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A preliminary geometric mor phometric analysis of wing shape
variation among seven important species of the genus Ptecticus
(Diptera: Stratiomyidae)

LIU Shi-Yi"™ ZHANG Ting-Ting™

(Laboratory of Insect Classification and Systematic Evolution, College of Plant Protection, Shandong
Agricultural University, Tai’an 271018, China)

Abstract [Aim] Geometric morphometric analysis was carried out on the wings of seven species of Ptecticus, to provide a
new species identification method. [Methods] Quantitative analysis of seven species of Ptecticus was carried out using the
landmarks method. A total of 28 landmarks were selected from each wing photo. Principal component analysis, cluster analysis,
and canonical variable analysis was used to explore the morphological variation of the wing veins. [Results] There were
significant differences in the morphology of the wings, primarily located at the ends of subcosta and radial vein. Principal
component analysis and cluster analysis showed relatively small differences in wing shape between P. fukienensis, P. vul pianus,
and P. srilankai compared with other species. Canonical variable analysis was able to distinguish between the seven species,
and the classification effect was optimal. [Conclusion] This article demonstrates the feasibility of applying geometric
morphology methods for the classification of Stratiomyidae. Canonical variable analysis of 28 landmarks was able to classify
seven species of Ptecticus. The findings of this study establish a foundation for further research into the use of geometric
morphometrics for species identification.
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R1 BEERER

Informations of specimens

Yy Species FrA<gR5 Sample no. KAEHL Collecting site
IR IR Sa-Pt-001 [IiF 7 e 23 B WAL
P. aurifer Baga Bridge, Chayu County, Nyingchi, Xizang
Sa-Pt-010 Hif By Langgou Gorge, Chengxian County, Gansu
Sa-Pt-023 VO FRMR 2 I 2% 3 A G318 [ 1E # i/
Beside G318 National Highway, Tongmai, Bome, Nyingchi, Xizang
Sa-Pt-024 DU P BT ) 4 (X
Laohegou, Nature Reserve, Pingwu County, Sichuan
Sa-Pt-025 FEHT TRV R A
Tanzhe Temple, Mentougou District, Beijing
Sa-Pt-041 WL e 25 Rk 4 el
Medical Plants Garden, Jinhuan, Zhejiang
Sa-Pt-042 R UNe SR L e
Mazongling Forest Farm, Jinzhai County, Liu’an, Anhui
Sa-Pt-043 VEIEME HE R % 8 Laohuzui, Pailong, Nyingchi, Xizang
Sa-Pt-044 VORI 2 S L AR 2N % 80K
80K of Zhamu-Motuo Highway, Motuo, Nyingchi, Xizang
Sa-Pt-045 [F % N S A S o
Shangchayu Town, Chayu County, Nyingchi, Xizang
4R 2K Sa-Pt-006 M e T B IR E D
P. fukienensis Tiangong Mountain, Xinluo District, Longyan, Fujian
Sa-Pt-017 (kv %y EAr SN
Tiangong Mountain, Xinluo District, Longyan, Fujian
Sa-Pt-046 (ki v %y EAr SN
Tiangong Mountain, Xinluo District, Longyan, Fujian
Sa-Pt-047 i I XK B 1
Tiangong Mountain, Xinluo District, Longyan, Fujian
Sa-Pt-048 I XK B 1
Tiangong Mountain, Xinluo District, Longyan, Fujian
Sa-Pt-049 B XK E 1
Tiangong Mountain, Xinluo District, Longyan, Fujian
H A48 58 7K i Sa-Pt-012 IR FLATHRIF Zhulin Temple, Tai’ an, Shandong
P- japonicus Sa-Pt-005 JES50 1 T X TP i
Xinban Bridge, Wangping, Mentougou District, Beijing
Sa-Pt-022 T 22 E e Dragon Palace Scenic Spot, Anshun, Guizhou
Sa-Pt-026 s R LR A
Intersection of Four Counties, Wuling Mountain, Hebei
Sa-Pt-027 M2 /NE M Xiaoging Lake, Inner Mongolia
Sa-Pt-050 I A ZR 42 T k425 bl Tea Garden, Xiagang Town, Tai’an, Shandong
Sa-Pt-051 WA ZR4:25 % k3 Yaoxiang Forest Farm, Tai’ an, Shandong
Sa-Pt-052 LU AR T 8 L LR bR 2 el 5 1L A
Qingshan Stone, Lushan National Forest Park, Zibo, Shandong
Sa-Pt-053 LU AR VS 8 L L AR el 3

