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Abstract: Thousands of fossil teeth of Pleistocene orangutan were found in South China. In this
study, we analyzed enamel thickness of 23 fossil teeth of Pleistocene orangutan from Guangxi
by micro-CT scanning and three-dimensional reconstruction, and made some comparisons with
other extant primates and modern humans, fossil apes and hominins, and discussed the issues of

functional adaptability and taxonomy of enamel thickness of Guangxi fossil orangutan.
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The results are as followings. Enamel thickness of Guangxi fossil orangutan is not significantly
related to the tooth size within the same tooth type, and there is no significant difference
between maxillary and mandibular cheek teeth, and there is no significant difference with other
fossil orangutans from different sites of Guangxi. Compared with other fossil apes, enamel
thickness of Guangxi fossil orangutan is intermediate/thick. Both average enamel thickness
(AET) and relative enamel thickness (RET) of Guangxi fossil orangutan are smaller than ones of
Australopithecus and Paranthropus, and also smaller than Homo erectus, Neanderthal and early
fossil Homo found in Africa and Europe. Compared with extant primates, enamel thickness of
Guangxi fossil orangutan is thicker than most of monkeys and African apes obviously. Average
enamel thickness of Guangxi fossil orangutan is a little thicker than extant orangutan but closer
to modern human. Relative enamel thickness of Guangxi fossil orangutan is thinner than modern

humans, and little difference with extant orangutan and both belong to intermediate/thick enamel.

Concerning the taxonomy and phylogeny and diet adaptation of enamel thickness, we suggest
that enamel thickness might be an intrinsic property that had evolved independently, and have
a relationship with dental function. The intermediate/thick enamel thickness of Guangxi fossil

orangutan maybe show that they had a relatively hard food adaptation.

Key words: Guangxi; Fossil orangutan; Enamel thickness; CT; Diet
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1.2 MR

PRATHUE T A, TN 225kv ICT( H EREE Be i e BT ST A, b R 2 gty
BHESND) 5 M ANRWEFUITIZAT ) thdIdi, FIRGREAE 25-50 pm 2 7). Mimics14.1 ot 5
R =AU R L D, 6 ARSI E R Mimics14.1 BRI 2 4,
PR 2L 50N e 38 1) = 4 15 . 3-Matic FRAF D157 4 R0 = 4E Rl R .
1.2.1 2D MR ERNE

He3: Olejniczak '™ 7 Martin™ JEfih b (103 573, H6 28030 A 20 (U 72
WO BARPER: B IR R m i) = (FE_EFTA AR TR AT R S Ja O A
JBUASs RN A GRS R R B FIRRATE AR MiE AV ifl a. AR5 il
WP AR IR E TP a e 5 — AN b, BN BT EAIYIm . LAY 4 b 4 i
PHFR S o o, T IRl S A AT S I s AU e T LT b B e, RASPIET ¢ DI
ZRINATG PG RAD T OLE2) o WRAAYIY B =40 RBmAR oo Rl
WRAZ S (Enamel-dentine junction, EDJ) K& e 7l FH b.

&1 TEEAEE CT REER

Tab.1 CT scanning samples of fossil orangutan from Guangxi

%5 Pl Hb gt ETRE Pl Hb g5

5657-21(2) Ak KT I 5657-302 fi M2 PN R
5657-175 4i P3 Ko B 5657-264 i FM2 Ko FR
5657-172 4 1-P3 Ko A 5657-345 A FM2 KB R
5657-168 #i FP3 K 5601-120 i FM2 TR AR
5657-196 /i FP3 KT AR 5657-396 A M3 KT AR
5657-2 4 FP3 KB A 5657-158 A7 M3 KM
5657-322 A7 P4 Ko 5657-411 Ai M3 Ko
5657-252 41 NP4 Ko 5711-60 /& EM3 T T 24544 24 W)
5638-345 4 kM1 UANEEZE 5701-48 J M3 M SR
5657-393 /i EM1 PN e 5601-87 /e FM3 TSR
5643-310 A FMI ST 57101-261 A FM3 MM LA 1L
5657-387 A7 M2 R B
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1 Mimics Z# 8 BRI F R E (KRB RAHR)

