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Phylogenetic study of the Camponotini (Hymenoptera: Formicidae)
based on mitochondrial CO I genevariation
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Abstract [Objectives] To apply molecular methods to the identification of the Chinese Camponotini, the largest family in
the Formicinae, and thereby contribute to a more complete understanding of the phylogenetic relationships among the
Formicidae. [Methods] A combination of traditional morphological classification methods and molecular methods were used.
PCR amplification and sequencing of the mitochondrial CO I gene sequences of 24 species of 234 Camponotini species was
carried out after which the phylogenetic relationships of some species were reconstructed using Bayesian (BI) and maximum

likelihood (ML) methods. [Results] (1) A total of 13 species clustered on a single branch, which is basically consistent with
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the results of morphological identification. (2) A more reliable phylogenetic relationship among the 11 species in the genus

Camponotus is (C. japonicus+C. spanis+C. fuscivillosus + unknown species Camponotus sp.1 + (C. mitis+ (C. quadrinotatus +

C. nicobarensis) +C. dolendus+ (C. wasmanni+C. mutilarius) +C. angusticollis subsp. Sanguinolentus)))))))). However,

comparison of two phylogenetic tree topologies indicates that the phylogenetic relationships among C. japonicus, C. spanis,

C. mitis and Camponotus sp.2 need further clarification. (3) A more reliable phylogenetic relationship of the 11 species in the

genus Polyrhachis is ((P. rastellata + P. brevicorpa)+P. dive + (P. lucidulat (P. jianghuaensist+P. tibialis) +P. lamellidens+

(P. subpilosa + P. halidayi) + (P. illaudata +P. proxima)))))). However, differences in the phylogenetic tree topologies obtained

using the two methods indicate that the phylogenetic relationship between P. dives and P. lucidula require further clarification.

[Conclusion] Molecular methods are an effective auxiliary tool for identifying species of Camponotini, which are difficult to

identify accurately with traditional morphological methods.

Key words Camponotini; mtCO I gene; phylogenetic

5% Camponotini /&M P El Formicinae
H R —AN 5, et LBV 8 & 2 470 Fi( Bolton,
2018 ). IS ATz, AT TIMRAE Y Z AR TR
Ayt 0 B A Ry, TERE A S R e b
FHHEFEHA( ( Wilson and Holldobler, 2005 ).

SENKAREETZELES T WE
Camponotus FIZ §ililJ& Polyrhachis, =75 1&E
WA — KR, SttRCHiiE 149 Fb
( Bolton, 2018 ), IWWEFAFFEZ RIS, HuFRAR
S MR 22 500N, W TC AFHZ 8 #E T 4 T R S0
BWE ST IE ( Tan, 2008 ), Wheeler ( 1927 ),
Santschi (1925) M Forel ( 1912a) ZE4ME%&
WX 3R 5 WU M o sy, HRIE T 14
PP 2R T A, ZEEWN, EREARE (1989) Xt
o E SRR S T gY, ERGE T 32 A, H
10 FPORETRR, 4 BB AR, 4 Bk b DR
WA, 2R BRI EE K, et R
C.fifiik 782 Ff (Bolton, 2018), T4 Tk
P | SR B Forel( 1912b )., Santschi
(1928 ) J& Wheeler ( 1909 ) %4 23 54 X 3
[ Z I E AT ey, HeaE T 12 8, 5
AP, AR, EEARFIRLEE (1991) Xf
o [ 2R S T A, R RGE T 15 B, H
o3 AR, 2T A, S R EDETIE SRR . BT,
rh ] 5 IO B R A AR A AT T —
PR, (BEAVFZHF A, T2 Y5
PR EATFEN, UAHEST RSN RFERKE L
ESINERERTIE

