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2 PEEEEFRAR JEXE 100039)

RE: HAGEARNBE P H AR I ERPSEREN D WRALE, EPBREL
O.8EABREENEE, AdKELABBPHHAERRENKBRLLANEREN
KA, NS TRAGCAESFEREMERNESEMMESES. KEBLAFBREN KR
BEES HEETEENME, SERAERRTNFEREAYES  AETNEHERERRES
HEIRTREMBHRE.RET, Bl —F oA Em BERSREZNKIHN
BITEHTHN ERERZNTHKANEERRE, R A BB B Y FE T8 R,
LA R SRS s AR ER P Ft =M DR EF LTS
FPEXNTRLFHEX.

XA BESH R, KRR, FREH, SR D3R ERY

FEZESES: 0915.873 TREERINES: A X EHS: 1000 - 3118(2005)03 - 0219 - 12

REUEA S A B IR R T B EF AR EN, B, E3 X s
ARG RIEHRENERREEENEMER . EF MBI A BRI
HE, TSRO BEMIEREER, MB TR NIAJE 0551 E 158 4H R
HEAFTHEMENESNE, HELXHREIE I sh#h a5 2 3 s gL UL R ma £
BEHER, S3EREWNNTRE, RITTUTHEFREMBE S HEAFRE,
HMAN BRI EE NSRBI TRBARTRER. THREYEMIETR A TR
HEEYHOEEAFEEETLEN,

HtlGE g POt BB S EFEFEN M S, XK
WHEAEECSIEFACRBMHRA BRI = D3 B AL A 7 H (Deng et al.,
2004a), SHI&H, EHR LA REMRANAN=ZASYH ., R A0 =
IR U RBHLA , LB KB B ( Chilotherium ) B4 G B EE (B ,2002), KJE
BE & Ringstrom (1924)REFEIF B FHHE =R DR PRI H, ERXA 3
YEE (E IS AT ST E T R H b s X FI B BR WA T IZ M r fi o I E AR KB
B R4 K KB BE ( Chilotherium wimani) , 3X D B 5 & BT B 78 iF 4 (Ringstrom, 1924;
SR¥,2001a), MHBEEHNMBERTIEEAMH, R, RITEERKBEENWE

) EXARBEESBEATE(H5 42203 IEREMBEASERELSTERY.
WeH B #7:2005 - 01 - 14
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Zp S REF ) — DR EIAER B X HAEREWE TRITIEERME S, E T
Wit X = DY HNEFRE. ARGEEN =SB TARBEG, BRIN
BESTAR S T IARENLA R 0 Bk B Bl iG HA B P H BB B ERRH B 4
AR ARG RN IR A Hritt B AT ERIEEA

1 MBS R

AXHRWIFEARBGEAMREZHNR P FH =R S YHAHS, GEMEE
BIRWE KBS BRI K AREBATLZXE BRI BAW. BB &S
W2 BRI P, ERKRRE WL ERE SR UE AZE Dl SEW R
FESET, URKRS EWIELMNHIE , FER K 9.7~8.0 Ma; 5F 11 FiREHHBAR
W, EMHAHHAREEER"H MO EREEEH S HAERRTAKA RN ESHREA
HEXH . AKX HEMERBRXEHRBAT EPHEMHAN D L3, EER P
BX — R R LR =R 5O+,

BB A BT RBE A PP HREEFRATBAKEEDTE (A ,2004b) . L5
SHWATHHOK LI RERBERER; RBREF DT 2 mm WERZ—F %M
BA AFRNLEAEAOAAE . SREBKRORFAXEGERKE; REFERTKE
BROE, - REEAKR, FHRH: T L HBEREBRET . ARBHERFERKE K&,
MR L EBEAT LHEMERA L TERABERGCRDEE, SHEES, LBY
aKE, EREEEE. INANBEEEARBNEZHBK, X FERLFYMKEMmIERHE
B, P EEL 90 m (SR ,2004b) .

