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HF AR FEEAN--CHEARST. TELE0 10 RFE FXEHFREBTE
HBREE P THERFEHEOR RN Y. BRAT XA REFRITARIELMERR
o RAEMENESE" T . BiES I FRFN RS BAEOTOTARTICERE THE
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I AR AT FERULERR, rE W RN RATHIT . TSR 5H &P
HRMAER IR REREL LR RS 2 7 B AR B T 5T 80 15 A 55 35 b ra) 8 %
FEGRIEA AL M TERREAGNE - SR ATARET TR ot RSBELR
T aREEREALMHEXE TEMNTHEN T TFHRXPHEEREE N ABERES
HIE LERSREEEEDN.

T SE 3 FBA PG BE 2 P S 4 87 ( Euclidean Distance Matrix Analysis-EDMA ) % {b 13 $ fiF .
LHEA G TR R RIESMBAMRELS AXHAFRAEZHRSIN TR
AT H AR R T R B R AT S Rl R T RS A
Y TE P RS R T . AR LA AR SR THRANHTHERESHE
MM E CRAHESNEN EDMA St T niE R SRFE LR AEX
RERANEAETMAEEESHENZR LHERE ERF LS TH

2 bR ST

2.1 #H#

HTAXTSENTIELGRT S ARNET e XS TR EETIRRUN
HRTEAE o0 &, FEMPTER TRERSERY REBBESEEN 72 820K, &F
WEFIEE 0K, Hbh e AR GFEFzma X E T Muami b BZTE .4 B9 RTF TR
# K% Peabody MHIEM T HHEE., HEM I G ERERFFEHEW I KARKNERY
T8 . Cleveland Museum of Namural History. Filed Museum of Natural History FISR {248 XER £
EBRAEKNTIHAG, &1 97 TEXMAHFRIER..

2.2 EDMA HEBT E1 FZXFARENR
Fr 48 & FE FE 43 #7 ( Euclidean Distance Matria Sperimens uvsed in present study

Analysis-EDMA} B— 53 H 587 0 9~ = 8 1 i iU o & o
BiiEAZREERNSEH TS, TFFTEATUT . o - s .
HEE K A-MEFES.DID= 2 8 3) H=Rm 4 ) 1o
MESFEREZEHERTTTT . M KN e o " B e
WEFEL.D ST R RN EIEEHTE S i 1 2 . 10
BHEFRATUA Kx K BIRERERT. 21T o 4 s o 2 a6
RS THRAEESZ RN LES, N - y 2 . "

B = B B2 40 ¥ ¢ Euclidean Distance Matria).. B —-T
B A B (A W G B 8 B I T LA B HH R e R T8 75 R 9 T IR AR JE I (average form ma-
trces). MTFEREA WAL ETOKI R ILEME, FU—8 KN RE RS i e
AW Em—TEEN KRK-D2 REES S AR, TICEANER &A™ FI9E
r{:‘iﬁﬁpﬁlﬁﬁiﬂﬁﬁﬁéﬁ%itt@t%ﬁiTﬁ;ﬁéﬁﬁﬂfﬁ{ Form Difference Matrix FDM )., 052
ST LB AT A SRS EREER. EX, MEARE ZE
X EEETEER. WRENEREFEENTRAFET 1, 035 B X 4 R AR TETE
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FET , BB EAR T EHE AT BREENEM L E8 - EENES
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B — i~ I & [ F ( scaling factor)™ , —REFT DR B M F AN MEET . BX1H
BHT " SHEBEANES -TEME, BEEMEL. H MBS T YIE LB (mean shape
matrices), R THFAN FPHESERNNMRTEMAMBEE TR M A2 AR
B0 T 725 25 5246 I (shape difference matrix) .~ 3 — 53 BF ) B 76 25 A0 5 oF (R /1 SRR T A~ 3 ko
AR B ER O, SEITTECEBRYRET AT, NEHEE 2 HREE
B X—EAFRMEDPAEAREAE Z=min(S, -S,) X Z=max(8, -S,) AI#EATFHTITE
gRNERULE. YHAFEEFRZE Z GRS EHEZBIXZNEFE. EE
B EHTEREETE —BEXR 100 T UBHMEBREBESERHEMENE i SERE
FHEA 90% SFEM ., WRE--IRESAERY 0% FTFEEXBASE 0 MEZERE,
B T HRBROFEEX—REAFERERAES, S0 MHEETEHE, EAA T RE
X—AEKERrITFEEEHER.
2.3 Z#NE

