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WE  RFOFATHEENA, ERRERWM. rrogontherii)Te ¥ [t £ 77 B (K FE 50 & W B 3T
. AR IR T3 M 88 AL K (Mammuthus) B % £ 37 #(3.5~3.0 Ma) & K3 NRCE KB LUK, & T
WX A TiZERENEATS. B R TERM. rumanus)— 8 77 Z (M. meridionalis)— % Jf
AR M. trogontherii)— FAGAGZ (M. primigenius) 8 ¥ AR ¥T GEAD 5Tk T2 X, I H 4 —
AN A BT AN PR B B KBS B A& R T(Out of East Asia). 4 i ¥ (allopatric
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N, RS K R EH Q2.6 Ma)LURZ )T T ET AEE AR FERIEF

IR 10 5, BRI 2738 AR R R I 5 A i
LA TR WAL HE b RE. BEE R HIIX — &R
S AL AT IO A AR AL, A8 P 4 R 1 o 4
B2 ML, MESARANETTE. Rk R
7 B R AR HESE WAL, BRI K R AR A% 5 103 A
R R OB, — SR [ s R FRAT T
MR AR SR T L R B B
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I KA S S A AT WS AR i . e T AR
(3 20 3t 2 I AT PR AN T 5 28 DRt e S 25 3 1
AT WAZ . SRR E D EARIR R, +
Kl LB RAGAT (1 R GE 03 2857 [ A 2 2 K
AT R ALRPIRES. LUK, RS R A
WIS T — L8P Betk R, — ML R AL
FER 2 M REE | e N IR TR NG o /b2 e o K
CHEEA AR, U RIS A o Hl, &5

3| F183\: Wei G B, Hu S M, Yu K F, et al. New materials of the steppe mammoth, Mammuthus trogontherii, with discussion on the origin and evolutionary patterns
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BCNEEE: BRI G (Mammuthus trogontherii) Hi A4 RE S A % WS YR S i AR Uit

A SCHRBER LU RO CLARE I 1 — SR A (1 BRI,
ARSLRE— D AT T SRR K A S A A 1 3t
S A, IR DU A G o AR 1R K 2 il A 0 5L 3 )
(Y5 AR AT T R

1 HME RS I)E R ARIETLIR S 5 P 44
it

L1 BRPEAEVE L im L VE B b A
H4% %l Elephantidae Gray, 1821
H% WV F} Elephantinae Gray, 1821
5% J& Mammuthus Brookes, 1828
HOE M S % Mammuthus  trogontherii
Pohlig, 1885
PORE: WU = EER IR (8 D
brAS: SMD: 8
H S BRVEE P T R B 2 b U T
JE#(34°32"N, 109°04"E).
JEAL: AN
TRAFFAL: BV 25 T T e
5 s AR G B BT
MAESS B 33.858~24.857 ka BP(E 1)
A0 A T8 A WORR]E B 22 K 2 U
(A EIE DA 54 i
DA J7 5 R SR B FH AR 825 5% (TIMS) Bl 3% e
AF IR T3 V5B R i EAT AR AR E . A0 A o 43 )
A A — FH A R PN AN [FE A . SEX FF ah 2B AT 0,
VL RE R 2 WAL S, R4 TR B 6 (1) v 1) A8 4 5
gy BT LAIHARAT AR B T AL P ), SR 8L
0.06 g [T IRIRR Ay ARG FEAE R E T Milli-Q /K,
JHBE R R B2 Ve, BT, BRI 0.03~0.05 g **Th-
PRU-POU R, WIRHEH# T 15.8 mol/L 119 HNO; i,
FE ity R — 20 Al 22 SR ORIV 23 B R 7 5 DT AR 4
AR .
PRACIU B AR 2. XA R A A — i 25 S Tl )

A B =W, MR, HE . AR S
AR, WA IR A AR NI, %
FIA IR S RS BRI = AT, JLEE Dl i ™ g, Sk
AR B, TCUR AR ERAE . A ek 1) H £ B Ak b e 5 (025
. AT, WA SR sk ] & ek, 8 KA 15
A B T A R R oA AR DR AE, R T ) A AR AN 2,
PR A I il 2R 0 0 2130 4 A el IR R R B, HoE
() 1k B B 7] 2 18~20 (van Essen Hans, ™ AAL
i, 2007).

