig. 2.[17] Moreover, a “novel fishery production approach” has been “created” with the aid of “real-time data collection,” “quantitative decision-making,” “intelligent control,” “precise investment,” and “personalized service,” all because of “modern technological advancements” achieved in the field.[18] The “spatial and temporal resolution” of “measurements conducted” during traditional “scientific surveys” has been “enhanced” because of “recent technological advancements,” allowing a “deeper understanding” of the “dynamics and organization” of fish populations and their “habitat in a rapidly changing environment”.[19] With the “utilization of satellite remote sensing technology” (SRS), “marine ranches” are “capable of assessing” the “variability” of fish stocks “on different spatial and temporal scales”.[20] Partnerships between governmental organisations, academic institutions, and the commercial sector have facilitated the effective implementation of more reliable and cost-effective sensors, platforms, and processing systems. In order to advance future technologies and strategies for a cost-effective means, it is imperative to investigate emerging sensing systems for critical ecological and biological parameters of interest to fisheries science [21].
INTIATION OF AI REVOLUTION 
In the 1940s, the first steps in artificial intelligence development commenced. However, today, thanks to the presence of six key factors, artificial intelligence has become an integral part of our lives, marking a significant milestone in history, the era of "Big Data." Computers have enabled us to access vast amounts of information, including structured data, like information in databases and spreadsheets, and unstructured data, like text, audio, video, and pictures. This has enabled us to record more information and increase our understanding of the world we live in. With trillions of sensors embedded in day-to-day items like furniture, packages, and clothing, and even in driverless cars, the "big data" trend will continue to rise. With artificial intelligence, we will be able to increase our potential to predict future trends, recognize historical trends, make recommendations, and utilize this "big data" to its maximum potential. Thanks to advancements in technology, like cloud computing and graphics processing units, artificial intelligence has enabled us to process "big data" efficiently and economically using parallel processing technology. The upcoming "deep learning" chips, which will soon be developed, will take parallel processing to the next level. A "collective intelligence" has emerged as a result of the improved connection that has sped up the dissemination of information and fostered the sharing of knowledge, as evidenced by the rise of various open-source groups designing AI tools and applications. The increased use of open-source machine learning software standards and tools such as TensorFlow, Caffe2, PyTorch, and Parl.ai is a reflection of the pivotal role that open-source software plays in expediting the democratization and popularization of AI. Less time spent on regular coding, standardization in the industry, and increased use of new AI technologies are all possible advantages of an open-source approach. Algorithm Improvements: Researchers have achieved several advancements in various fields related to AI, particularly in the field of  "deep learning", where layers of neural networks are used to mimic how a human brain processes information. Deep reinforcement is a new field of study in which an AI agent learns through trial and error optimized by a reward function, with little to no initial input data [23].
ROLE OF AI IN MAJOR BIODIVERSITY PLANS 
The measures to address biodiversity loss incorporate diversity research to lay the groundwork for action, management of biodiversity by citizens and local communities, biodiversity protection policy development by local and national governments, as well as biodiversity market development by business organizations and financial institutions [24].However, biodiversity has declined considerably in the last few decades, mostly owing to the historical precedence of natural resource exploitation over sustainable development models, which emphasize long-term benefits [25]. Keeping in view the potential contribution of AI in biodiversity conservation, it is important to note that biodiversity conservation practices have failed to deliver, and even the inclusion of AI in traditional biodiversity conservation practices will not lead to significant advancements in this field. Currently, AI in biodiversity conservation practices has been largely utilized to improve traditional biodiversity conservation practices on a larger scale. The traditional role of AI in biodiversity conservation includes biodiversity monitoring using AI for species and landscape classification, which involves the classification of species and landscapes captured by camera traps and satellite imaging. Another aspect of AI in biodiversity conservation practices includes monitoring biodiversity threats, e.g., tracking fishing trawlers and illegal timber logging activities.