Ungar EE M EH E T Lukeino 2 I K BE 4
600 FTEERIM IR TS — AR 7 el &
WAtk #ET 5 MER(cusp tips) B 6 TIHER
{intercusp fissure termimi) % 11 4~ 4 B #F &
&M, BT Lukeino B 52T 81 E o734 & w ok
5E 2 PR LA Ungar 55 55 6B R ) 81 AR B9 1T
#F 55 { cervical landmarks } . 7 3 35 7 F A Un-
gar (EAH M 11 T BIRERA R E -+
Wit T 4 MR ES ., X 4 DMRESST
S Tt A S o T L A AL T 8 My o s s B
BRI RALR s, th FRT RN R Oechioal Tacdroaks
BT AR, R 2 B R R R R B
ETFHE L ERmAE S A SRR EERME . U AR AERATEES
I g P SRR E . ML Ungar SR AN 11 MRESA . AIXERAT 13 4
MBEHES, B 1 BRT7THATEXN (1 EEek g w25~

fmR med AT o 5 Ty bdgv
ES en T Fp 4 bmgy
b hylid 60 1 bgv
W hy rh g U] cefo
R pr 01 3R leer
Fiy I anfo 540 i BUsS beer
¥ lgv

LU (P 2R 2 % T 45 A OF T, 15 20 7 4 7 R, (8 Jrumersion Human Interface
Corporalion B = 4t 45 47 T4 B B 40 { MicroScribe-3D system) T E B ¥ &) 13 MR EE&ERT=
VOB BB R R AL S A R EUE . ] Tim Cole S 1) EDMA iH B R T
Shape Version 1.0 % &R KW HTHIL o H7. BEMATEH 0.1,
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ATHE M M2M3 =4 FTHANFECERFEWNREE S HEREE 2 N e 258"
LA EH AR AHFEADN T OG0 HIER ML M2 M3 404 81345 T EDMA 4387 .
BEHEA TRABRSL PR TatT. MFL2RERE RETE-BEESHES. T
F_AWB TS -ANE-ANESMHAZAMAEEEZNESER. EETHEWRSE
HAZEZHMEHY . ER XL Frad e, HRA M1 M2 M3 £HF8IERNF L,

X2 EHFAZ082TTHEDEMA R FATEBHEESAHE
The sumber of significant differences in EDMA analyses of M1 M2 M3 separately

Lif-EE nE-SBEE nif-XER Juif- A% EE-A¥ RER_ASE KEE- A%
Ml 14 24 28 47 42 43 45

M2 23 13 33 63 49 51 S0

] 17 0 15 40 33 36 26

TIFHTHLESEMFEEGRTHAEN = HMBHIRAST EDMA X5, E 13
TR s HEETRARERERSN 5 MRESBEEB 9% EKA.

%3 ARERAREFTETIEE =4 MNEHE EDMA 535
AFSRULERNFESAERD w0z UEEMA

The landmark distances with significany differences and their %%
confidence intervals between Yuanmon and Lufeng

BBy TR EH{H EBR ‘ ® ®
med-leer .00} 0.097 0 196 ik > BE
med-cefo ~ (. 190 - 0.092 ~0.002 #gE > L
pr-bmgy -0.113 ~ 0063 -0.016 #+E > Lk
anla-refo -0 158 ~0.095 - 0.039 BE > Ti¥
g -cefo - 0.086 - 0.050 -0.010 #FE > T
g 7 HER | ARSREZAENTRE

MFE3IHARE CEHRESBRENWHETRANZHESSE LFHHELU. EH 13
AFEAERN 78 AES T AA SHEESEREN MM RZARAFEXHENESR. X
HWESRTEFETHRSHEBFESZE., HhBRELR - SMESAERTEATRSE
s, R4 4 HEEEHABERTRE. AE2E 3 RE 4 SHNBETRHTESR RELE
REMN WA THAGNER HRENFEES ZENEN I AR TLUELCELRSR
EHEE THAE 4RI BRI

F4 M TSN RANBFELR FMAAE =SS0 RHIES S 5BEHARMEES ED-
MA G EFREHESHFEHEREN 0% fiFRME. Mk 4+ HERE CENWERESE
BrAE TFTAOHE SHNBRSFTERER LN IESNBENEZANEEZRGFETESR
S ERRSHAREAEERBEZE. MERSEREENERAEZRAAANEE
pESE s, ETEATEENRESEEP. LUEL -ARFERESNEAEN. &
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Three dimensional distributions of cusp landmarks

