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    It is known that the wing scales of several butterfly species contain photonic crystals 

that produce brilliant structural colors. The emerald-patched cattleheart butterfly, 

Parides sesostris, is such an example, which has green patches on the black forewings 

(Fig. 1). However, the photonic crystal inside the wing scale is not observed as a single 

crystal that spreads over the entire scale, but it is separated into many small domains 

with different crystal orientations. A photonic crystal generally has band gaps at 

different frequencies depending on the direction of light propagation. Thus, it is 

expected that multidomain photonic crystals with different crystal orientations appear 

in different colors from domain to domain. However, the wing scale is actually 

observed to be uniformly green under an optical microscope despite the multi-domain 

structure. To interpret these seemingly contradicting facts, we have carefully 

investigated the photonic crystal structure of the wing scale; the scale was thin-

sectioned in three orthogonal directions and observed by transmission electron 

microscopy. We discovered that the crystal orientations of different domains are not 

perfectly random, but there is a preferred crystal orientation that is aligned along the 

surface normal of the scale.  The alignment of the crystal orientations naturally answers 

the above puzzle regarding the uniform color. It also suggests that there are some 

mechanisms that control crystal orientation during the developmental process. 
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Figure 1.  Parides sesostris(top) and the cross 

section of the green wing scale observed by 

scanning electron microscopy (bottom).  


