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TSR A D240 e U MR RERIETN 4 4 3 3 14

SONEREE  RERRE 1 i
RESRANG =1 RES RNl 2= iy [12,47] N
RRE mi”*“y\ﬁﬁ S kameen Rmwem i
AEEA AR L ORI R o IR 1 1
TRy A LR PES BRI P I

22 BARBEERE

R R A HESIY 5 i NS I 250 CT (225kv) 4% LA = 4EHEN X G4k
KR B 2 G BT F . S HERAE 18.3-51.6 K 2 8l F 14 f5 M R as % 5
NS A MIMICS  (Materialise NV) 1, 0 &5 mb (1) 24 R oM B idb AT 7> B A A2 )5, A
45 2 B FA 0 = ES7 AR M AR o SR J5 K 2 S 4 PRV RlSTR AT BTR 2R 2 N B 4R 1 3-matic
(Materialise NV) it AT D), 2 0 0 = 2 R0 — o b ot )52 5o 0 7 9 = A s
23 2% ] o [) 47300 D P9 00 B2 R A ik B2 252500 0 S S A o R = o il JE T 2 8
wEIabr: P2 RE S (Average Enamel Thickness, AET) FIAH XAl 52 (Relative
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AR T A AR Olejniczak F Martin Jy i P2 3kl ity U, fEF W
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2 BERESNMRME
Fig. 2 G.blacki molars in this study
a. PA166-M99; b. PA208-M68; c. PA208-M43; d. PA208-M59; e.PA208-M14; f. PA208-M109; g. PA207-M149;

h. PA206-M24; i. PA206-M93; j. PA206-M121; k.PA206-M119; 1. PA206-M157; m.PA206-M128; n.PA206-M59
(a-n, MR EHR) 5 0.GBBI-1 R4\ F %) ; p.PAI280-G23 (LA ) 5 q PAIS (KHTER) ; rPASI8 (K FHFlil)

3 4iRHiHE

08 AT (18T~ S5 IR A il 5 J5E R Py B 2 SR L3R 20 40 — AR IR 4 AR ZE R/
(2DAET=2.41, 3DAET=2.45; 2DRET=21.31, 3DRET=20.41) . PRl 575 f A8 530
435S 2DAET, 1.68-3.17mm; 3DAET, 1.79-2.99mm. FH X5t 5 3 A8 550 [ 45 ) S
2DRET, 14.20-31.02; 3DRET, 14.72-26.48.
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Fig. 3 2D and 3D enamel thickness measurements
a BT H Y (PA208-M14); b&c B EMER; d BEEym, AWwE L, EERSyMIER, FEXEAERER,
W # 2 & 4 EDJ (Enamel-dentine Junction) K J%; e i @MFAEA; f @ HFER, LR EERLE A EDI @R
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FHUTTE T T, S A ARS8 3 B e 3 1R R B P SR S R B (bR A o 0 SR 28 Db ek B 3 B i
B DA O = e ) ER, A3 Sehp A I DN R I S AT I8 RS, DA —
YRS RS, — MoRH Bt 45 B2 AN K . il IR RS (12 K 4> 2 2% Martin 1985 4F 58 X,
PULEATILE ) 2 N 4y 2K 5 vk P2 . 3 8.90 < RET<11.30; R i 11.30 < RET<14.64;
i )& 14.64 < RET<17.49; J& 17.49 < RET<26.20; ¥ H I “JE” Ju AN “@E” W,
AN T RNERECY CEET .

PAF 43 54 B 5 B A RO AT R AR RIT S 3R R R D AT LA,
BPEAR A . BRAEZR N i A, ottt SLAb AR R, s ALK 4 FTE 5.

ER SR IR IR L A6 VYR 5 5 5 T, A PR R T A2 T AT R K2R
g S5 1) (2DAET=2.41mm; 3DAET=2.45mm), JLF-J&FEE 55 A7 8 Aot S5 152 () 5 155,
FERRRURHE R VY0 R R BB, HEAE S = AL, JUEMKUOR BRI . Ak, KEm, 7
FEGE RS L BE J7 10l EfE (2DRET=21.31; 3DRET=20.41) FI N80T, HEBEBEAK
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Tab.2 2D and 3D enamel thickness measurements

4 RURIGRD (mm’) WiREA (mm?) EDJKJ (mm) 2DAET (mm) 2DRET
78.90(54.10-109.88) 127.91(72.54-217.21) 32.78(24.81-40.95) 2.41(1.68-3.17)  21.31(14.20-31.02)
S ORURAAR (mm?) P AR (mm?) EDJE A (mm®) 3DAET(mm) 3DRET

