SCIENCE ADVANCES

of the feather vane play beyond their flight performance. The spadimgzed for flight through evolutionFrom the allometric scaling of the
of barbs is 100 to 408m, and their diameter is 20 to #n. While humerus with bird mass, we conclude that the mechanical strength of
Rijke 33,34 and Rijke and Jesse35 did not study the scaling of avian bone in flexural loading is very likely the limiting factor in scaling
barbule spacing, it is understood that water repellency by the barbhéshumerus. We find that increased relative humerus length relates to
ensured by the action of the barbules in keeping their spacing corereased wing loading and propose that this is an evolutionary method
stant. Rijke 83,34) and Rijke and Jess@&5] focused primarily on used by nature to allow for greater variability in bird wings. This perhaps
barb spacing and noted that barkaijglay a role in water penetrationallows wings to be optimized for specific applications and flight styles.
when the bird is submerged. Our studies on the constancy of barbuldDimensions of the feather scale isometrically with bird mass at
spacing contribute to previous work that only examined barb spacimearly all hierarchical levels. An exception to this is the barbule spacing
with respect to water repellence. within the feather vane, which isrsistently within the range of 8 to

16 mm for birds of hugely different masses such as Armammingbird

(C. anna) (4 g) and the Andean cond&f. (@ryphu}s (11,000 g). This

constant dimension across species reflects the importance of retaining
The complementary features of théaa bone and feather discussedow permeability of air through the feather and maintaining the \&ane
here provide insight into natuiseapproach at producing structures opinterlocking connections.
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Fig. 6. Barbules as connecting dements between feathers. Their spacing is measured as the distance between barbules, as shownAn An additively
manufactured bioinspired model B) demonstrates the function of the barbule membrane flaps. This model is shown with air blown dorsally [as in the wing upstroke
(O] and ventrally [as in the downstroke[l)] at the vane. Blue circles represent the location of airflow. Micrographs of the feather vane of Amhammingbird Calypte
anna) (left) and the Andean condorVultur gryphus(right) demonstrate dimensional similarities on the microscalg)( while macroscale differences are shown iR)( A
single barbule is highlighted in yellow in each image shown in (E). Images were taken fr@®).(
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