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Geometric morphometric analysis of the tegmina of
the genus Anabropsis in China
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Abstract [Aim] To investigate the value of the tegmen for taxonomic research on the genus Anabropsis. [Methods]
The right tegmen veins and cells of thirteen Anabropsis species were quantitatively analyzed using principal component
analysis (PCA), canonical variable analysis (CVA), discriminant analysis, and cluster analysis. [Results] (1) Principal
component analysis showed that differences among the 13 species were mainly in the veins Sc, R, Rs, CuA and A. (2)
Canonical variable analysis accurately distinguished all 13 species. (3) Discriminant analysis of five datasets (including the
dataset combining wing morphometric data and cell measurement values) was the most discriminant; accuracy of
discrimination based on tegmen measurement values was the lowest. (4) Except for Anabropsis (Pteranabropsis) maguanensis
and Anabropsis (Pteranabropsis) carli, which clustered with Anabropsis (Carnabropsis), species from each subgenus
clustered together, a result consistent with the classical morphological classification. [Conclusion] In summary, the
morphological characteristics of the tegmen can serve as auxiliary evidence for the classification of Anabropsis.

Key words Anabropsis; geometric morphometric; principal component analysis; canonical variable analysis; discriminant analysis
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Bk (A ER, 2007), REETTH
HE S e — B A2, LR [ B 45444 L
A 2 A s PR T A ( Aytekin et al.,
2007 ). iz LTI 257 W 50 B M 4 s S ik
FEOE, ANUBRI/DIE SRR HIBriR 22, B hES
PR SOR G R Gk B o fe
iF#E ( Sadeghi e al., 2009 ), M4 (2008 )
i# 1 Draw Wing Fl TpsDig A4 H1 1 7 Ffribf e
HRH kA s [ A EE B, IR AT T 2o 5k
i i A (2014 ) LD 2SI 527 0 4 Fhlis e
Ji 320 )R R A T AR AT, SR et
T E YRR S R AT AA R . TRDOCARSE
(2015) FETFILMIEZSMEBIIT T 5 R IR
HIHT . JERIESARE, AT, FIE AR
B BB R S5 R a5 R — 30, HTfE
Ry ol Ta] 3 28 FHE AL AF 5T AR A . Sontigun 5§
(2017)3EF LB M 25047 1 28 2 Flan
WERIEAS , AR IE A8 AT I 5 JE R EAE 8 il
Rk ERRA R TR, 5FFHE (2017) Fl
FHIEZS I 2 % Z2 04 W X AR5 % Apis cerana
cerana 5 P HIEFVEEET . FRIESZRIEIT T
Br, RMAFERI W AR 25, 855
(2017 ) FH LA I 285 2= % 55 18 55 6 52 i s
Bactrocera 3 \Fh A BRI 72 1 oA, UERAA)
FHBRKRHAE AT LR 0 X 5 FF58 o i 45 2023 )
X5 ) WS E Pochazia M) MBS BRE Ricania iX
WA IE @ B AR T 1 3 805 43 A A i R AR
AT, 45 3R P K SO B R R e %
TIEGA B3 25 o LRI UL, JUADE 250 &
FONEER R R th B — g W I AT PR AN
o FHANEL
B % Anabropsis )& T H3# H Orthoptera
1255 FF Anostostomatidae 2% &% IV £} Anabropsinae,
HAj F 2 TR . MRS . /iR NE T
A LA A R A A BB AR SRR X B o S R T
PR S E Far 2, XT3 O i pF s b
Ingrisch (2019 ) TAH#A | 3 TATAR A (14 5
LU AEFP IR RN N 75 5 AR A, Rl e —2)
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AL, AR — S Ay M ke Cu ko 2s
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x1 FHARFFARERHRE
Table 1 The specimens of the genus Anabropsis used in this study
J&4 Genus JVJ& Subgenus Y Species FRAEL Sample number
BER GBS LS ]
Anabropsis  Anabropsis (Apteranabropsis) Anabropsis (Apteranabropsis) tonkinensis
I 2 5 0. G L 6
Anabropsis (Carnabropsis) Anabropsis (Carnabropsis) carnarius
NS ;
Anabropsis (Carnabropsis) crenatis
FEBINSS .
Anabropsis (Carnabropsis) guadun
PR ;
Anabropsis (Carnabropsis) incisa
S B ;
Anabropsis (Carnabropsis) infuscate
R B 1
Anabropsis (Carnabropsis) karnyi
AT 5
Anabropsis (Carnabropsis) parallela
W ,
Anabropsis (Carnabropsis) tenchongensis
055 L F I ]
Anabropsis (Pteranabropsis)  Anabropsis (Pteranabropsis) carli
BN 5
Anabropsis (Pteranabropsis) falcata pallescens
e S
Anabropsis (Pteranabropsis) maguanensis
FIEHE \
Anabropsis (Pteranabropsis) falcata falcata
1223 LABSHBORALLE T PRI AT e SR