EEX B PG EWEBGERN 197 (KRB ISV MR ERKXBRELENT
AR ARIET TR REREE, HPRMma k&M T AL 165 # (162 MMEK) , LB
MTHEHEERNE 24062 MME), ERRPRANS =MD HARCHERE SN
BRI BT WEMG T, IE BT R A B (Acerorhinus hezhengemis)*ﬂ%fem#ﬁﬁ(Di-
cerorhinus ringsiromi) o MBHFH YA BYEH XKUY AR EFRETER ¥
BRHHESIYSHEARARTARARNERSTHEITREN, BERUEFTEBEANL
A, BERFRYNE ABRRE ZEITERE, AUAFERELNABRE, BFx
aFEFER—BRANE AR BREMNFARZR -EBFHFHRARAN K, &
T, 40 b Bk, 5 s 4k 7 BB BT A R B DT Y, BILDRs £ o BUBE M B R BB MR K
ERFR(REL,2004:; 5 RES . FTD. BEESLBPHFHN MDY BHAFFRY
ML B EA MR SR, D REWHB RN R, BB ¢, MY &3S (R
% ,2004a; Deng, in press), EHM, EXXIEE A KBREGFERBRENHPIR, TUTH
ZREIHYBHFRITRERBEGTFHASREREXBR T HREHR,

2 HE

B 5T B0y B R R 2 4 1 SR A SE S W RO AR IR K o Morris (1972) RS TIE %
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HENWFREI L, FBA D MEBR/NE 2) MEEEAL M ER , 10 2F th 16 E R4
KT PR ) M ETE A R R RS EN L, T ENAEARIFEREHOR
EHEONMNEERMAERKAHE BT, W0 F 5 A XKL K% 4L (Hillman-Smith et al.,
1986) o

KR (1995 EEFAAN T EREFFEE NN, AT B 87 55 B
ERENEERBEFRBRE-MERENFTE BHARBRANGTZERN T E 4552
e i et A S RSP BB e, WREFUMN, ARTENHHREE IR
HBUIRETE, XM FARNERZEEUE, KERFEELEEHYWERN, BB EESE
PGSR EL L IR ABARL., —RMAUAT 4 SR 1) W KRB R
FEWEHEE; DG T HEE OB REN ) UBREGTRURBHF RN & E,
KR E BB R )R MR R R S B T E LS ER

AXHERERKBRYERN BAESEESSHESEARLE L —8m U &
MEREEKRER GAANBIYHNER. ALERBENEEBRSFHRNSEREN,S
BTYHRRKKBRLBERKRFTHHERME (R ,2001b, B 2),

HFRBREAEFBENEZARINHAEZSE K, A RINLFAEHTRENER
7.k o 26 B 4F 8 BT B R 3T K8 B 9 4 8 VE i T Hillman-Smith et al. (1986)XF3E ¥ 5 &
( Ceratotherium simum ) BIERAE BAE T RAHM R, HiRE—-REFMNA L, 115 B4
BAFREITHORBEER P AESKBRETERSANS S, BT HAHRTHER
BMATLMER A R EMERFEARNMEX ST, ATER T 58 FREFE R
i B R AL, LUE T T SR KR X B BB RS, BERAHNSHEERER
BRI ARRE RN, XRR N EBEEXFEEMN AN TEES RS
B,

1 HABAERNERHEHIER
Table 1 Sequence and ages of check tooth eruption for the extant white rhinoceros

Age group Age Cheek tooth growth
1 1.5~2 (m) DP2 DP3
Il 2~4(m) DP! DP2 DP3 DP4
v 1.5~3(y) DPI DP2 DP3 DP4 Mi
Vi 3.5~4(y) DPL DP2 DP3 DP4 M1 M2
il 4~7(y) DP2 DP3 DP4 M1 M2
X 7~9(y) P2 P3 DP4 M1 M2
X 8~11 (y) P2 P3 DP4 Mi M2 M3
il 1015 (y) 12 %) P4 M1 M2 M3