Fig.1 Tooth Interface of Three-dimensional reconstruction in Mimics (Enamel marked by blue)

2 R RIBEREDII A

Fig.2 Buccolingual virtual slice through the two mesial cusps
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T YIRS (Average enamel thickness, AET) 2DAET = €
e

T YEFAN RIS E (Relative enamel thickness, RET) 2DRET = 2D\1/%ET x100

1.2.2 3D MREENE
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A RPAT U E o — 1 2, IX AT 1] g v el 3 R BT 75 2 1)
17, PASEPmIEA 4, 152005 3D RlUSUR I P h d ey (LI 4) o AR FI T
PEAE SR A (1 Al e = AME: ORBUARR C, RilUSTA RS S il (EDDD R iR E,
WRAR B CRUSTFE A A (12 BB I ) o

2DAET
R 3DAET:%, UL 3DRET =100,

B 3 M =4 R&

Fig.3 Three-dimensional images of enamel and dentine

43D thE 18z
Fig.4 Model of Three-dimensional dental crown
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2 4 R

IR T 23 WU PR A AR (R PR RO LR 2. ) A AR AR A
2D V4R 2 1.22mm(0.80-1.61mm), 2D A RS Ky 15.14(11.29-19.55); 3D
RN FEE K 1.22mm(0.80-1.48mm), 3D Fll FAH % S Ky 14.61(10.06-18.27). i 1A 2D
SRS E S 1.33mm(1.11-1.68mm), 2D A% Fl i J5 5 4 16.44(13.27-19.51); 3D i
Pl B 2 1.26mm(1.00-1.56mm), 3D AHXS RIS A 16.60(13.73-19.55) (£ 3) o [k
Rl SUS E RN T AT AT A o B F PRI SUS BERS R T FI A, HDR 225 e geih 4 3
H B R A . bR AT RTUR B 2 S R

AFECXS T A%, UL 2D P00 55 5 3D P By 5 55 2D MRl iR 1 5
3D AR L 2 ) (1 22 5 o S v 2 0 S (P B 0 0.214 F110.685)0 R I =4 )5 T
SRR RS YAV SRR L, AR —BOFEH B2 K28 A R R (R XC58)
R )F BEAAN G 208 BB K/ NS RS B e (R 4) .

R 2 TACAEERNREM T ERMREE

Tab.2 Enamel thickness of fossil orangutan in Guangxi

N 2DV Al DA AR 3D P A DA B
i 2DAET(mm) 2DRET 3DAET(mm) 3DRET
I 1 0.68 8.58 0.76 11.50
P’ 3 1.41 17.90 1.32 18.03
p* 1 1.37 14.51 1.5 16.47
M' 2 1.35 15.04 1.30 15.81
M’ 2 118 14.26 1.20 13.85
M’ 4 1.22 16.29 1.21 16.10
P, 2 1.30 16.39 1.17 15.96
P, 1 1.11 14.08 1.00 13.73
M, 1 1.10 11.29 1.11 11.24
M, 3 1.31 16.07 1.27 15.28
M, 3 1.12 14.61 1.16 12.80
3T EMAERERE. AIEEHMREE ®AMBREESFERSK/NMEX ST
Tab.3 Enamel thickness of molars and premolars of Tab.4 Correlated analysis between enamel
fossil orangutan in Guangxi thickness and dental size
2DAET 2DRET 3DAET 3DRET
Al N (mm) (mm) R RHR P
fe 15 120 1514 122 14.61 2DAETHF KA 0.082 0.710
e 7 1.33 16.44 1.26 16.60 2DRETY F ik K/ 0.119 0.620
WY 22 1.26 15.55 1.23 15.25 IDAETH 4 1 o/ 0.145 0.510