TpsUtil v1.47 54 B %40y aps #6 2, 17
A TpsDig v2.28 #EHUMIAR S (Rohlf, 2015) .
H bR AR S A YRR AS o [m] ) 2 AR W 2 AL AT
G BRI ( Zelditch ef al., 2004)
TECHIAR ST, B DR 7K BT R 28 B A i A e
AFTE) ELIR] SO R o AT 5 128 IO DK 1 3 5L 9332
M i 24 A HER S [UAR GBS &% Anabropsis
(Pteranabropsis) carli ) 1 (F 1) .

1.3 EESH

131 BREESTASHT  K.ips LA
Morphol v1.06d # {4 ( Klingenberg, 2011) ,

filf ™ X K E Nk ( Generalized procrustes
analysis, GPA ) #1738 [CEIN, #FHXIFF, Xt

LA BRARFEAR PR 2 520 o %o [QaB i m 3R /Y
Hu AR s ER 4R AT 32 848 43 A ( Principal
componentsanalysis, PCA ) , JEF R TR
R AT AT ARAFHUSE . ) Morphol
AP TR 2% 7317 ( Thin-plate spline, TPS ),
AR TPRIKIE S 225 . 78 PCA fUEER]
AT LS 73BT ( Canonical variate analysis,
CVA) , HRIHURE DI, &R, Jf
TR Z RS R BA RE R
R IR ORAE, DL T IR 20

1.3.2 FIRSH H oA — AR O AR
A F 0 A RS AR R ] R, PR B A
BRI LB 2R A B 3 AT 7 %, R B
W )5 A Bayes FI5IEE | Fisher #I5i: . DIGER
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B 1 KESGEEAKMRS
Fig.1 Landmarks of right tegmen veins of Anabropsis (Pteranabropsis) carli

1: CRKHERD; 20 CRkuiisi; 3: ScBkHEsi; 4: Sc kI Scl JkAZais 5: Sc kAl Sc2 Jk2g£i;

6: RJKHES: 7: RKHAIRs BkArS2m: 8: MRS 90 MK 3Csi; 10: CuA BREERT;

11: CuA Jk7r3Zs5 120 CuP JkIERD; 13: A BKEEA; 14: Scl Bk 15: Sc2 Jkdisi;

16: Sc ik¥isis 17: RPKSAL; 18: Rs Bk¥msi; 19: M1 JKdiaf; 20: M2 Bk ;
21: CuAl Jik¥isi; 22: CuA2 Jk¥is; 23: CuP k¥ 24: A Bkdsio
1: Basal point of costal vein (C); 2: Endpoint of costal vein (C); 3: Basal point of subcostal vein (Sc);
4: Intersection of Sc and Scl veins; 5: Intersection of Sc and Sc2 veins; 6: Basal point of radius vein (R);
7: Branch point of R and Rs veins; 8: Basal point of media vein (M); 9: Branch point of M vein; 10: Basal point of
anterior cubitus vein (CuA); 11: Branch point of CuA vein; 12: Basal point of posterior cubitus vein (CuP);
13: Basal point of anal vein (A); 14: Endpoint of Scl vein; 15: Endpoint of Sc2 vein; 16: Endpoint of Sc vein;

17: Endpoint of R vein; 18: Endpoint of Rs vein; 19: Endpoint of M1 vein; 20: Endpoint of M2 vein;
21: Endpoint of CuA1l vein; 22: Endpoint of CuA2 vein; 23: Endpoint of CuP vein; 24: Endpoint of A vein.