RSB WEEN

3 mBUS S R Sr
Three dimensional distrbutions of intercusp fissure termini landmarks
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H4 HMA=FEENSHET FER(med) HFEFE)

Three dimensional dismmbutions of eervical landmarks

THEATEBMIFERBERS X - I FI R - IS B G & M SRRy B
EEEGFAEXMERERFEFATEENRERAERTRAFLHN. X—E8REXHASEE
L, TSR TSAENESEK. B EORSBERTMAGAL, S ERL ALK A,
EREGRFHEAREGNEE. A LNBWTERRESRSIISREREALNLL
B RERRTHENNEY, T isERA - SRR ERTESRARES
BTHEAERH—HEEFR. B4 27 BFXHANESE D, cif i RAREDLH T M
iRl EEMBEESER TLEAIREL R MAEMKRENLES.

B FRMEATIR , &30 L RR 2 & E 2 EDMA SAHTRI AL R, /FEHR gl
i B RSN T AR 5.

FSEME—FIFHEBAICENRIFEAGZEMBERESI SHELEH REBER
AKRTEAE 40 EREEHETT EDMA i B AR PTEAL B EHERNBEE. £
W4 BB T TEESGIR L PR B HE RN E 2 (A AT EDMA M T REA R EHE
SRNE EXEESHREAMERFLANEEHERAFRICFEENRR R A, K P
Sy RECFE N FAE A 2 AT EDMA M HATEA B EHEERWEE. 5 TR IGHE
SHMHERN A ERENEEREAEBNEE. WEZWIRARTHERNERITE A
B ) -

MU EBEAFERE RN BB ESHE FAMG ZHANBHFESESAER
mAeE RN BFL TR
(1) JGH - B #T S B L

MUl E EDMA i@ RE. ESME LS FHEHEFAT AESRERFLEHZM
75 F oW =45 450 Syl SRR T H:
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®d EETRUSFERTHAG-SNBHES NS BIEN HEE EDMA
SERARFHELBHESAERH % AEEE
The landmark distances with significant differences and their 90 % confidence
imtervals between Yuanmwu and orangutans and between lLufergpithecus and orangutans

- EE BE-BER
e R FHE - W o TR F H{E gy HE

med-en 0.013 0.046 0078 Tl >RE| medlg 0.007 0.093 0207 ®BE-BE
med-lgy .061 0.088 a.114 hy-anfa 0.013 0 065 0.129
hylid-hdgy 0.p12 0. 045 0. 066 hy-cefn 0.026 0.108 0.182
hyhd-bmgv 0.00% 0.036 0 063 pr-oefo 0 M3 0.089 0.173
hylid-cefo G.018 0.045 0.082 anfo-lgv 0.017 0 032 0.164
hy-dgv 0012 0.050 0.07% anfo-bimgy 0.008 0.057 0. 104
h3lid-hy Q.00% 0.035 0.054 anfo-cedfa 0.017 0.070 0.131
hy-hmgv 0011 0027 0.04%9 bmgy-cefo 0.017 0.088 0163
by-celo 0.070 0.105 0. 135

pr-lgv 0.001 0.039 0.066

anfo-lgy 0.019 0.048 0 07y

dge-bdg 0.008 0.0a0 0072

bdgv-cefn 0.041 0.069 0.093

brigr-vef 3.033 0.u71 0. 097

en-hylid ~0.120 -0.08 -0.050 JLiE<EE | by-beer 0.238 -0.135 -0.015 BRE<ER
en-dgy - 0,092 ~-0.068 -0.04 pr-beer 0.201 - 0,095 -Q0.003
hylid-1gy -0.106 -0.06% -40.031 lgv-dgv D.124 -0 073 -0 020
hylid-Icer -0.004 -0.05¢ 0,006 lgv-leer 0 227 -0.152 -0.070
hy-heer -0.080 - 0.042 -0.003 bmgv.beer 0.1 -0.137 -0.022
pr-bmgy - 0,045 -0.006 - 0.008 cefo-leer 0.211 -0.128 - 0.041
pi-beer -0,yd -0.067 -0.029

