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Comparison of 3-dimensional morphology of beetle horns with
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Abstract: [ Objective] Horn is an important structure for beetles for its significance on sexual selection and reproduction, therefore,
the origin, morphology and function of beetle horns have always been the primary focus of experts. Three-dimensional (3D) recon-
struction methods were applied to detail the external morphology and internal structure of horns of different beetle species, aiming to
elucidate the relationship between the structure and function of beetle horns from a higher perspective. [ Method ] The specimens of 3
types of horns (head horn, thoracic middle horn and thoracic lateral horn) from 4 beetle species, namely, Enoplotrupes chaslii, Or-
phnus sp., Copris sacontala and Xylotrupes gideon were used as the subjects, for examinations on the external and internal structure
of horns by 3D reconstruction methods with the aids of software of Amira and Geomagic studio. Then the morphometric parameters
measured were used to work out the proportion of horn cuticle, scatter plots and fitting curve of the proportion of horn cuticle. [ Re-

sult] The length of terminal cuticular region accounted for 8.7% of the length of head horn of X.gideon, while the counterparts were
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above 20% for 3 other beetle species; meanwhile, the volume of the hollow part of head horn made up 91% for X. gideon. Fitting

curves indicated significant differences on the proportion of cuticle between head horn and thoracic horn. The head horns and thoracic

horns of 4 beetle species were hollow structure, and C.sacontala had a small amount of muscle in the thoracic horn. [ Conclusion ]

The horns of the 4 species are hollow structure, among which X.gideon have the most special head horns; E.chaslii and C.sacontala

have short and thick horns, which is probably related to their behaviors of digging, rolling dung ball and fighting and reproductive

strategies.

Key words: Scarabaeoidea; functional morphology; three-dimensional reconstruction; evolutionary development; bionic engineering

HREMIEL A AT RIS AW 2ERE,
TR A 3 7 A 3 B P B B T B 2 2R B A
R dU A SR iR BB MR 2 — X T
PEREPEAN S A B A BB, IR SRR AL

SEA 5 AL R 3h By a0 45 h ik = W I A [ D
P 5 AR MEREA 1A 2 )4 11 52 BN W) B JE =, R
TORIPERT gt MEPER B S TR U B R
W) A2 SRR B (0 £ 28170 5 HY sy 7 o P R ] 22
PEREET B EAE KN TR G R
TR AL ST "%%5@1%‘:33&%%
R HT IR IR | 22 HE AR IO A 0T ) 22

w}:Q‘A\

BOE HF 453K PR FH IR

Anthicidae Chelonariidae Geotrupidae

W45 0 R o4 Tk} [EEARIZE . g ;
Aphodiinae Cetoniinae Rutelinae BRI Scarabaeinae
E1 RHRARESSHE
Fig.1 Morphological diversity of beetle horns
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Table 1 Information of research specimens
N S AE i
Al Family A . J% Tribe A Species *%Hﬂ.‘““ . F19€2 %] Horn type
Subfamily Collection site
Pk FE4 R RIEB K el R S Af R £
Geotrupidae Geotrupinae Enoplotrupini Enoplotrupes chaslii Wuyi Mountain, Fujian, Head horn and thoracic middle
China horn
Afaft RS ATR AR ZUR 41, ENEETH IR Sy 11 R b= N B
Scarabaeoidea Orphninae Orphnini Orphnus sp. Mysore, India Head horn, thoracic middle horn
and thoracic lateral horn
U A6 Y A FE IR [l ] P R KA TN 0 A
Scarabaeinae Coprini Copris sacontala Jilong, Xizang, Head horn, thoracic middle hom
China and thoracic lateral horn
Je 4 f A Je 4 Fu TR MRIEA R 45 rp P AR KA T AR
Dynastinae Dynastini Xylotrupes gideon Pingxiang, Guangxi, Head horn and thoracic middle
China horn
1.2.2 Z#HWABERR  HSE,7E CGeomagic stu- AN AY I BT s kA48 LT mr s (AN ELHE fil /| 11

dio B fFhar I x 4 R R BgACR SR R
i A< AT AR EA T IR, IR 2 B R R
7 S IS T ) A T AR i 14 B, AN o Ay L 1
for BN FH S5 I B 5 Sk AR A Sk A R 2 Sk

i3 Elywa

WY B2 Pronotum 7 N
N
Wi 4l K Length of thoracic Ny
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Wik 1 ffy Thoracic middle hom \\\
A
TR Ai1 K Length of thOraCic aveunsevseeenacs 525 9

lateral horn
WK B Sy Thoracic lateral hom
kA4 Length of head hom «++eserussesunuas

