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Abstract: The expression of linear enamel hypoplasia (LEH) has been used as a dental indicator
of generalized physiological stress during dental development in living and fossil primates. Here,
we present the expression of LEH in Late Miocene large-bodied hominoid fossils Lufengpithecus
lufengensis from Yunnan, China. Previous studies have shown that Lufengpithecus lufengensis
mandibular teeth exhibited high frequencies of LEH and the periodicity of rLEH showed a
semi-annual pattern. As an extension, this present study focuses on 261 isolated permanent
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teeth of Lufengpithecus lufengensis to assess their LEH prevalence and periodicity of rLEH.
In the prevalence analysis, 261 isolated permanent teeth were examined with 85.4 % (223 of
261) affected by LEH. For periodicity of rLEH, 12 canines are analyzed by scanning electron
microscopy (SEM Hitachi S-3700) and Keyence VHX-600EOS digital microscope. The results
showed that LEH defects occurred repeatedly at a range of 4.8-6.6 months (an average of 6
months) in Lufengpithecus lufengensis. Male canines exhibit more LEH than female. Based on
the analysis on the palaeoenvironment and diet of Lufengpithecus lufengpithecus, while seasonal
cycles can influence both disease and nutritional stress, it is likely that seasonal variation in
fruiting cycles results in higher LEH incidence in Lufengpithecus lufengensis.

Key words: Linear enamel hypoplasia; Lufengpithecus lufengensis; Perikymata; Physiological
stress
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FRTR BA A PR G, ERTUE SO R, R4 i o3 AR g 35 6L
S BOR IS TE BIRAS BE STOE B RS A0 A2 B, AT E 28 R R T S B
REEUIE, — 4002 4 TAT TS T AR I B VTR, 7™ A 5 S S0R T 2k & (e
o GHERRAN MDD AR LI R E IRAN R . R, CoBR I ) DA K 251 1k B AR
sty (234581 etk oF Rl TR & AS4r (Linear enamel hypoplasia, f##k LEH) & & 5 L 1# — Ff
KRR BRI BRI AR AR TR Y R — A B4 AT T A5 THI T i
AR R e Ry ), T L64E LEH 1R 4 Figon 4 BRI o BB ek —, O Tk
At A R DL FI AW, TSR ARRE S PR DU R RS2 e 3 A5 S Bl T 75 1A
WA PIABIE B, 2107k C T 2 N T RO R & AN AR, 328 i ) WAk A
P AT 52 2 F SR AR A S 65 e A A B ) 8 A 3 1

283t 1975 4F -1983 4E [ LI KB R IR, M A EE A KRN T +0F &l
T A k= 45 e Lufengpithecus lufengensis( LA R AR A ), B AP 58
BORIASSERE b MR Ba ORI A DA e T ek B AR K
U 26 A fk=F i e R AR B 1) 246 MCIE T AT TSRS, R ILARF e o i AT
1 LEH BL%:, Hfie it LEH R AR HAT B B 1 |, 456 bbb e 1900
AHFAE . AR ARG . ARG S S R AT SR D . M SRS BT R A
AR AR R TR A E R . VR DAEBFFCRAE M, A0 2 F i F g 261 4
P A R IR AT R B R AR L T SE v, I8 P A A B A AR B AT £ A
Jiidxt LEH ()R AME T U T PR WS 3BT o ASSCHIF S 19 14— 7 T 15 E 8 3 388 b AR
AR IR LEH Y E RS AL 2 e, 5 — 7 A Il B R AR AN A, fE
BRI LEH IR A5 B 2 145 B
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2.1 FRAIEMR

T AWM R 261 MO BIE T (BRAFEAE T B R B s 5l N9
FT) . AUHE 126 A B RN 135 MR, SLrh 114 MUR THEMEANARD 147 MU T EEAN A,
P4 AR AR DR ARG R T M AR I 20 R % o BT IR I b A S FEAS B, Ui el 80%
DL EARAE, DU T 50 G o5 o4 R TR THI TR RTIIAR S (LR DD

TEHCR W R T pk T b R AR T R R B A4 (LEHD (W RITE . R E T Rk
Ve i, M B A G Y B T A L 82 B %2 4% LEH,  [R] I ] 8% G0 AN i) 14 4 2 ) Sl o R 8 LA
Fo LEH A i) BE i 22 5 m0 B0 O 7 S 0 W 52 LEH 19 4% 5508 L 10) gl PRl T A 20 4% %8,
T I HE (1 A B 401 R T B A AR AR o WOAIF IR N T Herp 12 MOR A, 46 7 M B R
5HMCF RV, b 7 MUB THEYE, 5 MUS THENE. S PIRCR U PA745.2 F1 PA646.6 A 4t B
FERE, AT HT.
2.2 LEH ML 5175 %

