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M or phometrics of sixteen species of antsin the genus Formica
(Hymenoptera: Formicidae) found in China
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Abstract [Aim] To investigate the value of morphometrics for taxonomic research on the genus Formica
(family Formicidae). [Methods] Five individuals from 16 species of the genus Formica were selected as
specimens, and 14 morphometric variables of these were measured, including head length (HL), head width
(HW), antennal scape length (SL), pronotal width (PW), mesothoracic length (MSL ), petiole length (PL), petiole
width (DPW), petiole height (PH), total length (TL), cephalic index (Cl), antennal scape index (Sl;), antennal
scape index (Sl,), petiole length-to-width ratio (LPI), and petiole length-to-height ratio (DPI). The data were
processed using factor analysis, principal component analysis, and systematic cluster analysis. [Results] Seven
variables; head length (HL), head width (HW), antennal scape length (SL), petiole length (PL), petiole width
(DPW), petiole length-to-width ratio (LPI), and antennal scape index (Sl,), are key diagnostic variables for
distinguishing among species. Cluster analysis grouped the 16 species into four clades. The second and third
clades were closer, with higher similarity in morphometric values, indicating a closer phylogenetic relationship.
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The fourth branch had the next highest similarity, indicating a more distant relationship, while the first branch

had the lowest similarity and was most distantly related. These results were consistent with those of principal

component analysis. [Conclusion]

The results of morphometric analysis are basically consistent with those of

the traditional morphological classification, indicating that this method can be a useful auxiliary approach for

identifying species of the Formicidae. It has significant advantages over traditional taxonomic methods and there

is broad scope for further application of this method.

Key words Formica; morphometric measurement; factor analysis; principal component analysis; hierarchical

cluster analysis
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Tablel Collection locations, collection dates and individual quantity of the ant specimens

. T %%Hﬂﬂ (A7) /I\ﬁ%%lﬁ FAE A
Species Locality Collecting date Inleldual Collectors
(year. month) quantity

Yt By F. candida PUR 2 Ranwu, Xizang 2010.8 5 X e
sulE EAR I F. gagatodies  PHIEHL VL% Zhaxiraodeng, Xizang 2008.9 5 BIES
24 ¢ F. fusca = FFTF4 Benzilan, Yunnan 2004.10 5 WIES
3E 2 F. lemani HIEERIE Zhugu, Qinghai 2023.7 5 REH
/R F. sanguinea M Ap VTS Dailing, Heilongjiang 2009.8 5 BIES
POl S F. sentschuensis  P4)1] EL#F Dandu, Sichuan 2006.8 5 HIES
B} /RMY F. uralensis P51t & 35 Shiwel, Inner Mongolia 2008.9 5 FRIES
2L F. clara M52 & P48 Hulun, Inner Mongolia 2008.8 5 EIES
FRAELT MY F. sinensis P4)i] 2 #F Dandu, Sichuan 2006.8 5 WIES
W5 M1k MY F. fukaii PU4S  Cuoga, Xizang 2008.7 5 IS
387 F. cunicularia 2 M Gasa, Yunnan 2003.3 5 WIE2
Jt 754y F. aquilonia M VT [# 5% Tugiang, Heilongjiang 2009.7 5 EIES
T LW F approximans  HJpITA7I4 Dailing, Heilongjiang 2009.8 5 BIES
Z A F. polyctena FHAR K FH D3 Changling Stud Farm, Jilin 2000.6 5 BIE4
213 AR F. truncorum HTEE I I Zhaosu, Xinjiang 2022.8 5 B
HIE Mk B F. mesasiatica TSN & Jiagasital, Xinjiang 2022.8 5 Bk

1.2 WRF*

121 IRAMRESHIE ARUFRHTHRA, ¥
2 T A b R A R A R A TR SRR (TR IE 4

2002 ). A 45 T SR AR 1) M L At A7 123 A8 JE K
BEM 2 mL RAFE TP ISR s, Z R
95%[1 Jo7K £ BEAE G IR ML A T 2 A5 Uk, 15 UL
PbRA L5 B 245, SR AR T
PaAs, AR SRR R 25, FRUCEA
BEAT 95%TCIK BRI ARAE R T, 5 I B AR 2
17, TR PRARB R 252 )5, 78 SOPTOP
SZM45 4 S AR R A B T 6 I A3 R AT 3

P, e Jo K A BRAF B AR A IR IRORG R £ — A 4K
b, HREHERAS, RS, IR
1.22 MEFE & SOPTOP SZM4S5 i L8 1%
RALEE Tl 16 Flig i )34 (Head length,