Horse Ranch, Lushan National Forest Park, Zibo, Shandong
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4% 1 (Table 1 continued)
Yy Species FrA<gR5 Sample no. KAEH Collecting site
ISEEFEY TN Sa-Pt-003 VU2 | B BRUAS HE A
P. longipennis Bendui Village, Shangchayu Town, Nyingchi, Xizang
Sa-Pt-018 Hf e BT Hejia Village, Kang County, Gansu
Sa-Pt-029 H i BBk 7k 4 Dashuigou, Kang County, Gansu
Sa-Pt-030 T FE A8 LR AEE Niangmu Temple, Wuzhi Mountain, Hainan
Sa-Pt-031 PP B2 3 AR DR IX
Laohegou Nature Reserve, Pingwu County, Sichuan
Sa-Pt-054 e P4t 22 L% Ik Cigou Village, Zhen'an County, Shaanxi
Sa-Pt-055 i B E Kk 8 Dashuigou, Kang County, Gansu
Sa-Pt-056 Hf BB % Hejia Village, Kang County, Gansu
Sa-Pt-057 Y )1 gk JE 147K Jingshui, Emei Mountain, Sichuan
BB 4R g K Sa-Pt-013 T3R8 XS AR
P. sichangensis Xinban Bridge, Wangping, Mentougou District, Beijing
Sa-Pt-019 INARBLR IR TF (HICH )
Iron Buddha Temple (Malaise trap), Mount Tai, Tai’ an, Shandong
Sa-Pt-040 WL ZR I U 5% L R A
Dawa Forest Farm, Meng Mountain, Linyi, Shandong
o B 2= RAR Sk i Sa-Pt-004 TUREARE BBk H A Miri Village, Motuo, Nyingchi, Xizang
P. srilankai Sa-Pt-011 PR BT R (KT )
Jiangxin Village (Light trap), Motuo, Nyingchi, Xizang
Sa-Pt-035 VIR 2 58 I £ 2% KB Dexing Bridge, Motuo, Nyingchi, Xizang
Sa-Pt-036 T T8 1L BE i Niangmu Temple, Wuzhi Mountain, Hainan
Sa-Pt-058 PUARZ B EK H AT Miri Village, Motuo, Nyingchi, Xizang
Sa-Pt-059 PR B B AT Miri Village, Motuo, Nyingchi, Xizang
Sa-Pt-060 TUCACE BBk B A Miri Village, Motuo, Nyingchi, Xizang
Sa-Pt-061 VAR B K H A Miri Village, Motuo, Nyingchi, Xizang
BN 237K - Sa-Pt-014 P A E (4735 ) Daocheng County (Light trap), Sichuan
P- vulpianus Sa-Pt-008 JE5T T34 K TP i
Xinban Bridge, Wangping, Mentougou District, Beijing
Sa-Pt-037 VUSRS B VD I R
Shama Village, Xiachayu Town, Nyingchi, Xizang
Sa-Pt-038 BEEMERAT Y P Tropical Botanical Garden, Kaohsiung, Taiwan
Sa-Pt-039 R E R TT Gaoligong, Tengchong County, Yunnan
Sa-Pt-062 PO i JE 1L & 1) Qingyin Pavilion, Emei Mountain, Sichuan
Sa-Pt-063 U 1] 0% i L & 18] Qingyin Pavilion, Emei Mountain, Sichuan
Sa-Pt-064 PPN R N SRl
Back Mountain of Yunnan Agricultural University, Kunming, Yunnan
Sa-Pt-065 mr B s S
Back Mountain of Yunnan Agricultural University, Kunming, Yunnan
Sa-Pt-066 79 1| JE 1L 7K - Jingshui, Emei Mountain, Sichuan
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Fig.1 28 landmarkson the wing of Ptecticus