LEH J&—Fhz Wik & G ok b, IR SRS BOREE I AT 03] . DUAE 2538 R A an R kot
Jiid A6 10 5 PR UBORBE T, R IR 2 A S U sl s I T LEH. WS, 5%
WIEH T, IR AT, A e g R A LT, A BB ) 1) 2 4 R v R 11
B, LIS X 00 T AH AR AR 40 25 R TR 2, B AT ki 28 D A AR A AN LA A7 RORh R
RE ARG B2 AR AR v R e HE S it 5 N S I i 55 SE 6 5 Zeiss
stereomicroscope Stemi 2000 (up to 50X) /AW fl B b AT M %%, FEAJE LA b, ARA0 R A
BRER L E DGR AR, (EGLRARI BT, 7E 10 £ 2 A7 0 A 1A JE SN R ) T £
LEH M7 EE . Sefa o Bl LIF v AR DL TR F i 508 50, T AR LEH 1
IR, RS RIIAE K DL AT ARG 1R LEH H 43 R AT L2 4T
2.3 LEH fIEHAME SR E a2

AR AT B R SR Sk A P TR BT T 1 4 DA BRI TR S W g i e T,
KT G5 AL e S R 27 6 8 A 2 A3 Ak 15 N S T S50 =35 (1 41 4 FEL B (SEM Hitachi
S-3700) FEh s (Keyence VHX-600EOS digital microscope) LAAS [R] ¥ 5O A5 ik W
SRR TR I L R TRTRE S0 . IR PR O IR O AN TS . WIEERET, P RUTR H SG i AKGEE
Vedbr AR MR+, W Ja ISR R R R . bR SARERTEED & L,
JRNFIRE P BT, s 3KV BT, AR M AL (7-60 ) MF AR
TG AW . LEH 255000 & LEH [ bRl eS8 H A H 4, 428 Skinner®™ ™™ it s i 12
NI EARAE, RIMEE —4% LEH 45005 (1 27 45 15 R B SO 4R B 2 LSS — 4k LEH
ARG — 4 IEHOR I RE SO 1b . S0 BB it b, B bR A R e T3 & 1,
VRHEAEEL (20-100 £5) MIFREIF SUALM IR EAT LEH 45508 8] BBl T A S 1R - B Wi
Ji SR Y A R ST ( WLEE 1)o A TR R 22 PR BIRAG,  BRASE AN 7] (14 I ) Bk
T2 UONEE, T HACY A FDGEE T BIVCHC I LEH, 15 K 55 W e 45 5
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Tab.1 Percentage of hypoplasia-bearing teeth for each tooth type in Lufengpithecus lufengensis teeth