anfo-cefo -0.052 -0.025 -0.001

ando- beer -0.095 ~0.d6  -0.005

Jgv-dgv -0.118 ~0.091 -0 058

Lgv-cedo -0.085 -0.056 -0.028

Tgv-leer 0.0l -0 07 -0.043

dgv-loer -0.113 —-0.089 - 0.062

bdgv-beer -0.087 -0047 -0.(n3

bmgw-beer - 0,108 -0.068 -0 037

cefo-lcer -0.103 -0.070 -0.031

£S5 TREMSENLASTZE EDMA SSHEOSR
The Summary of EDMA results

|

i | w¥ | ®@ [ mam ] xmm | A=
‘ l

|

®BE l 5 ‘ ‘

EE 30 11/14 = TB. 6% 18/32 = 56. 2% 21442 = 50,09 54457 = 94. 7%
BEH ) 32 12/15 = 80.0% 19/32 = 59, 45 14/31 = 45, 2% 50/5b = 89.3%
KiBE 37 19/25 = 76.0% 29/42 =5 69 1% 22431 =71.0% 49/55 =89.1%

A | 66 [ 44746 = 95. 7% 54/37 =94, 7% ’ 50456 = B9.3% 49/55=89.1% |
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L SRESHEREMAE  TRSBREZTAANEEHEREBRE L. WHFR. &
H I3 ZENBREERBEN 78 AEEF RE S B ST SR EZRENLESE
HHER., MUTESER BRE XEERARZNFEESEHESEHE S9N 30,
32.37.66. HFESXLEITLERZEAZER DTN 14.15.25 F1 46,

2D)MNESHLUEL . cEMBESHSH -3, 2RFESX—FEZANZE
RE SUETESA-FAZHNER. MEZRMHEMDLFIEELE 76.0%—95.7% .

NDAERSFAEAMLEL . S=MRARXREML .  CESENREEHZMYERE
BESF-BAZREMNHEHEAN—BE. MFESIHSER BRERCBEZEE
W, 5o S Ea A X B a8 Z B L @ 5 Bl 78.6% .80.0% T 76.0% . (HEEH
. SARER,. TR TiFATFE. ARENE XEE HEMHEHHEMU LMo B2
F. RTX -RAEETHITNSE.

4) SEAERBE LR IEME  TEGTBEMRE SR T AL RN EE R,
(DA RAFRENRETHORBESREHEM . M5 A REFIBA

ARG AEEBAEXBRETHEGHE TIEHBRAMRELI RS SAEXZEHERNLIE
FEENER W SRBEME NER., M 78 A ESAEEP . TEMFESAE
ZEHFHEMNEELHEZRERTBN o6 M 46, MTiESEE REERXEREZZTHRA
AEBEENERESIN 30327, RESRELREZRITATNEEHZRE S
Yl 1415 F25. WA 1T AERE, t#IRES A EZEANEZRSER EERERKRE
EMAEZENEZSBIEEHEL. 2 -ARKEXRSARZANFEANEEEZSHE 5
K 57.56 TS5, HSAKFRESABZIAMNEREEET. ARFHR . BEE BEERK
BREAS I KZAMERT.H 89.1%—95.7% WEFES GRS ARZEMER
—HH, F2—E4 EMMBTR T ARSHA BB A TG 4 ENEEEZRET
ERTETRABENREREEZRMWER LTI SREVHEHEME. AX=RETLE
W ARERBETHEBE ZEFTE LN EZTEERE: (DE/ARTHERRE NGRS, IX
REE . HAOMRIGR ARKDIREFRIWEELERE, HAERRERE B
BRE. ARB)EX—FINERIAFAE . XEAMEK RN EEAN. REHERTE LN
RFER(E D, (DERIMNEN 6 T IBIRESA D, M EXBEEBITE (anfo) PR M
{celo) REMIM (lgv) MFEEREHEU. HHESFETHRAN=Z MRS, AR THOEER
—EMERN MNP RMOEERTHR 4 MEEAFAREEEE LT —EWNE
B BRI AR E T A M. FMMAE TR TR RMAG M. SR8 3 MR
FEAEMLE 3). (DIB™IEFH S SMBEETR LNERARSNT AB(REERD) . X
B KA R TAREH I ERIE(E 4). AX 3 KBETU AR TENEMEE R
THEO&GAX 3 SARSREMNER PHSREHL, MESARERR L, TLEREH,
S NHEE, TEHENMREYRSRE CRKAEELN AR EZREARA BRATIEY
BN FHIRSIAE KRB IERME —LLFR 0 T BRI,
(DT HE FH AN = SRS S =M E B E H XK ESRIAHELD