B BRI S A AS 2007 ), A SRS AUL MO MR A T R K
U SPSS 22.0 HelE 4 I AHAE A5 Mt (e
CHEAORE K . ERL Ko, B ) . 2 RIS
S B B TR ] KR T 1 )
1 EW AR
A BT Fisher ISV, heiepry ) D ODBBRR LR SRR T

AT EE R B R 2.1.1

133 BESH R TH B, A
NTSYS-pc 2.10 # {4 (Rohlf, 1987) , KHAEM
PUAEAREIHXT 1 (Unweighted pair-group method
with arithmetic means, UPGMA ) #1758 255047,

EFEREBAFESN WESEALN
SR JUAD R S B A T LR BE B 5 22 40 45 2R b
IN(FR 2), A FhIE A ARk 22 5 ik 2 ( F=5.089,
df=168, P<0.01) , AJLAHFATIE 20 3 L33 A
AR AR 5 7347

®2 HERSUHEANRBARESERESERRIFESH

Table 2  One-way ANOVA of Procrustes distance for right tegmen vein among species of Anabropsis
AR SRR 75 i df i #5 FAH P
Variable source Sum of squares df-value Mean square F-value P-value
2f[i] Between groups 0.88 12 0.073 5.087 0.000
209 Within groups 2.25 156 0.014

AL Total 3.13 168
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Fig.2 Principal component analysis of right tegmen vein morphological changes of Anabropsis
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A: The scatter diagram of PC1 vs PC2; B: Thin plate spline analysis of PC1; C: Thin plate spline analysis of PC2.
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2.1.3 BETESH (RS, BT
AN RIS I b AR B (1 86.871%, REASULHA & FF
AzBWFEEESR, B 3 Bn, BRI/RE &
Anabropsis ( Carnabropsis ) karnyi 555 & 55 &
Anabropsis ( Pteranabropsis ) falcata falcata. ¥
5 & Anabropsis ( Carnabropsis ) infuscate .

BB & Anabropsis ( Carnabropsis ) guadun. 9\
SUBES: Anabropsis ( Carnabropsis ) incisa, 7
B TS A . FEEUE R L PR, W
w I B . PR WS b B E Anabropsis

( Carnabropsis ) tenchongensis %A W i 2255 DA
S P>0.05 ), Al Z Al 22 5 .3 ( P<0.05) .

RIREEE
A. (Pteranabropsis) carli

50 ¢
N
2 ]
.8 °
g LI
= 0F
2
g [S
g
@}
ﬁ—w—
7 w2
JF\P( A. (Carnabropsis) tenchongensis
L § E%ﬁx
ii?/— - A. (Pt:r?;tabropsis) falcata pallescens
\ LR
-100 100 '50 '0 5'0 160 ] '50 2(')0 2'50 A. (Apteranabropsis) tonkinensis

JLyEA5 K 1 Canonical variate 1
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A. (Pteranabropsis) maguanensis

B3 HEREAWAARARTESNHAE

Fig. 3 The scatter plots of canonical variables of the right tegmen vein of the Anabropsis
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221 ETEARESUEESFIFSH X 13 F
R B U R 2 W AT R0 4y B
(% 3) , FHrAvEr w30 ek B R R T 22 sk
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@ o, BB oh B & [Anabropsis (Carnabropsis)
o 5 Bt & Anabropsis

(Pteranabropsis) maguanensis . 7% ks . /MY

tenchongensis] .