iy g Qi B LEH LEH £33
D Specimens
Type Sex bRA S Sp Total (n) (%) LEH(%)
I* M PAG675.2, PA550, PA649.1 3 3 100%  100%
F PA674.55, PA619, PA688 3 3 100%
1? M PAT716, PA675.13 2 2 100%  100%
F PA620, PA713, PA714, PA715 4 4 100%
C’ M PAT732, PA552, PA559, PA1196 4 4 100%  100%
F PA725, PAT723, PA674.11 3 3 100%
P® M PA1163, PA1155, PA1152, PA1148, PA675.50, PA675.26, PA675.23, PA649.3, 16 16 100% 100%
PAGA7.6, PA749, PAT7A7, PAT46, PA608, PA571, PA562, PA647.3
PA748, PA674.22, PA674.20, PA1174.2, PA1164, PA1154, PA1146, PA585.2 8 8 100%
P* M PAT753, PA609, PA675.26, PA649.4, PA610, PA563, PA759, PA656.3, PA564, 11 11 100%  100%
PA675.24, PA675.25
F PA757, PA758, PA674.27, PA674.26, PA655.6, PA624, PA1203, PA1174.3, 12 12 100%
PA1167, PA1162, PAT754, PAT755
M' M PA763, PAG56.4, PA1178.1, PA1142, PA1138-1, PA766, PA675.29, PA675.28, PAGAT7.7 9 1 111% 53%
F PA1205, PA649.14, PA655.8, PA655.7, PA674.26, PA625, PA762, PA761, PA674.50, 10 0 0
PA1176
M? M PA1147, PA1177, PA1178.2, PA1178.3, PA1178.4, PA1191, PA781, PA776, 19 19 100% 100%
PA611, PA656.5, PA649.5, PA780, PA675.48, PA675.47, PA675.35. PA656.6,
PA648.3, PA612, PA565
F PA675.32, PAl1172, PAT774, PA1175, PA675.51, PA675.30, PA773, PA572 8 100%
M® M PAG675.34 (left and right), PA675.37, PA796 4 4 100%  100%
F PA674.43, PAB55.10, PAB55.9, PA795, PA794, PA843, PA807, PA1204, PA1168, PA1138 10 10 100%
I, M PA707, PA668-4, PA668-5 3 3 100%  100%
F PA709 1 1 100%
1, M PA668-3 1 1 100%  100%
C, M PAT745.2, PA646.6, PA649.8 3 3 100%  100%
F PA630, PAG655.12, PA573, PAG674.17 4 4 100%
P, M PAI1183, PA1187, PA809, PAT751, PA732, PA646.7 6 6 100%  100%
F PA600, PAG674.25, PA1197, PA674.24, PA674.23, PA750, PA674.57 7 7 100%
P, M PA1141, PA649.10, PA675.27, PA568, PA656.11, PA760, PA567 7 7 100%  100%
F PAG674.33, PA674.31, PA655.14, PA655.15, PAG674.28, PA674.29, PA674.30, 13 13 100%
PA674.32, PA756, PA1120, PA1197, PA818, PA574
M, M PA656.12, PA675.39, PA770, PA633, PA649.11, PA614, PA675.41 7 0 0 5.3%
F PA1150, PA1206, PA650.5, PA674.54, PA654.1, PAG674.37, PA631, PA650.4, 12 1 8.3%
PA554, PA674.36, PA632, PA674.38
M, M PA616, PA789, PA656.13, PA675.43, PA617, PA649.12, PA615, PA745.3, 15 13 95% 95%
PA649.13, PA675.45, PA675.46, PA675.42, PA675.44, PA790, PAT88
F PA1192, PA1157, PA785, PA852, PA1193, PAG674.40, PA674.41, PA650.7, PA575, 25 25 100%
PA601.1, PA655.18, PA767, PA786, PA771, PA674.52, PA650.6, PA655.16,
PAG75.38, PAG675.40, PAT783, PA674.4, PA1184(1), PA782, PA654.3, PA657(1)
M; M PA675.52, PA804, PA618, PAG646.1 4 4 100%  100%
F PAS577, PA67441, PAG7451, PA67453, PAS0L, PAS02, PAS55, PA655.20, PAG74.44, 27 27  100%
PA674.45, PA674.58, PAT798, PA799, PA1199, PA1137, PA1139, PA1159, PA1160,
PA1166, PA1189, PA655.17, PA674.47, PAl1184(2), PA657(2), PA601.2, PA800, PAG655.19
Eaai 261 223 85.4%
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Fig.1 Expression of linear enamel hypoplasia on lower left canine -PA655.12 of Lufengpithecus lufengensis
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3.1 LEH & EH F g HIME R

T L0 25 NSRRI P 4 1) LEH iAW 88, FRATTARILR U 57 FLA LA = ik
LEH JE& W35, JUILRAG R T BRI aw R M B ok, 38 mT OS¢ 21 3 5105 6 T 1) B4k F
KON B 55— FIoF LEH AHLGZE = i 1 5 LEH #¢4%, o PA788. PA790
PIBIERA R M EE 3 LEH, [0 28 5 b, LEH R AN A1 T2 21 10 R 34 ARG 1A W 2. 56
—H T A R L LEH EeB AR, A PIACF v (PAT63 i PA1150)
AT LERROR B LEH, JL4x 36 MOF Ui Rl TR I ELEOGHT, R FAERA S