HL ). 3k 5E( Head width, HW )., filt /1 4% 35 :( Scape
length, SL ). A% 5 ( Pronotal width, PW ),
I i K ( Mesosoma length, MSL ). AR K
(Petiole length, PL ). %% ( Petiole width,

DPW ). JIEA#E ( Petiole height, PH ). {&K: ( Total
length, TL). 3kt ( Cephalicindex, ClI). filiff
WL 1 (Scape index1, Sly). filfMRTLL 2
( Scapeindex2, Sl, ). 4K i L ( Petiole length
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index, LPI). IE#EK &k ( Dorsal petiole index,
DPI), #t 14 M, B YIFp & E 5 H,

FENFRRIFAS B 3 Yk, BOPSA(8, F A {E > 0.01
mm,, & PN N FRiES % Bolton (1995 ) (£ 2),

R2 WE 16 Fughy 14 Fhinl S 4T

Table2 Measured characteristics of 14 species of 16 ants of Formica

FFAFAS i

Variable quantities

E X
Definition

SN
Head length (HL)

TE TR HE AT 2% 205 S T B RS, QRS BRI RN 5 Sk G b e TG, U LA
A #6132 2 0 i Sk R 22 1] 32 4 A ) e A R A

The vertical length from the anterior margin of the labial base to the posterior head margin
in frontal view, and if the anterior margin of the labial base or the posterior head margin are
centrally concave, the vertical length should be determined by the perpendicular distance
between the line connecting the lateral corners of the labial base and the line connecting
the posterior head corners

k9L TETHSK R R GERE , AL AR
Head width (HW) The maximum width of head in frontal view, excluding the compound eyes
LR TRERS Fil AR TS Y LA BE AN EAG 5 R 40 BRI A7 AT

Scape length (SL)

The straight length of the antennal scape, excluding the basal constriction and the spherical
insertion part

FT I 5 i 5 T UL AT D 5 ) K B JEE
Pronotal width (PW) The maximum width of the pronotum in dorsal view
PID YIRS N VL M AR (AR EURAR ) MRS T A Z A K

Mesosoma length (MSL)

JEAR
Petiole length (PL)

HE AP e
Petiole height (PH)

The straight length from the anterior end of the pronotum (excluding the neck-like portion)
to the posterior inferior corner of the thorax in lateral view

AN Te R AW 235 10 B A B, 5 T T R T WA 4 AR
The maximum length of the petiolar node in lateral view, including the anterior and
posterior constricted peduncular parts

AN UL AV 25 T i 28 JURLAV S 5 =2 (1) ) 3 e B
The vertical height from the apex of thepetiolar node to the projection of the petiole in
lateral view

AP 5E T VLR AP 45 A e K B 1
Petiole width (DPW) The maximum width of the petiolar node in dorsal view
(LSS B AMRARAST b ST0 s 2 R i 144

Total length (TL)

The length from the tip of the mandible to the posterior end of the abdomen when the body
is extended

ke K5 S KA H (B

Cephalic index (Cl) The ratio of head width to head length

il AT 1L 1 3K 985 ik AR AP B U (L

Scape index1 (Sl,) The ratio of head width to scape length

fil AR 1 1L 2 S K5 A AR B HE (R

Scape index2 (Sl,) Theratio of head length to scape length
JEAR K FE 1L JEAR K S AN TE Y LA

Petiole length index (LPI) Theratio of petiole length to petiole width
AR L R A5 AP o 1 LA

Dorsal petiole index (DPI)

The ratio of petiole length to petiole height

1.3 #HEAE

(1) 545 2 9 Ktz 1] Excel 2021 47
AEE (n=5), MR i i A R e AR B 07 1R

1530 16 BRI Y 14 SRR B I

(2) Bdlaprii A Ab 2 . pE A e ) 2 fEL[R] et
W AR B, A FHE bR RN, A fF
el HeE, Db, A5 R Bl o ik SPSS
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Statistics ( Version 26.0) ( SPSS 26.0) iz fibrifi
AALFR 7 R AT AR B, A5 32 I 25 I = A (E A TE B
BB o

(3) BFo8r: FEdEAT o0, Sextin
HEAL 5 B K 8 5 SPSS 26.0 11T Kaiser-Meyer-
Olkin ( KMO ) i1 P4 45 BRI A6 0 4 W 2
T 2 T3 MT B 450 o BIART B 251 JE PR 2
Pt SPSS26.0 i “ o Hr—RE4E-H T 1Y
A AT P 3] 14 ANERAE AR B YRR AE S
MERSAE, ZJEEAEE 14 ADHERFAR )
RIS FERST