2DAET: 2D F # # J& B ; 2DRET: 2D Xk 2 ;

\ \ 3DRET 5 %t A/ 0.299 0.166
3DAET: 3D P4 # /%5 ; 3DRET: 3D %t 8% 2 SFER
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A AT VI AT IR T O 5 ROR 5, AN T S8Rl 5 5 P 3 S AT ol i J5 5 4 2
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PEIBA BRGS0 R B AP RRUUR A MT K, A L M2 5
K HDORIBUEE EEWELM3 550k, FEW M2 5K ARFFEREA R BN, HE
N HRUF i ARESE R L 81, ATRE S UM I M1 2 M3 AR R3[4 GUA o
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Tab.5 Comparison of Guangxi fossil orangutan and extant orangutan in 2D average enamel thickness of
molars and premolars

% Ull UP3 UP4 LP3 LP4
IV R 0.68 1.14 1.37 1.3 1.11
IAERERE 0.73 0.91 1 0.8 0.94

(X He %t 3 B 2% SCilk 20)

® 6 AKAEESIKARIREXRRAL 2D MEAEEMLEE

Tab.6 Comparison of Guangxi fossil orangutan and modern human and extant apes in molar 2D enamel

thickness

N IV A AR Homo sapiens Pan troglodytes Pongo pygmeaus Gorilla gorilla
iF AET RET AET RET AET RET AET RET RET

M' 1.35 15.04 1.22 18.75 0.66 10.33 0.90 13.51 9.80

M’ 1.18 14.26 1.40 21.59 0.73 11.37 1.10 16.18 12.30

M’ 1.22 16.29 1.38 21.80 0.77 12.82 1.11 18.15 10.80

M, 1.1 11.29 1.07 16.99 0.71 12.64 0.87 12.85 10.80

M, 1.31 16.07 1.19 20.51 0.76 12.91 1.05 15.44 12.40

M, 1.12 14.61 1.24 21.63 0.89 15.00 1.05 17.62 13.90
P 1.22 15.14 1.22 20.06 0.75 13.23 1.01 15.49 11.68

(L3048 51 B 54 Sk 8,20,21,22)

322 5HEMEHEAEMREEMELER

IV A BT A b S KT AR RN Anoiapithecus brevirostris, Pierolapithecus
catalaunicus, /N T B2 d . B IREIR. B, (WK 8) 5 AHX I 2 B K T
RS IR BRI A . AR g, DT/ NIt RN KRB
B2 9 W B8 Anoiapithecus brevirostris Kl Pierolapithecus catalaunicus, Prconsul heseloni,
Proconsul nyanzae FAEN H % o

I A A RS B Rl TR A K T JE e AR AR 2RI S, S EA AR
Feir, RN TR AR AR N s AR SR E R N TR O R AL LA
LR e el N (R 9 o Hrp, HJEAN. B ANBA#EHL.

ity BB g IR ILEL, Pttt - BBt - SR AR R A L, TP R I 2
RITORDN B, HO2 TR I B RS /R AR A . AR, BRI L AR AR g, /)
THARF R, CHRERME R AR E KPP RERRME =008 M. 5%
A BN JE LA R BT RS . ) VA A AR - 1) 55 A R T 5 S 38 I A /N T e T
il BN WA THEIRIRGH SN B AN, 5le N, B AZERR D 5IAR
NHFIAE RACEAHEE, PR BTSN IR, KT R S AR R
BRI ZERAKR, #IE T In)Z AR
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Tab.7 Comparison among Guangxi fossil orangutan, modern human and extant orangutan in enamel

