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The geometric morphometrics of eight Euchirinae
speciesin China
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Abstract [Aim] Euchirinae is a subfamily of Scarabaeidae, or scarab beetles. At present, two genera and eight species of
Euchirinae have been found in China. These include six species from the genus Cheirotonus and two species from the genus
Propomacrus, all of which have been listed as national second-class protected animals in the 2021 edition of the ‘List of wild
animals under priority conservation’. The species of the subfamily Euchirinae distributed in China are rare, and the biological
information of the subfamily Euchirinae has been difficult to obtain for along time, resulting in slow progress in the collection
and taxonomic research of systematic morphological information between groups. The identification of closely related species
is also very difficult, which poses certain obstacles to the inspection work of customs and public security departments. Based

on geometric morphometrics, our study quantitatively analyzed the morphological characteristics of male and female
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Euchirinae samples in China, revealing the morphological differences among 8 species of Euchirinae distributed in China. We
also screened additional morphological characteristics for classification and identification. This study offers innovative
approaches for improving the customs inspection process. [Methods] Based on geometric morphometrics, we compared the
outer contours of the protibia of eight species of Euchirinae, and the morphology of the left outer contours of the pronotum and
elytron in both males and females, using principal component analysis (PCA), canonical variance analysis (CVA), and
discriminant function analysis (DFA). The morphological differences between male and female individuals were analyzed, and
the identification features recorded. [Results] Based on the PCA results, we found that the morphological changes of the
protibia in the intergroup segment of Euchirinae were concentrated in the curvature of the spines and tibia. Whereas variation
in the pronotum resulted from the expansion of the posterior horn and the reduction of the aspect ratio. Finaly, we found
elytron variation was due to extension of the shoulder angle, the interaction of the elytron near the scutellum, and a reduction
in the aspect ratio. The CVA and DFA results showed a significant difference in the morphology of the male protibia between
species. Of the test groups, 93% (26/28) achieved a 100% discriminant accuracy rate between test groups. Finaly, CVA
analysis showed there was no intersection between the elytron morphology of the eight female long-armed scarabs.
[Conclusion] The morphological characteristics of the male protibia differed significantly between Euchirinae species.
Furthermore, the elytrons of female samples exhibited stronger interspecific differentiation. Geometric morphometrics can

facilitate the identification of morphological differences between Euchirinae species in China and be used for interspecific
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identification.
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( Propomacrus Newman, 1837 ) 4 fil, F&ECic5
Eata 28 8Fh, S RE s 6 MAIFRE
SR 20 AR BB AT, KILURIER
e H A LY L BB AT B s A O 1
DL R JE R WSO 22 B A, 2 BRIV 4 el
AFTH SR A B SZ 1 IR B, B AR i 45 i i
i (Yangetal. 2020) . 24 T B4 X3R4
i Ty, RKECLH 6 TEANE SRS
HB 2 J& 8 Py E K R S I sk A 2021
B (ERE AR A4S ) (EX
MOl AR SR AL AR A, 2021) R, SR
KRN FRITHE B 1 4 f 0k 2k 1 2 B 1 FH 3
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ge e TAEEEARE ( Zelditch et al., 2004; 234
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TERER, BERRT R R I 241 SR
(HfEVEREAS 173 3k, BEVEREA 68 3k ) 5 R
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Fig. 1 Description of the curves and semi-landmarks
(SLM) used in the geometric morphometric analysis
(Cheirotonus jansoni)

1.3 HESH

i# 13 Morpho J( Version: 1.06a) X & 4 6,1
JEJRT LR AR R O R 2% AT LB
B2 hr, BT #r (Principal component
analysis, PCA ) H T BH#f IR 7 i 4
] T A AB B B0, 8 o R AT 7 s 22 Ak
DX 5 RS & 43 Hr ( Canonical variance

analysis, CVA ) A1 5| ek 5053 #F ( Deformation
analysis, DFA ) T a] MG 4 s [ia] 1 1X. 53
;F%Eo

