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The health status of freshwater fish is significant for ensuring biodiversity, food security, and 
sustainable development of aquaculture. Nevertheless, parasitic infections are still considered a big 
problem, because they negatively influence growth, survival, immune response of fish and the 
equilibrium of aquatic ecosystems. The early diagnosis of diseases caused by parasites is crucial in 
order to minimize mortality and enhance aquatic health monitoring. Existing traditional parasite 
detection techniques, such as microscopic observation and laboratory diagnosis, demand high level of 
expertise, time and financial investment, and therefore cannot be used for the purposes of large-scale 
monitoring. The suggested system takes into consideration the fish health parameters, biological 
attributes, environmental parameters, and AI-based analysis methods to detect the diseases 
automatically. The AI systems detect the infected conditions by analysing the image-based attributes, 
abnormal biological features, and other related factors. Such systems provide effective solutions for 
parasite detection, disease monitoring, and decision-making in the field of aquatic health management. 
The use of AI in the field of freshwater fish disease detection is an intelligent and scalable solution 
for sustainable aquaculture and ecosystem protection. 
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Introduction 

Importance of Freshwater Fish Health 

Freshwater fish play an important role in 

aquatic biodiversity and contribute immensely to 

food security and ecosystem health. 

Unfortunately, factors such as increased 

environmental stress, habitat alteration, and 

disease outbreaks influence fish survival and 

production. While there are many diseases that 

have negative impacts on fishes, parasites remain 

the greatest threat owing to their influence on 

growth, immune responses, and fish population. 

Parasite surveillance is thus very important in 

managing freshwaters sustainably (Öz et al., 

2025; Panda et al., 2025). 

Parasitic Infections in Freshwater Fish 

Freshwater fishes may be affected by 

protozoan parasites, helminthes, and 

ectoparasites. Parasites may lead to various 

health issues including tissue damage, weakened 

immune system, unusual behavior, stunted 

growth, and high mortality rate. Infection level is 

determined by parasite species, fish’s condition, 

and environmental conditions, and hence the 

need for proper assessment to ensure efficient 

disease management (Li et al., 2023; Bonnichsen 

et al., 2025). Parasite detection techniques 

assisted by AI have shown promising results in 

identifying key fish parasites and performing 

quick disease assessment (Li et al., 2023). 

Challenges in Conventional Parasite 

Assessment 

Traditional parasite identification methods 

However, are primarily based on microscopic 

observation, histopathological analysis, and 

laboratory diagnosis. Microscopic tests help 

directly detect parasites in fish tissue samples, 

whereas the histopathological tests assess the 

damages at tissue levels because of the infection. 

However, although the tests are effective, they 

demand extensive expertise, laboratories, and 

time, and cannot be performed on a mass scale 

due to such requirements. The need for 

automation in assessing infections has led to the 

implementation of artificial intelligence 

technology in aquatic disease diagnosis (Öz et al., 

2025; Elbaz et al., 2025). 

Role of Artificial Intelligence in Fish 

Disease Assessment 

Artificial Intelligence (AI) offers efficient 

ways to solve fish diseases using image 

processing and pattern recognition methods. 

There are AI systems that are capable of 

analyzing biological images, detecting any 

abnormalities of their health status, and 

diagnosing early infections in fish. Machine 

learning and deep learning methods enhance the 

efficiency of classifications based on feature 

extraction from the health status of fish and 

visual data (Selvam and Devi, 2025; Aldosari, 

2024). Modern research proves the use of AI in 

the diagnosis of fish diseases and parasites. 

Research Objectives 

1. To study the effects of parasitic infections 

on the health of freshwater fish. 

2. To create an AI-based approach to 

evaluating parasites.  

3. To help with the early detection and 

monitoring of fish diseases. 
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Key Contributions 

• Artificial intelligence (AI) framework for 

studying freshwater fish parasites. 

• Combining biological indicators with 

computer analysis techniques.  

• Better approach to managing diseases in 

aquatic life. 