R A TR A O O B o T A R B R 16 B RE M BAR T
BRABNRNFERER . —BRE, B MBEMmLAE £ T8 R R &4 8,50 5 RE
ETFEESHNERARSFE—EREMN, WA FRUER—LERFHMEIHS
BHARMERER, SREAFWRSHERH AR EHEHRER T AN T EHTFENE
R BEREABRMMERTROARMBEL T 80K KA KIRF X HFE (R LD,
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FHFEREMBESFERNNNXRMEF B B2 A Hillman-Smith et al. (1986,
fig.3) o

RERSARHLEIRTFELAMEN, MEFRBEX, 58 DP4 ERBEEN M3 B
SIFHHEL, TR SR E L RBRIFAS P4 LT HEM M HEREHBAEL,

3 ImEAEMKERENFREH

RE SRR BTG S IF T B RS, WA 197 4 KB
BARARAREN 194 MR ERSANER 2 Fim, 165 HRMELBMTMHE (R
162 MK ) B G MR 38 ) 1 W00 0 2F el TR AR AE S5 I T 032 Sk B AT B MR — A A&
B EERRGE M2 RN, P A RN M2 &AW, H4F R R 98 M 5L
R4 DP3 FI P3P R EXRBINN . ERRARMEP , B/NERI 4~ 120, 1MK
B 1 BKERHA 35~40 5, MMEHCH 8 4~ K3 Hillman-Smith et al. (1986) K4 i 7
HIRE,TRENRARFRE I MIRE LI KHAFRERE LA, B, XEE
RS IS RE 1 iR/ a1,

ERRARY, LEE M2 HREEUATRRETHERER 3.5~4%)FF K. H
BIEHRBEXV (35~40%), REWENBEEAZBABE N2 EFREM N EFYEHE
(£3), BEAHEEWNET s w85 i f2 B A B B A 8 B BV 4E 8 R/, RATTAT RAE
M2 B E S R R R (B 2), KETEAERKE R4 T /R EEFit
MWSR RN TS THEMET RS NS, BT M2 855 & BRI LIS 2
FER N EITE . SRR ( Diceros bicornis ) it (Goddard, 1970) , R 43 9 JF] — £ i B 1
AKERHEEHBEMR(ER S, IHHHKERNEFEIERERY, RBEENRUR
R B R, K x a5 B 5K B8 iR 4E A (Ringstrom, 2004; B8 A4 BB XK,
1982),

#2 KRG KERBREAYURFBERARTEH
Table 2 Age groups and individual number of the Chilotherium wimani samples from the Linxia Basin

A
971 1 m M OV OV W W X X X M WM W XV xu
group

1.5~ 2~ 4~ 1~ 1.5~ 3~ 35~ 4~ T~ 8~ 10~ 14~ 20~ 25~ 30~ 35~

Age
2Zm 4m 12m 1.5y 3y 4y 4y Ty 9y 1lly 15y 20y 28y 32y 38y 40y

Number 1 4 19 3 2 3 3 9 31 34 48 23 6 8

23 HEZABEHWETABRERSEREEIERENEY M2 SR NE
Table 3 Average age and height of M2 in some age groups of Chilotherium wimani from the Linxia Basin

i X X X X b w XV 4!
5 8 8.5 12.5 17 24 28.5 34 38

Age group
Average age (year)
Height of M2 (mm)

Number

i1.6 38.8 39.5 46.1 41.6 30.6 18.2 1.5 11.3

— o W=

1 3 4 22 28 34 12 3 3
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Number
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TS SIS S N N - BN SR S SN . )
/ 2 0 Al N A S VA A
& ¥ N SN I LIRSt S i 4

Age group (year)

A1 WmERAK=RYSshYB P RKBERAEREN

Fig. 1 Age structure of Chilotherium wimani in the Hipparion fauna from the Linxia Basin