h: JEMERK; C. FIZghk; Sc: WRTZkMK: Rs: #840Mk; Ry: 28 1480K; Ros: 852, 3A874MK; Ry 9 4480k Rs: 285
ks My: 55 1k Mo 55 2 Hfiks Mag: 5 3Hllk; CuAq: 45 LHINIK; CuA+Ar: IESIK; r-m: Z2HRk; m-cu:
RRREIK; bre 423655 bm: HPIEE; cup: FIE; di &F; 1. h kS CHKECA; 2. h kS Sclikags; 3: br &5 bm
FEIMAZE; 4 cup EH bm EEIAL T 5: CuA FTA ikar=0a8; 6: Sclikimisf; 7: RshkS Rk r=5; 8: r-m ks
RslkaZAi; 9: r-m Pk 5#EZCA; 10: br 5 bm E 5HZEZCN; 11: m-cu JkE5RECA; 12: m-cu AT CuA k325 ;

13: CuA; iR Cul, kA3 SZ 5 14: Mok SEERCH; 15: Mok SHEESC; 16: Mok S a80; 17: Rk
18: Rs k5 Roa kA2 55 19: Rouallkiifiii; 20: RyFikiisf; 21: Ry Relkor=25; 22: Relikiisi; 23: My ks ;

24: M,Jikdiini; 25: Maglikeisi; 26: CuAqMkwisi; 27: CuA +Aqfikuisi; 28: CuA kS A lkzEs. B 2,
h: Humeral vein; C: Costal vein; Sc: Subcostal vein: Rs; Radia sector vein; Ry: 1t radial vein; Ry,3: The fused 2nd and 3rd radial
veins, Ry 4thradial vein; Rs: 5thradid vein; My: 1st media vein; M,: 2nd medial vein; M3: 3rd media vein; CuAy: 1st anterior
cubital vein; CuA,,A;: Fused cubital-anal vein; r-m: Radial-median cross-vein; m-cu: Median-cubital cross-vein; br: Basal radia
cell; bm: Basal media cell; cup: Posterior cubital cell; d: Discal cell; 1: Intersection of humerd (h) and costal veins (C); 2:
Intersection of humeral (h) and subcostal vein (Sc); 3: Intersection of cell br and base of cell bm; 4: Intersection of cell cup and base
of cell bm; 5: Branch points of veins CuA; and A; 6: Endpoint of subcostal vein (Sc); 7: Branch points of veins Rsand Ry; 8:
Intersection of veinsr-m and Rs; 9: Intersection of vein r-m and cell dm; 10: Intersection of cell br, cell bm and cell dm; 11:
Intersection of vein m-cu and cell dm; 12: Intersection of veins m-cu and CuA4; 13: Branch points of veins CuA; and CuA; 14:
Intersection of vein M and cell dm; 15: Intersection of vein M, and cell dm; 16: Intersection of vein M3 and cell dm; 17: Endpoint
of vein Ry; 18: Branch points of veins Rs and R;.3; 19: Endpoint of vein R,.3; 20: Endpoint of vein Ry; 21: Branch points of veins
R, and Rs; 22: Endpoint of vein Rs; 23: Endpoint of vein My; 24: Endpoint of vein M,; 25: Endpoint of vein Ms; 26: Endpoint of
vein CuAy; 27: Endpoint of vein CuA,+A4; 28: Intersection of veins CuA, and A;. The samefor Fig. 2.
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MorphoJd 1.07a 17 AR 04T, Sekibe S48
Pait 1D R ks BRs, RS b 23 (&
FONEE I 2 S A 5 A T MBS 1 53 HT

