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Catfish (Clarias sp.) larvae are highly sensitive to environmental changes, particularly in water 

quality parameters such as temperature, pH, and dissolved oxygen (DO), which significantly affect 

their survival rate (SR). This study aims to design a real-time prediction system for catfish larval 

survival using Mamdani fuzzy logic to support more accurate and adaptive water quality 

management. The research was conducted from April to May 2025 at the Hatchery, IPB Vocational 

School. The methodology involves constructing a Mamdani fuzzy inference system in MATLAB 

based on secondary data (SNI 6484:3:2014 and previous studies) and field observations. Three main 

input parameters temperature, pH, and DO. Were categorized into fuzzy sets using triangular 

membership functions. A total of 84 fuzzy rules were developed to infer SR, which was also divided 

into three categories: low, moderate, and high. Simulation results using the Rule Viewer and Surface 

Viewer showed that DO had the strongest influence on SR followed by temperature, while pH had 

a relatively minor effect. Under low DO conditions (<3 mg/L), SR predictions were consistently 

low regardless of other variables. The system successfully mimics human decision-making in 

dynamic environments and offers actionable insight for real-time larval rearing management. In          

conclusion, the Mamdani fuzzy logic system proves effective in predicting catfish larval SR and 

can be a valuable tool for optimizing aquaculture practices, especially in the early life stages. 
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INTRODUCTION  

Catfish (Clarias sp.) is one of the most popular and widely cultivated freshwater fisheries 

commodities in Indonesia (Gustiano & Sri Haryani, 2021). Apart from its high economic value and 

good nutritional content, catfish is also known for its fast growth and resistance to varied environments. 

However, one of the main challenges in catfish farming is success in its early life phase, the larval 

phase. This phase is the most critical stage with a high mortality rate due to the sensitivity of larvae to 

environmental changes, especially water quality (Khoir et al., 2023). 

Environmental parameters such as temperature, pH, dissolved oxygen (DO), and total dissolved 

solids (TDS) greatly affect larval survival. In small-scale aquaculture practices, the management of 

these parameters is often manual and intuitive, potentially resulting in delays in handling water quality 

problems and reducing larval survival rate (SR). Therefore, a more systematic and precise technological 

approach is needed to support the successful rearing of catfish larvae. 

One promising approach is the use of Mamdani fuzzy logic. Fuzzy logic is able to handle 

uncertain data and mimic the way humans think in making decisions based on linguistic variables such 

as “low”, “medium”, and “high”. This approach is considered very suitable for complex systems such 

as aquaculture environments that are dynamic and non-linear. As demonstrated by (Bautista et al., 2022) 

a fuzzy logic-based water quality monitoring system was able to improve the efficiency of aquaculture 

environment management by utilizing temperature, pH, DO, and TDS parameters to classify water 

conditions into categories: excellent, good, poor, and toxic. The system enables automatic responses 

such as activating aerators or circulation pumps when water quality declines. 

https://sagepub.com/journals-permissions


Modern aquaculture not only targets economic benefits, but also considers environmental and 

social aspects. For this reason, the production strategies implemented must consider efficiency, 

sustainability, and ease of implementation in the field. Environmentally friendly technologies such as 

fuzzy logic-based monitoring systems not only answer the challenges of efficiency and accuracy, but 

are also adaptive to the needs of farmers in the field. 

External factors such as water and feed quality are important elements that can still be 

controlled to promote fish growth and survival, especially in the larval phase. Clean water, free from 

chemicals and pollutants, is vital for early larval development. As explained by (Rochyani 2018), 

parameters such as pH, temperature, clarity and dissolved oxygen greatly affect the performance of fish, 

including catfish. However, manual monitoring of all these parameters is often cumbersome, time-

consuming and inefficient (Sholihah et al., 2022). Therefore, a technology-based system that is more 

practical, easy to understand, and capable of providing a quick evaluation of pond water conditions is 

needed. 