Review of Literature 

Conventional Methods for Parasite 

Detection 

Diagnosis of parasitic infections in traditional 

freshwater fish mainly relies on the use of 

microscopy, histopathology, and  

laboratory-based diagnosis. The application of 

microscopy involves direct identification of the 

parasite through biological samples, whereas the 

use of histopathology entails an evaluation of the 

changes in tissue as a result of the infection. 

While these methods are useful in the provision 

of an accurate diagnosis, they are tedious, 

demand expertise, and lack scalability in terms of 

continuous monitoring of the health of the 

aquatic environment. 

Artificial Intelligence Applications in 

Aquatic Health Monitoring 

Recent studies have demonstrated the 

potential of AI for the enhancement of fish 

diseases and parasites identification. AI 

algorithms for image analysis allow automated 

identification of parasite patterns and fish 

abnormalities, whereas machine learning 

methods help classify diseases based on  

feature-based analyses. Deep learning algorithms 

are able to extract advanced features from 

biological images for better automated diagnosis 

results (Selvam and Devi, 2025; Aldosari, 2024). 

In their study Li et al. (2023) suggested the 

usage of the AI algorithm for the fast detection of 

major fish parasites, such as Ichthyophthirius 

multifiliis, Gyrodactylus kobayashii, and 

Argulus japonicus. Likewise, Bonnichsen et al. 

(2025) suggested an AI-based real-time 

monitoring system for early infection signs 

identification of Ichthyophthirius multifiliis in 

rainbow trout. 

Fish diseases and species recognition have 

also been predicted using the deep learning 

approach. A combination of the deep learning 

and explainable AI method has increased the 

accuracy in detecting the diseases in fish as well 

as making decisions regarding aquaculture (Utku 

et al., 2026). AI-based modelling and prediction 

of fish diseases have been used to show that 

intelligent systems are capable of predicting fish 

health (Panda et al., 2025). AI environmental 

monitoring of fish diseases includes water 

parameters as well as biological information in 

sustainable aquaculture disease management (Öz 

et al., 2025; Elbaz et al., 2025; Ruben et al., 

2025). 

Research Gap 

Even though previous studies show the 

success rate of AI in analyzing diseases in water 

bodies, the majority of such methods only 

analyze the problems in laboratory settings or 

parasite detection. There is insufficient evidence 

for using biological markers and environmental 

factors along with the application of AI in 

freshwater parasite analysis. Hence, a need exists 
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for scalable and automated AI systems in this 

area. 

AI-Based Framework for Parasitic 

Infection Assessment 

Proposed Assessment Framework 

The proposed AI-based framework involves 

the integration of the fish’s health indicators, 

environmental variables, and computing for 

assessment of freshwater parasites. Images and 

health information of the fishes are gathered, 

processed, and analyzed through the application 

of artificial intelligence for detection of 

symptoms associated with parasite infection, 

infection classification, and disease assessment.  

The AI-based framework for assessing the 

infection of freshwater fishes by parasitic 

infections is illustrated in figure 1. It involves the 

integration of the fish’s health indicators and 

environmental variables for infection 

assessment. 

Biological and Environmental Indicators 

The fish indicators of infection that may be 

used include skin health, gills, behavior, and 

growth rate. The environmental factors, which 

may affect the parasites and the fish's 

vulnerability to them, include water quality, 

temperature, pH, and the availability of oxygen. 
 

AI-Based Assessment Approach 

 

Figure 1: AI-Based Framework for Freshwater Fish Parasitic Infection Assessment 

Input Data 
Freshwater Fish Images and Health Indicators 

Fish images  
(skin, gills, fins) Microscopic images (parasites) 

Biological data: Species, 
Size/weight, Behaviour, 

Clinical signs 

Environmental data: Water 
temperature, pH, Dissolved 

oxygen, Turbidity, Other water 
quality parameters 

Data Preprocessing 

Image enhancement 
(resize, normalize) Noise removal (filtering) Feature extraction (texture, 

shape, colour) 
Processed data  

(feature vectors) 

3. AI-Based Analysis 

Machine Learning:  
Support Vector Machine, Random 

Forest, k-Nearest Neighbour 

Deep Learning: Convolutional 
Neural Network (CNN), Feature 

learning, Image classification 

Model Training and Validation: 
Training dataset, Testing dataset, 

Performance evaluation 

4. Parasite Identification and Assessment 

Protozoa Helminths Ectoparasites Infection detection 
(location and type) 

