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Abstract: Wireless Sensor Networks have become an integral part of modern applications such as 

environmental monitoring, smart cities, and industrial automation. However, WSNs face critical 

challenges related to energy constraints and security threats due to the limited resources of sensor nodes. 

Recently, bio-inspired and machine learning-based techniques have emerged as effective solutions for 

energy optimization and security enhancement in WSNs. This paper presents a comprehensive review of 

these approaches, highlighting their methodologies, strengths, and limitations. Additionally, a 

comparative analysis is provided to guide future research in designing secure and energy-efficient WSNs. 
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