TR FA AT PR Bl i LA SR () S B R (Mamm-
uthus) FTEAFRAAE: BORWG, ARETET S J5i41E T
75— v S5 Bl 10) A5 AL B i B SR Ik B A (1)

e (d)
Scm

B 1 HEFFEIBS Mammuthus trogontherii (Pohlig)
(a) SMD: 8, fi%8 = FEW, WA, BRIy v <mmmbs L F S
(b) SMD: 8, A% = FHv, JEMM; Bertig vtz sl E5IE; (o)
ZLNEOO1, 4735 = EFW, WA, M L3 s R,
(d) ZLNEOO1, A% = LY, WIM; WS T L3k R

R MREEER R RG R

232Th 230Th/ 230Th/

Fefb4 U(ppm) 20 (ppb) 20 ampy 28y

20

234U/
238U

K IE Ik
20 PTh4ER 20 P'Th 4
(ka) i (ka)

YA
20 234723815 20

SMD-1 0.5583 0.0004 0.4353 0.006 1452.052 0.37312 0.00385 1.3765 0.0022
SMD-2 0.7830 0.0006 0.5576 0.003 1201.165 0.28193 0.00185 1.3664 0.0030

33.874 0.410 33.858 0.410
24872  0.192 24.857 0.192

1.4144 0.0024
1.3932  0.0032
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HERRE: HERRL

2010 F % 404% H o

K2 EESEE=LALNNE
R e K- )i =13 T b 2R e o "
4 oI WE s K L WA BRI g miss
R (mm) (mm) (mm) (mm)
3 11~14 228.8~317.1 100.2~141.8 85.6~126.4  2.6~4.1 3.7~6.1  93.8~152.7
KR )
M. [4] 11~15
meridionalis  {jpuer Valdarno, [5] 11~13 240.0~298.0 85.0~122.0 4.5~5.0
VNG (6] 12~14 220.0~335.0 104.0~147.0 80.0~123.5 2.5~3.8  4.18~6.41 113.0~147.0
3 14~21 213.0~358.0 118.0~218.0 57.0~107.5 1.5~3.0 6.0~8.2  145.3~304.9
WA )
M. [4] 17~22
trogontherii i [71 x17x~x17"’x  264.0~313  160.0~163.0 89~91 =20 5.8~7.3
Siissenborn, fEH [5] 18~23 246.0~400.0 129.0~212.0 73.0~120.0  2.0~3.0 4.0~7.0  143.0~208.0
M. primigenius BRI K &A63E  [3] 20~27 226.0~285.0 135.0~188.5 68.0~113.0 1.3~2.0  6.5~11.1  164.6~211.8
AT 75 %(SMD: 8) 0015+(18~207) 222+ 189+ 115.0 3.0 6.1 164.3+
HE - S,
b FLFEF R
g (ZLNEOO1) x19x 280+ 212 104 2.4 6.6 203.8

=03 S5 R (v R [ IR A HEAOIR ). WA JL P4 R
T AT T 0 3588 ey J5 P8l R0 — A 3 [ 2 174w T Tl )i e
(ol 28 10 5 L A 12 B et B B 1% R el 1 T 2l o 22
() FEEACOR A IR AR )5 3 3 el ot el 40k 52 B o i ke
BN R R, RS E AR TOPATS AR T
I I (VAT e M ) =0 1V A T TS LSRN
FRIAL) I (1 AR 5%).

X A, RO R A 2R AR AR 22 7 T AR
SO T RSB, AP SR R b, KRB
B ORARLARNS VA TR Rl 5T 2 48 4, IX S A AG A 22
S X NG A NP = E NI  Rd  R C S =)
W, RTZE R A S S R — AN S, WX
PERRAS, FEHELERT B L P B R, i AE AR B A
T RE AT A, HANSBAEH ZE N R br AT
AR D)y <3 4527

BRI, X bR AT AN B AS G R, A T
FZ(M. primigenius) )[R FEARAT &, XM HA
R Y VA BSCESCRT D B 00 o JEE (PRI OS2 9 T s PR EA AR,
L AR N TS % (M. trogontherii) (130 [l
Z W, RN HEBR TR I AN T R AA TR T SR (M.
meridionalis) ) 7] BEPE (R 2).