R LEH B R R LR 1. 3R 1 al A, 7E 261 JUF i 223 FiW 5% £
LEH, JLH{E N 85.4 %. ANFARLA) LEH IR 250, B 78— Mk Fes - Fikidh,
AR A CTTR AR B FE A LS = H A LEH HILZRI44 100%. 67 Fish —
Fli AT 65 I LEH, LR 97%. 15— F ik IR, 38 U4 th H AR IR 2
B, LUAl 4 5.3%. 5 LARTEESTI N A 55— Pk LEH &A% (5.7%) #25 ™, T
AMA SN A A — 2 RO BUH, H&7E— @ MFER SRR G, HONFE
5 WA RITUR B AN A v HERNZ N ACEE R TR B R G I (0 CRE AR 68 o ot F T 280 2
W, BB F A LEH RAEREAG, ST 2 i LEH KA BT &, i tar e
HEM R BT ML R B IR AR HIURTUR A4, 1A ML 2S5 T 3 2 D 38 20 H
T AR RUR B ARG . AR IR YEA R AW T 0 M1, 11, 12, M2, P3, P4,
C, M3, 55— Pk S fp T Rt PR 6, W (IR R) 200 3.2-3.3 %, SEAE 2.1-4.4
e ) B, e R R K AE ML R B e, BN 3 % 2 S 3k LA IR
BR B A RBLS M, R AT A AR N RAE 3 8 2, MR AMEN s SR A
Z MO REAMESE, 4L R — BAT ISR, R A R R, PR R e,
I IR B, s, LhA B RO RORIME . MEMERIZ A LEH HBLR, g5k
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Fig.2 LEH defects and perikymata on upper right canine PA552

HC W 25 5
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SR R A, T R UERTET T B 2 4 B0 LEH, JUH
RN 2 4, 20 6-7 4, 1 HAHT Z M Aieds) (L 2) o 11U RIET F o5 2 )
I 3-4 4 LEH. BA 24 LEH 2 k88 —4% LEH 3B Il T34 900 13 &b, ANl
SHIAESET M 1A hbo N B T A o e ARG, AHEE BTG R A T T A T A
M5, LEH BT 288, 35 F b FIEE — FI a5, K2 EbR AN 5] — 4
LEH, {7 FUrifsikt, #eA B4 LEH. kRT3 15 0 LEH 45 50 Lt 58 %
il R 2B T 12 MORIAE BT R N M EE R 1) LEH B AHAR 2 8] R RINTRIRS 204 20
S5 W RAHAR LEH (8] (PRI 070 [l 2975 14-25 k2 [A], P34 195, FritZzh 2.8,
h T HEE M EE, A SPSS 17.0 BN AR T A AR, T T IES S Ak,
H I 3 i) F A TR A AT AR 16-22 452 ], S 20 A 22 (RS . RN IEZS A R 5
VG P R ORI 5 R B3 /T 1, B BT

RORAE R G fEh B A, AR AR S CH D A AR
Kk (KJAWD o BB KZRAERUTR R I RIS, LERh I R 0 DY R AR K2k
R, #e BUE, AHAR LEH )1 A ) 35 mT AR b T A S 1 2 K ol R AT . e T &
(1A K ST 0 A KR R, G T AR AR AR 1 Rk 2 T R RS S B o X e B
T RN R A (PAT28) BEATALZAD) R IAH AR o [ AR K ZG M RIATERE S0 9 4%, v]
HPY AR I, BRI R S AR KR A 9 R . AR FE A=t B Rl TR SL ) A= K 0
9K, [ vHELHIANAR LEH 2 [u] (i 0] (] B o4 144-198 K (B[ 4.8-6.6 H) , L EEL L.

a6 261 AR R SRUA A ORI A, R B AR T R 26 AN N A 4
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Tab.2 Number of perikymata in inter-LEH
interval in canines
LEH A4S LEH TRl
+>T;4&. WA P P f#ﬁc%&z Number of
Specimen Type Sex Count penkyma!ta in Inter-
LEH interval
PAS52 L LRI M 4 25,16, 17
PAS59 4 LRt M 3 16,22
PA732 LR M 3 22,21
PA1196 4 LR M 4 22,20, 19
PA674.11 4 L RYi  F 2 2
PA723 LR F 2 20
PA725  fiLR  F 2 18
PAB49.8 JiP R M 6 14,16,18,18.20
PA573 fZEFR% F 3 21,20
PAG30 TR F 3 22,25
PAB55.12 75 F Rk F 2 19
PAOTATT TR R 2 T B34 LEH BRE R A
ROk PG Mean=19.5: N=24: Fig.3 Distribution of perikymata counts between
SD=2.8 adjacent episodes of LEH, expressed as original data
®RIFFEAREEMEIR. AERRURBRALNFTRTIMRLERN 2L ETLR
Tab.3 Prevalences of line enamel hypoplasia comparison between Lufengpithecus, fossil
and extant apes and early hominids
& Taxa Fihi% LEH LEH Md: LEH LEH Hﬁ%l} Fihi LEH LEH
Total (+) % Individual (+) % Anterior teeth (+) %
Lufengpithecus 261 223 85.4% 31 31 100%
Lufengpithecus™ 246 209 85% 26 26 100% 85 82 96.5%
pan*? 518 186 35.91% 25 17 68% 300 180 60%
Gorilla™ 956 98 10.25% 41 12 29.27% 492 339 68.9%
Pongo™™? 1531 511 33.38% 70 58 82.86% 840 456 54.29%
Dryopithecus™ 78 36 46.2%
Gigantopithecus®! 610 46 7.5% 14.3-17.9% 61 5 8.2%
Austrolapithecus'™ 297 71 23.9% 17 6 43.8%
Paranthropus™ 201 49 24.4% 14 5 35.7%
Early Homo™® 106 26 24.5% 8 6 75.0%
Neandertals® 18 7 38.9% 56 21 37.5%

