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One of the vital survival behaviors exhibited by the wild ungulates is predator-induced vigilance 
behavior, which allows animals to detect predators and change their behavior accordingly. 
Understanding predator-prey interactions, habitat adaptations and wildlife management practices can 
be enhanced through the accurate observation of the predator-induced vigilance behavior. However, 
the conventional techniques used for recognizing vigilance behaviors in animals depend largely on 
observational approaches which are tedious, laborious, and dependent on the environmental settings. 
In this research paper, present a new framework using machine learning techniques for the automatic 
recognition of predator-induced vigilance behavior in wild ungulates. The suggested method employs 
the behavioral observations along with visual cues derived from the wildlife monitoring data for 
classification of various states of vigilance behavior such as posture, scanning, and non-vigilance 
behaviors. The model framework is comprised of data pre-processing, feature extraction, model 
training and performance evaluation with the help of classification measures. Experiment results show 
that the proposed model is able to detect vigilance behavior accurately from normal activities, which 
is a reliable behavioral assessment model. Using machine learning increases the efficiency, scalability 
and accuracy of wildlife behavior monitoring, compared to traditional monitoring methods. The 
proposed model can be used for ecology studies by facilitating continuous observation of ungulates' 
reactions under predation threats. Future work will concentrate on integrating deep learning models 
in vision and sensor networks for wildlife behavior study. 
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Introduction 

There are many different ecological pressures 

for wild ungulates, where predation threat plays 

an important role in influencing their 

movements, feeding behaviour, habitat choice, 

and social interaction. In order to ensure better 

survival, they have developed anti-predator 

strategies such as increased alertness, scanning of 

the environment, decreased foraging, and escape 

preparation. Predator stress may impact 

behaviour and physiology patterns and is thus a 

significant topic to be studied in terms of 

adaptation of animals and predator-prey 

interactions (Valerio et al., 2021; Dulude-de 

Broin et al., 2020). 

Vigilance behaviour is an interesting subject 

in terms of studying the response of animals to 

environmental threats and changes. Research 

proves that prey animals adapt to the threats and 

costs associated with it in terms of behaviour 

(Creel, 2018; Wirsing and Ripple, 2011). 

Traditional techniques of research using field 

observation and manually annotated data are not 

productive and unbiased, which complicates 

long-term wildlife observation (de Knegt et al., 

2021). 

With recent developments in the field of 

machine learning, animal behavior recognition 

can now be automated using feature extraction 

and classification methods. The use of deep 

learning models and intelligent monitoring 

systems has helped in making advances in 

wildlife monitoring, behavior analysis, and 

conservation by offering non-invasive solutions 

(Chitra Kiran et al., 2025; Bharathi and 

Dhanalakshmi, 2025). These techniques offer an 

avenue for continuous monitoring and 

automation of predator-induced vigilance 

behaviors in wild ungulates. 

Research Motivation and Contributions 

Even though machine learning can aid in wildlife 

surveillance, identifying vigilance due to 

predators is not easy. In this paper, present an 

approach using machine learning to identify 

vigilance in ungulate species in their natural 

habitat using behavioural characteristics. 

Review of Literature 

Predator-Induced Anti-Predator 

Behaviour in Wild Ungulates 

The presence of predators has a huge impact 

on the behavioral characteristics of wild 

ungulates through their movements, feeding 

behavior, and interaction among each other. In 

order to avoid any chances of being preyed upon, 

the ungulates adopt defensive behaviors like 

being more vigilant and performing 

environmental scans. This helps them to identify 

any threat and improves their chances of survival. 

It has been reported in previous literature that 

predation stress has effects on the physiology and 

behavior of the ungulates (Valerio et al., 2021). 

Furthermore, predation stress is also known to 

have an effect on the energy budget and 

reproduction pattern of the ungulates (Dulude-de 

Broin et al., 2020). Predator selective pressure 

impacts the movement and vigilance behavior of 

the ungulates (Heurich et al., 2016). 
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Vision-Based Wildlife Monitoring 

Approaches 

Techniques that employ vision for monitoring 

animals have proven to be very useful in studying 

their behavior in natural settings. The use of 

camera traps and sensing technologies allows for 

consistent, non-invasive collection of 

information about the animals' behavior through 

monitoring, tracking, and conservation (Chitra 

Kiran et al., 2025). Analyzing large amounts of 

information related to animal behavior is still 

difficult because of the presence of 

environmental challenges such as changes in the 

environment, occlusions, lighting, and necessity 

of manual processing. Hence, monitoring 

systems that make the process of analyzing 

behavior more efficient need to be developed. 

Animals utilize several senses for predator 

detection and behavior initiation (Mukherjee et 

al., 2024). 

Machine Learning Techniques for Animal 

Behaviour Classification 

The machine learning techniques offer 

effective methodologies to achieve automated 

animal behavior recognition through pattern 

learning from the gathered information. Some of 

the machine learning techniques employed in 

feature extraction and animal behavior 

classification include support vector machine, 

random forest, and deep neural networks. 