Rl R IE AR E 85 R W], XA PR AR AT fig
BSOS BAE BRI I A il sk AW, A
WY RS SR T 28 R % B A RO R SR ok T
Marsworth #i[X, 4> 20~15 J74E R4

1.2 SN B iU R AR A
B % Fl Elephantidae Gray, 1821

KA} Elephantinae Gray, 1821
5% )& Mammuthus Brookes, 1828
B EON 5% Mammuthus trogontherii Pohl-

ig, 1885

MRL: —RE B A 5 = A (B 1)

bRAS: ZLNEOOL

MR P S YN LT LR T R L A A R R
#& A (49°20"N, 117°35"E)

JEAL: FLIEE IR T R PR 2 G

PRAF AL FLIEVE /R T 5L A R A1 A

HOTIAR: G S T

A X AEAR: 2 3.37 JT4ERTY

5 FR R AAH ], 30 A e B i i B g
(A A5 5 8 BTG A 5 R ik v 8 B B2 S o 5 1 A
BRET 5 WA 7247, A S5 )8 o P i e i
Jo v R ORBUR R, AL 22 A R A R LI 22
A SRR A ) =N T R T NS
7E); AR BRI U AR R S L O ) R B A KT
5 4 () P 18] 98 (median sinus), B2 AT 525 6%
FA U 78 [A) A S 8 L TR /0N 17 9 86 11 92 58 (loxodont
sinus); Rl T2 R84 5 AN RN PE B A I G (R AR
LEERA R AN, AR AN R T, 1K W A )
0 REAT RS B Atk I 2 B3R S A e SR A A R () 40 A
Y 2 N, W R e Y Dk i A 4 (I A
*2).

1B Ry H TR (P AP ARAS S (M. sungari Chow et
Chang, 1959)"FrA%, FL3E UK H LM IS S 242
NPT, FAREVL AR S 5o 2 A e b [ 2 )
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BCNEEE: BRI G (Mammuthus trogontherii) Hi A4 RE S A % WS YR S i AR Uit

AT — MBS R4, EH NN, 204 Hars
PR IIRRL, %2 O R A, N T HGH. B H
W

(1) Ak O S A, I
BE, RFE o IERbRA, XARFFA o AR 15
AN B A, B2 N5 — ZHU R,
il /D8 A G T 2 s v v e L R SR S RN S S 1 5
=W, ME RSB = A (V. 2053) 5B AN 4
FEAEANH.

(2) FIREAERE IR BN, K ere e v eloe & FR
HE A5 5 )@ (0 FoAd R B (21X 2y Tk

(3) EEFMEE DI (1)l ) I B % s WA
NCRAETTAR IS G0 (P M BYAR AR, A JL TR 35 S R 1iE
Ko A, AN REAS S, Wik H e
E EE NI Tl N T = 7V /ST W E NI R
S, Wk F 2R L =S AR AR A B0,

(4) TP 2R A AV TR X — Rl 4
149 25 B B A L D K 1 A TR R bl B A5 5 LR 1)
TEA SRR, TIX PR s, 0 0F A 5 SRR S 5 1 T
fiE

Y& 4 1k, Wk A SR I R T RA BT AR S 5
HHRIE 3 H M B TAERHILEE RN 5%, =
SRS T NS BT =5 R RS T LK
Wi R D7 S AR, B T B VT AR YR (A
PG FRF T RV TR, AR TR A AL
— 5%, 80%H BEARAFIN S R I R
AnfEE. =5 %45 Rk 4.33 m, iZHUEH 5 R
{180 R 28 8 R A % P 2 2 vy 5 AR — 5L

s L 3 IR 7 s SCACBR B TE FOE —Je A A A
e IR X AR = A S 1984 SRR I =S 5w
BE TR A2, NS = S R [H
Bl 5% WSE R = EIA AR EC 18, Fil
R EEIL R 3 mm!™", N S JE U S S 1 I
a2 WAL 2). BRI, #s H AR o, L3R
RMER—. = =5%, 5 F#R B = -
Fi—, HRZHEAN & RN, AiREs
WL, BEA 5 A 3.33 m [0S VT A IR S 4
(FEA21.2 ka) "W IF N IS %, RN 5 P47 R
W BRI R AR AR R S5 [

