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Onymacris

Frost forms when water vapor in humid air makes contact with a surface that is below freezing
temperature. Every location on a smooth surface is equally suitable for becoming the site of a
water droplet. However, the volume of air (and water vapor) around things that “stick out” is
greater than the volume of air around embedded, concave surfaces that “stick in”. So there are
simply more chances for a quantity of water vapor to condense at these locations. Moreover, as
frost appears preferentially on convex features, individual ice crystals attract more ice formation
and grow.

Similar principles are at work with water in liquid form condensing on the relatively large
bumps on the back of the Namib Desert Beetle (Onymacris unguicularis). Condensation is more
likely to happen on these more exposed, convex features that stick out into the air volume than
elsewhere, while evaporation tends to remove what little water has condensed on concave
features.
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“Several desert beetle species harvest water using their bumpy backs, but the topography of
these surfaces has been overlooked, primarily because most previous studies attributed
preferential condensation to surface chemistry (hydrophilic bumps with hydrophobic
surroundings) and discounted convex topography as inferior to concave, on the basis of research
into microscale and nanoscale textures. However, the beetle bumps are large (millimetres
across), and recent studies have reported that the entire bumpy surfaces are homogeneously
covered with hydrophobic wax, thus questioning the role of localized surface chemistry in
promoting condensation. We considered instead that even in the absence of localized chemical
patterning or microscale/nanoscale textures, the specific geometry of convex millimetre-sized
surface structures alone could facilitate condensation, and therefore the topography of synthetic
bumpy surfaces could potentially be designed to optimize fast, localized droplet growth by
focusing vapour diffusion flux at the apex.” (Park et al. 2016: 78)
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