2 ZRESH

21 7HESRKMEEN EHBRRERES T
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ok A ) . 20 ( Ry Bkt )« 21 ( Rosg k¥ ) <
22 (Ryllk'5 Re k433283 ) « 23 (Relikis ) .
26 ( M3k s ) Fl 28 ( CuAo+Aq ks ), H
RHIAR GO E RS . ZRERE, THRMHER
K 73 S AR R bk ( Sc) AR ik
533 (Ri-Rs) MYl o
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fift B 7R FE K AE Y P R ER( £ 2), MEEEAesrE, SHAMMIIES, WX 4

Hi & 3 AT, HAFE 287K il P. japonicus., 4 Fhdg 28 K IE 5 HADFR AR A B 22 5, A
HAR KM P aurifer, B EIERAKME P BKIEAR EREMSHG HAG 8K 405 MR EETR 28K P.
sichangensis FIH #1822 /K i P. longipennis 7E fukienensis, ZXAEFE 2K P. vulpianus Fiil B

15 2021 23
T ..l 2
i e

£l 7

¥ %lé'gék

w04
26 #55

¥ %

B2 7HIERKICHTEHBRE 28 MMt a T RE
Fig. 2 Themean wing shape and 28 landmarks variation plots of 7 species of Ptecticus
x2 F— EEHOFLEE. AEEHNRHKERZITREHE

Table2 Eigenvalues, variance and cumulative of the first and second principal components
FE W43 Principal component #fiE{E Eigenvalues 5 AATHL# (%) Variance (%) ZiT5Hk*% (%) Cumulative (%)

PC1 0.001 460 130 42.053 42.053

PC2 0.000 695 758 20.038 62.091
PCL: #—FMsr; PC2: S _F Wi, K3,
PC1: Principal component 1; PC2: Principal component 2. The same for Fig. 3.
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I T T T T T T
’]'H _05 - ~ . ‘
1 o o
&® : !1.06 o o
@
i C 2l ®
®
-2.0

F—ERS P_Cl (42.053%)
B3 7HiERKMCHERD D

Fig. 3 Theprincipal component analysis of 7 species of Ptecticus
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Cluster analysis of 7 species of Ptecticus
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Kt P aurifer X4 HERR—32, BIAX 2 Fik
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Fig. 5 Canonical variate analysis of 7 species of Ptecticus
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R3 THIERAKMEPHDIREBEREEMILR (ETF 10000 %EE )
Table3 Shape difference of wing of 7 species of Ptecticus based on the Mahalanobis distance and
significant test (based on 10 000 per mutation rounds)

SHEHEFOKM:  fREHEIUKET  HAEIOKE:  KBESOKE: BRSOk B A RIRSOK
P. aurifer P. fukienenss P. japonicus P.longipennis  P. dchangensis P. srilankai
TREHE 2K 0.0830
P. fukienens's (<0.0001)
H A5kl 0.0665 0.0950
P. japonicus (<0.0001) (<0.0001)
NSTEE Y N 0.0870 0.0686 01220
P. longipennis (<0.0001) (<0.0001) (<0.0001)
HTEFRIOKT 0.0736 0.0579 0.0756 0.1008
P. sichangensis (<0.0001) (<0.0001) (<0.0001) (0.0001)
HTHL > RAR K 0.0690 00417 0.0995 0.0568 0.0631
P. gilankai (<0.0001) (0.0001) (<0.0001) (<0.0001) (<0.0001)
BHHEFK 0.0630 0.0402 0.0855 00719 0.0619 0.0315
P. wilpianus (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.001 4)

T IES AEEE A W E T AR PR, T B (Permutation test) o 3 4[],
The data in brackets in the table are the P-values of the significance analysis results, the method used is permutation test. The same

for Table 4.