R TR, Bk CALRT AR H N AR RV S 5
bR AR, JLIRUAF AR T R ORGS0 — S W 0] <5k
BEOHRE, HARTBREARER T % Mh 1) 4 BRI e 43 A 10 % ;
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AP FH MR T BPARIE T RIS 5 KT
AEORS T[] B U9 (6, 53 ) 22 9% T PR AT R 0 A B )
EARAB SN T, BT B 5U S B R A R
KR A B RO AFDR JRUAR IR TE S SRR AE, LA K 5
AL RN A EHS L W R (M. columbi) KEAH[F]. &
TAZEBE S O, EENIHA X 1A
PR AP, DL S EMA AT EER A
A S B A S, T H AR >,
FERESEAGE, IV A A

r ] R A R TR B 2R, B IR BB
AR A, R S E A A 8 T 35°~50°N 2 [A].
PRA 4~3 JT AR, Ab P ek R AR ad — ORI [
WA, AR X A b B S 5w 3T 2 [ e
DX 43— a) 5 R A 40 4 R 0 1 Hp [
MG B id s KRV &, BRI, AR AT REIE 7R IX
RS, AERE GRS R kLT HE
A7 JIT ST 1A R B e S BRI T A P AR R I T R TR B
T S 1R L A5 4 5 4 AR

2 BROER RS R A 5 B it

2.1 SRS AR IR 5 AL

I B S PR S 58 (Mammuthus), %R
PEA 5~4 Magie s A0 AR AR S S A4 4
SR VAN B F St P UM S B (M. subplani-
frons Osborn, 1928)-5 1 It - 587 HH 1) 56 3
% (M. africanavus Arambourg, 1952)2 & L%
TAEETAEMBCGT RS N R RS 2 R, 25
BB TWO KBl K AE B M BT A A S R A 5 e
FWE A T AL ) — AR T AR 5 A R
TRt o K 55 =01,

&4 1k, WO K Bt fe A6 2840 55 Gt R s 4k =
T B SA KBRS T 2% PHETS
(M. rumanus Stefanescu, 1924). 4 5% (M. meridion-
alis Nesti, 1825). H GG 5 (M. trogontherii Pohlig,
1885). HLIS % (M. primigenius Blumenbach, 1799)
MEHME L% (M. columbi Falconer, 1857). Ak, Kk
NV K il Je A6 56 R Bt i Zx (1) 5 0 B A — 28/ 1Y g
TR S % 2R A, W H AR JR 46 % (M. pro-
tomammonteus Matsumoto, 1926). -] & L)
T % WM. lamarmorae Major, 1883) LA K 3% & Jin M
Channel & R H % (M. exilis Stock et Furlong,



i E R MR 20104F S5 40% 46 )

1928). Hrp, HARRIG S A /NI S, WA
. BRAE KRR 4 FhORREBL(RPE S 0540 ) AR IS %
Z NS YRR RO

W Je G A WO K it g L TR A S G 2 T,
HIERFRA R I T2 5 Je W Dacic #3444, %
FE RN 55w ] ok e B0 IS D] DK SO [R) by e i 4
S AR IR T 4 o e S Y & L i e e el €
MN16 FIHEY B, #EA-2)3.5~3.0 Mal*'® %1 R %
TEWO K B ) E L, AR TS R — ki
EEPYECEAE B AR, [ T R
e R . B JE NE G A WY 1 2B A7 I ) %E 2
& BLTE T A o R 004 PR e L
TR AT R D, H ARz B 02, AR WO R
fif A Y5t P L AR B 1) 5 R A A T

7% IE B bR A R BT B KR ¥ Upper
Valdarno, PRz gi A7 T MK R S84 4. ™7 %1
T BN AN PR T RO AT S LB T &5 05, 2.0~0.7 Ma
SO TR] ) 248 K508 43 B TR) FRL, R R 0T S o 1R il AT R AR
IREEU iz A AE A X K YR A AR T
Gt RN 5 46 1) B 7 Gbs AN i I T4 20 17 v
BT Khapry HiIX, #¢ AR5 E 4 g 2 5L
KRG (M. gromovi Alexeeva et Garutt, 1965), FHb 5
AN S, &8 T I AL 34 4 R i MIN17 5
W B, FEAZ 2.6~2.2 Mal™iEk 2.4~2.2 Ma'®. ®5
ZAE VYK BLA I (] RS R 3~ 2R 0K, 2 VA[E Chilhac
Mk, Rl 2.0 Ma*?; 2 K Fl Upper Valdarno s
5, AR 2.0~1.77 Ma™,

e [ 5 Ji 4 TR 7 B bR AR R I T BR P K 75 S ]
K, CFEAIRE E B0 kB BGK G B, AR
%58 RS (Archidiskodon planifrons Falconer et
Cautley, 1846). M4 VL PO AL (1) B i A4 R, X4t
i AR 55 W K v T 7R () T 7 5 R) SR AR e 2 X ).
BUESFHET F, JERAARALITE L Khapry brAcsE
B gt AR A A A G s A o B o AR M I AR =
FI W e 380 B AL, Khapry dRA s/ ME A 12417, J5 3
FRRASME A 1120 5304 S RE it Hh i i 4 C Ak
Ty Hb R AE 2R P v 3R L (MUG) B IE A 5 2k
RPU A AR AT RE N BEAS 2.6~2.5 Ma, BEHLT
SEAH YT Khapry A5 A 16 b 5t i 4R,