SUSTAINABLE USE OF AI IN ENVIRONMENT 
The most critical factor to be taken into consideration is probably the aim of creating AI systems that are "human-friendly" and "earth-friendly." The priority action areas for addressing six of the most pressing environmental concerns worldwide. Currently, the majority of these applications are geared towards providing automation and assistance in leveraging value out of copious amounts of unstructured real-time data. However, upcoming applications are likely to highlight more systems that utilize autonomous decision-making, wherein AI systems function on their own. This will create new opportunities and challenges. [23]
KEEN OBSERVATION 
Legal analysis of AI in the field of fisheries revealed that, although there are some references to digitalization, which might include AI systems, there is no specific mention of AI systems in the most pertinent EU legislation in the field of fisheries. The majority of the pertinent legislation in the field of fishing is drafted in a way that allows the use of AI systems [27]. The scope of the Artificial Intelligence Act (AIA) proposal is very broad makes it easy to apply to the fisheries industry. Some third-world countries are considering using AI to further automate electronic monitoring systems. Machine Learning (ML) has been used to automate the processing of biological samples, according to a study on AI techniques used in fisheries. ML has been used to count and measure creatures after image analysis and on acoustic data, and research on classifying catches by species and sizes using AI has increased. ML has been used to classify or determine fishers' behavior automatically [28]. Early warning systems and marine spatial planning have both seen knowledge-based and expert systems utilised. Classic rule-based expert systems have been used when data is limited. While they are not considered AI, statistical methods, Bayesian estimation, search, and optimization methods can be used with AI systems. Some of the applications of these methods have been found to be species distribution models and stock evaluations. AI technology could be used to make fishing vessels more energy efficient and reduce carbon footprint.The AI technology has the potential to assist 
fishing boats in the improvement of energy efficiency as well as the reduction of the carbon footprint of fishing activities. The AI technology has promising applications in the field of traceability and product integrity of the products derived from the fishing industry throughout the entire supply chain [29]. The major challenge is the absence of data generation and collection, but the processing industry has started to utilize AI systems in the automation process, AI proofs-of-concepts have been developed for the logistics industry, AI has been utilized in the prediction of consumer behavior as well as the economic growth of the country [30]. The industry's instruments for compliance with the regulations do not align with the objectives of the fisheries selectivity improvement management regarding the application of AI in selective fishing strategies.
solutions that aim at the automated forecasting, detection, identification, and sizing of catches could enable the improvement of fishing decisions as well as the tracking of quotas. AI can improve the selectivity of species. In relation to the use of AI as an inducement for young people to consider joining the fishing industry as employees, it is stated that, similar to the use of digitalization, AI is expected to create new jobs that require skills but reduce the need for unskilled labor in the fishing industry. Applications of artificial intelligence (AI) systems for fishing vessels include anomaly detection and ship failure prediction. A more digitalized fishing industry with the use of AI could attract new young people, but it needs to compete with other industries that are more attractive at the moment [31].