2 HREHH

21 BERuRBETHILAKSE

211 BIRETEMEMNESTSR T PCA,
I B IR AT TE 173 REAR A 22 5 24 &
43 ( Principal component, PC ) 4351 5 BE S 1)
54.713%#1 16.539%, — & Zit 5 MRS 51
71.252%, DI —F s (PCL) YE MR AR AR,
SRS (PC2) AR YA bt i e w2 i
TILESHOSRE (20 A) o G5 a8 R
HUFT R BT IE M5 B AE PC 23 [a] v i) 43 A5 4 e il
AEFE A EZE AR B . WY PCLIE 7 M Y484k,
R T P AT 1) R R e, 11 s s
AR, B iR EE R, i PC2
EJT AR S PCL ARfARL,  Hhef ) Pyl
45, R TR TR T e, R A
T PCA, MEHFT AR TI7E 68 MEEAEIE
BESH] 2 4 PC 405l i B2 F1 43.815%F1
12.755%, —# Bilt b BAAERH) 56.570%, L
PCL 1B AL AR, PC2 1E Ry P AR b ol 14 iy e
NS ERHOSE (B 2D) . 256482880
P AR BT 5 LR PC 23 8] Hh A 43 A7 JA1 I 3t
FRAEAY EZIRARE O i PCL 1E 5 [0 Y284k -
WP A S TN W A, RSN AR AT [ 1 SiE
s W PC2 1EJ7 M 284k 5 PCL 1EJy )
ARAEARRL, (FETT PSR INGAT ] N 45 B . B
FATIT 5 2 A BT K 5 B s N 3
212 RBIRETHEESHER HT 8 Filf
PR & fapr 2R IIESME BT CVA, DIk
#7451 ( Canonical variate 1, CV1) Wi A4,
7S B 2 ( Canonical variate 2, CV2) B\ AR
P A AR B2 [ A T AT . BIRARRE &L i
A4S, DREESA . RMEESR . &
KBS MRS S AR TES, #IKE
Baf, AEEEeG. DREESMA. BRE

T 4 10N 22 RO 4 10 G M HUREZAS (8] 47 AN T



- 1234 - o B 3244 Chinese Journal of Applied Entomology 61 %

. Cheirotonus battareli
£ A
—~ 7 : Cheirotonus terunumai
°\° :l O/é;r Proponttacrusl davidi f\; N
a8 Uy N Chemtomsgesmoigenel 2 8
< g 010 ~ B ~ g
— p AN 8,
Z g ) T o=
3 <7 AN ~ 3
R &9 S T O R )
Be O e ASR =8 .
HE- o010 e OO 8- 02 Ly
020 | B a0 1] 4
-020%0.30 -0.10 0 0.10 0.30 0.28 -0.02 %10.01 0 0.10 0.20 21 0
NOE—FSY (54.713%) ) T E—FRS (43815%) 7
) Principal component 1 L Principal component 1
~ ~ ’AA- —~
X< 010 B x<
a El::::.)‘ v'/f/-'[”"w 38
v g ' @ g
o & &
(3] , . . .
<RT'3 0 . . @_‘: r 1\7 S
] 1 E "w./’ ) o M \\\\A; - /// \\\ ]-H 'E S TT— _— .
-9 fameeess o | ] & / y
& o010 -/  — I o RSy S
-0.15 ;(Q:L;WO;);;% ?.05 0.10 )0./1«5.\\9“20 VD S IS &
— 54.422% N 0
Principal component 1 L .EEPSM} (45.548% )
Principal component 1
o™
8 E < £
S8 % 8
o 8 CE
NI o)
N &S
8 =
K3 Be
E .
i ® ™ _
ﬁ&_o'oé . me&:bu’»uwué
- 0.0 \- 0.03 0 0.03 0.06 0.09 0.1 'Q.\ N A.«:Q.Q /Q_Q 'Q.Q IS il
o RS (53.801% ) i )
Principal component 1 F— ST (46.580% )

Principal component 1

B2 BLAIMNIERT. WNERMEBAERS I SE
Fig. 2 The scatter plots of principal component of the protibia, pronotum and elytron of the Euchirinae
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A. The principal component analysis scatter plot of protibia of males; B. The principal component analysis scatter plot of
pronotum of males; C. The principal component analysis scatter plot of elytron of males; D. The principal component

analysis scatter plot of protibia of females; E. The principal component analysis scatter plot of pronotum of females;
F. The principal component analysis scatter plot of elytron of females.
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Fig. 3 The scatter plots of canonical variables of the protibia, pronotum and elytron of the Euchirinae

A HUR R AT SR AR AR L B R AR SR A e A R L C i S R A R

D. M HUAIT R ATy SRS T HICS P 5 B M ERLT D A i

TSP HTHICE 5 F M U RS B S BT I P

A. The canonical variables analysis scatter plot of protibia of males; B. The canonical variables analysis scatter plot of
pronotum of males; C. The canonical variables analysis scatter plot of elytron of males; D. The canonical variables analysis
scatter plot of protibia of females; E. The canonical variables analysis scatter plot of pronotum of females; F. The canonical