R4 TR EREER EEMHILE (BET 10000 REE )
Table4 Shape difference of wing of 7 species of Ptecticus based on the Procrustes distance and
significant test (based on 10 000 per mutation rounds)

SRR TR AR ROKIT HARIROKE KRS BT B SR L 2 RAR SR

P. aurifer P. fukienensis  P.japonicus P.longipennis P. sichangensis P. srilankai
TS K 56.329 5
P. fukienensis (<0.000 1)
H A8 58 K - 38.3578 66.528 6
P. japonicus (<0.000 1) (<0.000 1)
K FE 2 K - 53.878 9 231173 64.852 7
P. longipennis (<0.000 1) (<0.000 1) (<0.0001)
B E T8 2K T 70.601 1 40.687 2 82.541 6 53.434 9
P. sichangensis (<0.000 1) (<0.000 1) (<0.000 1) (<0.000 1)
Wi = RERKE: 50426 4 21.3136 62.644 0 33.066 6 35.2313
P. srilankai (<0.000 1) (0.000 1) (<0.000 1) (<0.000 1) (<0.000 1)
W8 2K - 51.852 2 20.206 4 57.294 2 29.5709 473121 18.9915
P. vulpianus (<0.000 1) (<0.000 1) (<0.000 1) (<0.000 1) (<0.000 1) (<0.000 1)

S (BESF, 2014) 5 F- PR AT LURYE Cup
PR AR ul M3 SR B iR X0y (HIXLERRAIE
R AT LR, A S B M ae A O TS oK
MR, HEEEE D NGRS RS 4
ELURIERTE, BT LUETERIES VR ARZ
JFRTE, TCEREHIC R ARAIE SR, A
e B PR Rl , X A Sy TR 500
Bras CHBIAE, 2014) o UM 2 5elk 7 1&5e
A 22 S v i B — AR R LA 57 AR

EABIRE , T A AR AT R LG R
GG — RANGAT R AR Y M KRR 25 1 )
7 S B A 1 2 R Ok, A SRS B S i
( F1B4E, 2014) .

L 3 S 1 S50 HAS B LA, I H.
THEEME AR % 5 ( Dujardin et al.,
2003) . HAl, 7EisHJUAIEES A kit T R R
SIRMAG R BRI, 8RR BT
G o ARWFGEH LA 252 7 B 0 48 58K i &
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Fig. 6 Canonical variate analysis of identification of unknow speciesin Ptecticus

7 FpKT KA T T A AT, SRR 7 R
B RIK I AE R KORR AR B 22 5 5 SRR
Ap SR EEAEWATZ K ( Sc) FAR bk 4 32
(R1-Rs) i, 38 2k ML AR 55 53 BT BE A L IX
O3 FF o WAL, A U2 5  aArAS B 25
GGG IR S e A R — 380, WE TiZrikm
AT o JURITE AR 5 oA A8 58K i 8 i) 43 25 2
ERRLE T R, WA RE K FFEEN
RAMFSEBEE T H5EAil o 5 287K & 0 3y Fh S
TEATE AL, N AE AR T4 X 4, T
HTC A A AR A s A B A A S, LT
AT R A T — AR A 5 R
JUMIE 27 1 R 2 43 A 45 R IT A /& LIRER
FERMCEG LR, EMRBEREARN REL T X
RULTFLE G THEY = B (X444,
2019 ), AWFFTALBEH T 48 2 KT 1% 7 FhK -,
TR AR D, T REXA R A R A —
FEFEIA o AR R 428 rh i EELREE, ATl
FH#S s (Outline methods ) #EFTHFSE, % 2
Ph— 78 B3 I o 58 S e AR AR A, I8 3K £ A%
P AR B GORE T AT (R R FAE R 0T,
2010) . ARWFFEAE R T hrafiik, RESGIREE
XS0 58 B AR AL AT I SY TS ST bR A%k

i, S5 AR R — DR I A o e R
P, B EEE T AR IR R G LT R
R, SIS IR S 2R e, BRI
AHY H SR

S - R B ARl K2 B L A
HEAYER bR A o AR SCHY G £ (DO
CSTR: 10.57760/sciencedb.08852 ) Al 7Rk % ¥
#R47 Science Data Bank ( ScienceDB ) %4 /4
( https:// www.scidb.cn/s/3QB7ri ) HiJiln) RE .
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