Ayt T IR R AR 8 = AR SR S TS = R AR A SR 25 (R 28 %0R B | T B
TR HEETHEE SNBSS S =% CRE S A2 E A 5 2RI A
. AESTUEH TEARSER . EERRACREAT B N =48 B ARt AT
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RENSFEERESTIN 3032 M 37, BB EERE, HP . mil AR SEEZAHA
FHRENEREEBR G BraRE IR RESHT LFHER. AX-HAE B EN
ERWHFEHREST.F I WESETESEI=TAERBEZEIERNER. UELEH8
REREESERR KRRUE(EAEATEEESHPEG MR EXRBZRAEEELE
MERANIER. BEATREXI =ML NERL CERBEURIER. REARSER.
EEERKNEBEZAZTHEH -SMBHEFN L EMAFTFNEEELEREE ST NN 14,
15 25 A=FHERBERZRMOAERER. ENFHZHBE R 550 32.42 #1
NI EEFESTIESMERBERZMANERBHUREEFEIL, X% hEERBTHENG
BESMERBEREFEFIE LAUMMNAEST LK.

(MS5HEHRERHLE . BREAVRTHANSHERRERAEZANERRER L

AXBHESHER P - EHEBFENHLE, TS EMRFENRTHON =S ME
HIEGHS=MRERBEERARSUHEHL RFENRIXEFEZ KRR EHEE
MESFEBPELTFLHFENESRA—HFZENERT., IRERS. CEABES5EE. B
$RE BB E AR ZHNERBESHN 30.32.37.66. MIRF TREHAZ MAZERE
¥ 14.15.25 46. FHEAN . BMEXIFHNEFHFEREZ P RITRERI-ARNOE
E .

MES BRHOTRABESUSETHBEFRZANBEAESERMA(Z) XE . TIELE
H@REHBEZMEE 2 H0.104) B, LI SEEZEE 2 H(0.105) S EiE. KK a5
hHEERE KEBEMAY. A -FREARBErARIEARSRESRANBEEBEXERATY.W
SANEEINBK.

e REHBRSEMILRFEZEN ZE
Z values between Yuanmou hominoids and other samples in EDMA analyses
wE BE R0 FER A

ik Q104 0.105 0.142 0.219 0.364

4 & it

FER EN LB RO BASHLREEE S HARER LIFAMITR T EEHNBE
MNP HEHEBELASTH —SNER. HREHKWS, HETEF MK 2K+
HHEH R A RREAES K 1500 FAENEFEEEMO T BEFARE XK HNER,
B iff , Stewart # Disotell #RIBMGINBETH -4 FEYE AOREYHBEZRNEFT TR
HLEE R AR R RN A 2000 FAEUMBFEMPMECEY B, MBAERBEERA
2 g £ R 1 e M 7L 25 B9 1000 J5 48 L vg MABKE IR I EHH" . 4R, B H ATk R F W
REHERNER S RARREGELLEATTEREE. 2 RAARFAROCEHT
THFEANFREFE MG EY T B, o s, kg mBEyfatT
Hith B

T R BRI A LS SR T A R AT R I S R AL T AR AR
FTARESEENER MAHR KR hta mEHEX" . nuEh KR
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FHRALAMEFEEMERE., 5B O IRIE, SRS . S R Eapm e, 8
LIRS REERAR BT RFRESBEVEBEHFE - WMERKAING, BAEES KA. T
BEZETRENRRE., BURBECELZHNOYRAEGARERELEE RO — .,
AXWGETETUAHS ZAMNERFIENT 4R G RE TRAS S4BT LS
BESRBONEL MATEERNGESHE WEHEEE LEFRAE MERETREZ A FE
FAEFR. HEZT U RETHAAE ZHMRIFIE L SE RFELRREALHEY
WMERES L., HIZAIA I &R T 88 F 545 i & 0 U] 1 FF1E 6 EDMA 4y #7 t R %
BB XERTRETIGES EIR ST e 0" o 5 B0 T 50 st A48 1l ik 8 18 5
LR A RAEEAL LB ARERE. TiFARARELRITEME XN TESw
MEE—EBEMER . BE % I & RS T3 6 W 7% 8o TC I i IR s 4 #E A e
REFMELFERESHER RERTHRESHHL" . URETESENMEELE
ZH P REFEAKR AT E SR UER.

FXAREHBETHE G 4R EBRIRS S =R IE RREL AN BEHRIEER W
SWMEBETTIELABRETHAG - RESWERIE LS ARIERERFRZAT 5REZN
MER., MES AR EFRCHMEH 8 ARELEETH o6 HEHETENRAMAR
THHEEREEMZR, MTEARS=FBGE REEZREHZHNR A 3037, £S5 A
EFEHHERFRERFTE. CEHNREERBESAERE - AL HENOREBIE,
MEfT&EE S AL AAE LML EEZRSE. XA FEFEHFBETHEAE Z4EMBH
WHTHREXFTIBESE S TIESEHUNER. WENEREAH =S8LmorHE L
HAILNEL TERFEEIRSKRXEAEHLIEESEE HEFEIFHSRAERELXNE
o, XM RFHTERRABPELRALSERE - SRAFERHEE.