thickness
TiES 2DAET 2DRET 3DAET 3DRET
I YA AR Fossil Pongo 1.26(0.80-1.68) 15.55(10.88-19.55) 1.23(0.84-1.56) 15.25(10.06-19.55)
Homo sapiens™*! 1.22(0.80-1.95) 20.06(11.76-31.84) 1.43(0.67-2.30) 23.97(12.56-40.71)
Homo sapiens"” — 22.35(13.76-32.26)
Homo sapiens™ 1.2 — 1.33 —
Pan troglodytes™ *" 0.75(0.61-0.95) 13.23(8.50-16.60) 0.75(0.56-0.92) 11.80(9.03-14.72)
Pan troglodytes" — 10.10(7.02-13.31)
Pan troglodytes™ 0.72 —_— 0.81 —_—
Pan paniscus" e 13.6
Gorilla gorilla™ ™! 1.04(0.83-1.38) 11.68(9.02-15.22) 0.98(0.94-1.25) 9.77(7.12-12.70)
Gorilla gorilla"® — 10.04(7.02-13.31)
Gorilla gorilla™' 0.94 — 0.98 —
Pongo pygmaeus™*" 1.10(0.72-1.38) 15.49(8.60-22.50) 1.01(0.81-1.42) 14.49(11.22-19.03)
Pongo pygmaeus"® e 15.93(11.32-20.45)
Pongo pygmaeus™ 1.01 — 1.01 —
Hylobates muelleri"®*" 0.44(0.34-0.53) 15.27(10.37-21.83) 0.49(0.36-0.60) 14.72(11.29-18.68)
Symphalangus syndactylus">"  0.54(0.39-0.67) 12.58(9.02-15.59) 0.55(0.35-0.72) 11.15(7.44-14.11)
Hylobates lar™ — 11.02
Aotus trivergatus™ 0.21(0.19-0.22) 11.73(10.19-12.94)
Ateles paniscus™ 0.24(0.20-0.27) 8.89(6.87-10.58)
Ateles™ 0.39(0.26-0.53) 12.27(7.45-16.94)
Cacajao calvus™ 0.31(0.28-0.35) 11.54(9.84-12.83)
Cebus paella® 0.50(0.50-0.50) 18.84(18.37-19.32)
Chiropotes satanas® 0.23(0.22-0.23) 9.54(7.92-10.91)
Callicebus moloch™ 0.26 12.32
Pithecia™ 0.28(0.28-0.28) 11.61(11.41-11.81)
Macaca™ 0.73 13.69
Papio™” 0.85(0.55-1.2) 14.84(13.08-16.7)
Cercocebus™ 0.75(0.64-0.91) 17.55(15.44-18.53)
Cebus™ 0.65 23.6
Saimiri® 0.16(0.12-0.21) 8.19(7.69-8.77)
Eulemur™ 0.23(0.18-0.29) 8.68(6.97-11.5)
Galago™ 0.12 6.33
Loris™ 0.10(0.09-0.1) 5.77(4.85-6.33)

33 MREENRMEN S RADFRUENX

il o5 5 MRS AT S VIR AR, BT R TR R R A I B IE N . &
PR ey AT TR 2, TR Rl R A S I S IS T EL AT B 1) SR LU AR,
110 FLAE DA 00 2 e HH R, 58 (R RI 5 R DA oA i R s — A LU B R R i 2%,
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Tab.8 Comparison of Guangxi fossil orangutan and Miocene - Pliocene - Pleistocene fossil apes in enamel

thickness
iEA 2DAET 2DRET 3DAET 3DRET
JUH AR Fossil Pongo 1.26(0.80-1.68) 15.55(11.29-19.55) 1.23(0.84-1.56) 15.25 (10.06-19.55)
Proconsul africanus™ E— 8.54
Proconsul major”” — 13.7
Preonsul heseloni™ — 17
Proconsul nyanzae™ — 22.4
Afropithecus turkanensis'™ —_— 21.4
Oreopithecus bambolii™ —_— 13
Dryopithecus fontani™ 0.57(0.47-0.66) 10.6(9.6-11.6)
Dryopithecus fontani™® —_— 12.74
Anoiapithecus brevirostris™ 0.75(0.67-0.86) 18.75(16.70-20.60)
Pierolapithecus catalaunicus®™ 0.74(0.61-0.86) 19.50(17.30-21.80)
Ouranopithecus macedoniensis”"™ 1.88 25.5 2.15 28.49
Ouranopithecus macedoniensis'™ R — 28.34
Sivapithecus sivalensis™ E— 19.2
Sivapithecus "* — 19.73 (16.07-22.68)
Lufengpithecus lufengensis™ 1.13 17.39 1.17 14.57
Lufengpithecus hudienensis™ e 14.1
Gigantopithecus blacki™ 2.41(1.68-3.17)  21.31(14.20-31.02) 2.45(1.79-2.99) 20.41(14.72-26.48)