1491.77(914.55-2424.92)  1728.42(863.45-3581.52)  608.43(394.01-963.16)  2.45(1.79-2.99) 20.41(14.72-26.48)
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Tab. 3 Comparison of 2D enamel thickness measurements
% 1%k 2DAET(mm) 2DRET ENLFIES
U I B g Gigantopithecus blacki (A3C) 18 2.41 21.31 &
B NHomo sapiens ®* 257 1.22 20.06 &
PEFEPongo pygmaeus > 41 1.10 15.49 i )5
K S Hylobates muelleri ™ 11 0.44 15.27 i J5=
MRS Pan troglodytes 40 0.75 13.23 ki
& Bl Symphalangus syndactylus ™" 17 0.54 12.58 i i
KAEHE Gorilla gorilla 15 1.04 11.68 i34
1% NHLH: Rt Paranthropus robustus ™ 9 2.03 28.38 i
B 7 AR R Australopithecus afiicanus ®Y 9 1.63 22.79 &
Je 22 4% N Homo neanderthalensis 42 1.06 16.44 i J5
ot SR NEAS R Sahelanthropus tchadensis®™" " g J52
JEHIN AR F Orrorin tugenensis ™ 5
F 7 W B BIER Australopithecus anamensis ™ JE
ZR9E 5L 10) A J& East African early Homo""" 4 1.52 20.50 &
Rk 539 A& South African early Homo ¥° 3 1.99 29.24 5
W E37 N Asian Homo erectus ™ 6 1.34 18.48 S
B2 5% Ouranopithecus macedoniensis®™ 1 1.88 25.5 =
Ji A& SR B Proconsul nyanzae " 1 224 =8
AE W S Afropithecus turkanensis®” 2 21.4 =
J IR 55 R Kg Pierolapithecus catalaunicus®™ 6 0.74 19.5 &
Griphopithecus sp. " 8 19.3 =
VUL S Sivapithecus sivalensis ™" 3 19.2 =
Anoiapithecus brevirostris™ 4 0.75 18.8 J
fkF= 1 Jei Lufengpithecus lufengensis (AR 4) 4 1.13 17.39 i J5=
J5 e SR Ji Preonsul heseloni ™ 1 17.0 I )5
Rangwapithecus gordoni®™ 1 14.9 i )5
¥4 g Lufengpithecus hudienensis ™ 1 14.1 A 7
Ji A% S B Proconsul major™”*! 1 13.7 i ik
1L Oreopithecus bambolii *"*" 1 13.0 i e
AR S Dryopithecus laietanus®™*" 1 12.7 ki
B S Dryopithecus fontani 2 0.57 10.6 b
J5 RS SR J Proconsul africanus ™ 1 8.5 ekt
ML % Rk Cebus apella™ 2 0.50 18.84 JE
1% SAS A Callicebus moloch ' 1 0.26 12.32 )i e
B Aotus trivergatus ™ 3 0.21 11.73 i ik
W4T Pithecia * 2 0.28 11.61 fi i
H 7tk Cacajao calvus 3 0.31 11.54 A 7
N M Chiropotes satanas ™ 3 0.23 9.54 b
SR Areles paniscus ) 4 0.24 8.89 A
Hroa —#MUERAS BAWARE SRR RN RIER XN ELERER, EAXTHRASE, b—MEXREH

Je T JE g %) (Koobi Fora) ft.7& &, Wood ik W A7 A Wy #k A .8 3# K Ao ¢ —# 4% B 5 3 Drimolen 1 Swartkrans 4.4 .
d—HMrk g P EPHHFE D ENSE L.
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R4 ZHMBEELLE /Tab. 4 Comparison of 3D enamel thickness measurements

