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Diversity of elytra morphology: tradeoffs between anti-predation and flight
efficiency
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We demonstrated the critical role of the robust beetle exoskeleton in
protecting against avian predation. We found that flower chafers (Scarabaeidae, Cetoniinae) have
more robust bodies than other scarab species. Laboratory experiments with naive Japanese quail
Coturnix japonica revealed that some individuals of intact Cetoniinae survived attacks without
serious injury, while all individuals of soft scarab species or elytra-removed Cetoniinae were
consumed. The survival rate of intact Cetoniinae increased under complex environments because the
combination of its stiffness and elliptical shape made it difficult for quail to handle the prey.
Field experiments with wild starlings and Eurasian tree sparrows demonstrated that most individuals

of Cetoniinae species were ignored before being attacked, while soft species were readily preyed
upon. These results collectively provide evidence that the robust exoskeleton of beetles renders
them unprofitable to attack for the predators.
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