Fuzzy logic offers a solution by translating various environmental parameter inputs into a 

condition assessment using a linguistic approach. Unlike conventional methods that are rigid, fuzzy 

logic, especially the Mamdani model, relies on rules based on experience or empirical data to conclude 

decisions. This approach is considered more intuitive and appropriate in the fisheries sector (Laboni et 

al., 2024). 

 

METHODS 

Location and Time of Research 

This research was carried out from April to May 2025 at the Hatchery, IPB Vocational School. 

The purpose of this research is to design a real-time Mamdani fuzzy logic-based catfish larvae rearing 

prediction system. This system is expected to assist farmers in maintaining optimal environmental 

quality for catfish larvae, thereby supporting increased survival rates and seed production efficiency.  

 

Data Collection Methods 

This study used a fuzzy logic approach and data were collected through two main methods. 

First, a fuzzy model was created and the optimal parameter ranges were found with secondary data from 

scientific journals, past research reports, and water quality standards for catfish farming. Secondly, 

direct observations were made on the actual conditions of the catfish larvae rearing ponds validating 

the ranges of important parameters such as wells. 

Some recent findings on the use of fuzzy logic in catfish farming systems are discussed in this 

study. (Alim et al., 2021) created a fuzzy logic-based decision support system to optimize water quality 

management when rearing catfish larvae. (Akhter et al., 2021)used fuzzy logic to predict the survival 

rate of catfish fry based on environmental parameters. (Akhter et al., 2021) used artificial intelligence 

and fuzzy logic to control the water recirculation system in intensive catfish farming. To reduce the 

mortality rate in the critical phase of catfish larval rearing, 

This study uses a Mamdani fuzzy logic system approach to predict the survival rate (SR) of 

catfish larvae based on water quality parameters. The main input variables used consisted of 

temperature, pH, and dissolved oxygen (DO) levels, which have a significant influence on larval life in 

the early phase. Each of these variables is divided into several linguistic categories using a triangular 

membership function, the water quality parameters in catfish larvae ponds refer to SNI 6484:3:2014 as 

follows. 

 

 

 

 

 

 



Table 1. Water quality requirements for Catfish Larval Rearing in the Indonesia. 

Water Quality 

Parameters 
Optimal larval survival Description Refrences 

Dissolved Oxygen 

(mg/L) 
>3 

Optimal for survival 

rate 
SNI 6484:3:2014 

pH 6,5 – 8,5 
Optimal for osmotic 

balance 
SNI 6484:3:2014 

Temperature (°C) 27-30 
Optimal for survival 

rate 
SNI 6484:3:2014 

 

Variable Fuzzy 

 
Figure 1. The set temperature variables in MATLAB 

 

Temperatures between 0 to 27°C are classified as cold, while temperatures in the range of 27 

to 30°C are categorized as normal, and temperatures of 30 to 35°C are classified as hot. 

 

 
Figure 2. The set pH variables in MATLAB 

 

The pH variable is also divided into three categories, namely pH between 0 and 6.5 which is 

considered as acidic, pH between 6.5 and 7.5 is categorized as normal, and pH between 7.5 and 14 is 

categorized as alkaline. 



 
Figure 3. The set DO variables in MATLAB 

 

For dissolved oxygen (DO) parameters, a value range of 0 to 3 mg/L is considered to have low 

oxygen quality, DO between 3 to 7 mg/L is classified as medium, and DO in the range of 7 to 12 mg/L 

is categorized as high. 

 

Figure 4 The set SR (Survival Rate) variables in MATLAB 

 

The output variable used in this system is the survival rate (SR) which is also divided into three 

categories, namely SR between 0 to 70% is categorized as low, SR between 70 to 90% as moderate, 

and SR between 90 to 100% is included in the high category. 