BRTEMMNAZ FrEmAar g T
7SI e 2 T YRR A, 1 HIX PN
ANFPAE IS T8 73 A0 5 TR SRR BRI B S, &

AP BRSSO 52 MK, Khapry HilX
A5 MAA Y G )e R A RILRIE. 25 BT,
P RARTBE T4 2.6~2.5 Ma R T [E, JF
5ok A AL I (Equus)— 2 [ 28 [ PU P S 5 S
RN, WEFCR B, i b ko 28 T AR DR R
51727 &= Q10 PR/ G ERVS7 5 SR | 27 & B/ U & R G
TR,

XTI A S N LB P A A K S S AL
AR, ZB) PR A T A R, 1
05 B @ 0 G A P IR U T 2 4 R D) A 3 e v Ak
MR IR BB IE IR 54, SECT XA B
YIREZ e, ST PSR LM%M
BAZ. MR MEARRTRAEHENAR, e
s, BURRN 7 % — HIE N Tl R R 5E, 2
HPEEE I (BEA Y 70 TR R AR R ) B RS %
FITEAR I, A3 0 1 X 7 % U7 . S S ) (4
2y 2.6~2.5 Ma)it C&00E N T A IR EREE. B
FRO0Hb DA R B B 5 AN WA, B %08 Y
FER AR Be 1B W N ok, B2 R A B S K
B B H AT A EA SR

7% 5 B S AR WO R BT 5 ¢ H IR — LEpit
FLH RN <% D i F (Elephant-Equus event)”. DAEL %
7 BRI KBl PR 0 B BRAE Ay 585 DY 40 46y b 25 P 32 350
() R YR L 5 e BUIAR IR, 78 T BRI X— W&
1) F 5 KM AF A 5 . % (Elephant) il 7 fif LR WV
%l (Elephantinae) i 5, 1% 2 44 K ) R 4 (Prime-
lephas) « 15 2% % % J& (Palaeoloxodon) « % 35 4 J&
(Mammuthus) XA WIS S (Elephas) F1AEMN % g
(Loxodonta). FRVK i 5 %t 2 e — AN e it
Iz AT RS RE 2R, Rzt A SRS R )
T 0 H AR S 5T AR 43 1 2 2 M I Bk 2 T X
(). H3E, Ml A xR A
DX 33t K I TR b (R AN [R] 20 P, oy 5 2 <A D)
BAARBREIIPE. P, DA DI 1 b 5t 54
A B A T A A A A ST AR R R A A A A
ATHLE, R SBORAL. X WRASCRA 2009 4 5
Bl B b 22 25 0325 (ICS )l o 119 3 7 7 oy il 31 2
A SE Al 1) 1L s A R A g b 0 AR 0 A B 1 5% e
Pt AR, R A SR v ) S DA L (MY G R PR T
i R (BE 4 2.58 Ma)fE 4y 55 DU 20 162 .

AR L BSOS S A A R I [ e T
b B B VA stk 5 = SC A2, H AR EE A 1.66 Ma,
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BCNEEE: BRI G (Mammuthus trogontherii) Hi A4 RE S A % WS YR S i AR Uit

Hh ] A b b X DR A DA A A R (1 A 5 2
SANESHY 2R TR O <8 7 NG N I & MR ] i)
— R SE I 1 S =AY, AT 17 A e R,
U Al 008 S (A A T A R s el 4R O AR T 1
V8 TR bR A, s SR PO SRR, X
(177 S JZALAN . AR AR AT e T R
o A ) SR A R 2R

WHTFT I8, B R AS S A ) AR A I ] S
WA TR, FEA) 1.5~1.2 Ma, iZF0ATE T
¥, by R AR ARG TS, 203 Al AL
I AR MR — AN KT 7 SR AR L4
(M. columbi), ZML KT RIRVKIAREES 1.1 T
JeAry; T ARBEN HA, FFAE AL A By U e
JRIES (M. protomammonteus), ZFAEEES 50 J1 A
e K24, i U4 A M X IR N RRIH, FFAERE A 70
JIAE AT B R T (R RS 3P
AR R NN E, 5 2 RA 1 T R R
IFAEf] B AR S AR &R, T AR B 2RI
AN S0 P C TP SUR