(4) FRL5r453HT . i Excel 2021 K 32 A5
FIRRHEME x FCA “y=SQRT(X)” 5 HiXF 0 y 18,

FH A% 7 B 1) T A (B DA IO, 2 1)y (B4 3]
FEAF ] B R0 M BT 5 3 A e ik U B
BURREAR &, 2 R AR S

(5) B250Hr. 181 SPSS 26.0 A F IR SE
BRI EEh A FERE AR i, DL R B
L BT RISEN, 15 16 Fhi i
RAEPERE,

2 HREHH

21 MBLER
JE M E A Excel 2021 ARG, 153 T

16 AR 14 ML 2I{E (3£ 3),

F 3 WE 16 T W K 14 METETEFHE

Table3 Mean values of 14 characteristic variables of 16 species of Formica

Y LSRR (mm) Mean of characteristic variables (mm)

Species HL HW SL PW MSL PL PH DPW TL Cl Sl;, S, LPI DPI
Yeam By 119 110 120 079 178 037 052 047 509 092 109 101 0.78 0.71
F. candida
22 PR 138 115 141 084 191 035 056 051 532 083 123 102 0.69 0.63
F. gagatodies
243Gy 132 113 144 083 192 036 065 054 531 086 128 110 0.67 056
F. fusca
E3=1 134 118 136 084 184 037 059 052 528 088 115 1.01 0.70 0.62
F. lemani
=V 158 146 151 102 226 051 082 069 644 092 103 095 0.74 0.63
F. sanguinea
PO ] M 110 100 110 069 162 031 051 040 466 091 110 1.00 0.78 0.60
F. sentschuensis
R RIY 160 148 142 103 214 047 085 068 618 092 096 089 0.69 055
F. uralensis
AW N Y 130 111 126 083 182 039 062 052 530 08 114 097 0.75 0.63
F. clara
HrAB LT R 183 163 164 106 245 048 094 078 680 089 100 0.89 061 051
F. sinensis
AN 154 133 144 092 206 042 077 054 606 0.87 1.08 094 076 054
F. fukaii
7 L 164 150 184 107 244 044 076 058 672 091 122 112 0.77 058
F. cunicularia
I 195 177 162 126 262 052 104 090 761 091 091 083 058 051

F. aquilonia
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4£3% 3 (Table 3 continued)

YyFh FHAE2E B4 (mm) Mean of characteristic variables (mm)

Species HL HW SL PW MSL PL PH DPW TL Cl Sl Sl LPI DPI
KTy 183 173 165 119 260 056 096 078 7.27 095 095 090 071 058
F. approximans
EA Y 146 126 141 091 197 037 065 057 531 08 112 096 066 057
F. polyctena
AR N 178 166 166 116 248 056 092 076 7.07 093 1.00 093 0.74 061
F. truncorum
S NALEN V] 172 152 153 102 224 054 093 061 662 089 1.00 0.89 0.88 0.58

F. mesasiatica

R A A 32 2, F#[A, Characteristic variables are the same as Table 2. The same below.

22 JRiaHIEIREN

Mg Z FrifEfk(Z-score standardization) ) 7
B U 16 Fhi Y 1Y 14 N AE A B 1 - 2
TIvREfbAb e (3R 4), PSS 14 DRRAEAE &
Y TC A, B 1 1E 17 SRR B D T AR
i 5 77 1w

23 BEFSH

H 2% 5 AT, PRUEfR)E 9 EdE KMO=0.681>

0.6, H AR LA o ) i /N T 0.05

(P<0.05), XEWLLEAAMIELR, HE

Tt BT S, T LAEAT R T4 pr ELIAL
ST S R EA —E M

F 4 HRELEHWE 16 FIDH 14 MFETENFHE
Table4 Mean values of 14 unit-free standardized characteristic variables of 16 species of Formica

