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Lacustrine environments have complex, multilevel trophic webs comprising organisms of extremely diverse morphologies, including a wide variety of freshwater insects. Many of these are active swimmers who use a variety of locomotive strategies; however, a common adaptation is the use of setae-bearing (hairy) limbs for propulsion using drag-based paddling. The presence of setae increases the effective surface area of an insect’s paddle during the thrust-producing power stroke, and collapse to decrease the surface area during the drag-producing recovery stroke. However, the degree to which this shape change is driven by passive fluid dynamic forces vs. active organismal control—as well as the more complex hydrodynamic effects of shape-morphing in drag-based paddling—is still unclear. We are investigating the fluid dynamics of swimming at intermediate Reynolds numbers (50 < Re < 3000) in several species of aquatic insects: water boatmen (Corixidae), backswimmers (Notonectidae), and diving beetles (Dytiscidae). We use high-speed videography and Particle Image Velocimetry (PIV) to visualize both the shape change/kinematics of the rowing paddle and the coherent flow structures produced by its motion. Preliminary findings suggest that the paddle’s effective area changes by over 200% between the power and recovery stroke, and that the power-recovery sequence creates a highly three-dimensional vortex topology. Our future work will focus on understanding the kinematics and hydrodynamics of this paddling motion, as well as the passive vs. active nature of setal deployment. We will generalize our findings to apply to intermediate Reynolds number swimming more generally, providing insight into the design of future centimeter-scale bioinspired devices and vehicles.
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