NELE PR A — AN BT DI M. A SRR R KT R, ATRESE N T A S A s i I
SR W R LA O, OB SO A . b Ah Smith BRI, SR
HT I S M2 (Pongo pygmeaus pygmeaus) FIK H T I 1 &M% (Pongo
pygmeaus abelii) Tl JE L2 e A G AR, RAAEMER 2 5. IR 2 PRI 78T 1%
SRR TRy AR, A 38 R EE, AP R AR LA R SO ), M
SR ERS R T R )P AR AT, A R e 2 e, HEDI SR I PR
PR YAl et LU SO 3, R 55 28%h 78— L8 H A fr ), B an Sop S5 AT SEAE ) & 4,
DAIE AR S IR EE (2= PR AR A . DRI PE A B 2 D B 2E, P340 o5 P A A )2 T
AR, HAh AR (AR, EDI KR (IR « AR (AR AR T I A AR,
{H Rl S 2 O F A K B

AR T HAL R A, NEEA R R BN 1320 Rl 5 J5 B R0 A % il ot &
PR T HADE NS . R R KR, 8 T 50 H RS R KN ENE (Galago). HRBE
W (Loris) LA S FEINNE (Eulemur) Rl BTAE S W, W Sl T Hofh s 46 R KR ORI H ). 1
P H H, WEREA AL B (Saimira). WIWRAE (Ateles) FI N2 HE (Chiropotes) (1) )it J5&
JEWE T, WME (Aotus) F5 @Mk (Cacajao) 3% (Callicebus) Y [H 4% (Pitehcia) 555 M2
AR AT R (R Rl o 5 P AR AH T, AR H B (Cercocebus) F14 Mk (Cebus) TEIAH X Hl
SR JE TR, B R L@ T IR A H b R, 8 T S A B
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Tab.9 Comparison of Guangxi fossil orangutan and fossil hominins in enamel thickness

[iES 2DAET 2DRET
T UEA R (Pongo sp.) 1.26(0.80-1.68) 15.55(11.29-19.55)
Australopithecus africanus™ 1.63(1.22-2.08) 22.79(15.69-31.32)
Australopithecus africanus"” — 22.17
Paranthropus robustus™® 2.03(1.55-2.53) 28.38(22.49-35.68)
Paranthropus robustus"” — 31.32
Paranthropus crassidens"” e 29.61
Paranthropus boisei"” E— 34.91
Homo erectus”” 1.28(1.21-1.35) 18.10(15.76-19.61)
Asian Homo erectus™ — 18.65(15.3-22.5)
Homo neanderthalensis"™ 1.06(0.99-1.22) 16.44(15.23-18.12)
Homo neanderthalensis"™ — 16.1(12.7-20.9)
East African early Homo™ — 20.5(15.6-26.2)
South African early Homo™ — 29.2(28.7-29.5)
Archaic North African Homo® — 20.9(18.8-22.9)
Archaic European Homo"™ —_— 19.3(16.9-21.5)
MSA Homo sapiens'” 1.17(0.96-1.47) 19.37(16.29-23.28)
Fossil Homo sapiens™ — 18.5(15.2-23.3)
3DAET 3DRET
Australopithecus africanus™ 1.48 17.7
Paranthropus robustus™® 1.83 23.37
Neanderthal™ 1.08(0.82-1.63) 15.55(11.61-24.02)

(MSA: Middle Stone Age, ¥ % % i £ )
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