2 k& DNA ( mitochondrial DNA, mtDNA )
BA AL RiBHE , LR A% DNA 1,

W AEYFAEAERT ] PE T T RE kB b
PR IR RS2 B, 1992), JETF 1L,
TAERSE T T DNA Z5JE %% ( DNA barcoding )
——— P RE P X 4> R E MR 0 7 ik, BT LA
T F2 X b BR - JLF- i A 4 Fh k47 bR B ) 1
B, EAMEE N FARC AR H 532
Hk T R KRBT RS AT — L TAE
(Ayala et al., 1996; Heinze et al., 2000, 2005 ),
H [ N 7 OB 0 R 42 T T 9 38
AN, SEBREN TR EA ZRM:, Fh5FhZE
XA, 25 532 TAE B R B KR R ME . Brady
45 (2000 ) X5 15dUE 32 A mtDNA 1) CO T 3
AT, A o TR T 5 8 s 2 A
PR S N A = A R B AR R )
(2006 ) Xf 5 5 BB o FhitE AT T 3 ¥ 50 4
Mro EANEE T ZHBUR 60 2ttt 751
i, FEENIEALRA 18S. 28SRNA K 5
2R AR B 5T g S X R DR i R 5% | ( Rebecca
etal., 2003; Andrew etal., 2005 ), H:7f' Brady
4 (2000 ) XFZHlIUE Polyrhachis 6 f mtDNA
1) CO T HEHFEAT T . AREESE (2009 ) XfZ£
IR 9 FPiY Cyt b LR AT 5 T R 5
SERESY o AR ] 5 T O S A 2 A 43 2
PR TG B — ARG, FLA ) =5 5 I i
SR G Kk B ISR A 1)GE .

AW S5 I UE 234 3k 24 Fhigbyr
CO 1 JEPFFEANHEAT T PCR 4 84 R , I X
FEHNEAT AT, S BRI R R Rk
BRR, BN T ES UGS TEERS
DL BRI R G0 R B R R R .



6 ] BN BT ERLR CO | HE Y 55 WR R E L BWI - 1349 -

1 MRS5S R BRSO A T
SN ZORMMBRA . SR 25 7 236 L
11 ARARIR WL, FORLI | FRSNEEARASHERT MR . AR

AT RRA R BB R s TR

x1 HRWGARER
Tablel Experimental specimen information

Species Collect places CoHectlon Sample GenBank
time numbers accession no.
p=aid I NI 2012.07.26 1 OM420287
Camponotus dolendus Daming mountain, Guangxi
TG S N 57 5 il 2012.07.11 1 OM420287
Guangxi Longzhou Nonggang station
TG M SR 2013.07.16 1 OM420287
Guangxi Longzhou Sanlian protection station
TG IR S b 2013.07.10 1 OM420287
Guangxi Longzhou Nonggang station
ity AN 2011.05.26 1 OM420287
Daming mountain, Guangxi
Iy 2016.06.13 1 OM420287
Guangxi Chongzuo
TG AR A A M HEV T 2016.06.13 1 OM420287
Chongzuo Pairu village, Guangxi
I g E 2012.07.20 1 0OM420290
Camponotus herculeanus Ningwu county, Shanxi province
PRI E R 2 2013.07.25 1 0OM420290
Lingkong mountain, Qinyuan county, Shanxi
WES MW W L IR P X 2019.08.05 1 OM420288
Camponotus fuscivillosus Jiuyi mountain reserve, Hunan province
MREZEILTAR 2019.07.31 4 OM420288
Chawang valley in Boa mountain, Hunan
T 7T AT e 2019.08.11 10 OM420288
Dupang mountain, Jiangyong county, Hunan
Wk H L 2011.06.06 1 OM420288
Tianmu mountain, Zhejiang province
H A 535y = AR 2012.07.30 1 OM420289
Camponotus japonicus Lin river, Jilin province
S 2012.07.29 1 OM420289
Liaoning province
PSR IR I AT 8L L 7] 2012.07.27 1 OM420289
Horgqin right wing Ga Li, Inner Mongolia
WAL TS 4B 2012.08.02 1 OM420289
Qingdong tomb in Zunhua city, Hebei province
WL R E 2012.08.04 1 OM420289

