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Advances in the application of outline methods in biological taxonomy
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( Department of Entomology, China Agricultural University, Beijing 100193, China)
Abstract The development of outline methods, an important approach in morphometrics, is described and the
applications of outline methods in biological taxonomy summarized. The advantages and limitations of outline methods are
analyzed by comparing them to the landmark method, which is an alternative approach in morphometrics. The prospective

application of outline methods in insect taxonomy is discussed.
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(outline methods) ™, 55 1 & 7E A= 4 435 #4) H 8 L
W30 H 2y BN A B bR A5, 38 2 73 B i 26 bR
FOR R WA RIREAR T 5 ) 1 22 57 . X AP OT 3] LA
BRI AR L A 5 19 25 5 2 A0 A AR L 1Y) K
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LU R P A I 0 4 iy 1 B — 26 ] DL g
FAESE A B9 AR /N A 4 1 ( Bookstein, 1985,1991 )
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code ) 327~ ( White and Prentice ,1988)
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AR A R BR8I35 KR bR B A 1t 21 5 B
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B R b AR (x,y) — B 22 23 (RIS R
P ELAN B PIIT 2 22 ) 19 (R 57 3 A A D I
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Wr— 2653 22 WA % 3R ( Ferson et al. ,1985) .
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T AR A B IR I A A A A

B IR 2R Lohmann ( 1983) #2 H T —Fh B 09 i ik
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B AR B O B i3 R 8 5L it 43 4T A R S B ({7 Rohlf 1 Archie,1984)
Fig.1 Illustration of Fourier analysis for outlines based on Culicidae wings ( from Rohlf and Archie,1984)
A FRIRUSRIE ot B MR 550 SR SR B A b s B, ARYEET A BOHRIE BN AR 5 M I C R B, AR FR RS
FAEE (FF 360°5541 1 100 107) , AR FRFIR BRI C. R LA (FE O ) N IR STE AR A6 bR D. R DI
] et M B KR 0, S f e B 2k H VI (0) MPIZk s, 0, )2 e Bt 2k U0 sl T P14 fi e 2O MIT Z
[ RIS

A. polar coordinates relative to landmark which locates at central of the wing; B. the relationship between the radius and

angle based on the data from Fig. A. The X-axis represents angles (360° is divided equally into 100 parts) ,the Y-axis

represents the variation of radius; C. polar coordinates relative to the centroid of the wing; D. the relationship between the

angle of a tangent vector and the arc length of the wing outline, 6, is the angle of a tangent at the point (0) of outline

curve, 0, is the angle of a tangent at point T of the outline curve,# is the arc length from point O to point T.
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link labels

816

B2 tHEMEIM A TREE ({7 Kuhl 1 Giardina,1982)

Fig.2 Illustration of the elliptic Fourier analysis ( from Kuhl and Giardina,1982)
A. FREIE XIS B, R EIEMEER (38EF V =0005676644422123) ;
C. FORAFIEBIET T WEEHEE,

A. area-quantized image; B. chain code of outline image (V =0005676644422123) ;

C. outline images of the chain code from different hormonic.

ADNYIREE, B 2=/ W 0 5 BHRh FARY), in2)
D ANEER S AT ] H & R B0 142, AR A
RBE, HCET, 5 28 0] @ R S N B AT i
KEEFEOHES, RKBEENEETHTE®
P E A,

FB AL 20 B 2R iR W IR IR, R
EDUR , {EL R 232 07 76 0 MR 75 LU S B i1 5/ IN Y
Poh s DB AREA AR K AR, Ay fiff Dl 75 i)
B, Blum (1973) & Blum Il Nagel (1978) & T
— P Y il AR kSR T AR B B S fig

A

jjO

2.4 BB¥FFRA% (sliding semilandmarks)

20 22 90 AEARHI  JUTIE AR & )y w15 3]
J 2T A )2 GEAEAS W A 5 il D ) R Ak 1o
KRR 1 8 W L B AR 2 1K (Adams et al.
2004) . BEE XU & 07 1 B9 TR A BRI, 8T
B BRI AE A WA B . Bookstien (1997 ) #2111 T
W 3l 2 R 535 (sliding semilandmarks ), H: Jt B
& TEREFERT G B A /0 i [W] A (RO bR A0 91

B

B3 BZRENTREE({F Blum 1 Nagel ,1978)
Fig.3 [Illustration of the median axis (from Blum and Nagel,1978)
A, FIRBERR R AL R PRI E A B, RN R R BRI B2

A. the median axis by Grass fire; B. the median axis by Maximal disks.
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DU RS BB A — 2R 90 B HUS R AR AR
A BT D 2 )7 [l 3 Bl R R —
SE I (/N B BE B /N TR B ) 9 R T,
GRS BRI AR AR XS 1 55 W) & i e
bR (K 4) o ZIE I ZoTge it o FE AR AT
PRA 32 B AR A X 6 AR R A 19 A s B
iz FHR 2525 A 13 Q43 BT ( Procrustes analysis ) il
TR AR 25438 ( thin-plate spline ) 3 58 AY,