F#FH EDMA FEMBETR—#HHNTEYE BEAREAK A LESRT SH
o o5 7 i b TR A R TT MO T AR R 4 AT S5 R B R JCiE R AR W AR T R R iR A 1 TR
ERFMErSERESHEM™ . MATHiE R HOTIERRS L KREHEZ AL TH
A= TERMEEMER T L E FUERMELFOELIESRERK E£ M —F
REEHBUXRANIER. EEIARSBRA 2D M 3D FEEW R —MHERFHET HHTE
HARATEN B S=MEEAREEREEFTERRRNHER SXFERG &S B st
M EFEESHRAKEE., FEd T -f Lo 5k F el 47 & AL Bl a1l
FIENMGIEERMWERE R, . h FREAFFORE A =40 E RIER T
RS ES, XUETEEMEREHN=ENRER. 2D AFRERETHE
R HHFERIEES, XEFERTELEETHRBT tEhRARELRSREE
ZAHBERDE. WAL ID FHHINEFESYIBRIGES - R THEAEGEERS @E,
BA R EETHTSWRENE S EFEEES . XENRIRSSATRILEESmIEMT
TEREAH SRS E TR ER . XS EENSERBT TS RMTFRELTRAET @
G F SEEMN ST, BEMNRMEEFAZEDEEZSH ZHWILERE . ES
MELSHOEREED  TELASBRENANEERRKEVELE KKSHNHBEE. X
BEMAL, X -85 MERELEYWE. HA . TEAESEEZAMGEANE
EpEEWBOOSTENNSBEEEANEBEZAMNERTO2BNMLEL. L,
WX PEX LR, EAXHARSEREEE - EBE LXHF 2D rFERHNCELTEMR
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FHRSEBERZAFEEDNXRANTRBESIES.

A RIKF 2D M 3D R TR —#HHEHN TSR BEA R A ECRERA
ETHEEHTHIREGRE.2D FEU TR ID TREBERHEZNE-HENRER
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THREE-DIMENSIONAL MORPHOMETRIC ANALYSES OF HOMINOID
LOWER MOLARS FROM YUANMOU OF YUNNAN PROVINCE . CHINA

LIU Wu' . ZHENG Liang® . Alan Walker’

(1. Insntute of Vertebrate Paleontology and Palroarthropology . dcedemia Sinica . Beijing 100044 ;
1. Provincial Institute of Archeeology , Aunmmng 650118, China ;
3. The Pennsviparua Stare Universtty . Unnersuy Park PALGBO2. US4)

Abstract :

1 Introduction

Among the lbur Miocene hominoid sites of Kaivuan., Lufeng. Yuanmou and Baoshan in Yunnan
Province of China, Lufeng and Yuanmou are the richest [ossil sites. Yuanmou hominoid was found in
{986. The exvacation and collection in the past years have accumulated a big fossil collection including
cranium, maxilla, mandibles and mure lthan 1000 isolated teeth. In the past decade, some colleagues
deseribed the morpholugy of bone and teeth of Yuanmou hominoid. However, till mow, Lhe studies of
Yuanmuu hominoid fossils are not encugh in both depth and breadth. The research methods are also
limited. Many key problems coucerning with fossil trails, varialiona, the relaticnship with other Mio-
vene hominoids, phylogenetic status in evolution and the possible role tn early hominid erigins are not
clear. Although the studirs of geological dating and palepenvironment for Yuanmou site are still in
progress, it is usually thought that the living period for Yuanmou hominoid are closer to that of Lufeng-
pithecus. indicating that in both geographical distribution and living time. Yuanmou hominoid and
Lufengpithecus are very similar. The studies of [ossil specimens also reveal that the morphological pat-
terns uf Yuanmou and Lufeng are very close. From this point, the lurther studies of Yvanmou hominoid
fossils will be important in the relationship of fossil morphology and evolution, and for the study of the
role uf Asian Mivcernre hominoids in hominowd evolution. In recent vears, EDMA{ Euclidean Distance
Matrix Analysis) has been gradually used to Lhe fossil studies, especially the 2D and 3D studies of
demtal traits. The present authors also used this method doing 2D morphometric study of Yuanmou low-
er molars. In present study, 3D morphometric measurements and EDMA statistical analyses will be

used o the lower molars of Yuanmou hominoid. Lufengpithecus. extant great ape and humans,