R4 UREBEPSERASHEN M2 EE
Table 4 Heights of M2 in some age groups of the extant black rhinoceros (after Goddard, 1970)
Age group T A X bl v Xv Vi
Height of M2 {mm) 47 43 39 35 27 23

MG ER T IR, 5B & s
WEp SR KEREFR [
B X URI R AR, REFRE 40
VRE e E £ 8, MESE 1
MIMWRAETLERE. MREXS
% (2001b) W EE IR AR MESR R 42, 1
BIVIHYI A, TR BY B M2 B
AL Jift e MYm; M8
XAEFEH, LB M2 C 6 0 . . : .
B M3 AR A, A 0 10 20 30 40
FrE B ATEA e & £/ DPA B Average age (year)

FiRE X BN HFEH, £l
BMICHKREM, MarHE ik &
M1A M2 B A SRR E ;I
AXVIIEFEH MBOAMYR
BHEMN ATESEBEREBEFELZTERE. MRKA S GENKEBRIYHEHA

-

30 |

ZOF

Height of M2 (mm)

10

B2 KBE M EEHESFRHLHZK

Fig. 2 Curve showing relationship between the crown height of

M2 and the age of Chilotherium wimani
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27 4, B (B E)H 130 4, BF4HE 371,
4 it

WM IREER G R AR = DY RSN T A XEHRERFELT
M REHE VR EN RN BB S EEM0 67 % , MshEMERE 14 %, BEMMR L
19% . MBBEFFLT, REMEBMN KD, MYGFESEESENER(K T RN,
1995), FEREHVLAE T BB B B FIBUTC R A B (Acerorhinus hezhengensis) F & 8 M AFEA
& 8 B4 ME K KB I A B ( Dicerorhinus ringsiromi ) P A 3 P REME B BR T AL
HE RSB

REFRTCRHARRBHAERN BREEFNEDHNOERTL T, BT ROFET R
RSB TEB RN YEREROERES., YR, BRIOTRMOEAFFEHAR -4
& ERE L EH i T RAGBEYLIE, B 2R 2 BB 68 S Bt 1) B v 3 1 B 309 K U8 R A 05 B Y A9 OF
WHR. SMEFERHNEREHUGENMUBEEREZ B, AEREBRT-ERK
FRTHBEATHNARGENMMHVWEERE, AN GEEBKBEOR TR P45
TMERBERANER D, X—-FEAM TFHEREPF N PN EEFRENERSBEYEE,

Kurtén (1953) E R P E =M D YBRLAMEREWEBER TR £ (Gazlla
dorcadoides ) IEN R R AR RAFENEE . —MNERARYEN KW EURRBET, B
REMME . B RABE  ABEBEBRALE: 53— TM"EERYENM EEERBASIYY
BEXNR, MEASFMYBHOERZEEEHY . OBASH, IRER T RENME
ETFHENMEHHAR (Kruuk,1972) , TR AR =B I BF SRENBRALSY,

MRFELE, GEN MDY REOREBRERE CEKERRENER, B
1 XA J B o R Al 4 R s b i T BB AR D o B AT BLIT N Knox B Verdigre Sh#7 &
B — R # 3 ( Merycodus ) 2 7 T BEAC B 18] 9 XU AL P 6 B 28 0 32 3 78, Sh SE MR R AR 3%
THYEMER LGS EENNESL B K 61 % (Voorhies, 1969) , Ui, B R 4L 1 i#t iE xt
GEANEEFHRNBERERAFERREREN. KW XN EBBH AR EER
W=RE S BT B MR TR S, A R H R R 30 K5, 583
YIS T BTN BB R ERAELRT T - EHE BT #, ERAESHEMRKLE S B4
it 48 A 3 1 E R ) B 3