R BRiE T IR IR RS A L 4
B TR RE R 43 BT 07 125 TRl I SCTRcRR T At % R
BICE AT R A OB AN | A X 1A TR IR
AR 3 SE R4

b @ ®

2 @ ®

4 RTBIFIRSERIN
H 4R (177 Perez %5,2006)

Fig.4 Illustration semi-landmark chosen based on
sliding semilandmark method (from Perez ef al. ,2006)
A AR AR/ AE IS e RS B I kL AR A
B. MR e/ Nt I 8 D O B B e s th 2 b f) b
A. selecting a semi-landmark at the outline curve based on
minimum bending energy criterion; B. selecting a semi-

landmark at the outline curve based on minimum procrustes

distance criterion.

DL B3k SE 7 R TE A W) 2 (R S R B i o i R
b 22 56 E AZ eR B A i 5 ST 3
TRAERETE E HAT AR (Rohlf, 1986 ) , {H 2846 1FE 48
PRE T AR L AR LU B BB, B2 T T4 H
A E A Hh 28 48 BT ( Kores et al. ,1993) , 4 B 4
S R AR DL R Bl AR T DL T
BRI AEE B 25 5 LA A A A 9T, BT THE 5
DANFPEAE AL+ B A PSR, A6 B 487 i
5 1 TR AR T L 24 R 4 2 A0 TS I I A [
B N7 - 38 F (elliptic Fourier descriptors) fE#% K
M T AT 2 — > H A il 28 (Rohlf and Archie,
1984) , fINZ I ARG 2 5 I S i 0 4 2 53 B
At (Iwata and Ukai,2002) A4, {7545 52 1 <7
I3 BT AR A W2 R AT 5 A 38 Ok 32 11
M

3 REEEEMRGESKFRABY
Rz A

20 4 80 AEAUER , i A —SL 2= E TF IR TE
A=Wy Ty TN A RS 1 Ok A 34 43 B A ) (White
and Prentice, 1988 ; McLellan, 1993 ; Furuta et al. ,
1995; Iwata et al. , 1998, 2000; Iwata and Ukai,
2002 ; Yoshioka et al. ,2004) . 3% ( Daegling and
Jungers ,2000; Loy et al. ,2000; Monti et al. ,2001 ;
Bertin et al. , 2002; Dommergues et al. , 2003;
Christensen ,2004 ; Kamilari and Sfenthourakis,2009 )
AR AL AT ( Lohmann, 1983 ; James, 1995 ) %, A fff
FW)Fh B 5E (species delimitation ) | £& 4543 28 5 3
A LA S A0y 1 B 4 A1 R0 22 REPE SR 3 T 200 B
(k2= B ARE

1984 4R35 ERHE S Rohlf Fl Archie 1] FH JLFk
N7 0 3 BT SR A T 127 FPISCRE R R SO 42
3, 38 3ok H e JLA ST 43 BT i | e A 152 57
W3 AT R 605 AR G b 3 T 3 S A 1) 40 T 48
M HAESS & Zoug it o A iy 5L A 1 RERS B i
BTN X 127 FiisoRk R B pg 8 R 47 5 A
WXy, REZW PR E e R 5L 5
IR XA T 20 W), (HJR X S8R IE 2 1] /Y
2R T AR R A MER T RE R

1997 4 Mehlhop 1 Cifelli ] FH A I8 {8 37. 1 43
Bridi (EFA) X2k H ZREEEL Unionidae fY) 79 Ff [7] 45
FIARBIIR K DL 2R A58 1 48 B R AT 1 300 2 #0437
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e IS AR D[R] AR LA oA 00 i, A (B4R ST
-3 BT RE A A R R A Sh e 58 B B 205 23R
WOFEAT 73 A, S 10 B ) 179 45 5 S 43E 1 A7 0
TH,

2005 4 Stransky iz ] EFA X} Sebastes mentella
Travin, 1951 F1 S. marinus ( Linnaeus, 1758 ) P Fh 4k
KPGFELT £ ( North Atlantic redfish) B9 B- 45 58 )55 dF
117 B R 23 A, $R B T WA 2 [A] B Y 22
o | oy TR AN N P: LR R T Y e
W

2006 4F Ponton iz il EFA FFT (R f# 7 i1 5%
) DL R bR 5355 4 Fh A 8 Encrasicholina devisi
(Whitley,1940) ,E. heteroloba (Riippell,1837) ,E.
of. punctifer ( Fowler, 1938 ), Stolephorus indicus
(van Hasselt,1823) B H- A FEEVEAT T 4 b4
B, AU B 285 257 7 L AE ik K m] WAk Oy T B
A—ERH,