Pingquan county, Hebei province
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4R 1 ( Table 1 continued )
s s RN R AR
i Collection  Sample GenBank
Species Collect places time numbers accession no.
gk B 2012.08.01 1 0OM420289
Ningwu county, Shanxi province
WL B e 2012.06.27 1 OM420289
Qingliang peak Longtang temple, Zhejiang province
WLV g 2012.06.27 1 OM420289
Qingliang peak, Zhejiang province
WL RS B R A 2013.07.15 1 OM420289
Tiansheng bridge, Fuping county, Hebei province
wdL R EH 2013.07.18 1 0OM420289
Lingshou county, Hebei province
ydp e e H 2013.07.16 1 0OM420289
Zanhuang county, Hebei province
WAL HFE T B AL 2013.07.13 1 OM420289
Cangyan mountain, Jingxing, Hebei province
PG B 2013.07.22 1 0OM420289
Pingding county, Shanxi province
PG BRI B s 2013.07.23 1 OM420289
Wangmang ridge, Lingchuan county, Shanxi
province
111 7 BE 3% E 2013.07.21 1 OM420289
Yangcheng county, Shanxi province
PG & Ba A4 2013.07.24 1 OM420289
Hongyan village, Wutai county, Shanxi province
I PEIDTEE R 2510 2013.07.25 1 OM420289
Lingkong mountain, Qinyuan county, Shanxi
X HESX 2013.06.26 1 OM420289
Luotian moss pass, Huanggang
R — 1 OM420289
Wangjin, Chongqing
W L IR P X 2019.08.03 2 OM420289
Jiuyi mountain reserve, Hunan province
FE i IR A 2019.08.05 1 OM420289
Tongmu village, Wuyi mountain, Fujian province
b= ] I NI 2012.05.27 1 OM420291
Camponotus wasmanni Daming mountain, Guangxi
JERHEL 5 PGSR Dl 20150722 1 OMA420292
Camponotus nicobarensis ~ Tongzhong Banba village, Fangchenggang city,
Guangxi province
ity AL 2013.07.16 1 0OM420292
Longzhou, Guangxi province
A TN E X 2014.07.12 1 0OM420292

Luohan mountain conservation area, Jinxiu
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o . RN RS PRI
Species Collect places Couectlon Sample GenBank
time numbers accession no.
T PE ICBA L L R 2012.04.18 1 0OM420292
Village at the foot of Daming mountain, Guangxi
province
TP BTk ST 2013.07.17 1 0OM420292
Siping river in Fangcheng, Guangxi
ISR A A2 N HE 2016.06.13 1 0OM420292
Chongzuo Pairu village, Guangxi province
Il R RNl 2014.07.13 1 0OM420292
Shiwan mountain , Fangchenggang, Guangxi
R Erp B AR 2016.04.03 1 0OM420292
Limu mountain in Qiongzhong county, Hainan
province
W RE TLFG 1L W 44 3 2016.04.05 1 0OM420292
Wuzhi mountain butterfly ranch, Hainan
i Ay T E R 2016.07.26 1 0OM420292
Back collapse in Motuo county, Tibet
WG VTR e 1 2019.08.11 5 0OM420292
Dupang mountain, Jiangyong county, Hunan
VU BE 55 5 1Y I EE N 2013.07.12 1
Camponotus quadrinotatus  Guilin, Guangxi
PESHER e 7 £ T R 2019.08.10 2 OM420293
Camponotus spanis Tangxia village, Minqing county, Fuzhou
iy &S A ACE $43 YN 2013.07.25 1 0OM420293
Longquan national forest park in Zuoquan county,
Shanxi
R ZE L B 28 2019.07.27 1 0OM420293
Devil village in Boa mountain, Hunan
IEZE LA BT 2019.07.30 2 OM420293
Acacia Pit in Boa mountain, Hunan
WL LTS 2019.08.03 2 0OM420293
Dragon valley in Jiuyi mountain, Hunan
e L I X 2019.08.04 5 0OM420293
Jiuyi mountain reserve, Hunan
WG FH B L3P X 2019.08.22 3 OM420293
Yangmingshan protected area, Hunan
U 5 5 J P BEAbR 4 e L PR AP XA AR R 2014.07.18 1 OM420294
Camponotus mutilarius Pine forest in Jinzhong mountain reserve, Longlin,
Guangxi
RSN T JPERE AR Bl L PR X 2014.07.17 1 OM420286
Camponotus mitis Jinzhong mountain reserve in Longlin, Guangxi
WIEG L IR X 2019.08.04 1 0OM420286
Jiuyi mountain conservation area, Hunan
5 BH BH L3 X 2019.08.22 2 OM420286