WA, GRS AKERNERENFTE I TENARRNEV , PER 1.5~3
SRR EYNE, HEBZKTHEHESHNE. PFEXPMARKNERMSEHAER:—£
REMBA B REFNAYINBG _RENBMEFET R 2.3 FE 008 H I — k4w %
BRTEMERBENN RSN L,

HArd CEEMIER R HEE A P Hit i aERRENOEL Y HERE
KEFRTHEE, NREDYNERLR HYERA TN ERAEERTIERSYM
UEFRAREENAARETKE IEETRESHNKREFAMZ S ENRYE
BRE, MAEWERMATHEMEROSED N LR CIEES, BB RER
XHEEFENIEE,
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FEANBGABEFFHARBRALER T EAES, I X 8 A R 2
HHTREBNEEELR(F/IMEE,1997), ORI T RS HTBRUARRA .
HHAERE  RBRTHYTAOTEARTRE TR LT AS, SEFRRNERIHE
FHEREEAIGX BT PWHESHE B, NFFHREREMRE 400 mm BT RET
BEMRIAE(RENE,1998), ALLR BT LIKREN 100 ZF 8, NARF A EE R
R MHENEHERE RGKEAAELRERS LA, UH KD BIET S d R XK
B R B RR B ARG R (FK Z A ZE,1998) , X S Bl R BN KR ZE LD K L UL AR X M 77 72 A
YRR,

FEHMNZRDHYBREET TEETENRHER, A RENENBREYRER, S
B30 5% B A R B SR FU AR 4L (RR #,2004a) » 7E TR B AE X 78 1 B9 4F 63 3h 49 8% b B 2% Fh 38
R BEN SEHYEERAHES, AAAMBEENKESL, MERLVUEBE
BT, ERETREMNFRSERAELRNER LT, RKEN Y EBERETHEK
BEEL., DEESYIHENRYBARN KRBT EREREE  EHNRE
By, A HERGENMEERATALNEY ., TENRELARERKERERILTE,
ENMOPEBRAIRRSY, BRIRBAXNEY . ENMEH TERB DAY, RE
GHERARETR. BHIYIAGHER, ERBE—MBBLTE 3 ~ 5 4 N # K (Behrens-
meyer, 1978), KEMSIY, B4 M BAE MW EHRETROXG T ERBRER
4 XS B BRBERERRMKESEE, AR, BB E, FRETEE AR, KR
£ 3 FRE /DN R R PR 3 G R B sh A R e O AR R AL, OF K R BT Rz B K
B LR EE BRI —HERRUEOEEE.

AT ERIBPRBRERNAEKSECHRESWIEE., AL LHEAUED
R, — o 52 By & A K R BB R (2T AE %, 2000) , Il B £ B R B IR £ o o RE R
BIXEHE, LT IRHRERAHEHRRBINGAKR(ERF%,1997), 7 285t
W EAL B L08R 2 b, 2K 0 5% S M 8 o 7E 50 0 AR 3 B0 st 7 L B R A0 F 48R
(=M. 5 RE,2003),.

B RACTRE N &, B 8 =Bt D sh Y B4 A 448 B & B UL Behrensmeyer (1978) %
S 12BREREANEZRESURAR, FEFEXNANERE —BAHFERBTH,
MEMBEFHLETE, 1 FREBEERERALCAEFE AHHERA - L5 THEY
METHNE CXTHEFEFHRE 2 EXAMBERE THERERY BRI
% BEPSEEEE RENZEEE AEFRANAKERAR. ERRA-—EHBHE
SR AL B R B R B WA AT A, — R B R T S RAT, B D SR b A B ) 2
BRTREWER A —FHEEBRALE, BEAREBLATSREMERL, UK
RITBHERLTERAZERERILA IS . BRI Behrensmeyer (1978)XF BAKIE A R 4
AT EHBRAE LK WME, £ 77 F T EBHER 1.2 ZRLEERRERERES3
EN,XSRITEITIELARSHOERE B, EHEENLaFERYE BT
BRNGEFRAZERE #A—SRENYR T ERASERERNRZIPEEE, 8%
EHMZ A RRESHSERBOERRE, ATIB L T BEX B85 BN AR, WG X
s 2 i g B AR VR PR B 1T U Ty R o
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ATHRAGE R ZH K H
oL, BATIXH G B A = Rt Dy sh B
MKER#®BET TR, XA R
By E—NFEL EBE-IEN
I, 485 U R AR TR B B B AR X 1)
Effifi. 23 MBE WL EY
WEEKEEHRN 12 M RIEARES
W 8 MR AT IR AN R, K AT
#(RS) AR XA RER K
ERBENSHGBRAREIRAE, 84
BREAKEEHROERRHER T XEK
EE®AREERE MY, BELEF