2009 4F Taravati % \iz Hl EFA #9771 %] 452
HELL R V% 0 PRl B2 L Erodiontes aelleni
(Kaszab,1968) #1 E. pfaundleri ( Schuster,1935)
A AREAT TR A b b o i, o AR E.
pfaundleri ( Schuster,1935) A4 M 15 A 5 HAB RIS
AT WA X5, X — Py ih Y %5 4R 4t 1702k
HeHlE

2010 4E Aranzamendi %8 N3z A EFA 8957 %6t
PR [ 25 2B e A DL AT TR S liaR A X
O3 AR B BV LU AR SR 25 D 6~ RE B 4 Ml
AR AT DL SEANE I 25 5

2011 4F Dalayap 55 A58 Bk S hR ML 45 &
ER XS B 2 B BB s AT I S
AT, N RERE AL B SR A %R
TR I 2 S M S At T ) e SR

ROV REAE AR o Hby B A A R0 -FE AR AR Y
THEANERE E, OF AR A R IR R AR AR AT 22 51
He K 2 o000 B, Wl B o3 R E AL R R 42
RAEMFEHRME T2 2 R A

4 BEESHREERIER

P s R 25 1 2 h — SR N T s
TR HIPR A Gk (B = 4E) A R R AR A T
AT T (Adams et al. ,2004) . XFP T RTEA
Yo b A )iz i T LA RE A X R 1 e
FRSEAT R R I Hr . S EE A L, AR R A L

TR (1) BAE AL BEA R 258 55, 15 B R A
LEAR B — A S B AR ER A RIS TAE 2GS 25 (2)
PR AIEAAT LAS3 B ) 1 64 5 G 4 AL ik W] LA 23
Br —HES5H T 22 52 2 Y TE A5 AR, 0 R U ik
A 155 5 (3) W AR = B IR 25 5 S AL
e

P s 32 56 8 X ) s HE AT $ 3 R A, (E
AR A RIBIFTEN SRS 75 5 i $k B A5 4514 B4
)R A, AN, ) B LA S8 AT b m ik BE S I, AR
20 B K ) 70 S s Bl 0 PO s e T X 4 i
873 S A U W A Ao b v LA LB )
FeF, MAEY) —L88 FARZ CBER YRl X 4k
Oy SR Z B E B K MM 5 R BT, TeiE R
FIIMEFLEAF DL | 2 B TR 2 454 v [R] J
B A 0, R A R PR A IE B 5 75 B C
FR BN AR 00 i 3 A TR 3 A 5 B 2R
I, 49 ] 050t 80 X 2 S o 240 e o 325 102 P 1 D )
Z—
UNSRAESS F rhARME 4R 2 5 T U0 B9 b s 5
AR 2 e BN AT T 0 1A 58 G 1) 5 4 1B 6 ( Rohf,
1990b) , FEERIE KM 2510 5 L 9B 44
BAB AT IIXT R, X RBAG B A 5 AR I, %
AU E N R TN, A2 A2 5 o [
PR AR 238, A 3 SC B, R R 1 s i v B
HARH DR JER I AR T 20 W A 64 58 88, %) T
FEAL AR HIIE A5 W AET AT

PR, B 505 A B kAT 4% A IO 35 AR
B , e )5 5 IR T 20 A A2 Tl L, 4610 ]
MEEAR LTS
5 RE

UTARSR B 6 25 D0 2 D7k B AS W oAt
IR INZAR 22 238 T S R A 3% AR 25 0 4
SFOT TR R OC Ll WF T 25 8 13 0T, A 4 T
R BRI BT 07 A LE WIS U P A B T
K3z T

eSS S PR LI S RIS e RN A
AR B | Uk el R R R A ) AR A
WA IR AL, 2 SR 25 ik 1 HRB AR 5
B AR X SE AL O I 45 RS B A 3, PRI 5
SERFAE A AR (322 )L AR A HEAT LL 8, B IR Ak
A S i, AR Sh i PR 412U
e R BIEAE | BT DA 27 5 R B R
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TR A PEAT A W i 2# 5T ( Daly, 1985)
RO, U A A A [RRE ST 4 B vk RE AR

U RPRE AR 1) A TR A B Ak B o 2 8, KR
T SRR HE AT 5 A 12 S A1 53T ( Rohlf, 1990a) ,
ThnZn e E I A R AR B R,
JrEReLE R WAy 7 X 25 0L R, #8 B Tk
TEER e By iy R AR 2 A M E B 28
ST RUENRH RS LU FE o R T I SR AR 1 4
T2 RE A B A AR A E = 504, BT DL, R RO TR] 26
BAEERE 28 22 5 DL 3, I H DL 8
FYE ], 30 A7 B T fifk e S S AR (LS 4 25 1 TR
MR T, i B R A A 9 h — S 2 0 A Y 2510 15
ST INEWAIUE AL T SRR R
ARG K 2F A Wy b B A 0F 5 10 AR, A
M Hs 99 384 A b (2 3k BB R G2 R B A
Yy H B 2E AT TR AT
RAHMANEERREZE 2SI HE
b, 6 T AR i A B SR A 2 rh g (A B
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