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3D geometric morphometrics of some ursid skulls
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Abstract The 3D laser scanning technique is nowadays more and more applied in the study of
skeleton morphology. Complete 3D model of external geometry can be easily obtained by laser
scanning. It contains all the external morphologic information, both size and shape, which is
the prerequisite for quantitative study of fossil morphology. The materials in this study include
specimens of giant panda, Asian black bear, brown bear, and polar bear. Using 3D laser scanning,
the complete 3D models of skulls and mandibles of 28 individuals are built. Nine mandible
morphological indexes and 15 skull morphological indexes are selected to build mathematical
models. We use J48 algorithm of WEKA to build decision trees for pattern classification. 23
landmarks of mandibles and 29 landmarks of skulls are sorted, of which 3D coordinates are
used as initial variables to tell the morphological differences of mandibles and craniums of the
28 individuals in the principal component analysis. The result shows that the morphology of
giant panda’s skull and mandible is significantly different from the other three ursid forms; the
morphology of brown bear’s skull and mandible is in between the black bear and polar bear. The
overall cranial morphology of Ailuropoda microta is similar to that of giant panda, but also out
of the intraspecific variation, which is another evidence of the durophagous feeding behavior
of this Early Pleistocene giant panda. The methods of 3D modeling, decision tree and principal
components analysis introduced herein promise future application in morphologic studies.

Key words 3D geometric morphometrics, bear, giant panda, Ailuropoda microta, decision tree,

principal component analysis
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B EE AR ORI g |G SERE . RN T, iR RR. A
FRANI & £ 55 AR R . EDWAROE A, (AR R T AR T vk Bl 26 T 5L r v 0 i
(Driesh, 1976). SHERZE, AL FRIEA S TR/ANHIEARPIA T TH, mifEgtit
A0 T BE AR ) — FRHN LR 2 B AR T DA M HORIME B, AR MES bR AN 1Y
JUMIEA . 20HE2080~904FAX LK, TR AL AL B R /b kA T EZE %0, L
AT 25 12 2 (geometric morphometrics) 24, G T “FEA: LA A" (Rohlf and
Marcus, 1993; Zelditch et al., 2004)., XF TG BRI, DIERFR TR ERA
EER A, B X bR SN T E AR AR S 4T R e,
R e DL R e = 4R {5 B . CTHEH T LIRIGGE M =4 & E 8, T T i
TR, H AR & B ELRERS o I = 4Ot 44 T USRS BA PR SR B85 S 3 10 A1
HIEAAEE, XREG BN E 7 EMELIR RN .l BB R W S5 T
TRTT LU SR e b R I SRR 1 6]

REAREENH, HAEEME AP BN, FERE(Ursus arctos) MY JERE
(Ursus thibetanus) = WAV RERHMRZR, J2&, Tz, @A ZHE ., RAEMERAE
T ARRIIE N, A& AL B ERE . 0 AL & R S IREESR R, 2F—THiTH
W/ gE RO 5 A 2Z 8] 5 A5 5 B (Stirling and Derocher, 1990), 1fiidtA% BE(Ursus
maritimus) K BEMi (Ailuropoda melanaoleuca)sy 2B AEME—RI AR REMZEERE, B
PAESZERETHIEE LAV RRRM . o0 7 E N REE, AR A S B AR i 22
&, AHKWES, SREFARIE . NFIEFERSE, BRI T 0E e AL FLZ I8 1950
Vi (Davis, 1964). JtilkAE AfRRE LR, (BRI LUEESIYI N, FHER
WHFRREA T W] WU (Kurten, 1964), A SCR =48 JUAIE 70 T FIR BRSSPI A9k
BRI, SEEEAEA . B2 S B o ST B o e e AS [ B M RE2
SYIRIIE RS 225, I8 KAERE /N (diluropoda microta) kAT S B (Jin et al., 2007)5 31
AR T XS LU AT, R R
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Fig. 1 Measuring points of skull and mandible
A. Sk 1ateral view of skull; B. k45 AN dorsal view of skull; C. Sk i ¥ ventral view of skull;
D. ME A occlusal view of mandible; E. Il E JEMI#) labial view of mandible

ad: S4-S3, RBLE V514 ; a5: S4-S5, R MK ; a6: S2-S6, KMk R m; a7:
S7-S8, WLV FE; a8: S0-S9, ML Tk G4 ; a9: S1-S10, SR WL 5E; al0: S1-S11,
RN ETE o X RER28ARA AT, b, al, a2, a3, a4, a5, a6 a9 FEA AT
AT I BRI

R T RE A B KN 22 BRI A I R 2, X L S SRR Al 22 51
BRI R A LB s WS s R T R 22, AT RABUEAE B, a1l 5a2 K/hAf
M, EHal, TREEH.