BB EEHRBE KR &# LH&
o £ MBERHEXMEER N0 KKK
EEHBESAE (B 3DENETHER,

B3 Nooll FRERBBARSHEAR Pt AR B B 8 32K AR K1
Fig. 3 Diagram showing orientations of M, FEKN BAFPHRERHEMNMWE
the long bones in N 0011 TH B R PR B T B B AR A

BT R RRKIE B8 A1 (0° ~ 360°), Fl.OBRAKEEHEOMA(EECEER
0°~90°), AREEHRBAERSENWBRFBEZ T &, HEAEIEAR <R LEL, B
FRTASIREESE,HAB.C.DRENES. W, MNE3TUEH, HP 15 MREAEET
AT ABCD A9 90° ~ 180°HI M X #1 270° ~ 360° I B X, XM B X MR AR EBTKEE
BEEE A BC T DA Fe, HARKEE®H, KL EiIE BC FEALR DA FiH, L
RERAHME—ZW,HTLUE2 MATE R% NEHRUKRBABR T MBEH, K
ERBE—EWHFHS ., MZFE N0 REELH % ULELAKEES, EHSHT
BT HMERESE BEL REMSHBH, UZTERRAERNMNFTBEIANKELEH
PR ATHEI-MRBERS, BEVKBTMNRBES KRN T RBERLST, EEES,
BATAT LURAE B 85 (0 HE S LA BB 86 40 08 40 A AR X002 B ke 40 45 U /K I A K B 1 o S o
HEBERHMRHE-BUIRELE MKEBHOKH —BREKROT @ BA, AR
B 8 FIE RAEX R B — AR B K W . A X 12 M A REF KB B # 5T
MME, RABFBHRERSAHB W EHE, AIRAA/NMERNAR, BREANEAS S
BEBURBALERKNEBALARS T KA EETR -, TEREXLVHEN
BHRUSHBRRE N TBNAGHESEH, MHLREL0% U EIXHHENE
BOFEAIHULNSIYEHRELE B, XM A FRRE T KA S HE > AT
RSP TREKNEM. WA, SR TSR T /NI YT BB 5 K
YERHE %, B EER 55 8K 81 0 Bl I KRB RN B HE, TH KRB
BAFRSIEL  BRRMFTBNESEREBBNREFILEEE ZI/NEAISI WM
A,
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£S5 NI AFREDKEERNEABRES
Table 5 Dips and dip angles of the long bones in N 0011

Bone No. 1 2 3 4 5 6 7 8 9 10 11
Dip 23° 100° 82° 15° 120° 145° 190° 112° 305° 295° 295°
Dip angle 27° 69° 31° 27° 22° 43° 28° 31° 44° 32° 48°

Bone No. 12 13 14 15 16 17 18 19 20 21 22
Dip 240° 263° 220° 170° 172° 285° 280° 290° 340° 340° 140°
Dip angle 24° 25° 44° 23° 32° 30° 31° 39° 68° 43° 31°