Yangmingshan conservation area, Hunan
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4R 1 ( Table 1 continued )
s s RN R AR
i Collection  Sample GenBank
Species Collect places time numbers accession no.
TR =5 2011.05.21 1 OM420286
Sanbao in daming mountain , Guangxi
JPEAEEE 2010.07.25 1 0OM420286
Huaping, Guangxi
WL R B L 2011.07.27 1 0OM420286
Tianmu mountain in Zhejiang province
T VG I A LA X 2019.05.21 1 OM420286
Yanshan campus of Guangxi normal university
A B ILGR  ER 2014.07.28 1 OM420286
Cengwanglao mountain in Dalongping, Guangxi
L FTEAL IR X 2014.07.15 1 OM420286
Lianhua mountain conservation area in Jinxiu
Il N RNl 2014.07.13 1 0OM420286
Shiwan mountain in Fangchenggang , Guangxi
Iy NI ST 2012.04.21 1 0OM420286
Forest road in Daming mountain, Guangxi
T PG ICBA L L R 2012.04.17 1 0OM420286
Village at the foot of Daming mountain, Guangxi
province
MANL e =R 2012.09.02 1 OM420286
Tongba mountain in Guangfeng county, Jiangxi
province
TG AR A A M HEV T 2016.06.13 1 OM420286
Chongzuo Pairu village, Guangxi province
R B BB RE 2016.04.03 1 OM420286
Limu mountain in Qiongzhong county, Hainan
province
VR s AR L By 2016.04.07 1 OM420286
Jianfeng mountain Ledong county, Hainan
eI ViRt 2013.06.27 1 0OM420286
Peach blossom in Ying mountain, Huanggang
W R AR 2016.04.11 1 OM420286
Bai Cha village, Dongfang, Hainan province
AT LA A 2019.08.22 1 OM420286
Longqi mountain fairy hall, Sanming
25515 2 WL I €8, VORI =1 B R O 2016.07.26 1 OM420295
Camponotus angusticollis ~ Motuo to back collapse road, Tibet
subsp. sanguinolentus B L 1 2016.07.24 1 OM420295
Back hill in Motuo county, Tibet
AR HA T SR AR E HL RIS 2016.04.07 1
Unknown species Jianfeng mountain Ledong county, Hainan
Camponotus sp.1
AR PRI L Y R 20110522 1

Unknown species
Camponotus sp.2

Sitianping in Daming mountain Guangxi
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s . RN R FAE RS
i Collection  Sample GenBank
Species Collect places time numbers accession no.
i 22 T - I OM420296
Polyrhachis brevicorpa Yunnan province
~F — 1 OM420296
Yunnan province
WU 2 PP R 4 AL X 2014.08.06 1 OM420297
Polyrhachis dives Jinzhong mountain reserve in Longlin, Guangxi
Iy NI 2012.05.23 2 0OM420297
Daming mountain, Guangxi
DAL =N 2012.07.20 1 OM420297
Guangfeng county, Jiangxi province
IR e N SRR = 2013.07.26 1 OM420297
Longzhou Nonggqiang three card, Guangxi
PR T 2R X 2014.08.01 3 OM420297
Cengwanglao mountain protected area, Guangxi
M2 A B ek — 2015.07.02 1 OM420297
Libo wengang route two, Guizhou
A 2019.08.15 1 OM420297
Caimeiao in Gutian meeting site
TR TR IR PR 2019.08.17 1 0OM420297
Haiyang village in Huangchu forest , Fujian
A G 22 1 JUPERHIL LA BARTE AR 2012.07.09 1 OM420298
Polyrhachisillaudata 3 km Daming mountain 9 km forest road deep right
3 km, Guangxi
W3 B I 413 2012.07.25 1 OM420298
Shunxiwu in Qingliang peak, Zhejiang
HepRSE L 2012.06.11 1 OM420298
Yao mountain, Guilin
NI E =P i3 b2 2012.07.19 1 0OM420298
Around Yunguang temple in Guangfeng, Jiangxi
5 XI5 1L Bk AL v 2012.06.27 1 0OM420298
Peach blossom in Ying mountain, Huanggang
Iithy AN 2012.07.08 1 0OM420298
Daming mountain, Guangxi
ity i s R | 2012.07.08 1 OM420298
Beichangkou, Daming mountain, Guangxi
iy NNy RSN 2012.07.10 1 0OM420298
Dragon mother temple in Daming mountain,
Guangxi
S FHERSX 2014.07.14 1 OM420298
Lianhua mountain conservation area in Jinxiu
ST WL RS X 2014.07.12 1 OM420298
Luohan mountain conservation area in Jinxiu
S T A 2014.07.11 1 OM420298