i &s Anabropsis (Carnabropsis) crenatis . R /R
Wt an . WAL B & Anabropsis (Apteranabropsis)
tonkinensis B FITA MABIREROER S E ; RIRES
@i [Anabropsis (Pteranabropsis) carli, 80.0%|FIE
M B & [Anabropsis
pallescens, 83.3%]FI B IEMFAR =, W75 25 5 1
FPIERR 66.7%; NEERE (33.3%) | #
B w0 25.0% ) RN BE 2k B & [Anabropsis
(Carnabropsis) carnarius, 16.7%]WF] 3R

(Pteranabropsis)  falcata

AT B & [Anabropsis (Carnabropsis ) parallela)
PIFIBIIERGE R 0, 7304 2 DMFEARPLRFA /N
MR . 1 DEEAPORFCAPRE T . 2 DA
PRA O , U AT B T AR SR G
JEsZ I, B, Kk, S5/0MUIEE R . B
FNHEBCE 3 0 JC W I 22 5, AN RE I H0 53 B B
ST BRBGHE T

222 ETREENSEMFHHISH

2221 ETFRENER. AKERXES
THIRNHT 3 FhSAIEE BRI 501 R £ bR
Wy 7 22 BB TTERCR 0510 85.6% . 83.0% 741
91.6% (% 3) , FrAMERZEE I35
96.4% . 87.5%F1 82.1%. TEJFIRHI M, XH =
AT R B 25 5 B, B FQ RS & FH P4 B
s IEARI R BARST (353 0 80.0% 1 83.3% ),
A 11 ARG HDN E AR 2RI 100% , FEASEE (AR
F R IE A 2R 96.4% 5 X 2= i K H | 25 5 i
R, BR/NUIERGS (85.7% ) |\ BEZ B (83.3%) .
FICHE (80.0%) . HkHiam (80%) . P47
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Table 3 The correct rate of discriminant analysis of 13 species of Anabropsis

JIFIEREF (% ) Discriminant accuracy (%)

A
Data type 1 2 3 4 5 6 7 8 9 10 11 12 13 ik
Total
H I {E 80.0 100 100 100 833 100 333 100 250 16.7 100 0 667 679
Wing measurement
values
W 80.0 100 100 100 100 100 100 100 100 833 100 100 100 96.4
Wing cell area
WE K 80.0 100 80.0 100 100 85.7 66.7 100 750 833 100 80 100 87.5
Wing cell perimeter
WE R 60.0 50 8.0 100 100 857 100 100 100 83.3 100 20 100 82.1
Wing cell maximum
width
WEmMA ., K. 9% 80.0 100 100 100 100 100 100 100 100 100 100 100 100 98.2
BB Kt
Combined dataset of
wing cell area, length,
and width
: RICBEE Anabropsis (Pteranabropsis) carli; 2: MW Bia& Anabropsis (Carnabropsis) tenchongensis; 3: HhCBia
Anab’”OPSlS (Pteranabropsis) maguanensis; 4: 7 EBi@ Anabropsis (Pteranabropsis) falcata falcata; 5: 1113

Anabropsis (Pteranabropsis) falcata pallescens; 6 : /NYIES & Anabropsis (Carnabropsis) crenatis; 7: YhNZEE &% Anabropsis
(Carnabropsis) incisa; 8 : Rt /R Ek@% Anabropsis (Carnabropsis) karnyi; 9. 5855 Anabropsis (Carnabropsis) guadun;;
10: PEZEEEE: Anabropsis (Carnabropsis) carnarius; 11: $dUEES Anabropsis (Apteranabropsis) tonkinensis; 12:
118 & Anabropsis (Carnabropsis) parallela; 13 WiHGEE & Anabropsis (Carnabropsis) infuscate.