Yyl FRAEALS IR R AR - 24{E Standardization refers to unit-free normalization

Species ZHL zZHW ZSL ZPW ZMSL ZPL ZPH ZzZDPW ZTL ZzZClI ZSl; ZSl, ZLPl ZDPI
Jtse R -137 -110-140 -110 -113 -0.86 -138 -105 -108 089 014 060 085 242
F. candida
Sl BEAR Y -064 -091-031 -077 -072 -106 -113 -079 -083-18 137 077 -037 079
F. gagatodies
2258 -088 -099-012 -08 -067 -091 -062 -053 -084-114 187 173 070 -0.50
F. fusca
ey -0.76 -080-059 -077 -092 -086 -095 -067 -088-059 069 059 -p24 0.66
F. lemani
L= 020 034 022 0.36 040 090 035 0.56 042 086 -044 -014 029 0.77
F. sanguinea
P I/ -174 -150-195 -172 -162 -159 -141 -161 -156 047 019 047 082 0.27
F. sentschuensis
R IRBY 028 0.40 -025 0.39 001 036 0.53 044 013 081-110 -100 -038 -0.68
F. uralensis
AR\ -09 -107-110 -087 -101 -062 -0.78 -073 -085-121 054 012 046 0.74
F. clara
A LT ARy 117 102 0.90 0.59 1.01 046 1.07 1.17 081 -004-072-088 -149 -156

F. sinensis
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43R 4 (Table 4 continued)
Yyfh FRAEALS AR EAs B H4{H Standardization refers to unit-free normalization

Species ZHL ZHW ZSL ZPW ZMSL ZPL zZPH ZDPW ZTL zCl ZzSl; ZSl, ZLPlI ZDFPl
T 1Sk Y 000 -017-014 -032 -023 -027 009 -053 000-083 001-033 064 .09
F. fukaii
i 7T 044 050 196 0.64 096 007 003 -p26 073 057 135 198 0.65 -0.06
F. cunicularia
Jeri 165 157 079 182 153 105 1.62 211 172 042 155 -172 -196 - 157
F. aquilonia
B AN 4 119 142 0.98 1.39 148 144 1.20 123 134 159-118 -079 -0.14 - 021
F. approximans
Z MY -030 -046-032 -038 -053 -079 -059 -036 -085-09 034 000 -085 -031
F. polyctena
AR 100 115 100 124 110 149 095 105 112 120-079 -045 025 041
F. truncorum
R AL BN 072 059 032 036 034 119 102 -003 061-018-072 -094 219 -024
F. mesasiatica

# 5 Kaiser-Meyer-Olkin 1 B4 F45H0 I8 45 2
Table5 Resultsof Kaiser-Meyer-Olkin and Bartlett’'s test

K N 28 Test content

KB 45 B Test result

KMO HUREE U] E = 41 Kaiser-Meyer-Olkim measure of sampling adequacy

LA A5 B A 3
Bartlett’ s sphericity test

TR J5 Approximate chi-square
H Hi & Degrees of freedom

&M Significance

0.681
527.432
91

<0.001

2 6 A%, M 1. 2 A1 3 AR AE(E S )
9.99, 1.61 F11.31, ¥ KT 1, XA B
s R L, AR R IEEL /N T 10

7 25 TR SR Sz WL T 4% R 6 DR A AR e R 22
, ZEME, AR
X 3 AT B TR RS0 71.38% ., 11.53%F1

14 ik B RE

R 6 HJE 16 FEIHY 14 RS BIHFIEE

Table6 Featurevaluesof 14 components of 16 species of Formica

SHTTHR (%)

EN AT

R (%)

. LR TR (%) . AR TIHRCR (%) ™
% FiEE o $ ” Cumulative 4y FEE 7 $ 77 cumulative
Morphometric  Contribution S Morphometric Contribution oo
Component . contribution rate | Component . contribution rate
variable rate (%) (%) variable rate (%) (%)

1 9.99 71.38 71.38 8 0.02 0.11 99.95

2 1.61 11.53 82.91 9 0.00 0.03 99.97

3 1.31 9.33 92.24 10 0.00 0.01 99.99

4 0.64 4.60 96.84 11 0.00 0.01 100.00

5 0.33 2.36 99.21 12 0.00 0.00 100.00

6 0.06 0.45 99.65 13 0.00 0.00 100.00

7 0.02 0.18 99.83 14 0.00 0.00 100.00
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9.33%, KFHABMMAITIHCR, HERTHCR b (LPD) FEMKE L (DP) ffmEsk,
ikE] 92.24%, —MERBGH RFFEERT 1, B F=AF0r bl (Sly) itk (Sp)
TIRRR AT 85%(1 I 1. IILFT LUK IR 16 Fh (S RF A, 3 T A 25 5 1) 97 f 1 22
WY 14 PO SFHERE N 3N FEMSr, B SRS FILRAEE 340 ER 0 IR Rk
AT LAZE A R 16 Rl by 14 MR SR e REAs &, TSk AT 84 .
Pl 515 B 92.24%,

T, B R s o TR
A RHER T 0.9, VLS A FHisr5 280 Wi 8, A5 i 34 EE Mk,
FAS B BOAH SRR, 45 — A Eaarrb ik s NP RO bR AR i