Silver fir conservation area in Jinxiu
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4R 1 ( Table 1 continued )
s s FREME RS SIS
Species Collect places Couectlon Sample GenBank
time numbers accession no.
4 T K MET R 4P X 2014.07.16 1 0OM420298
Changtan river conservation area in Jinxiu
N FL IS B sk — 2015.07.02 1 0OM420298
Libo wengang route two, Guizhou
R Bp BB R 2016.04.03 1 0OM420298
Limu mountain in Qiongzhong county, Hainan
province
R Mk s L EL Ak 2016.04.07 1 0OM420298
Jianfeng mountain Ledong county, Hainan
VO RN =1 A R O 2016.07.26 1 0OM420298
Motuo to back collapse road, Tibet
T K 28 i ELAS A 2016.07.28 1 0OM420298
Back collapse in Motuo, Tibet
VORI B B 5 2016.07.28 1 0OM420298
Yigong, Bomit county, Tibet
Iy~ 2016.06.13 1 0OM420298
Chongzuo, Guangxi
A VTR P I 2019.08.11 3 OM420298
Dupang mountain, Jiangyong county, Hunan
MEZEILZR TS 2019.07.31 1 0OM420298
Chawang valley in Boa mountain, Hunan
e L I X 2019.08.04 1 0OM420298
Jiuyi mountain conservation area, Hunan
R ERPEWS H Ak 2019.08.13 2 OM420298
Dupangling yueyan station, Hunan
& 1) v Hm R A 2019.08.10 1 0OM420298
Tangxia village, Minqing county, Fuzhou
=N A PN 2019.08.22 1 0OM420298
Longqi mountain fairy hall, Sanming
R AR B 2019.08.03 1 0OM420298
Qili bridge, Tongmu village, Wuyi mountain
7 P — 1 0OM420298
Banna Yunnan
A G Z2 i i I N TR ) 2012.05.03 1 0OM420299
Polyrhachis halidayi Shuiyuan village, Daming mountain, Guangxi
LTI R X 2014.07.14 1 OM420299
Lianhua mountain conservation area in Jinxiu
4 F5 IR IX 2014.07.12 1 OM420299
Luohan mountain conservation area in Jinxiu
TR R HE T KL 2014.06.24 1 0OM420299
Shiwan mountain in Fangchenggang , Guangxi
1 SR A B4 g s 2016.04.07 1 OM420299

Jianfeng mountain Ledong county, Hainan
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s . RN RS PRI
i Collection  Sample GenBank
Species Collect places time numbers accession no.
TR TR LU R0 2016.04.05 1 OM420299
Butterfly ranch in Wuzhi mountain, Hainan
38 2 3§l L VARG AR T 2013.07.29 1 OM420300
Polyrhachis lamellidens Linzhou, Henan province
G 5 K METT R X 2014.07.15 1 OM420300
Changtan river conservation area in Jinxiu
YElR £ 3y Il v ANl 2014.06.22 1 OM420301
Polyrhachis tibialis Shiwan mountain in Fangchenggang , Guangxi
e R P A A MR 20160615 1 OM420302
Polyrhachis lucidula Chongzuo Pairu village, Guangxi province
2 L2 | hy W R Th BBLRE 2016.04.03 1 OM420303
Polyrhachis rastellata Limu mountain in Qiongzhong county, Hainan
province
VTAE Z M T SR AR B4R g s 2016.04.09 1 OM420304
Polyrhachis jianghuaensis  Jianfeng mountain Ledong county, Hainan
RS R AR 2016.04.12 1 OM420304
Bawangling Yajia forest farm, Hainan
T 7 B 3 A % 2016.07.28 1 0OM420304
Motuo to back collapse road, Tibet
PN — 1 0OM420304
Yunnan province
W E M B R R 2019.08.10 1 OM420305
Polyrhachis subpilosa Tangxia village, Minqing county, Fuzhou
HUH G 2 Y TR PR 20190817 1 OM420306
Polyrhachis proxima Haiyang village in Huangchu forest , Fujian
W e VAR eI 2019.08.12 1 OM420306
Dupang mountain, Jiangyong county, Hunan
H A SR AR 0L N
Formica japonica Outgroup