DEFINITION AND SYSTEM FRAME-WORK OF INTELLIGENT FISH FARM
The latest information technology, including IoT, big data, artificial intelligence (AI), 5G, cloud computing, and robots, is used for the remote monitoring and control of fish farms, or for the robot-independent management of fishery facilities, equipment, and machines, to control all aspects of production. The authors postulate that intelligent fish farming is a comprehensive, all-weather, end-to-end automated production system. Finally, intelligent fish farms utilize digital and intelligent technology to address issues such as labor shortage in aquaculture, water pollution, high risks, and low efficiency. The industrialization of fisheries production and the direction of fishery development in the future can be reflected by intelligent fish farms. According to different cultures, intelligent fish farms can be classified into four types: pond-type intelligentvfish farms, land-based factory-type intelligent fish farms, cage-type intelligent fish farms, and intelligent marine ranches. The intelligent fish farm, which is similar to a pond, can utilize sensors to monitor water quality in real time, while unmanned aerial vehicles can be used for patrolling the surfaces of the water to obtain data on fish activity on the water's surface. Bionic fish can be used for monitoring the growth of fish and their feeding behavior.Chemicals are sprayed on unmanned boats, and fertilisers are used to regulate water quality. Unmanned equipment is used for the transport of baits. The smart aeration system helps in the regulation of DO levels. The primary purpose of a land-based factory-style intelligent fish farm is to  utilise the concept of automated recirculating aquaculture systems (RAS). This involves the introduction of micro-filters, biological filters, intelligent feeding equipment, aquaculture wastewater purification, and recycling equipment, as well as modeling and intelligent equipment technologies, to form a complete model of fish circulation. The extensive collection of data in fish farming and the utilisation of big data analysis technology help in making scientific decisions on the stocking densities, water quality, and efficient management of benthic fish aquaculture in the RAS. This is based on a thorough analysis of the correlation between the basic biological needs in fish culture and the operational parameters in the RAS system. The fish farm develops supportive methodologies that are suitable for recirculating systems, integrating quality seed production and selection technologies, and thereby providing a smooth management process for mating parent fish, hatching eggs, raising fry, growing adult fish, sales, and packaging, among other activities. Except for the specific fish culture infrastructure, all four types of intelligent fish farms are equipped with above and underwater environment monitoring systems, as well as water quality and feeding systems [33].
THE APPLICATION OF NEW DIGITAL TECHNOLOGIES IN MARINE AQUACULTURE
The data obtained during the application of big data in marine aquaculture should be managed and preserved based on particular standards, and the analysis of the data should be performed utilizing the appropriate information fusion technologies and data mining tools. Scientific visualization is then used to display this reconfigured multidimensional data to consumers, together with valuable information. This would be helpful for the understanding, utilization, and decision-making of the procedures used for the production of marine fisheries [34]. Table 1 illustrates the characteristics  of the primary sources of big data on marine fishing. The IoT, the internet, particular databases, and marine fishery management systems are some of the locations where big data on marine fisheries can be found. Professional databases can be obtained quickly with great authority, although they can be a little challenging. Aquaculture water quality analysis, comprehensive analysis of the advantages of aquaculture, data visualization, etc., are some of the applications of big data on marine fishing [17]. A high-quality aquaculture environment is the primary factor for ensuring yield and quality in the field ofaquaculture water quality analysis.Marine fish have stringent requirements for water quality, and changes in water parameters like pH and oxygen levels will have a direct effect on fish growth. For biological abnormality detection in aquaculture, preventing diseases, and 
reducing risks associated with diseases, real-time analysis and prediction of water quality parameters in aquaculture systems is of prime importance. For evaluating the suitability of a culture pond for fish culture activities, it is crucial in inland marine aquaculture to analyze different environmental parameters. With the help of sensors,  farmers can monitor salinity, temperature, concentration of oxygen, pH value, oxidation-reduction potential (ORP), in the pond water [17].
 INTGELLIGENT EQUIPPEE ROBOTS IN INTELLIGENT FISH FARMS
The traditional Internet of Things (IoT) system in the field of aquaculture requires a high level of integration of cloud technology and IoT technology [35]. The traditional mode of aquaculture depends on first-hand experience of its lack of effectiveness, cost, and lack of automation. Currently, there are various workers on board the service vessels who manage the day-to-day activities on the fish farm facilities, including fish welfare, facility inspection, rationing of feeding, and lice counting [33]. Considering the extremely intricate nature of the working environment in the field of aquaculture, which often varies to a high degree, especially in marine cage culture, autonomous and remotely operated systems have the potential to make a significant contribution in the future to the execution of various activities on fish farm facilities. The advanced sensors, big data, and AI will be combined to achieve the independent operation of intelligent fish farms and adapt to the extremely challenging working environment. The advanced technology will also have the potential to reduce labor costs and labor intensity, along with increasing the labor productivity of the fisheries.It helps in providing intelligent machines and robots with "intelligent brains" that are capable of learning, judging, and deciding on their own in the production of fisheries. The information, machine, and automation technologies are well-integrated in the robot technology, and it has the potential to enable any type of machine to take part in the whole fishing production process like a human being [36]. In order to meet the requirements for machines replacing humans, intelligent machinery and robots are supported by edge computing, machine vision, navigation, and precision control technologies in providing the needed support. In order to carry out precise operations in intelligent fish farms, intelligent equipment that is based on traditional fisheries equipment utilizes modern information technology and smart manufacturing technology, as shown in Fig. 6 [37]. The intelligent farm equipment and robots are classified into mobile equipment and fixed equipment categories. The unmanned ground vehicles, unmanned aerial vehicles, unmanned ships or unmanned surface vessels, and unoccupied underwater robots are the most common types of mobile equipment in intelligent fish farms and robots. The fixed equipment includes feeding, oxygen, and water quality management tools, and harvesting and categorization tools such as fish suction pumps [33].