R7 OWE 16 MM ETEE NS ARE

Table7 Principal component loadings of characteristic variables of 16 species of Formica

FREAS B F i Load value
Variable quantities 1 2 3
3k Head length (HL) 0.983 - 0.109 0.063
3L 9% Head width (HW) 0.995 0.020 0.080
fil AR5 K Scape length (SL) 0.796 - 0.249 0.541
T 5 Hz 75 Pronotal width (PW) 0.980 - 0.019 0.127
I8 g < Mesosoma length (MSL 0.966 - 0.068 0.232
gth (MSL)
K Petiole length (PL) 0.932 0.262 0.114
JE A% Petiole height (PH) 0.981 - 0.005 - 0.037
G4 % Petiole width (DPW) 0.960 - 0.113 - 0.108
&K Total length (TL) 0.979 0.015 0.161
3k I Cephalic index (CI) 0.548 0.637 0.096
fil FAK Y L 1 Scape index1 (Sl - 0.760 - 0.405 0.503
ap )
fil 415 b 2 Scape index 2 (Sly) - 0.689 - 0.199 0.664
W AR K 5 kb Petiole length index (LPI) - 0.314 0.709 0.339
JEAR K 5 [t Dorsal petiole index (DPI) - 0.594 0.583 0.253

®8 HEEMEHEM

Table8 Eigenvector matrix

FRAE AR i F i %3 Component
Variable quantities 1 2 3
3k K Head length (HL) 0.311 - 0.086 0.055
3k 9% Head width (HW) 0.315 0.015 0.070
ful f A% K Scape length (SL) 0.252 - 0.196 0.473
i M 5 4 55 Pronotal width (PW) 0.310 - 0.015 0.111
I #E M Mesosoma length (MSL) 0.306 - 0.053 0.203
JEHH K Petiole length (PL) 0.295 0.207 0.100

S A% = Petiole height (PH) 0.310 - 0.004 - 0.033
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£E3% 8 (Table 8 continued)

FRAE AR i F i %3 Component
Variable quantities 1 2 3

M A% 5% Petiole width (DPW) 0.304 - 0.089 - 0.09%4

Total length (TL 0.310 0.012 0.141
A+ Total length (TL)
3L It Cephalic index (CI) 0.173 0.502 0.084
! 45 It 1 Scape index1 (Sl - 0.241 - 0.319 44
il AR L ape index1 (Sl,) 0.440
fil FA AR Y kL 2 Scape index2 (Sly) -0.218 - 0.156 0.581
JEAH K 5 [t Petiole length index (LPI) - 0.099 0.559 0.296
JEM K 5 [ Dorsal petiole index (DPI) - 0.188 0.459 0.221

Y1=0.311xZHL +0.315xZHW+0.252xZSL +
0.310xZPW+0.306xZM SL+0.295xZPL +
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0.099xZLPI - 0.188xZDPI;

Y,= - 0.086xZHL+0.015xZHW - 0.196xZSL -
0.015xZPW - 0.053xZM SL+0.207xZPL -
0.004xZPH - 0.089xZDPW +0.012xZTL+
0.502xZCl - 0.319xZSl; - 0.156xZS| ,+
0.559xZL P1+0.459xZDP! ;
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0.111xZPW+0.203xZM SL+0.100xZPL -
0.033xZPH - 0.094xZDPW +0.141xZTL+
0.084xZCl+0.440%ZS|1+0.581xZS| ,+
0.296xZL P1+0.221xZDPI ,
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m MBI F. sanguinea

@ VL F. aquilonia

@ ZHBLF. pobyctena

A SNFBI F. candida
LIHBL F. clara

= LT3R F. truncorum
A7 F. cunicularia

® KB F. lemani

@ KT LW F. approximans

A ZIEBARW F. gagatodies

N ISk F. fukaii

= YW F. fusca

O PUJIMJEEY F. sentschuensis

O BHi/RIY F. uralensis

O LRI F. sinensis
A P MLEY F. mesasiatica

1 ERAEST=HHIE
Fig.1 Three-dimensional scatterplot of principal component scores

FHThRE BB B B2 K20 4 Rescaled distance cluster combination
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1 5B F. candida
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13 28T 41U F. approximans
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12 bt 7 WL F. aquilonia
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7 BHi/REL F. uralensis

10 WMk F. fukaii

16 HEMISk Y F. mesasiatica

. 11 $85X F. cunicularia
25 20 15 10 5 0

2 WE 16 MU R RE
Fig. 2 Systematic clustering of 16 species of Formica
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