Infection type, Severity level, Risk assessment, 
Health status classification 

5. Health Management Decision 

Early warning (disease 
outbreak) 

Treatment recommendation 
(veterinary support) 

Improved fish health 
(reduced mortality) 

Sustainable aquaculture 
(healthy ecosystem) 
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The AI-assisted diagnosis makes use of image 

analysis and health data processing to detect the 

symptoms of parasites in the fish as well as 

patterns of infection. This is done using machine 

learning and deep learning techniques to classify 

the fish into healthy or infected ones and predict 

infection levels. 

Results and Discussion 

Assessment Performance of AI Models 

The performances of different methodologies 

for the recognition of parasites in freshwater 

fishes are given in table 1. Image analysis 

techniques are moderately effective but require 

manual involvement. Machine learning 

algorithms perform better because they are able 

to detect certain patterns in fish health. The deep 

learning algorithms have better performance 

because of their capability to detect complex 

features in biological images. 

Table 1: Comparative Assessment of AI Models for Fish Parasite Identification 

Model 
Accuracy 

(%) 

Disease Identification 

Capability 
Application 

Traditional Image 

Analysis 
78.5 Moderate Manual support 

Machine Learning 

Model 
86.4 Good Classification 

Deep Learning Model 94.2 High 
Automated 

assessment 

Environmental Implications

Assessment of parasites by artificial 

intelligence provides early detection of fish 

infections, thus preventing disease transmission 

and deaths in fresh water bodies. Continuous fish 

health monitoring along with the environment 

ensures sustainability in aquaculture. Early 

identification of infections through artificial 

intelligence methods is a step toward improving 

ecosystem management and conservation of 

aquatic biodiversity. 

Practical Applications 

Such an AI-based assessment framework can 

be used in different fields of aquatic health 

management, such as: 

• Fish farms: Disease diagnosis and better 

aquaculture management. 

• Freshwater conservation projects: Fish 

population monitoring and ecosystem 

health. 

• Biodiversity monitoring: Large-scale 

assessment of freshwater species health. 

Challenges and Future Perspectives 
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Although there are some benefits associated 

with AI-based fish parasite detection, there are 

still several issues. There is limited availability of 

data on labelled fish parasites that could be used 

for model training and validation. There is also a 

problem with generalization due to differences 

between various fish species, parasites and 

infection conditions. Complexity of the 

freshwater environment, such as variability of 

water conditions and interaction with other 

species, makes it even more difficult to predict 

fish diseases. 

Further studies could be dedicated to 

development of real-time AI systems for 

monitoring the state of fish in real time. The use 

of AI together with IoT water quality sensors 

could make it possible to monitor both biological 

and environmental factors at the same time. 

Moreover, large scale aquatic disease prediction 

models could be developed. 

Conclusion 

Monitoring of parasitic infections in 

freshwater fish is a necessity in order to maintain 

aquatic biodiversity, enhance productivity in 

aquaculture practices, and preserve the integrity 

of the ecosystem. The impact of parasitic 

infections on fish development, immunology, 

and survival rate underlines the significance of 

effective and precise ways of diagnosing 

parasites in fish. Traditional ways of diagnosis 

may be quite reliable; however, they can be  

time-consuming and require the participation of 

experts. This research draws attention to the 

opportunities provided by Artificial Intelligence 

(AI) as an effective way of automating the 

process of diagnosis of parasites in freshwater 

fish. By analyzing the images of fish, biological 

and ecological parameters, AI allows detecting 

infection patterns, classifying disease states and 

providing timely diagnoses. The use of artificial 

intelligence technology in the monitoring of 

aquatic health can contribute to sustainable 

management of the ecosystem through 

continuous monitoring of the fish populations 

and minimizing the effect of diseases. The future 

directions of AI technologies can be in 

combining the technology with Internet of 

Things sensors, real-time monitoring system, and 

predictive models for intelligent aquatic disease 

management.
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