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Plant species delimitation method based
on geometric morphometrics
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( College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract. Species delimitation is an important part of plant research, but difficult for
identification of closely related species. In field investigation and sampling, species are usually
delimitated by direct observation of morphological characteristics, but often with bias, leading
to delimitation errors. Currently, there is no accurate method for plant delimitation. In this
paper, we analyzed two sympatrically distributed oak species, Quercus dentata Thunb. and
Q. aliena Blume, using a landmark method, and summarized the species delimitation ability.
This method is not only easy but also accurate when compared to the traditional morphologic
method. Application of this approach can greatly improve plant species delimitation.
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cus aliena

TR S 58 T ) T 5 ) 8 5 S ML O 2 WA 5325 (classical plant taxonomy) ',
TR —, WRAESSE . Y%, R E FRARIEAE Y I SN RRAE , [RI25 6 b R4 A
Vi FMEERHE Y . RGBSR XTAEP YA T 28 N5y 2e , S MAE ) 3 2 am o
FER, AE YIRS T R OIS X TR 2 R L T3 ok 2 5 Wy Rl sk, 38 5 (df FHA% B0 %) i 7
AEEEX, B2 ARG Iy A — E R E B o

Yk B . 2017-05-02, & HY): 2017-06-08,
FETH . EK A AR RS (41671039) 5 JbatmiRHGH £ H (2151100000315056)
This work was supported by grants from the National Natural Science Foundation of China (Z151100000315056) and Beijing Nova
Program (Z151100000315056) .
VEH A XNB(1991-), &, BHRFseA, BF5007 [ B bk 455 (E-mail: liuyuan815@bifu.edu.cn) .

+ JIRAEH (Author for correspondence) : #1357 (1981-), 4, i+, mIHEZ, MWFMBLRGY: . HMA S2458 (E-mail; dufang325@
bjfu.edu.cn) .,



55 6 1

pUR e S IR E P ZollR & LR/ E S I RES 895

SOERAE TARE, BAEERM T AR, (1) &
BUEA A FIEME, AN FE A IE 284 w] D&
AR L PRI RS s (2) ANREHEBR AN R 7 05 m
FrR/NEI SRy (3) — s B AR R K 5 4%,
ARFEBMAHEER S (4) kMK K0
A EMERK, ARG, RHILE SN
TR B IR AR NB A PR A
IR SRR AL, DA TRRE SRR IE A 1Y
e R, Ho 25 R T R IR AR i I o |
B 3 A S AT AL Dy AR B s B R A R, R
PEGF . WERA, BETE EDULML S B S AR LS Rl &R
AP AT LT R 285 0 4 9 mT P R 0F 5% 1 1P 43
b, AR R YR DL R S 2 DiRE
SE RIS R M W R A R,
— 2B hR 5 (landmark methods) , %5 —Z28 248
Ef i (outline methods) . H i B 1% FLFANTE 24
WHE Rty ot et a2, RE4E
O BT LA 2 DR R bR R R i
Huang %" 38 i3z F U] T2 25 0 6 Jy v % v 1 28
SRR AT T 328, EAMYMHCHRGER R HZ,
Jensen 451 LA AR ROk R BT SR E
WA AR B 22 A2 b, Pefialoza-Ramirez 46" 3@ 53
JUPES I &7 ik & B3 T MR E I B DR,
UERH T AR B T A 1a] () 58 J M1 %8 5 Viscosi 11
[FIEE 43 B AU LA TR 2800 2 5 98 1 BRI 3
BRI %0 1) TR 53 ) 52 AR R s A% 15

ST B W 2 TR % i i MORD B4k i i bR
R EEMYF S, MiERIE ( Quercus) AL ER
ST MR EZNEZ —, HFELEREZEE
A7 B AT N E ) AR A AT S A E] OR AR 2 g
PG HAM AT, TRIEAR IR A
SRR IREUE AP Y R S Th iy ME R, I, FRATT
LI ( Quercus dentata Thunb.) FiiHE ( Q. ali-
ena Blume) PN 2k Ak BB, R AL
AR 2 vh AR SR A TS, RN ISR
MIEZS B XAy, DAHSRARIE 4328 SO e b 4
ERESE

1 HESHE

1.1 SLIEH#
FRYEHH TR P AT S Fh B A 256 B, T
2015 4F 8 H b a5 R 1L RS X [w] 343 A o 4% A

MRS AR, B ZR VAR RE (dg, 40°39'3016"N,
117°29'6525"E ) FIRJE FFi#E (dd, 40°36'2457"N
117°21'8584"E) #F A7 R M, Hh, RFHF LR
AR 11 BB . 20 BRABAR; RS TR IR 4 20
RRABARE 15 BRHER . A Z ] 2=/ AHRR 10 m,
MARREE 5 o H U it i, 3R 4 330
A, HTIUIES T,
1.2 EWAHE
1.2.1 EFRRERERIKE

W RAE M I 7 S B AR A I - ORAE,
[l 5206 2 5 s o B A G T A, A SR
FH CanoScan 5600 F =¥, PRk R
300 dpi, [ifi 5 A2 40 AR AR it 7 B XA AR AR
%2 Viscosi' " %} 3 RN AR ( Quercus frainetto
Ten.. Q. petraeca (Matt.) Liebl, Q. pubescens
Willd. ) 1y it AUAR s 07 8, 53 531 3% B 13 A kA
PRI B bR A A5 (landmark, LM) AR it 7 E
BSRT, MR bRE s AL B ORI 1,
#1,

Y

B A~ 13 R R IR AL E
Numbers 1-13 represent the leaf landmarks.
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Fig. 1 Landmark configuration
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Table 1 Description of landmarks in leaves of
Quercus dentata and Q. aliena
RN ik
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Fig. 2 Generalized procrustes analysis of the
leaf shape of Q. dentata and Q. aliena
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Fig. 3 Principal component analysis (PCA) of the
leaf shape of Q. dentata and Q. aliena
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Average leaf shape with PC1 axis values of =0.15 (A) and 0.15
(B). Dark blue dots are the corresponding positions to each
landmark when the PC1 value is 0. Line ends indicate the posi-
tion of the landmark when the PC1 values are —0.15 and 0.15.
Length of the dark blue line indicates the range of the corre-
sponding landmark. Expansion and contraction of the light blue
grid lines represent the trend of leaf morphological changes.
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Fig. 4 Transformation grids for
Q. aliena and Q. dentata
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