B S, N AR S KBS S, &
NT T 9T S%, BEA 80 AR i A7 i YT v

i
&l
A e

— i
B2 BRIEKKERICERHESEA ST BHERER

720

RN ZR AL B AR IS . Rl 22 ) Ve
WM, ) AR 28 el R AL %, Mg e v
AHA. HABR N EBISHRFES 3.7 ka BP
ARt K P Far R M YR, B S S
ARACRIAE I 1 B O I AR AT RE AN LT 4 T
SRR, JFAE L1 JTHE0 R AR R UK IR 4 K A,
1/ PN Y EIESIPN R E SE Sy SRV R
TSRS,

2.2 BRI

Wb - o SR U 1), S S AR AR RO R
b L db 24 T 8 K AP £ (MSE: Mammoth
Speciation Event), 73l SE T X LR TS W%
B S BB S A EHE LL 555 5 AN Kk B
MRS T ZARAR RS 3 AN BUGEM ) L,
Hit S ngimE 2. Hh, B4~
G- HL GRS % 2 18] () S 45 AR v e 58 1 AR T,
RS 5 — FL S 5 2 1) 1R 6 58 1T PR AR R
ZRALE.

3 P (allopatric speciation) 5 X & AR IS % 11
F AT . Wiley® Ay, SR SXCar 4 ik

FIEFIE Jh= Channel&
\ D W

-

MSE: L5 RS
A: BSETR(M. rumanus)
B: B9/53(M. meridionalis)
C: ERIEIR(M. trogontherii)
D: EAF IS (M. primigenius)
E: EHEELIIS(M. columbi)
F: [RIES(M. protomammonteus)
G: # T 2(M. lamarmorae)
H: B S (M. exilis)

———— i



i E R MR 20104F S5 40% 46 )

35 5 Ff (peripatric  speciation) 5 b7 25 43 4 il Bl (vicari-
ance speciation) ] Fl 75 x0. KR 1) 2 5 g W 4
(MSEL). & 16 Lt ¥ % (MSES) J& & 5 %L (1) J5i 4 %
(MSE6). #l T %(MSE7). i % (MSE8) ] i H i 44
i T LR PR R 2 2 A MR 2, B R e A A
(geographic speciation); /7 % (MSE2). i fi 5%
(MSE3). EUAfAS 5 (MSE4) ] H B4 5 3 e Aol o
L 2). B RIS SR K Dl AR 2 AR 4K, 1T
E[EAR Nt p: Y CR - (SN RS R SR R E Y L s ST BUME F/N
BT 1A B [ brirk 3 A5 % [ E LI RS b

WIHT TR, KD S8 1) RE— ATl i) Hb s 53 A &6
FA U B DS A RSO 3).

WA GAEA) P L, e A WD R S R0 D)
s R RPN A, ARAE RS B S ORI, K
Bl O, S S e E OBt 4 s 2602 A R
) JEIEA B KK 78 HAEYH(Out of Africa). 4
AL A A6 7 K PG AA R 2R A6 358 0 2R W I, D)
Sk T W S - v S B R S S A S 0
L. FEHZEW.(Out of East Asia), Rl H 43V 4 X 435
[ A 1 =0 Y ) N | S R AT B R EF SIS

BB (CO ﬁ:{ TR D) P@EL. Rt ORI Jz
BBt 10 5] 3 ..
128 S 5 o
] 2 D =]
2 200 =N E ~=-g E
o |5 1 S SN s 2
=4 = : = : ,—— - . =
g | 400 §, = 4= Y S8 - 3
i 9 £ = E
it = =3 a
600 = g s
780 =
800 . _
2 g2de = =
E 990 oo 5 3
£ Mhoro £ = 5
3 §1 S g
w e -g "8"
1200 2 = ;
o g 1 = = s
5 g
= 1400 5 I
2 . 8 .
2 = =0 2 TTem=e__
& 1600 2
i ‘s 1770 E
tt 3 1800 £
° .
© Wi9s0 = -‘-E
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BCNEEE: BRI G (Mammuthus trogontherii) Hi A4 RE S A % WS YR S i AR Uit