LEH % Az 3 J SR g 4 SR Jk A — 3 1A
3.3 SEfhFRELEE

Kbt LEH MOUR D 3 5O SRR AR L, RBLA R
FEA B NRBOLZ AT A b, fE N LEH BRI IR (GR3) o« WF K
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LEH KAEFRE, trF il LEH Ll sk 85.4%, K¥¥E LEH &A% (10.25%) ,
SERPAEAE R . DAMA LEH ARG, Tt gih 100%, ARt m (82.86%) ,
KIS AR AR (29.27%) . FFHK 1L %% Dryopithecus 4 th LEH % 2E % %y 46.2%, A Lk2
N, E% Gigantopithecus LEH &4 R ik (7.5%) o R 7 dide. S JEFE A bty
AR R BEARIS, HILEIHAE T E bR b, ROk & A HA ot
T A RIE, W H R Je M Kenyapithecus Kizili -5 71k _EAFAE 73 A1 34050 IO 4%
LEH &, 22 WK ik v & BP9 e P 1= R 0t H B LEH; 4 L 2 Sivapithecus 2 i 4B
RINA LEHPY, gt LI Ji 18 2R % Proconsul = 5L R ih LA S Hidth — 26 /N AR fs it
OB FL A BUF RUR R A4, HEGIRAE P, 25 IS T Ak 214 J% Lufengpithecus
hudienensis 1 JT- 1zt f% 3 5 % Lufengpithecus keiyuanensis 7 i b A, K I #F 4 LEH,
{E LE g e 4 = s Lufengpithecus lufengensis IR 4%, S48, WEEE T4 g 1) o R T i 305 o =2
i %% Ouranopithecus macedoniensis Fail #7 AN976 (fbAf14m"5 RPI1-128) , H R4 F1
B ATHAN YRR AR LEH, RN EL00 4 4%, 28 =ai H s E4 2 4.
- HIL ¥ % Griphopithecus alpani — R A8 AT DLW S S 2/ = 4% LEH, T, Ik
FRPR B AR AR ol AR & I, (RS [R RS R AR A
BAFAEZE S o f A WA R AR SR B A% b %, LEH Ll &,
HFHAHEHER AN, X—IR i SE R RN RER A RS EIEE & vt
PR AE R ARG, SR BN R R RN AT, HENZ= S TR A R T R
JE 3 PR TR A DR R TR R T AN A I S R A B

4 48w

TERER A B R A= AT AR AR T R 261 A SRR D IR S RTUAR AN 4 LEH 35470
SO3HT, KB 223 MUK R AT LEH IL%, 28 ik S 8 LEH LR 85.4%, it
UESE T4 A AT R LEH RS, AR I LU A 2R B A By v T S0t Ao
A OB R s A AT AR R R Ak, AT 12 BOR UG AR LEH [h]
B S JIREAT 70 M, 89 IR Wt LEH R WA 0IE, ARAE LEH 2 18] Rl i A £
14-25 %, A&k 1Al [a]RE 4 4.8-6.6 11, Z=AMEE IRAN R AT REL dieF il B A Ao IR SRl TR
AR EEER.

B aAGPRENEIB T RARKCEGA TR, KEEH LD EARF
WA B SHEDEYSEERAMME L. BITAFARB L URMBKE 307 Eft D
JERIBEERHTT AR iEit; WREATHFREZXNERENL, EHEEHE!
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