2 Material and methods

72 Yuanmou hominoid leeth with nu wear were chosen in present study fur landmark 1neasure-
ments. Lufengpithecus specimens include 10 lower malars. 6 of them dre kept in the Provincial Tnste-
tute of Archaevlogy. and 4 of them are costs housed in the Peabody Museum of Harward University.
Other comparative specimens are the lower molars of chimpanzee, gorilla. orangutan and humans

housed in Natural Histury Museum of Smithsonian Institution, Cleveland Museum of Natural History,
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and Filed Museum of Natural History respectively. Table 1 lists the information of the specimens .
In present study, I3 landmarks were used for 3D measurements. Among them, 11 are located on
the occlusal surface which are 5 cusp tips and 6 intercusp fissure termini lasdmarks used by Ungar

(1994} on hominoid lower first molar found in Lukeino of Kenya. The authors designed two cervical

landmarks .
meatconid{ med ) distal groove{ dgrv)
entoconid(en ) bucecal distal groove( hdgry)
hypoconulid{ hylid } buccal mesial groove{ bmgrv)
hypocomd{ hy) central fovea(cefo)
procomd({ pr) lingual cerval(leer)
anterior fovea! anfo ) bucral cerval( heer)

lingual groove(lgy)

Metconid, entoconid and protuconis were el as feasuring plane({ X, ¥, Z)., and metaconid as
origin point. MicroScribe-3D system developed by Immersion Human Interface Gorporation was used to
measure the 13 landmarks for each tooth, 3 measurements were laken for each landmark and averaged.
The dala were analyzed with EDVMA programme( version 1.0) coded by Tim Cole. The significant [evel
is0. 1.

3 Results and discussion

The 3D morphometric comparisons of Yuanmou hominoid with Lufengpithecus, extant great ape
and humans can provide the fullowing information
(1) The similaritiies of lower molars between Yuanmou hominoid and Lufengpithecus

Among the samples studied here, the 3D morphometric traits of Yuanmou and Lufeng resemble
mostly each other. Among the 78 distances composed by 13 landmarks, only 5 distances have signifi-
cant differences hetween Yuanmou and Lufeng. These differences are mainly located in cusp and fis-
sure landmarks. Among the five significant differences. except metc-Icer distance which is Yuanmon is
bigger than Lufeng, all other distances are bigger in Lufeng than Yuanmou. Compared with orangutan
and other extant great apes, lhe lower molars of Yuanmou homincid and Lufengpithecus have lower
Lrowns,
{2) The lower molar morphologies of both Yuamou and Lufeng are more similar to thuse of apes than

humans

Compared with the lower molars of human and exiant greal apes, both Yuanmou hominoid and
Lufergpithecus show very significant differences with humans and closer 1o apes. Among the 78 land-
mark distances compared, significant differences between both Yuanmou and Lufeng, . and humans are
66 and 46 respectively . while the number of significant differences between Yuanmou and orangulan.,
chimpanzee and gorillas are 30, 32 and 37 respectively. And the same number of differences for
Lufeng are 14, 15 and 25 respectively. Viewing from another point, the differences of both Yuanmou
and Lufeng with humans are very similar to those between great apes and humans. The number of land-
mark distances with significant differences between the three great ape and humans are 57, 56 and 355,
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which are quite closer to those number between both Yuanmou and Lufeng, and humans. Among the
differences ecach of Lufeng. orangutan. chimpanzee and gorillas with humans, 89.1 9 -93.7% of them
are identical with those between Yuanmou and humans. Figures 2-figures 4 show that among the five
lower molar cusps in human, hypoconid is the highest and the heights of meatconid, entoconid. hypo-
conulid and proconid are similar. In great apes, hypoconid and hypoconulid are much higher than other
cusps. For the 6 intercusp fissure termini landmarks. the depths of anterior fovea, central fovea and
lingual groove are similar in great apes, and all of them are significantly deeper than other three land-
marks. In human, only anterior fovea and central fovea are deeper than other intercusp fissure termini
landmarks with central fovea deeper than anterior fovea. The distances between two cervical landmarks
and metaconid is smaller in apes than human indicaling the lower crown. The patterm expressions for
these traits in Yuanmou and Lufeng lower molars are the same as apes and differ from humans. These
results indicate that compared with humans, both Yvanmou hominoid and Lufengpithecus share more
dental patterns with extant apes, indicating Yuanmou hominoid , Lufengpithecus and extant great apes
keep some primitive features.
{3 )The differences berween Yuanmou and each of the three great apes are similar