 

 
Figure 5 Fuzzy Rules Numbers 1-16 in MATLAB 

 



Figure 6 Fuzzy Rules Numbers 16-34 in MATLAB 

 
Figure 7 Fuzzy Rules Numbers 34-52 in MATLAB 

 
Figure 8 Fuzzy Rules Numbers 52-70 in MATLAB 

 
Figure 9 Fuzzy Rules Numbers 70-84 

 

All data is converted into linguistic forms (such as “high”, “low”, or “normal”) to suit the fuzzy 

system. This process is known as fuzzification, which converts numerical values into linguistic 

representations based on membership functions. After the fuzzification process, fuzzy rules are created 

as many as 84 combinations based on possible relationships between parameters. These rules serve as 

a knowledge base to determine the SR level based on water quality conditions. These rules are simulate 



using the MATLAB Fuzzy Logic Toolbox interface to facilitate the inference process and visualization 

of results. The fuzzy inference system uses the Mamdani method, which is the most commonly used 

approach for linguistic rule-based systems. The inference process is performed using the min-max 

method, while defuzzification is performed using the centroid method to produce a numerical SR output 

value.  

Figures 5, 6, 7, 8 and 9 show the results of the fuzzy rules that have been designed to facilitate 

the process of predicting the survival rate (SR) of catfish larvae in the future. This prediction can be 

done if the measured air quality parameter values such as temperature, pH, and dissolved oxygen fall 

into one of the predetermined linguistic categories. The results of this prediction can also be used as an 

output reference for decision support systems in catfish larvae rearing management, especially in an 

effort to improve the efficiency of cultivation based on real-time water quality conditions. 

Data analysis was qualitative, involving the identification of patterns, themes and categories 

through fuzzy logic-based interpretation. This approach enabled a deeper understanding of the 

relationship between environmental parameters and the predicted SR of catfish larvae. Fuzzy logic was 

used to bridge the uncertainty and subjectivity in the environmental data, thus supporting an intelligent 

systems-based decision-making process. This approach is relevant to field conditions, where decisions 

are often made based on intuition rather than definitive quantitative data. 

 

RESULTS AND DISCUSSION   

Water quality parameters such as temperature, pH, and dissolved oxygen (DO) have a major 

influence on the growth and survival of catfish larvae so that it is necessary to regularly observe and 

monitor the water quality conditions of fish ponds in order to maintain water quality in ponds 

maintained at parameter conditions in accordance with predetermined standards to avoid death in fish 

larvae (Farmadi & Kartini, 2021). Fluctuations in water quality parameters such as temperature, pH, 

and dissolved oxygen (DO) can directly affect the physiology and endurance of catfish larvae so that 

when the condition of these water quality parameters is unstable it can be the main cause of high 

mortality rates in catfish larvae.  

Dissolved oxygen (DO) is needed by fish so that fish metabolism runs well, so when DO levels 

are insufficient or not optimal, it can cause a decrease in larval survival which can lead to death (Riadhi 

et al., 2017). While a pH that is not optimal can interfere with the osmotic balance of the larvae. Low 

pH can cause clumping of mucus in the gills, high pH can cause a lack of appetite in fish so that it can 

cause death (Saputra et al., 2018). In addition, temperature has a significant effect on larval survival. 

Suboptimal temperatures can have a negative impact on larval development, such as inhibiting growth 

rates, increasing the number of larvae, and increasing the number of larvae that die (Adi et al., 2024). 

Determination of input variables to be used are dissolved oxygen (DO), pH, and temperature. 

The input that has been set further determines the output for the percentage of survival. 

 

 
Figure. 10 Fuzzy Logic Designer 

 



Simulation of a fuzzy logic mamdani-based prediction system is useful for monitoring water 

quality conditions in catfish larvae rearing ponds. The mamdani fuzzy logic approach was chosen 

because of its ability to handle uncertainty in sensor data and provide adaptive decisions. 

