The Subtle Interplay of Microfluidics and Optics in Nature 
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Environmental stimuli such as water and light play a critical role in shaping the structural adaptations of living organisms. Among insects, certain species have evolved sophisticated photonic nanostructures that facilitate dynamic color modulation, serving diverse biological functions including camouflage, communication, thermoregulation, and water regulation. In this study, we examine a beetle species known for its vivid, water-responsive coloration, characterized by a reversible shift from green to reddish-brown upon hydration. Through detailed structural and optical analyses, we identify a complex micro/nano-optofluidic architecture within the beetle’s elytra and scales as the basis of this phenomenon. Water infiltration into the cuticle triggers capillary-driven transport through internal lacunae and petal-like nanostructures within the scales, displacing air and altering the refractive index contrast—thereby inducing a rapid and reversible color change. Remarkably, this system operates under capillary pressures estimated at ~15 bar, ensuring efficient fluid uptake and distribution. Optical modeling highlights the influence of the superhydrophilic cuticle on light scattering and reflectance, underpinning the observed chromatic shift. These reversible photonic changes are hypothesized to offer ecological advantages such as adaptive camouflage or thermal control. Beyond their biological relevance, the reproducible and structurally encoded fluidic pathways present in this natural system inspire novel approaches for the design of biomimetic materials. Potential applications include responsive sensors, microfluidic platforms, targeted drug delivery systems, and security technologies based on physically unclonable functions (PUFs). 
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