— R PR AL BOR SN RGEREIARAS, B AR A S o

— means species information that is temporarily missing due to a long time or failure to systematically organize species in time.

12 XAk

1.21 & DNA #EU °RH DNeasy il &z
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ARETTI . ISR T . BUEIEAC. B0 858
LY TE S R 78K TR - A T KT, [RI AE 228
T AR R IO B O R AR A TR AR
FETE - 20 °CIIUKEE,

122 PCR ¥ #&5#KN A5 RHEHS Y
LCO1490 ( # %] 5'—3': GGTCAACAAACA-
TAAAGATATTGG ). HCO2198 (¥4Il 5'—3':

TAAACTTCAGGGTGACCAAAAAATCA ) Xf
CO I FBeftfT9 1 (Folmer etal., 1994), 54
A AL R E R A FRA R A . F 10 pL 5]
YIEWA 90 pL ddH,0 JRS)EPRFET 4 CUKAH
H, FEH

PCR ¥ # W IR R A 50 uL IR &R, (R R
JEORE . AR . 514 &% DNA B4 B4R 1
Be AN R (1 )2xTaq MasterMix( % 444} )25 uL;
(2) BRI I#45 2 uls (3) HAYZEHF Y] DNA
(B ) 4 uL; (4) TCRWZEIK 17 pL, KEFp
ARSI R B O AL LL 8 000 r/min 1Y



- 1356 - o B 3244 Chinese Journal of Applied Entomology 59 %
B LS A PCR 484 th i 45 PCR 4738 J& Formica) fEM4ME, il Phylosuite X444
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i T 4 CCUORAE. P Y4 =Prilad 1 %3 Ne b i i
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123 PCR F##a5NFE 2 1%MHEH
58 IS P VRSN J5 A5 80 45t B — HLBHSE % PCR 7™
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—BCHE BRI, W DNA B [0 &
X AT Al A

1.3 HBELBESH

K Xy Y G Eh A 81 ik DNASTAR i
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site ), HE AL (Singleton site ) 7 MIfHIELH
B AR B IER, AR ER T RE AT
EReZ L

AW 5T
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MrBayes ( Ronquist and Huelsenbeck, 2003 ) 4
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(2) ERASR LA ML B 2 B EEXT 52 P
%1 H 4% 5 A Phylosuite £ [1) 1Q-TREE #i {: b it
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ERTDIRE, I AT A4S 25 e AL A AL IR . A
RIGERE Auto, RIJCibfEmefUmiRl, SRJ5 MRk
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2 HRESHMH

2.1 FFYIARSHE

XTI 24 MR CO I EHFHI4H

1r8eito3 A, ARBIMEE R 2 s,

H & 2 ATA, CO I B R Bk 658 bp,

PRSP (Conserved ) A 145 A, i i 555

M) 22.04%; 78555 ( Variable ) 5 513 14>, 5
S SEL 77.96% 5 1§ 2945 B ( Parsim-info )

7@“ 504 4>, HEALEE 76.60%; A AL

4/4

1747

Jlat

F2 SHEWE24FMERM COI ERREEAKD
Table2 Composition analysisof CO I gene fragments of 24 species of camponotini

- o
pastions Lonth (o voom s Tew cow aco oo (I (D

B 658 145 513 504 9 29.9 13.3 37.2 19.5 67.1 32.8

All fragment

LA 221 29 80 427 207 717 287

The first site

It 220 26 17.5 34.5 21.8 60.5 39.3

The second site

Ty 218 35 14.5 34.5 16.1 69.5 30.6

The third site

C: PRSERLS; Ve ARSI Pi: MIZMFRNIA; S: HRNLA,

C: Conserved; V: Varlable, Pi: Parsim-info; S: Singleton.
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( Singleton ) 4 91>, & ENALSEAY 1.37%,

