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Abstract [Objectives] To explore the value of morphometrics in the classification of the Formicidae and relationships
among species in the genus Pachycondyla in particular. [Methods] A morphometric study of 9 individuals from 13 species of
the genus Pachycondyla was conducted. Variation in total length (TL), head length (HL), head width (HW), scape length (SL),
pronotal width (PW), cephalic index (CI), and scape index (SI) was analyzed using principal component and cluster analysis.
[Results] The highest of the three principal components were head length, head width, cephalic index, and scape index, and
differences among species were conspicuous. Cluster analysis showed that 13 species clustered into four clades; the first
including 4 species [P. brevidorsa (Xu), P. melanari (Emery), P. rufipes (Jerdon) and P. leeuwenhoeki (Forel)], with highest
similarity to the second clade, which was comprised of 3 species (P. lobocarena Xu, P. zhengi Xu and P. astuta Smith),
followed by the third clade, with lower similarity, containing 4 species [P. pilosior (Wheeler), P. annamita (Andre), P. sauteri

(Forel), P. javana (Mayr)]. The fourth clade, comprised of P. chinensis (Emery) and P. luteipes (Mayr), had the least similarity
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to the others. P. chinensis (Emery) and P. luteipes (Mayr) were the most closely related species, clustering together in a single

clade. P. zhengi Xu and P. astuta Smith, P. sauteri (Forel) and P. javana (Mayr) were also quite closely related. [Conclution]

Morphometrics is both relatively easy to apply, and a reliable method, for classifying the Formicidae.
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Tablel Informations of 13 species of Pachycondyla

Lycaenidae
HL HW
PW
SI 12

fh B (H) R AR Hh B R REAN
Species Quantities Localities Date Collectors

HARJE 45 I Pachycondyla chinensis (Emery, 1895) 9 IR Nz 2014-7  BREEHF
o JE4E 5. Pachycondyla luteipes (Mayr, 1862) 9 ISyl 2014-7  BKERIE
5 15 JE 455 1. Pachycondyla brevidorsa (Xu, 1994) 9 Py kel 1993-3  #IES:
Z B JEE5 M Pachycondyla pilosior (Wheeler, 1928) 9 sHAER 2012-3  fRIES
21 )2 JEE 4547 ¢ Pachycondyla rufipes (Jerdon, 1851) 9 IS Nl 2014-7  BREWE
| R JR 4R Pachycondyla lesuwenhoeki (Forel, 1886) 9 ~HAMELE, RitEiE 20123 RES
2R 45 4% . Pachycondyla annamita (Andre, 1892) 9 =BG 2002-4  fRIFE
BRICJEZ5 5% i Pachycondyla sauteri (Forel, 1912) 9 ISyl 2014-7  5KERIE
JTUHE JEE 45 0% B Pachycondyla javana (Mayr, 1867) 9 STV A TR 2014-7  FKSRIF
J 2& 454 L Pachycondyla lobocarena Xu, 1996 9 mME TS, g 20104 fRIES
HUHEIR 455 1 Pachycondyla astuta Smith, 1858 9 ISyl 2014-7 KRN
H IR JE 45 %% 1. Pachycondyla zhengi Xu, 1996 9 AR 20113  #RIES
U1 SR 45 Pachycondyla melanaria (Emrmy, 1893) 9 =AW ae, BiER 20123 fRIES
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1.22 BRI LEICA DFC420 LEICA 4
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3 5
CMZ Photoshop a & a SPSS19.0
CS5 ““Transform”” ““ Compute
123 HFALE SMZ 745 Variable” <<T=a/SQRT 10.893 =~
13 12
2 6
124 [REBUEFREK 3

2008

2 HGRREG
13
6
0.01 mm
3

SPSS19.0 Y, =0.2966 x ZV, +0.3021x ZV, +0.3009 x ZV; +
0.1597 x ZV, +0.2984 x ZVs —0.103x ZV +
0.299 x ZV, +0.2987 x ZV, + 0.2854 x ZV, +
0.2987 x 2V, +0.293% 2V, +0.2981x 2V},
1
Y, =0.0139x ZV, +0.0009 x ZV, — 0.0079 x ZV; —
0.1206 x ZV, +0.0273x ZV +0.2612 x ZV, +
0.0212x 2V, +0.0236 x ZV, +0.0767 x ZV, —
0.0194x ZVi, +0.0179x 2V}, +0.0045x ZV;,
(2)