In present study. the analyses of 31 metric data of Yuanmou lower molars and those of the three
great apes show that the differences between Yuanmou and each of the three great apes in 3D metric
patterns of lower molars are very similar. The number of landmark distances with significant differences
between Yuanmou and orangutan, chimpanzee and gorillas are 30, 32 and 37 respectively, which are
quite closer. Among them, the fewest significant differences were found between Yuanmeou and orangu-
tans indicating there seems be further closer relationship between Yuanmou and orangutans. Among the
landmark distances with significant differences between Yuanmou and each of the great apes, 11 dis-
tances are common shared. For the remained distances, no one can be served as the evidence to sup-
port further closer relationship between Yuanmou and any of the great apes. The similar results were al-
so obtained from the comparisons hetween Lifengpithecus and the three great apes. The comparisons of
each of the three great apes show that the number of landmark distances with significant differences are
32, 42 and 31 respectively, which are closer tu those between Yuanmou and the three great apes. All
these comparisons offer further support for the opinion of closeness between Yuanmou hominoid and
great apes in dental traits -
(4 )Compared with Yuanmou, fewer differences found between Lufengpithecus and other samples

We found one interesting phenomenon that is: when comparisons were made between both Yuan-
mou and Lufeng, and others, the number of landmark distances with significant differences between
Lufeng and these samples are fewer than those hetween Yuanmou and the same samples. According (o
table 5. the landmark distance number between Yuanmou and orangufan, chimpanzee, gorille and hu-
mans are 30, 32. 37 and 66. while the number for Luleng with the same comparative samples are 14,
15, 25 and 46 respectively. The specimens of Lufengpithecus used in present study are only 10 may be
the main reason for the phenomenon.

The Z values for the EDMA analyses between Yuanmou and all other samples in table 6 show that
7 value between Yuanmou and Lufeng is the smallest (0.104 ), the following is that between Yuanmou
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and orangutans{ 0, 105) . The Z values between Yuanmou and other samples are much bigger than these
two which further indicate Yoanmou and Lufeng have closer affinity and both of them have closer rela-
tionship with orangutans. and are far different form humans.

In the past years, some description and companisons of Yuanmou hemineid fossils indicate that the
cranial and dental morphologies of Yuanmou fossils resemble those of Lufeng very much, and have oh-
vigus differences with the hominoid fossils found in some other parts of the world. Both Yuanmou and
Lufeng crania have hroad interorbital distance and broad face . But Yuanmou hominoids also show some
different morphological features from Liwfengpithecrus . These feature include: the area between orbits
does not depress. The lower third premolar({ P3) only has one ecwsp. Acconding to these findings,
Zheng and Zhang proposed the hominoid fossils found m Yuanmou represent a new species within the
genus Lufengpithecus . In present study, the comparisons of 3D morphometric pautemns of Yuanmon
homincid lower molars with Lufengpithecus and other samples also indicate that Yuanmou hominoids are
mast close to Lufengpithecus . Contrary to this, the differences between Yuanmeun hominoids and extant
great apes and humans are much chvious, Compared with extant ape and humans, both Yuanmou hom-
inoid and Lufengpithecus show very ohvious differences from humans while similar to apes. The two
kinds of hominoids found in China and extant apes share many morphometric differences with humans .
In romparisons with chimpanzee . gorilla and crangutans respectively, the diflerences between Yuanmou
hominoid and the three greal apes are basically similar with more resemblance to crangutans. In previ-
ous studies of statistical analysis of metric data of Yuanmou hominoid teeth, and 2D EDMA study of the
same Yuanmou sample as the present study also revealed the similar results. These findings indicate
thal the dental morphologies of Yuanmou hominord and Lufengpithecus are very similar. At present, we
are not quite clear the mechanism and evolution significance for these dental similarities. The authors
propose that even though the lower molar crown morphometric traits are very similar between Yuanmoun
hominoid and Lujengpithecus from both 2D and 3D analyses. the exact significance of the similarities
are still unclear. Also, there are still some differences in both cranial and dental Iraits between Yuan-
mou and Lufeng lossils. S0, some more evidences are needed for us to reliably set the phylogenetic re-

lationship between Yuanmouw hominoid and Lufengpithecus .
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