HLK 2k

MAB %5 NEH K REAFIRANRD. H R
LUK R K Bl 22 Ak it il v A 5 B4k 47 5 NSl B
N Tl SR B, RIS R 5 N KA
TIE AR AR e i, AR B R
M ILAF BN T 5 2 D Kk 60 JT4E, i RN A
B RS A S N T ) 5 Bl VA g bk A AR AR 3
35THIE PR IR ) %5 18 Db 8 4 1.7~1.1 Ma"®. 25 g vy gt ik o
(180 B GRS G D B A AT b ] DL 433 B PR A R 55
HIJRIE, X RN DRSS 500 .

iR EE RS 5L ST & LRSI NS Eid
HABKKFE L. e, w75 b A M (Austral-
opithecus afarensis)~ f7 % /KK N(Homo rudolfensis)/
fE N (Homo habilis). HALN(Homo erectus)FIEE R
N(Homo heidelbergensis) /) & U LI 1], 4351 %
TELRWE . W75 RS SH EURS R
U BN TR] (3.5~3.0, 2.6~2.5, 1.8 #1 0.8 Ma). #4t—
MEAF RIS, M55 V2 b R R 2R
W LB RE, AR 2B R E K LN TR L P A
T A A AR B A e A R A R A 2
e (CBETPTIR). 1 =3 2 A& 157 A SR IE 2R B AT
HERER? AR T UG BRART T

M B R KA ST TR, sk
By MU HIRRESAREES, SmT ok A ANE
PRBEH IR 7 AR R A IS T @ . Eetn ik, R
WA T AR 22+ S 8 T ARl 5 = AR
XL SRS 2 T BOH G RE 7 10N gk, SRS 5
MR AR PR . R AR IR, 1) T K R 2B
M G R R A B L A A RO ST RS,
ZARYRIF AN IR E R . 5 TR XA
PERERE L BN IR A (LA SRS R BRI 1) RTRE A
BB IRET = . MEANELIGE . X A7 BB FE R B B K I B
AHED).

(PG eI RS B R VS Te e B Y I
ARAEAR KL FE b2 s K2 ffi A=y L 3h 38 A6 T 1)
HCH AR SRIERET. BVF, IR R R T DOk 2
RSB B B A R ), RS S
NZEAH Ak (IR I 2) 2 H AR B, g O R PR
LRSI IR, B E R (2.6 Ma)LLok, R
N2 RS TN N IR VS M 4 8]
2 T B ARG T A AR T A 1 B PR O, A
T R e DA B S P AR M DX B R k) LK I
20 BREEE T PR SR B BRVF IE 2 A A B AE 1%
DEANBTIE AL H B Rl FAR 48 AR W R Sh B 5

Bl AHRBATANEHELEERGE A TE— 4 B AT ST — & & A KRRt
T A By, 7 23 A% (Leiden University)# van Essen Hans S8 A& fEAR R S € 7 H#RE T AR BN, +
HFEEEREWE & AR HTE &Rl E R R R RAR X, R+ E =k E e )7
FBUN RS AR R T AN A, IR

S 3k

1 BT, Ao R N I B ) 6 SO R AR R A i el BHEIEAR, 2001, 46: 1734—1738
2 YuK€F, Zhao J X, Shi Q, et al. U-series dating of dead Porites corals in the South China Sea: Evidence for episodic coral mortality over the

past two centuries. Quat Geochronol, 2006, 1: 129—141

3 Maglio V J. Origin and evolution of the Elephantidae. Trans Am Phil Soc, 1973, 63: 1—149
4 Lister AM, Sher A V, van Essen H, et al. The pattern and process of mammoth evolution in Eurasia. Quat Int, 2005, 126—128: 49—64
5 Dubrovo I A. A history of elephants of the Archidiskodon-Mammuthus phylogenetic line on the territory of the USSR. J Palaeontol Soc

India, 1977, 20: 33—40

6 van Essen H. Tooth morphology of Mammuthus meridionalis from the south bight of the North Sea and from several localities in the

Netherlands. Deinsea, 2003, 9: 453—511

7 Wei G B, Taruno H, Kawamura Y, et al. Pliocene and Early Pleistocene primitive mammoths of northern China: Their revised taxonomy,
biostratigraphy and evolution. J Geosci Osaka City Univ, 2006, 49: 59—101