a=a2/al, b=a3/al, c=ad/al, d=a5/al, e=ab/al, f=a7/al, g=a8/al, h=a9/al, i=al10/al}:i]9
AHehR. XN HAME, HESTARRL, E lar .
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al3: S18-S19, KM FAi#RsE 5 ; ald: S20-S21, KMk49 s als: S1-S9, Mk biif
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A=a2/al, B=a3/al, C=ad/al, D=a5/al, E=a6/al, F=a7/al, G=a&/al, H=a9/al, I=al0/al,
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RS B2 8 U b i A AR 2Rk — o BREHTEA RN
R TH, BARMAIRMESFTHE J1(Witten and Frank, 2003). He5R A H H
P R ID3E L FICA.5% 4 . 19864FEQuinlandz il T35 4 MID3EE, %8k A IS
W, PRI, fETRE ISR, BRAE IR T 2R B, s
AEAEME—FRIREPEID, WID3SBEHEEAE M2 i, XA ARSI/ 7o alivge, {H
SR o RAL . ID3RY I K5 C 4.5 FHHE 25 K (gain ratio) (5 825 78, KK
FENRIDI L BIEG . C4. 553 nT LAITEM A s i R P B T B A, REAE 52 BN 22 g PR 1)
BT DL R AN SR A A T AN, 7R AR B A 2RI B TR AR, MERRRE . TR
g, ARICRCA.SEE T4 L

1.4 LSS RRE S RTIER

TR R 23 (E2D-E): SO, TS R s S1HIS10, 245 RIGHTZ S
FIFAREE s S2MISTL, A RIGIE & SRTH SIS S3FIS12, A4S )a
BT A A SRR A 5 SATIST3, oAy R0 5 4 555 — FI MR R A 5 U il
Ll SSHIS14, LAt d i a g SIGHEAE s S6FISTS, Zidq bR o fedRhl ;s STHISTG,
ARG B S S8HFIS1T: A AREIG M SOMISIS, ZAA AR MM L, S19F
S21, i T a4y Fiif R4k, HAT M SSAMSI3MELIEL T M F4; S20M1S22, fii T
Leki Pt Ngk, Hr RS SSMIS14ME L 5T Fa F &, XFaff28F T aitibr
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S23, FiAi FHET BN i S13MIS24, JeA7 FRC T B fcdh i S14M1S25, e A i =
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K2 S5 F e JUTE SR
Fig. 2 Landmarks for skull and mandible
A. BT dorsal view of skull; B. Sk 8l ventral view of skull; C. Sk I#H lateral view of skull;
D. T4 lateral view of mandible; E. Tl 5 M4 posterior view of mandible



44 WS RIS B = HE LI 2S00 337

SeBEHRG AL, LIRAB402 2 1 JEE 7R A& 2A-C

1.5 ERPHH

F W AR AR —F ok . X TFIRAS B FRE S, FER—hR A
b, HA B R DG S AR E 1Y (B RAFARAS IR AL, FURNREE i A AREL K L
B, R RAEREAR R A bR R, HRSRANFR, T2t Kre il
[F—Aabr 2, BB HAE, BRI R A BB, WAMNE T EH R
JOP2ES, BERAE/N, /NECR, AR 2 TR —APR R T, Thin. 564
SCWIEAR AR I/ B B A A a5, X — i FE B J& Procrustes Fit, i K lingenbergi 5 Y
MorphoJ 8K {45 B e Xt A AR A B9 A6 b 5. 384 T Procrustes Fit, iX 1] LAFEf# A —FiH— 1k Ab
PR, A2 A9 B AR FRAE R R AT LEA T S o AT o

2 45

2.1 RFEF

AR AR RN Sk B AR, R AR SRR (1813) 0 TEARSE T RIS AY 7 A 1 SRR (1]
3A), WNRA>0.13, MAEA; WHRd<0.13, ¢<0.25, NdbHkAE; WHRd<0.13, ¢>0.25,
g<0.28, MEERE; WHd<0.13, c>0.25, g>0.28, NHBEE, Hrd=2GK/ FEE; =M
W/ TR o= FAIIBEG K/ AL, MR 4 R TE A R ARG T
PIFES L, AU R iR R, SR AT R AR A R . X428 pnAs e tn I
25, SRR ZE 104, BRGS0 JU L R 24, BRR0AS; RRRELS

RmoA, FHRIA; BABRLCRNI04, FHROD. MF 2, MRS 28 REA ST 20
R, RRAMAACA AR XS T, —PFRABRIIN T F3RE .

TEAR B Sk B B 7= A i pe SR A (KI3B) H, 2R 0>0.31, MAESN; W 0<0.31,
D<0.14, Kb AE; WHE0<0.31, D>0.14, F<0.82, NFAE; W1H0<0.13, D>0.14,
F>0.82, AERE, HrhO=#5 maimW) vi/ kw5 8K D=FIKEIIHEK LB BK; F=A%

<
0.13 >0.13 0.31 >0.31

Y ;
@_ @) [pandaiom)

N

<025 >0.25 0.14 >0.14

<082 >082
<028 >028
4

/
[brownbear (5/1)] [blackbear(11/1)|

| brownbea_r(6/1)| | blackbear(lO/O)I

A B

K3 TR E(A)FISk E (B) R
Fig. 3 Decision trees based on mandibles (A) and skulls (B)
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F. ARJS(RLIE R BRI/ K B 100 — 4k o)A 1]
Fig. 4 Principal component analysis of bear skulls and mandibles
A. Principal components of living bear mandibles; B. PCA plots of geometric morphometric analysis for
living bear mandibles; C. Principal components of living bear skulls; D. PCA plots of geometric morphometric
analysis for living bear skulls; E. Principal components of bear skulls (4iluropoda microta included); F. PCA
plots of geometric morphometric analysis for bear skulls (4iluropoda microta included)
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