CO I ZRFHFFIH, ML T. C. ARG W4
RSB 29.93% ., 13.31%. 37.24%
F119.52%, A+T B F-EBIE 1N 67.17%, GHC 1Y
X R 32.83%, HAEE—i a5 A+T 97
TN 71.41%, GHC P& N 28.59%, 2
A AT B E RN 60.62%, G+C -
HEN 39.38%, =i A+T Fl G+C 7
SR 69.43%F1 30.57%,

DL RS RERI, Lotk co T 3L HAT
A AT PR o 7L, 3 AR S AR AT L
Eih, COT ML B AR S b i s, X
— RSl CO T 3L R Bew & ml LR X 43 AH
AL R

22 RELABEESKRE

L) P-distance( 4+t ) At , 40( Ts)
FIEH (Tv) (ERPRVER, X750 8 5L 8 4
ST, HIW R RS T RELE

(E 1), 25 R KIS 5 P-distance £
BEEXR, WIEGAE — e LTHEs,
UL EA R ENEAIRE, AT TREAE
G307 o

g 0.40

- oTs '

oTv

0.15¢
0.10

V
o o
W W
[=2N V.

B AGHE

sition and transversi on

e
=3
o &

Tran:

0 01 02 03 04 05 06 07
Fe TR B

The distance of transition+ transversion

B 1 WESREMESH
Fig. 1 Saturation analysis of base substitution

Ts: ¥:#{H Transition values;
Tv: Hi¥efH Transversion values.

23 REXREOW

K HH DL 38 15 ( Bayesian inference, BI)

i KSR E ( Maximum likelihood, ML ) 7
WG MEN AR LT RR, 4R ME 2
I 3 R 2 BB n) R0 B W
SRR 3, ZIEFPEAKERE, AR
TR

(1) 34 13 Mg s Rl —32, 4
A 5 Y C. fuscivillosus, “F-F15 751 C.
mitis, PUKES i C. quadrinotatus, JéFHE 575
1 C. nicobarensis, X554 C. dolendus. 783
5 1 W i {7 f C. angusticollis subsp.
sanguinolentus, A JIF Camponotus sp.1. %
Z JIlML P. brevicorpa., XUk 22 HiliY P. dives, 7.4
Z fil i P jianghuaensis . M & £ #il i P
lamellidens. M5 ICZ R P. halidayi FlifF G2 Hi
WP illaudata, X 5TE A S S5 RILA —3

(2) SHBE 11 FRBRENRENRSE L
HXEN: (AAGHEE C. japonicust/bE 5T
Y C. spanis+#sE 5 1M C. fuscivillosus+ A H1F
Camponotus sp.1+ (P15 51 C. mitis+ ( PUHE
5 ¥ i C. quadrinotatus+ J& B} 2 = 5 B C.
nicobarensis) +5 5 iy C. dolendus+ ( FKiE
S5 C. wasmanni+ #5515 C. mutilarius) +
25 B 5 8 WO 3 F C. angusticollis subsp.
sanguinolentus))))))) ), {Hid it P Fh R 58 & B 1
HFNEERI XS LR E, HASS E I C. japonicus,
DESIEFC. spanis, FFIS I C. mitis FIR
HIFf Camponotus sp.2 Y IE 4k 3t (37 75 E ik — 4
Wit

(3) ZHE 11 R BENFTEEN RS L
BREAN: ((Z5ZHI P. rastellata+ %5 i) 22 51 Y
P. brevicorpa ) +Xik Z JilliL P. dives+ (G5 Z il
I P lucidula+ ({LAEZHIBY P. jianghuaensis+
it Z Hil W P tibialis ) + B £ H W P
lamellidens+ ( V. & Z il P. subpilosa+M [ 22 #
B P halidayi ) + (#3[RZHI P. illaudata+ fAf
[RZHIEL P, proxima)))))), {HIF MRS
KB WHFNEE R TR , e XA 22 o] Y
P. dives fIDEFE LRI P lucidula ik fk {3747
it — R
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i
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=
9
2
d
g
3
a
g
g
Z
5]
g
8

59 &

2 it

? il

.