BhE (80.0%) . FEBUER (75.0% ) FIHZE: TR AT A2

(66.7% ) IEBFIGHREARSS, Hax 6 /l\ﬂlél@#u 2222 ETRAEER. KERRAREERGH
SIERRZRYIN 100%, FEARERIH G ER A BEMFIR S X 13 M B S6 MEARRHE
87.5%; WHE R R GEEHNMARER (K3), TR R R R B B T V066 i A R A TR 531 0
BR/NUIEGE (85.7%) | MBS (833%) . o DURUL BRAC L RIBREC 2 (5 22 TRy
el h (80.0%) . FIGHIEIE (60.0%) 5 OO07%M 117%, REFHAL 78.4%. i KIX
PN (50.0%) MITATENE (20.0%) mopigiE  AEEOABIEGA) 80.0%5h, Sk 12 FhAY
S N RS R ESabs FINIERR RIS 100% , AT 13 Fh B a8 B U GE
100% . B AL B0 82, 1% f—gp  PIABBEAAT A0, REAREI IR T
Yo, T ARME . ARy ) 0820 JUIAURES .

B A AR RE R OE B K, RICE & 2.3 BRESH

(0.0%) . WA (50.0%) AT A5 MRHCH 033 (P 4) . BACHE i AM
(20.0% ) H#0 % 55 B A IE A 40 0 R AR, 25 AN Ay 12 AR A — AR T,
JITiR e 3 s T AR A T 0 B IE AR A e, 1433 1, 433 1A 32 TR RAE R EE . 7647
R ES AR, MERRTEERFG S, BRSNS SR E i, 5
ETERIEAT, FLIB 5 BT RRERIT s VA2 V. 403 IV 4 B4 6k
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RIREES
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Fig. 4 Cluster analysis of the family tree of 13 species of Anabropsis based on Procrustes distance
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( -0.1260965. -0.4158733, -0.299 940 8.
-0.162 389 5 F1-0.282 889 5 ) , FRAKCE X4 HT
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Zhang %5 (2016 ) FIHDEASD & 2# 00 ES
JEMKFIEAS, &I FE W5 KT AEAE R
25, KT I SRR 1R Ry 3 2 5 e K
P& . Ingrisch (2019 ) 7EXJ 3 By &% W& Anabropsis
(Pteranabropsis) AL Tl #4718 25 2 B 98 I
P B 5 H M S AT K S AR, RK.
Rs PO E AN Cu BRI EAE] o 3553 3 e ddh
RIR Sc k. R K. A kA CuA kil mg 28 5=
PR, WAV R s R R, 13 FhiEia
Je& B M [R] 3 BOE S AEAE I 8 25 5, S ik
FHIE BB A B o 8 B U 23 2R AR o

FAPFR AT R, B S s 31T
FUIM AT ReaE Xt 13 P JE R R T e
E, Horp, S8 I S (R RS L AT DN S AT )
P 2808 o d e o £ G K IR AS 0 i
S BRI BTSSR L RS . R
Tt 73K 3 e R B A % s 7 i A 0080 v X RE A A E
MWk T2 RICE & . BopEias . SoCE & .
A PG L /0N B 5 R T s B e e A o0 AN ) i)
MY IER R R Y s AR BE s . HEOR & | Rl
s FHTA T B i AR T 53 2R FIH 3] ) TE B 3R A A1
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A AR A D TE A AR, P AT B s i I AR
N RS0 = 9 B A T 31 ) TE A 341K

Song & (2016 ) X /INM1EE &5 AN L8, &5 ik
T THER, IFHE TP IS 25,
AR /N 55 5 A B i T AT — e AR
TEE WS o HraUs B, /NMEE . AR
PR B a2 (R8RS, UL 3 NI A A T
WILSAEL; AR CVL o, ZNM B
mn . NP AR S R A I R 225 3
T RIE B R R, MRECH 0.17 B,
B B B AU 3 003, RBEMGR 5850
R REAR—F,

AWFFAGER T E MR 13 FEME
W, XA R Y SRR SR T LA 250 i 24 4y
Bt , 5 Ja i 5 L 45 G HAME SRR AE C Qs i 4
JE . AEFHAR AR ) AR T, 2
JHEL 3 B 5 R B SR 4 28 A, FR A4S SRR 1] 1) 5
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