variables analysis scatter plot of elytron of females.
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HEERALE 210 MREAEDIE &2 501 24> PC 431l
7 IS S ) 53.8019%F11 22.172%, —#% Zit
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(11989 ) 7E X} th U 4 0 0 BRI A T40F 7 st s T 5
TR AT R A A T Rk — R R
17, 4 B SR (0 A I I 28 A SR AS B A7 A
MEES, HEtZIBAENEE, 3 ERRHE
FEAR Z APl 325 TR 2 A R g i A IH A7
BE (RERMRILIE, 2008; XML, 2022), 7
F 5 38 1 JLART I 25 2 s AR B 7 A ) 28 5 1 4 7
FRIEI TS 25 57 bR, BN T MR & f i AL iR
IR AR A BRI IR 4R N R R
T A 2R TP R sl 2k, MEMEE 4 fin IR Y
GRS 1] T, BRI TE L AR/ ek, B
ST I A AT oM S PR R 4 R T ) P A
AR RS R ) BE A, MSE MRS R BEUESE T 5 1%
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WA (2015 ) $EH TR E A G 6 FORE & fa s
G M AR A AR i 5 RS SR b R ] 1
G55, X% (2022) 305 RUH L RO 4 fa,
B2 SIS, L HGHEA T MR AR 2 IR A
PJEFf, TP AEf, IR B R (TR
4, 2022), [AF Fujioka (2007 ) st st Ak
4t 5[RE + B HARE 4 f6 P. bimucronatus #E47
Fhdse & B HT M A 05 A A S X — it S
ARHFFEIE S PCA X 4 0 A i I 15 A BT A 7 )
SE R ATHTA R— B0 B A R T AR SR 1
FETEPE A PRI P A PR B e — 38, B4R e
J AR AR B R FEE 2R T 1 8, T M T B B LA A
AN AT R LA 2524400 T BEHERR T
KN B AEBE, AR R AT A AR Ak ik
53T, R T e 4 B B Sk
BEAEFAE/ NG FAb 1) IV 5 T8 AR 8] S E )
s R 4 f B TE LR N, b
PRV S0 A AR R 3, IRRb TG 580 252
r DL B S0 B B 6k R A N 2 B MR D
AR

5538t CVA | DFA 87K T R4 4
WIS SR, HEES . ZIREESR . &M
TS ICEE &a 5 H A 2 FE Sl
Mz E R R 2L e, Hih DRA B4k TR
] 1) DX AR, B T R R 40 T LIXH i 4
fITA R 2 (GG HES, 2015 ), A HE
ATk B I R e R R A 22 AR, (BT
AR 33 PR A B AR A i i A A2 110 22 () D 8 A A
Bt MR S MRS S a X o %
B4t 3MEIEL AR E , FERT 2 A AR 28
[ rp, AT LK 8 Pl 4 falfE U 5E 42X 4%, B
I I &AM G S EE S ANy 6 FiE4
e XI5 AT IX 2 Al 4 fa e iy, ml 3
IEREH STy, B EE &GS
FEA Rl WA AT DR HANTTE S5 X 4,
s IO 4 fa M L 2 B0/ INEEBE, A 2 M 220 o
WA, A TSRS 4 f0 W H JO 8B HL A ik 75 A 1)
S AN

AT FE R F AR IR 265 2 i 4 fa R E A T
BAACHATIRGE, A BUETALRETT | i A Fn

S I A AR B B W 25 57, RV & fu AT
PRI A AR AR S 1) T 25 A R T A S el
] 73 AU o RIS I LI 25 2 n] U2
AL AR R, JFRESA R, B0, Pud | K
A MR T 4 R 202, SCBUE e fa A
RP2E S E o IR TR Al 3 B SRFE
AT, X TR BIBTZE R N E IR S M
TS, I e 1T ARSI At i L —Ag i
5278 R OB R BRI , 78 S 45 SR A LAY
PR AN, AR A A RZAL: (1) i
THERWRHE RIS, ME LIS ME R A 5E
i AT FE 1 AR ME U TR AR A T LR 255 0
Brs (2) B aur R TR ZIN, BF
FFE R AR ] 20 A BT 2257, SR IASI S i aed
THE LA 25 5 e A T BEAR ME S BRI T AR
Z\ s RIBESE o 705 2B 0TS b A Bl LANSCAR 21 5
Z R Gt R AMERE SR E SRR, Rl B
M M ) = 4R, 5 ik = e LT 25 T B
X E] AT S 22 S A T 00T o R SN R G
TEARSRAL nAEAWITE Hh B i B B B S fd 34
TSR M RO, X R 173
MR ARa BRI, I R e R X
HEYR, SRIIRIEA LB R R IR

Brigt: B R B st S B B AUR 2SS
PRI A AW ST S LRGP 6 o SRR s R 2 A
ARk RO B A - AR iR B o I A o
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