INTELLIGENT HARDWARE FOR PRECISION SELF FEEDING
Industrial recirculating aquaculture has increasingly utilized automatic feeding systems, including the application of automatic feeding robot systems and automatic feeding systems with multi-monomer centralized control. In some developed countries like Norway, Japan, and the US, automatic feeding systems have entered the application stage, making it easier toprecisely control the distribution, storage, and transportation of feeds in aquaculture production. The net cage automatic feeding system was developed by a Norwegian fishery equipment company and consists of a management system, online monitoring system, and feeding module. The management system can directly regulate the fan and feeder by making constant adjustments to the feeding process. Meanwhile, the online monitoring system can monitor aquaculture water parameters in real time, including pH, dissolved oxygen (DO), and temperature. The information collected through feedback can be sent to the management 
system to adjust the process of automatic feeding [39].
FISH DISEASE AND HEALTH MANAGEMENT

The biggest risk to aquaculture is disease outbreaks. With a comparison of programmed data and data collected from the site, AI programs can predict disease outbreaks. In fact, AI programs can even take preventive measures against disease outbreaks [41]. When a disease outbreak occurs in aquaculture farms, it can cause incalculable losses. The method of processing images of sick fish using machine vision replaces human observation of sick fish images with a computer program for automatic and intelligent recognition of sick fish images [42]. In April 2017, the seafood innovation centre in Norway developed a computer program called 'Aquacloud' that helped farmers stop the growth of sea lice in cages. This led to fewer fish deaths and reduced the use of expensive treatments [41].Disease is a significant challenge for aquaculture in terms of quality and quantity. With respect to aquaculture, an imbalance in several factors related to the host, pathogens, and environment is a disease. Diseases can be classified into two types: infectious diseases (parasitic diseases, fungal diseases, bacterial 
diseases, and viral diseases) and non-infectious diseases (environmental diseases, nutritional diseases, and genetic diseases) [43].The inability of farmers to accurately diagnose and treat sudden fish diseases makes it difficult to implement effective treatment measures for the diseases. This leads to the spreading of fish diseases, which causes massive deaths of fish, thereby making it difficult for farmers to benefit from their farms [44]. Machine learning can solve the problem of fish diseases by helping to detect the diseases early enough [38]
Epizootic ulcerative syndrome (EUS) is a prevalent disease, and it has caused high mortality rates in fish populations in various countries, including Australia, India, the United Kingdom, Japan, Thailand, and Pakistan. The major cause of this disease in fish is a fungal infection caused by Aphanomyces invadans. A method has been proposed for detecting fish diseases by combining two methodologies: PCA and classification using a Neural Network Algorithm. The methodologies for detecting diseases in fish, which have been depicted in Fig. 7, involve the collection of input images, which are the images of diseases in fish. The images of diseases in fish have been processed using morphological operations, including conversion to grayscale, removal of noise, and segmentation. The results have shown that the FAST-PCA-ANN method is more efficient and accurate in comparison to the combined method of HOG-PCA-ANN. The methodologies for detecting diseases in fish have utilized the Raspberry Pi kit to monitor the camera and obtain video of the fish in the culture pond.