*2 BEHEYNE 1B3MIEHARSHER (2% Bolton, 1994)
Table2 Morphological charactersof 13 species of Pachycondyla (followsfrom Bolton, 1994)

FHHEAS § Variable quantities

4E X Definition

&K Body length (TL)

34K Head length (HL)

3k 9% Head width (HW)

3K 98 He Cephalic index (CI)

fil f5 4R35 Scape length (SL)

fil FA AT EE Scape index (SI)

Hi #5456 Pronotum width (PW)

Mg Alitrunk length (AL)

B IR KB 1% Eyes diameter (ED)
- %4 Mandible length (ML)

MATEMRRET, B9 (G ) Tt 25 ISR s (A &2 ) MAKE
SR IE DU HE AT 25k G I BE o )5 Sk Gk M1 AP 0 o fry ek ok
e JRAERTZ M TRIR]

IETHWL K F iR R GE R, AR . AR IR Z ST o A ISR T k&
G HJ5 Sk AR s, e SR i AR

K FEx100/3k K
fl FAATT Y R R, AR S A BRI
WK x100/3% 5

IO UL AT AR ) e R B, AN 47 A O 5

A0 T L A B A e A Az SR A I (1) BB R A RE, U UL
R TS 2 O R

TE T S R T 2 Y de R B, A IR SR, A7 L FRHR I
P I AR

JE %t Peticel node length (PNL) ) [ ML IE Ak 245 1) de KK B
[ H45 SE Peticel node width (PNW) 15 T WL A 45 14 f K 5
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Table4 The eigen values of 12 characters of 13 species of Pachycondyla

B LSRRI TR (%) 2B (%)
Principal component Eigen value Contribution rate Cumulative contribution rate
i — F il 4> First principal component 10.011 83.428 83.428
% — F 43 Second principal component 0.994 8.286 91.715
%% = F Al4Y Third principal component 0.787 6.558 98.273

x5 EBELHEWNE 13 M SEHEER SN AEE
Table5 Loading of principal components on the morphological characteristics of 13 species of Pachycondyla
A5 fifaf{H Load value
Variable quantities B—E W P 5 = Sy
First principal component ~ Second principal component  Third principal component

R TL 0.979 0.046 - 0.020

k1K HL 0.997 0.003 0.020

k58 HW 0.993 - 0.026 0.079
LKL CI 0.527 - 0.398 0.748

il f AR I SL 0.985 0.090 0.115

il FF I 1L ST - 0.340 0.862 0.375
B AR 58 PW 0.987 0.070 - 0.102

i AL 0.986 0.078 - 0.054
SRR K EA ED 0.942 0.253 - 0.028

i ML 0.986 - 0.064 0.022
HEARES K PNL 0.967 0.059 - 0.199
HEARES 5 PNW 0.984 0.015 -0.109

®6 HFEmEIERE

Table6 The feature vector matrix

P
Varijglzﬁ(;aftities vi & Y

&K TL 0.2966 0.0139 - 0.0061
3K HL 0.3021 0.0009  0.0061
3% %8 HW 0.3009 - 0.0079 0.0239
KK G CI 0.1597 - 0.1206 0.2266
fil AW 1T SL 0.2984 0.0273 0.0348
fik F A7 LY ST -0.1030 0.2612 0.1136
T AR 58 PW 0.2990 0.0212 - 0.0309
Mt AL 0.2987 0.0236 - 0.0164
HIRfKEHAED  0.2854 0.0767 - 0.0085
LHi ML 0.2987 -0.0194 0.0067
HE 45 PNL 0.2930 0.0179 - 0.0603
HEHELS 56 PNW 0.2981 0.0045 - 0.0330

Yi

Y, = -0.0061x ZV; +0.0061x ZV, + 0.0239 x ZV, +
0.2266x ZV, +0.0348 x ZV; + 0.1136
2V, —0.0309 x ZV, —0.0164 x ZV, — 0.0085 x
2V, +0.0067 x 2V, — 0.0603 x ZV;, —0.033 x 2V,

3
N
1
HL HW
HL HW 2
SI
Y, SL HW
SI 3
CI Y;
HW HL CI
HL
HW CI SI
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Fig.1 The scatter diagram of the score of the three main components
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Fig. 2 Cluster analysis of 13 species of Pachycondyla
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