8 Lister A M, Sher A V. The origin and evolution of the woolly mammoth. Science, 2001, 294: 1094—1097

9 B, XDBEE, VrE S, A5 P EMRGER-HERIWRESE S LAl Bkl M EARSWRSUE. bt Bl HAREL, 1984,

121—127

722



hEERE: BB 20104 $40%  H 6

10
11
12
13
14

15
16

17

18

19
20
21
22

23
24
25

26
27
28
29

30

JAWE, KR RIEENULH A, dbat: Bk, 1959. 22—34

FIBEL, SRR, PEMSA. JEat BHE AR, 1974

R, MoK, BIE—, A5 BRI HRIR BRI S e s B R B, bR BRI TR IR ST, 1979, 3: 1—9

FRIEZ:, F1E—, BE—. LR LS4, O HESI 79K, 1982, 20: 88—89

Takahashi K, Wei G B, Uno H, et al. AMS "C chronology of the world’s southernmost woolly mammoth (Mammuthus primigenius Blum.).
Quat Sci Rev, 2007, 126: 954—957

Lister A M, Bahn P. Mammoths. London: Frances Lincoln Ltd, 2007

Wei G B. Taxonomy and biostratigraphy of the Middle Pliocene-Early Pleistocene Mammuthus of northern China, with discussion on the
evolution of Eurasian mammoths. Dissertation for the Doctoral Degree. Osaka: Osaka City University, 2004

Lister A M, van Essen H. Mammuthus rumanus (Stefanescu), the earliest mammoth in Europe. In: Petulescu A, Stiuca E, eds. Advances in
Vertebrate Paleontology ‘Hen to Panta’. Bucharest: Romanian Academy Institute of Speleology ‘Emil Racovita’, 2003. 47—52

Titov V V. Most ancient elephants from the south of Russia. In: Cavarretta G, Gioia P, Mussi M, et al, eds. The World of Elephants. Rome:
Proceeding of the First International Congress, 2001. 152—156

Palombo M R, Ferretti M P. Elephant fossil record from Italy: Knowledge, problems, and perspectives. Quat Int, 2004, 126—128: 107 — 136
VEVE. kG R LR LS e, W HESI P AR, 1988, 26: 59—72

ARV, BEAEH. P E BB A4 SRR, AEIT: VR R RAL, 1999. 1—153

Wei G B, Taruno H, Jin C Z, et al. The earliest specimens of the steppe mammoth, Mammuthus trogontherii from the Early Pleistocene
Nihewan Formation, North China. Earth Sci, 2003, 57: 289—298

BROGIE, Lister A M. [ a1l vi Mo 2 00 4F 25 SEAE RO K Bl A A5 S A IF 5T B 0 S 205 S AR ME) ) 241k, 2005, 43: 243—244
Takahashi K, Namatsu K. Origin of the Japanese Proboscidea in the Plio-Pleistocene. Earth Sci, 2000, 54: 257—267

Stuart A J, Kosintsev P A, Higham T F G, et al. Pleistocene to Holocene extinction dynamics in giant deer and woolly mammoth. Nature,
2004, 431: 684—689

Wiley E O. Phylogenetics: The Theory and Practice of Phylogenetic Systematics. New York: John Wiley and Sons Inc., 1981. 1—439
Schneider C J. Natural selection and speciation. Proc Natl Acad Sci USA, 2000, 97: 12398—12399

TEah G, BRI, TANN, 5. Mg T OUERREICS. B, 2003, 48: 2206—2215

Guo Z T, Ruddiman W F, Hao Q Z, et al. Onset of Asian desertification by 22 Myr ago inferred from loess deposits in China. Nature, 2002,
416: 159—163

Ruddiman W F, Raymo M E, Martinson B M, et al. Pleistocene evolution: Northern Hemisphere ice sheets and North Atlantic Ocean.
Paleoceanography, 1989, 4: 353—412

723



	草原猛犸象(Mammuthus trogontherii)新材料及猛犸象的起源与演化模式探讨
	魏光飚①②*, 胡松梅③, 余克服④, 侯亚梅⑤, 厉新⑥, 金昌柱⑤, 王元⑥,Jianxin ZHAO⑦, 王文华⑧
	1  新材料系统归属及“松花江猛犸象”种名讨论
	1.1  陕西省西安市高陵县渭河阶地标本
	1.2  内蒙古满洲里市扎莱诺尔标本 

	2  欧亚大陆猛犸象演化与扩散模式讨论
	2.1  猛犸象属各种的起源与演化
	2.2  猛犸象演化模式探讨




