
Talk: Locomotion of beetles  

Abstract:  
The thorax is the locomotory center of the insects. The acquisition of wings has 
long been considered as a key factor for the highly successful evolutionary 
adaptation of insects. And the legs play an important role in the locomotion, 
participating in crawling, jumping, swimming, flying and other movement behavior. 
Coleoptera (beetle) is the most special and successful groups in insect evolution. 
The described species are as many as 380,000 which is one of the biggest orders 
in Insecta. Based on the geometric morphological analysis, mechanical analysis 
and simulation of morphology and structure, we focus on the wings and legs of 
beetles to explore the locomotion, functional morphology and evolution of insect’s 
thorax, using optical microscope, scanning electron microscope, micro CT and 3D 
reconstruction, high-speed cameras and other imaging technology. For beetles, in 
order to lift the heavy body, the hind wing must be a certain size to be 
aerodynamically functional. Given that large and thin hind wings are vulnerable to 
damage, they must be folded to be stored below the elytra for protection during 
ground locomotion and unfold before flying. Based on the special 
folding/unfolding function of beetle’s hind wings, we explore the morphological 
variances, unfolding function of beetle’s hind wings and thorax comparative 
morphology of leaf beetles in flight polymorphism. We found the proximal and 
distal parts of hind wings are separate modules, and vein changes of the apical 
folding area are independent and strongly influence the entire venation variance of 
the hind wing. The hind wing unfolding time of beetles is positively correlated with 
beetle body quality and hind wing unfolding strategy is related to the apical area 
morphology of hind wing. We deduced hydraulic pressure mechanism of beetle 
hind wing unfolding is like inflatable origami. We also described in detail and 
compared the external and internal features of the thorax in the flying 
polymorphism of several beetles. 
Legs of beetles have a lot of different forms and perform different functions, which 
are one of the most important organs for the beetles to adapt to different habitats. 
We analyzed the inter-leg coordination of crawling leg of a soldier beetle and found 
the motion coordination mode is the combination of tripod gait and wave gait, 
which coordinate with the speed. We investigated the external and internal 
structures and motion parameters of legs in three carabid beetles of free-living and 
cave-dwelling. Due to the cave environment, there are certain morphological 
differences between the surface-living and cave-dwelling ground beetles which 
may further influence the locomotion behavior of them. We also analyzed a rotation 
leg functioning as intimidation role in a stem beetle. The rotate process can be 
divided into four phases, and the rotating angle range between 0 - 170°. The 
rotation of trochanter drives the rotation of the legs by a pair of “screw-nut” 
structures. A previously unidentified self-righting strategy of a flea beetle was 
reported. We discovered the beetle land on its feet successfully 85% of the time by 



performing dual-axial rotations. The beetle may fling and beat wings to slow down 
to augment the flight duration and alleviate impact when landing and tends to 
select a proper means to landing safely according to the initial kinematics and 
landing environment. 
Our studies provide the theoretical basis and new perspectives for studies of the 
morphological evolution of wings and legs of beetles. Investigations about 
locomotion mechanism bring new ideas to applications in biomimetic field. 
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She set up the standard of image capture systems of Micro-CT, CLSM, MRI, FIB which 
conducted in insect structure analysis. Also she set up a bionic application flat-form for 
multi-dimensional database including external and internal insect structures and 
mechanical model of insect locomotion organs. She conducted co-evolution analysis of 
insect locomotor systems and their related structures, constructed mechanical analysis 
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Her research interests mainly focused on the functional morphology of insects and its 
evolutionary trends and bionic applications. She currently addressing on three parts: 1. 
Biomechanics, energetics, and evolution of key structures of insects, e.g. structures 
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