3kl Head hom
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A,D. C.sacontala; B. E.chaslii; C. Orphnus sp.;E. X.gideon.
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Fig.2 Example of 3D model
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A, B. Thoracic middle horn and thoracic lateral homn of C.sacontala; C—F. Head horn, thoracic middle horn,

head horn cuticle and thoracic middle horn cuticle of E.chaslii.
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Fig.3 Sketch of transverse section of horn’s 3D model and horn cuticle
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Table 2 Horn length of 4 beetle species cm
kK SN CIEOLEVIRS FT At 0] £ 4 S A i
Fl Species Length of Length of Length of thoracic Length of thoracic Pronot H lenath Body lenath
head horn head middle horn lateral horn ronotum feng ody feng
R IEE 1 E. chaslii 0.37 0.51 0.28 0.57 2.39
Z4HR 48 Orphnus sp. 0.20 0.13 0.05 0.02 0.32 0.84
IEEt=L .sacontala . . . . . .
FEFEHEHS C ! 0.85 0.54 0.32 0.26 1.00 2.59
KEA R 43 .gideon . . . .3 3.
TRIEA R4 X. gid 0.92 0.72 0.67 1.38 3.87
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K(91%) , FFIEWERE (60% ) Ak AIRIE 4R (39%) W2, 2R 4N/ N XA H 23% (£ 3) .

A E SRS ;B G H AR 4, C LR 3R0EHE, D FARR A R4,
ALE. E.chasliiy; B,G,H. Orphnus sp.; C,1,]. C.sacontala; D,F. X.gideon.
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Fig.4 Sketch of sagittal section of horns( A—D) and 3D model of thoracic horns (E-J)
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Table 3 Length of horn terminal cuticular region and head horn volume of 4 beetle species

KJE/em Length AT/ cm® Volume
F Species SRR TR WA RR o i
Terminal cuticular Terminal cuticular region Terminal cuticular region Head h Hollow part of
region of head horn of thoracic middle horn  of thoracic lateral horn cad lomn head horn
PSR E. chaslii 0.080 0.020 0.001 8 0.000 7
4R 48 Orphnus sp. 0.040 0.005 0.005 0.008 9 0.002 0
B=IEWEMS C. sacontala 0.200 0.040 0.025 0.005 8 0.003 5
WA R 410, X. gideon 0.080 0.080 0.022 0 0.020 0

i = AR B A S A5 5 R AT AR S A S RISk A s A — Ak X o
FEZE5 08 FA S RTINS D0 LR B i A5 e 0 PR WL, 5 30 1P O 5 o 74 95 T MG 3 b
3ALE (n=3) HEATINE 5 R 4 PP HUR Sk A BT 2 i R A A A A R
O DR L AT J5E (3 4) o ARBOAC R 4 f Sk AT I
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Table 4 Horn cuticle thickness of 4 beetle species cm

Sy I B LR e RV 19 S 2= = U Y 19 e N N ) R ey 1]

. . Front part of Rear part of Front part of Rear part of
F Species Front part of ~ Rear part of L . . .
thoracic middle  thoracic middle thoracic lateral thoracic lateral
head horn head horn
horn horn horn horn
4RI 41, E. chaslii 0.209 0.227 0.146 0.165
0.183 0.186 0.133 0.190
0.169 0.197 0.163 0.218
Z4HR 4 8 Orphnus sp. 0.054 0.064 0.043 0.055 0.052 0.052
0.050 0.060 0.044 0.054 0.051 0.053
0.051 0.057 0.048 0.050 0.048 0.056
BRAEWENE C. sacontala 0.045 0.042 0.027 0.030 0.026 0.029
0.038 0.046 0.024 0.029 0.026 0.028
0.033 0.033 0.026 0.030 0.023 0.029
RIEA R 410, X. gideon 0.041 0.090 0.044 0.049
0.041 0.068 0.041 0.059

0.043 0.059 0.036 0.047
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3. K Y) Transverse section of head horns
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B A% o A B 1) Transverse section of thoracic middle horns
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Fig.5 Transverse section of head horns and thoracic middle horns with 3D model
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Fig.6 Proportion of horn cuticle
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