> i

p 0.
2. llaugygy 930
P. illaudaty 1.00g
P illaudata oo [09%9

P. illaudata 0.124

P. illaudata 0.077

P. illaudata 10.322
P. illaudata ="

L
wet

P. illaudata 0425 ) &

1,000} . nicobarensis
0.9 C. nicobarensis
C. nicobarensis
0154 C. nicobarensis
1.000] 0.1 C. nicobarensis
C. nicobarensis

0.69 . ]
mitis

i "
B aniﬁm(

F4
by

B2 EFNUHEZCOIERMRLZLZER (BI)
Fig. 2 Thephylogenetictreeof CO 1 gene based on Bayesian phylogenetic analyses

3 itig

AW, T RGEUR E W1,
FRAER DNA ZE 75 (FFIE 658 bp ), &
Gk BRI RN BB, RZEW P
FIC T PUSL I 0 32, FRWTE S 5E Foy1 Kbl
FEAR—E A BIF R DB I T R S
EEEESRA—, RINTREESEEH
W, SEERIYI A MG . T M5 (2009)

T BOIEAS LLE, X 5 i BUE FR 4 Fh 2
IR IE] C R AT TP 9T, 455 EMW, RRIE ST
WORTH AR 55 8 00 5 R 5 208 75 15 WORIF-
5 ORI it 5 AW 25 SR A TR
b, R HA S DE S BOFHS i
(R A AL R — PR, AT S, AT
mini-DNA FIERF IR RG L FW, W
HE R 22 1 [ i ) 22 3R 43 SORAS [R] b i) 43 3
Z % (Hajibabaei et al., 2006 ), #L# ( 2009a )
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s
2 gty

Q
g A

iy

P. halidayi

A C. nict

8110 . nicobarensis

92.40 C. nicobarensis
C. nicobarensis

93.50 C. nicobarensis

w
O
%

o' los
W&

%
st

H3
aqt 4
9

¥

SoniB :' L
e

B3 EFEAURECOIEANREAEM (ML)
Fig. 3 Thephylogenetictreeof COI genebased on ML phylogenetic analyses

ARG SE (20090 ) X ZHIBUE AT T 0 F R4
s, B ZRIBUR 10 FERMASZ AT X
F R (COWEZ Rl G2 ) +558 2l
WD I 22 B )+ 2 ) i+ i O] 22 ) i+
( 22 Z 00+ — 0 Z2 3| WL+ XU 22 0+ R 2
S ), X SAMFIR LS R 2ZEF R, A EE
B CO T FFKENH 174 bp, HREERA
FHAH

SIBORE R co T 3EHFHH, A+T 1Y

TN 67.17%, HoE—fif A+T &N
71.41%, FH A5 A+T S EHN 60.62%, =
P A+T Sl 69.43%, UEHAZ R CO 1
SR EA B AT R, SRR AES
AL T &EEE—2 (Simon etal., 1994;

Hajibabaei et al., 2006; BRIEME I % S, 2007 ).
imH, AR SRR DA 1, COo T A
J B AR S N R, X CO T 3t
PR B i T DA DX A AR sl R L AR 2, I



+ 1360 -

o B 3244 Chinese Journal of Applied Entomology 59 %

MEENBEAESEMEN ST TRELEW.

Zx LA, T A O R A R A B
AR BT S HRAE , IR MEE AL B IE S 25 TF B
S H AT HER 23 2E . DNA SIEAS a] LIAE 4y
RUEHB T H, (AR ELZFHE, i
FERCE | HUREE BB [RIFP AN AR I S R 2R 5
A RE T U MR I ZRRR CO T R0 A B 7 Fh
MRS R BMIE, FE45 R, Mizsgm
FhEFER, (2 on 4, R, Nk
BUR AT REZ A RUTE S FRAE, SR 213
. RN S 2 Fhmid, BIEERST
FRIEZS AR, SRASOY RG2S, 1
MR LA AR R RN RE L

EES T
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