AI AND MONITORING FISH STOCKS
The literature that deals directly with the application of AI in counting fish species is limited to those that can be classified as fisheries resources. The application of AI in counting fish species is important in several ways. For instance, the segmentation of marine ecosystems, detecting fish populations, and classifying fish populations in segmented ecosystems enable researchers to obtain information regarding fish abundance. Automation ofclassification is a key issue in most of the articles. Fish classification is automated using AI tools. Some literature articles focus on fish detection tools. Fish detection tools are designed using deep networks. Such tools can detect and count fish items in various backgrounds. Although classification, detecting, and identifying fish stocks share some common features, inessence these automation issues are identical. When assessing the status and health of fish populations, information regarding fish species composition and abundance distribution is important.
Fish stock monitoring is simply one of the aspects of the AI-inspired smart fishery for sustainability that is mentioned in the publications studied. The coincidence of the publications that identify the scope of the smart fishery as follows: “epidemic of plastics entering the sea warrants urgent action if humanity is to stave off a collapse in fish stocks” indicates the connection between the sustainability of fishing and environmental monitoring. These publications confirm that pollution is an important issue with respect to the quantity of fish. Another negative influence on aquatic or wildlife can result from oil spills on the sea or ocean, which is one of the most significant sources of maritime or ocean pollution caused by human activities, the increasing demand for oil, and the capacity of maritime transport [58]. The above classification is complete under the three research themes of fish/fisheries, fishers/fishing fleets, and policy, as indicated
AI FOR IMPROVING TIMELY OBSEVATIONS AND  CATCH MONITORING
Some fisheries are using in-trawl camera systems. Without the implementation of AI systems, these systems have only been used for scientific observation. Techniques for catch monitoring have been developed, and these techniques involve a lot of human processing and archiving of data. Automated processing of data is required for these systems to work effectively. Automated processing has been on the increase in recent times, and it is used in many different industries. This is not different from the fishing industry. In many studies, it has been shown how automated fish detection and classification can be achieved using DL model applications. This has demonstrated that these models used for object identification and classification are effective data processing methods.Poor visibility circumstances often pose a challenge in underwater video recordings, especially in demersal trawls, where improvements in technology to facilitate the development of AI will still be required. In this regard, 3D camera systems using technologies such as 'stereo vision' or 'time of flight'—the time it takes for light to travel to the object of interest and back—developed in the Utofia H 2020 project 83 may in the near future enable the recording of the position and size of the fish even in poor visibility circumstances. These camera systems can record in-depth videos of fishing activities as well as other relevant information such as sensor and position data. An analyst can analyze the video record, which is usually stored on a hard drive collected after the fishing trip, to retrieve relevant information such as the volume of catch, bycatch, discarded catch, as well as the location of the fishing activity.
CONCLUSION
Although AI technology continues to improve with time, complete automation has still not been achieved. The progress in AI technology in aquaculture is in full swing with scientists endeavoring to develop technology that can function without any human interference. The advancement in AI technology in aquaculture depends on the integration of all forms of data with technology to develop platforms for decision support. The integration of data on environmental surveillance, genetics, and market changes through AI technology can provide vast knowledge to assist in making informed decisions. The developments in AI will encourage sustainable aquaculture technologies through efficient resource utilization, environmental protection, and advocating for the health and well-being of fish. The aquaculture farms with AI technology can be easily managed with incredible ease with over 95% operation accuracy. In addition, AI technology has been able to mimic human labor in monitoring fishing activities globally to promote the conservation of aquatic lives and sustainability in open sea fishing activities. The effective use of AI technology can lead to rapid production in aquaculture products. Unlike other industries, AI technology seems to be indispensable in enhancing and 
expanding fisheries and aquaculture activities.
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