T Vb 3DAET(mm) 3DRET RSy
35 I L Gigantopithecus blacki (Z530) 18 2.45 20.41 &
B NHomo sapiens ®" 39 1.43 23.97 &
K s Hylobates muelleri P 11 0.49 14.72 i J5
PP Pongo pygmaeus " 12 1.01 14.49 i 76
SARAE Pan troglodytes 26 0.75 11.80 i 78
Lk Symphalangus syndactylus ®Y 17 0.55 11.15 b
KFFL Gorilla gorilla ™" 9 0.98 9.77 i
% NHUHL Rl Paranthropus robustus ® 9 1.83 23.37 &
M5 AR R Australopithecus africanus ©Y 9 1.48 17.70 )5
Je ZfEHF \Neanderthal 29 1.08 15.55 T
R Ul Ardipithecus ramidus ™ 1 0.96 14.8 i 7
W22 5% Ouranopithecus macedoniensis Y 1 2.15 28.49 R
t=E T i Lufengpithecus lufengensis (A K 3%) 4 1.17 14.57 ki
A1 JE Mk Cercocebus PV 4 0.75 17.55 JE
W Papio B! 3 0.85 14.84 i )5
BifEMacaca BV 1 0.73 13.69 {7
2 )Mk Cebus B 1 0.65 23.60 J&
WAz Ateles 26 0.39 12.27 kil
Wi Alouatta B 21 0.40 9.90 [k
4 BUIESaimiri B 3 0.16 8.19 fickc
2P Eulemur ®Y 5 0.23 8.68 feehies
Wiz Loris 3 0.10 5.77 b
W Galago ®Y 1 0.12 6.33 B

B BBV R R FEAE B A R de iy, (EAHO Rl SR S R AR R . AR K
FESRARAE L RERE . KBRSE . PRSP IR TR LR, AEURDG Rl 55 A B A K
74

SYES PN N =P b )V N TP =R ST PN = b LN E | S i DN E 9 A
BONREE, w7 A RARMA . ARAE RN B R (REABEIE R A A HAL AR,
5 Je 2 AER NANZEROR, ROR Tl s AEAIRPRTUS B i, Fa IR 8 A A#R LE
ERJFLE, w7 b, RARR NS USSP BN NS S B AR, 0 2K AR A ARk
FABAT, JE LR NE T “w)F 7 R, HORMKRRE, JE T Wi S8R,

E b b it B e AE~ T S50Rh oS B T, B R dee )5, AT R 2 g
52 MR, HUGEekF e, WIRST RN Anoiapithecus B AR M bl Tl i, oAty
BEBATVBIR TS BRI AEANRER R BT T, SRR B F e, AR R
R IRAE e e by AR AL B, JORDYIRAE S Griphopithecus sp.« P4 BLH A
Anoiapithecus JA%A= 15 B8 5 ERORNBF BEARIT, L AR S S J5UREAE ZR B 1K P ol
BT, R wiE SR

Eof 55 A I A RACSR ELRe 5P 2R i 5 5 g 1 » e LU AR B AR RS R AR 25
FEADRRS R D5 T, RS BRAIE, BT “JR7 gl ARk, HfhRKIEK
ZRUH, BT CAmEE” . CEET, HAR R RAL

EVASRE S ORI TR R A HAT BT CAnBL ERA A RS R R, S
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Fig. 4 Comparison of average enamel thickness measurements
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Fig. 5 Comparison of relative enamel thickness measurements
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Enamel Thickness of Gigantopithecus blacki and Its Significance
for Dietary Adaptation and Phylogeny

ZHANG Li-zhao, ZHAO Ling-xia
Key Laboratory of Vertebrate Evolution and Human Origins of Chinese Academy of Sciences, Institute of Vertebrate
Paleontology and Paleoanthropology, Chinese Academy of Sciences, Beijing 100044
Abstract: Gigantopithecus blacki, a large Pleistocene hominoid from South China and Vietnam,
is a very special taxon in any discussion of primate dietary proclivity and evolutionary phylogeny.
In this study, 18 teeth of G. blacki, unworn or slightly-worn, are reconstructed using micro-CT
in order to measure enamel thickness, and compared with extant and extinct humans and other
primates. We find that, in absolute dimensions, G. blacki has the thickest enamel thickness of any
fossil or extant primates, while Paranthropus, early Homo and Quranopithecus macedoniensis
possess relatively closer values with it. With considerations of body and tooth size, the enamel
measurements indicate that G. blacki belongs to a category of “thick-enamel” primate along with
modern humans, Cebus, Australopithecus, East African Early Homo, Asian Homo erectus and
some Miocene fossil apes (eg Proconsul nyanzae and Afropithecus turkanensis), but thinner than
South African early Homo, Paranthropus and Ouranopithecus macedoniensis. The extremely
thick enamel of G. blacki molars are evidently well used for grinding and crushing for a long
period. The dietary proclivities may primarily focus on tough or fibrous vegetation. Human
ancestors probably have thick enamel. G. blacki may be a side branch of hominids during the
evolution. Meanwhile, G. blacki can be also evolved from one branch of Miocene fossil ape
whose teeth enamel is thick. The thick enamel, common characteristic of G. blacki and human, is

the result of parallel evolution.

Keywords: Gigantopithecus blacki; Enamel thickness; Phylogeny; Functional adaptation;
Micro-CT



