
The Physics, Biology, and Evolution of  

Cuticular Iridescence in Jewel Beetles  

Abstract  
The diversity and striking iridescent coloration of the jewel beetle 

subtribe Chrysochrina makes it an excellent system for the study of 

insect color ecology in the context of taxonomy and evolution. Cutic-

ular coloration interacts with light to produce a vast array of spectral 

signals into its surrounding environment, mediating visual communi-

cation and crypsis. Using spectrophotometry equipment and analyti-

cal software, the quantification and analysis of cuticular iridescence 

and pattern is no longer confined by the subjective judgement of the 

human observer; allowing for objective, unbiased quantification of 

spectral signals and the analysis of patterns through unbiased and 

controlled methods. With objective data of spectral signals, the  

extended phenotype of insect coloration can be utilized in intra and 

interspecific comparative studies to aid species delineation and  

inform existing species concepts or be superimposed with phyloge-

netic data to communicate evolutionary history in a new narrative.  
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Evolution  
Traditionally, the differences in morphological and genetic charac-

ters are quantified independent of their ecological function, thus 

construction of phylogenies is based on the quantitative differ-

ences between characters, not the qualitative function. The analy-

sis of spectral signal patterns provides not only the objective 

quantification of color morphology in the service of species deline-

ation, but also the comparison of differences in ecological func-

tions between different spectral signaling patterns resulting from 

intra or interspecific differences in morphological structures. The 

subtribe Chrysochroina and its coloration system provides an op-

portunity to simultaneously compare morphological structure, 

spectral signaling, and ecological function of homologous pheno-

types.  

Buprestidae: Chrysochroina  
The subtribe Chrysochroina contains 16 genera and about 70 species of large and iridescently col-

ored beetles [2]. Favored by both amateur and professional collectors, members of Chrysochroina 

are common and easily recognizable in museums. Taxonomically, however, Chrysochroina is poor-

ly defined and unresolved both at the genus- and species-group levels, making it ideal for taxonom-

ic and phylogenetic research. Preliminary research on the bases of iridescent coloration has been 

conducted on the Japanese jewel beetle Chrysochroa fulgidissma [5], providing a foundation for 

larger scale investigation on the entire Chrysochroina subtribe.  

The Biological Aspect  
The structural color in members of Chrysochroina is not only a 

physical, light reflecting structure, but it also acts as an instrument 

of communication that projects visual signals into the environ-

ment. In many animal taxa, the directionality of iridescence is uti-

lized by organisms to modulate signal conspicuousness; maxim-

izing conspicuousness of signal during favorable encounters such 

as mating displays, while minimizing conspicuousness against 

predators or conspecific competitors to facilitate crypsis [1,3]. 

Similarly, jewel beetles could be utilizing their structural color to 

produce species specific spectral signals invisible to its avian 

predators to achieve conspecific visual communication cryptically. 

By importing spectral signal patterns into simulated avian or jewel 

beetle chromatic vision, the premise of visual communication for 

sexual selection and cryptic protection against predation can be 

explored. Through software analysis, a statistical understanding 

of Chrysochroa spectral signal patterns independent of human 

perception and theory can be generated to characterize intra and 

interspecific differences statistically [4,7] to test for the role of col-

oration in speciation or the maintenance of species barrier, illumi-

nating species delineation and informing existing species con-

cept.  

The Physical Aspect  
The iridescent coloration found in members of Chrysochroina and many other jewel beetles is a 

form of structural color produced by the quarter wave stack nanostructures in its epicuticle [5]. A 

quarter wave stack is a pile of layers alternating in high and low refractive indices, reflecting some 

wavelengths brilliantly through constructive interference while dimming other wavelengths 

through destructive interference depending on the dimensions of the stack [3]. Unlike pigmented 

color, the structurally produced iridescence in members of Chrysochroina is dynamic, reflecting 

light in different wavelengths to the observer as light incidence and viewing angle changes [5], 

thus causing drastic shifts in both hue and intensity. For example, in the Japanese jewel beetle 

Chrysochroa fulgidissima, changing the viewing angle not only shifts the peak reflectance wave-

length, turning the metallic green body into a deep cobalt color, but the proportions of polarized 

being reflected also changes [5]. Consequently, different Chrysochroina species not only have dif-

ferent epicuticle nanostructures to produce iridescent of different colors, but the transformation 

patterns of their iridescence in response to changes in viewing angle also differ. Using spectro-

photometer and scatterometers, the full range of angle dependent spectral signals can be accu-

rately captured, and its interaction with the natural light environment can be experimentally simu-

lated to construct a wholistic view of the elytral structural color’s extended phenotype, instead of a 

subjective snapshot by human observation [5].  
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Introduction  
Animal coloration serves as a broadcast center of visual signals. 

Color, through its interaction with light, mediates a wide range of  

vision-based functions that affects an organism’s natural history. 

Across the animal kingdom, visual signals have been found to aid in 

sexual selection by producing conspicuous sexual signals for  

identification and communication, as well as aiding in predator 

avoidance via shape disruption shape and crypsis [1,3,6]. One of 

the most spectacular form of coloration can be found in the jewel 

beetle subtribe Chrysochroina (Coleoptera: Buprestidae), a group 

of large beetles with most of its members possessing brilliant and 

highly diverse iridescent coloration. Iridescence in jewel beetles is 

achieved through multilayered nanostructures within the insect’s 

epicuticle. It selectively reflects some wavelengths of light at high 

efficiency to produce various metallic colors [5]. Due to the angle 

dependent nature of structural color and the limitation of human 

perception, the jewel beetle coloration has yet to be quantified  

objectively and its function remain unexplored experimentally.  

Using spectrophotometry, electron microscopy, digital photography, 

and statistical analyses, we aim to surpass the limitation and biases 

of human observation, producing objective quantification and  

analysis of jewel beetle coloration [5,6]. Objective data on irides-

cent coloration can inform existing species concepts and provide 

new morphological character suites for species delineation, inte-

grating the extended phenotype and ecological function of structural 

coloration with phylogenetics and systematics.  
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Fig. 1: Analysis of Chrysochroa fulgidissima green and red color areas, exhibiting variable numbers of cuticular layers and linear po-larization. Modified from Stavenga et al. [6].  

Fig.2. Measuring jewel beetle reflectance spectra via spectroscopy. A. reflectance spectra of Metaxymorpha apicalis and  

Agrilus planipennis; B. Chrysochroa tonkinensis positioned on a goniometer; C. Target measurement areas of C. tonkinensis.  