Xif b A 3t A5 = Bk S Sh R e B A A AR R A, H O BUER JE A FIBR T I A
ERREGPHUWRSRE EFHTHEREGH, WHEEMERRERD (KB B
FEM, 1995 5K = PR 4E,1998) o I B 4 3t 5 B AR 0 20 BAE B R G, (L A B P R A G R
HHERRMFET A, X FERE NS R RKE R 0ENRARIE, R &
MERBEAER, L HRBRRENRBEHARET - HENLER TG haXa—
N20 m’ EEMER/N (KT B, 1995, L BRI X Y A TRER
AR L, R A RFE T REIAF TR R A R AER ., HR R GEZNK B
ALY CREERSETHER (KA. T RE,2003), MHERERBREA
B R R AR R 4L, AR PR R AN RE FRE
HEAM YT R BRI (T E J1%,1998) , Ui B 7 MR 55 [ 40 Bt 7 o7 BB X it 2 40 b 9 A4 45 75
B IR R RSBEAE T EEEEW, BRI RY, G Z AW H LR 5
B P H e R T RBREE T H 0, I A BRI B3, 7R I Z B 5918 K
MEBEABRMGBERSBEIRE(F/DEE197), MiEEAMSEHASIYWLAHT
WREFENRERMESTEYE ®0 EEMER, B/ @ RE TR ETHR N
(Wang and Deng, in press), MIMZHAR FEAH R MBAREE R OB LY ERERR
H5RBERA X, HEE e RS, Z 2 KU S & 2 XURTT, 1 H 2 8RB
TR, BEREARNEEEES,2004), R ZHMARPIHFHMMAABRNREN T
B T 2R, ERSERG TR E R R E R R LR TTRBH T
HRBEREME LR A ERATIRG B, 6 H 200 8 T XIT 6817, KRE/IRE
(BERESZ, BT . SHXRMERARRIROMLA M SHE LD, 5E2BA RUIRHIR
RE ST U B 4R Ab 0 HE AR, DA R T 30 B N Bt W o B = Bk D B ) B SR R R T
LHmENTRAEREGAEX.

Bt HAFRLHHMoEBEORED TXAERARTEAR ERLES R E
ARETRB|TAAGEIN, TEAMRAFREAHIDETALTENGREH T4
HEARXIRBTERGEN  BXFLLATFIIHFTLTTAIG WM, £BARE-
4 B3 K ¥ % Robin Teague H +H M X LHE, H AR TRENOHKE,
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AGE STRUCTURE AND HABITAT OF THE RHINOCEROS CHILOTHERIUM
DURING THE LATE MIOCENE IN THE LINXJA BASIN, GANSU, CHINA

LIANG Zhong'? DENG Tao'
(1 Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044 )
(2 Graduate School of the Chinese Academy of Sciences Beijing 100039)

Key words Linxia Basin, Late Miocene, Chilotherium, age structure, Hipparion fauna,
taphonomy

Summary

Large mammals are very sensitive to climatic and environmental changes, and the composition
of a fauna depends on the ecology and environment. As a result, knowing how the population is
structured is very imporiant when trying to understand environmental characteristics by studying
mammal fossils. First, we found the percentages of each age group, then estimated the causes of
death in each population, and finally classify the habitat of these animals. The Hipparion fauna from
the Linxia Basin is very similar in composition to assemblages from Baode, Shanxi and Fugu,
Shaanxi, with rhinoceroses as the most abundant mammalian fossil (Deng, 2002). The genus
Chilotherium from northern China was first recorded by Ringstrsm (1924), and it was the richest
during the Late Miocene in the Linxia Basin (Deng, 200la). It is valuable to recognize the age
structure and habitat of the dominant Chilotherium wimani from the Upper Miocene in the Linxia
Basin .

1 Materials and geologic background

The specimens .of Chilotherium studied herein were collected from different localities of the
Linxia Basin. A detailed field correlation proves that these localities share the same horizon, a
middle-upper red clay of the Upper Miocene Liushu Formation (Deng et al., 2004b) .