Table 2. Input and Output in Fuzzy 

Fuction Variable Fuzzy Sets Range Parameter 

Input 

Temperature (C) 

Cold <28 [0 0 27] 

Normal 28 – 30 [27 28 30] 

Hot >30 [30 35 35] 

pH 

Acid <6.5 [0 0 6.5] 

Normal 6.5 – 8.5 [6.5 7 8.5] 

Alkaline 8.5 - 14 [8.5 14 14] 

DO (mg/L) 

Low <3 [0 0 3] 

Medium 3 – 7 [3 5 7] 

High 7 – 12 [7 12 12] 

Output Survival Rate 

Low <60 % [0 0 60] 

Moderate 60 – 80% [60 70 80] 

High >80 % [80 100 100] 

 

This Mamdani fuzzy logic-based catfish larvae survival prediction system uses three main input 

parameters, namely temperature, pH, and dissolved oxygen (DO), each of which is classified into 

several fuzzy sets. Based on the visualization results of Rule Viewer and Surface Viewer, it can be seen 

that DO is the most influential factor on larval SR. When the DO value is low (<3 mg/L), the system 

predicts the SR level to be in the low category, even if the temperature and pH are in the normal range.  

Temperature is the second priority factor after DO, where the optimal range (28-30°C) can 

increase SR when DO is sufficient (Yusuf et al., 2025). Meanwhile, pH has a more stable and less 

significant effect than DO and temperature. With this fuzzy approach, the system is able to flexibly 

capture the dynamics of environmental parameters, mimic the human judgment process, and provide 

more adaptive and realistic predictions of larval SR. These results reinforce the importance of managing 

oxygen levels and temperature as top priorities in catfish larval rearing to achieve optimal survival rates. 

Based on the selection of the rule editor, the result with inputs 17.5, 7, and 6 is 36. As shown below: 

 

  
Figure 11. Rule Viewer 

 

Rule Viewer of a Mamdani fuzzy logic system designed to predict the Survival Rate (SR) of 

catfish larvae based on three main water quality parameters: temperature, pH, and dissolved oxygen 



(DO). The system works by reading each relevant rule based on the input, then combining the effects 

of all the rules to produce one output in the form of SR value. The yellow color and triangle in the rule 

viewer indicate the part of the rule that is active/responsive to the input. 

 

 
Figure 12. Surface Viewer Temperature and DO 

 

 
Figure 13. Surface Viewer Temperature and pH 

 

It is clear that under low DO conditions (0-3 mg/L), the SR of catfish larvae tends to be very 

low, even if the temperature is close to ideal as shown in Figure (12) and (13). This means that even if 

the temperature is well maintained, the lack of dissolved oxygen remains the main cause of the low 

larval survival rate. DO (Dissolved Oxygen) is the most crucial parameter in the rearing of catfish 

larvae. Low oxygen levels directly cause the survival rate to fall to very low levels. Temperature is the 

second priority factor. Once DO is sufficient, the optimal temperature will largely determine the 

increase in SR, as can be seen from the contours of the surface plot which starts to rise significantly at 

the ideal temperature range. pH has a more moderate influence than DO and temperature, but is still 

important in maintaining the stability of the larval environment. 

 

CONCLUSION  

The application of the Mamdani fuzzy logic-based system has proven effective in supporting 

the management of catfish larval rearing. The system is capable of processing uncertain and fluctuating 

water quality parameters. By categorizing these parameters into fuzzy sets such as cold, neutral, and 

hot for temperature, or low to high for dissolved oxygen the system enables more flexible and realistic 



predictions of larval survival rates. This demonstrates its adaptability and strong potential for enhancing 

real-time decision-making in aquaculture environments. However, its reliance on static rule bases and 

the omission of other critical parameters such as ammonia and turbidity present notable limitations. 

Therefore, further development is recommended, including the incorporation of additional 

environmental variables, real-time sensor integration, and the use of adaptive or AI-assisted rule 

generation to improve system accuracy and responsiveness. Practically, farmers can adopt this system 

using affordable sensors connected to mobile applications or microcontroller-based automation to 

monitor and maintain optimal pond conditions. This study highlights the practical value of fuzzy logic 

systems in reducing larval mortality, improving hatchery performance, and advancing sustainable 

innovation in catfish aquaculture. 
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