Intelligent feature extraction methodologies 

enhance the effectiveness of recognition and 

classification processes (Bharathi and 

Dhanalakshmi, 2025). The deep learning-based 

monitoring systems have proven to be useful in 

automated animal tracking and conservation 

activities (Chitra Kiran et al., 2025). The 

individual behavioral traits are significant in 

wildlife adaptation and conservation and 

therefore, there is a necessity for behavioral 

analysis (Owens et al., 2024). 

Existing Challenges and Research Gaps 

While considerable progress has been made in 

automated monitoring of wildlife animals, 

identifying predator-triggered vigilance behavior 

proves to be difficult. The current methods 

concentrate on detecting animals and classifying 

their types, whereas analyzing their behavioral 

actions lacks sufficient attention. Such issues as 

complicated natural environment, small number 

of labeled data sets, changes in animal pose, and 

unpredictable movement may have an impact on 

recognition results. Thus, a sophisticated 

machine learning system should be employed for 

accurate vigilance behavior recognition. 

Materials and Methods 

Dataset Collection and Preprocessing 

The data set comprises observation samples 

of behavioral patterns of the wild ungulates in the 

presence and absence of predators. The obtained 

data is subjected to pre-processing steps 

including noise reduction, normalization, and 

annotation in order to generate suitable inputs for 

machine learning algorithm. The pre-processed 

data set is further split into training and testing 

datasets. 
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Feature Extraction from Ungulate 

Behaviour Patterns 

Important behavioral traits are identified to 

differentiate between vigilance behaviors and 

routine behavior. Traits like body posture, head 

motion, alert posture, movement magnitude, and 

activity time are some of the traits that have been 

taken into consideration. 

Machine Learning-Based Vigilance 

Recognition Model 

An automatic recognition method that is 

based on machine learning for classifying the 

behaviour of ungulates is constructed using 

features that have been extracted. This method 

learns behavioral patterns through training data 

and recognizes vigilance states indicating the 

presence of predators. 

Training and Classification Process 

The chosen machine learning model uses the 

labelled behavioral data set to build relationships 

between the input variables and the vigilance 

categories. Once trained, the model categorizes 

behavioral data into normal and predator-induced 

vigilance categories. 

Performance Evaluation Metrics 

The performance of the developed model is 

measured through accuracy, precision, recall, and 

F1 score. These measures are used to assess 

classification reliability and the efficacy of the 

machine learning approach in identifying 

vigilance behavior. 

Results and Discussion 

Experimental Setup 

The vigilance detection model using machine 

learning techniques is tested using the developed 

wild ungulates' behavior dataset. The 

experiments are carried out using training and 

testing samples for analysis of the ability of the 

model to detect predator-induced vigilance 

behavior. 

Performance Evaluation of Machine 

Learning Model 

Performance of the model is evaluated by using 

classification measures like accuracy, precision, 

recall, and F1-score. The experimental results 

show the efficiency of the developed 

methodology for detecting vigilance behavior of 

animals against their normal behavior. 

 

Table 1: Performance Evaluation of Machine Learning Model 

Model Accuracy (%) Precision (%) Recall (%) F1-Score (%) 

Decision Tree 87.5 85.6 84.9 85.2 

Random Forest 92.3 91.8 92.1 91.9 

SVM 89.7 88.5 89.2 88.8 

Proposed ML Model 95.4 94.8 95.1 94.9 
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In table 1, one can see that the suggested machine 

learning classifier outperforms classical 

classifiers in terms of classification quality, 

showing a better performance on identifying 

predator-induced vigilance behavior. 

 

Figure 1: Comparison of Classification Performance of Machine Learning Models for Vigilance 

Behaviour Recognition

Figure 1 illustrates the performance of various 

machine learning classifiers based on accuracy, 

precision, recall, and F1-scores. It is evident that 

the developed model exhibits the best 

performance for all measures of performance, 

showing superior performance in predicting the 

behavior of vigilance due to predators in wild 

ungulates. 

 

Figure 2: Vigilance Behaviour Detection Analysis 
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Figure 2 shows the change in vigilance 

behaviour in wild ungulates based on observation 

duration. Increased vigilance values represent 

increased alertness in animals after predator 

contact while decreased vigilance values 

represent adjustment of behaviour by the animal 

after reducing the threat. This shows that the 

proposed machine learning approach can 

successfully model predator-induced vigilance 

behaviour with time. 

Conclusion 

The current study has introduced a machine 

learning-based framework to detect predator-

induced vigilant behavior in wild ungulates. This 

framework allows an automated detection of 

behaviors through recognition of crucial 

behavioral features. The outcomes of this study 

indicate that the machine learning technique is 

more efficient and accurate than traditional 

techniques used in the observation of wildlife 

behaviors. The framework introduced in this 

study can be very helpful in ecological research 

for understanding the interactions between 

predator and prey and the adaptive mechanisms 

of animals. Nevertheless, there are some 

limitations such as lack of data and 

environmental variability. Future work will 

consider incorporation of deep learning 

techniques and wildlife monitoring systems.  
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