We observed and measured 197 specimens of Ch. wimani preserved in Hezheng
Paleozoological Museum, including 165 isolated skulls and mandibles, and 32 associated skulls and
mandibles. In addition to Chilotherium , we measured some specimens of Acerorhinus hezhengensis
and Dicerorhinus ringstromi from the Linxia Basin. These specimens were collected at random from
the Upper Miocene red clay in the Linxia Basin, regardless of ages, bones, and completeness.
According to the lithologic evidence, the red clay bearing the Hipparion fauna in the Linxia Basin
has the same genesis of a subarid steppe during the Late Miocene (Huang et al., 2004; Gong et
al., in press). Stable carbon isotopes from tooth enamel and paleosols indicate that C, plants
dominated the vegetation during the Late Miocene in the Linxia Basin ( Deng, 2004a, in press).
Therefore, we can know the common cause of frequent mass deaths of mammals on the basis of a
study to the age structure of the representative Chilotherium in the Hipparion fauna.

2  Methods

In order to study the population structure, estimating the ages of the animals is essential. The
main methods include: 1) change in body size; 2) degree of wear, e.g. the crown height of teeth
decreases as age increases; 3) variation of certain part of body in growth, e.g. the eruption
sequence of teeth; 4) growth rings, e.g. number of cementum increments in the teeth (Zhang and
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Xue, 1995). The first three methods are inexact, so they are used as supporting evidence. The
fourth method is comparatively precise .

Though it is a traditional method to use the eruption sequence and crown height variations of
teeth to estimate mammal ages, it is still an effective method (Zhang and Xue, 1995). Based on
the combination of evidence from the eruption sequence, degree of dental wear and crown heights,
the ages of the Chilotherium fossils are estimated here, and the relative growth curves of the skulls
of Ch. wimani (Deng, 2001b, fig.2) are referenced in addition.

Because Chilotherium and other forms of the subfamily Aceratheriinae are extinct, the age of
the Chilotherium was estimated according to data on the extant subfamily Rhinocerotinae. Hillman-
Smith et al. (1986) created 16 age-class groups for the white rhinoceros using different crown
characters of upper cheek teeth. Using these white rhinoceros age groups, the ages of the
thinocerotid fossils from the Linxia Basin were estimated (Table 2; Fig.1).

3 Results and discussion

There was one individual in the youngest age group (4 ~ 12 months) and eight individuals were
from the oldest group (35 ~ 40 years) among the 197 measured specimens of Chilotherium wimani ,
which represented 194 individuals (Fig.1; Table 2) . Except for groups I and II, all of the other 16
age groups appear in the Linxia samples. The statistical result indicates that 67 % of the
Chilothrium individuals were adults, implying that the rhinoceroses in the Hipparion fauna of the
Linxia Basin did not die by natural attrition during the Late Miocene.

Until now, no direct evidence for the cause of these mammals’ deaths in high frequency has
been found during the Late Miocene. Analyses of Late Miocene red clay components indicate a
steppe environment, without aquatic fossils, which shows that the Hipparion fauna in northwestern
China lived in arid or subarid habitats during the Late Miocene. Many eolian deposits are present
with the Chinese Hipparion fauna and the environment experienced strong periodic climatic shifts
(Deng, 2004a) .

Most of the mammalian fossils of the Hipparion fauna in the Linxia Basin are in weathering
classes 1 and 2, and some bone cavities are filled with crystal calcite, which shows the bones were
buried before they were eroded significantly. Differentiated weathering is found on some large bones,
such as elephant and rhinoceros skulls. The consistent orientation of the long bones indicates that
they were transported by water before burial.

During the Late Miocene in the Linxia Basin, herbivores lived near water. Large numbers died
and accumulated in the surrounding dry bottomlands when droughts occurred. Juvenile herbivores
were completely consumed by carnivores, especially hyenas. When rainfall increased, the bones
were transported to depressions in open environments, and buried by eolian deposits to form lentoid
fossil concentrations.
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