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Studies in Ecological and Symbolic Perspectives of Yak Dung for Tibetan Nomads:

From fuel for highland adaptation to ritual incantation

Pingping Zhang

Abstract

How have humans adapted to the cold and arid environment of the Tibetan plateau, which is far
above the forest line, and what kind of culture has been built up there? To address these issues, this
paper focuses on the use of yak dung in their daily life of the Tibetans who live at the highest
altitude on earth, analyzing not only its usefulness as a fuel source for livestock and wildlife but
also its cultural importance from both ecological and symbolic perspectives. The studies would also
have the potential to provide a new insight on the history of human dispersal and adaptation.

In a total of 20 months field investigation in Tibet, four representative study sites with
different environments were selected. In the paper, the regions are referred to as "Arid Highland A",
"Fertile Pastures B", "Peri-urban Rural Area C", and "Modern Urban D", according to their
characteristics, respectively. Even within the Tibetan highlands, each region is diverse in terms of
ecological environment, livelihood and economic conditions, and these differences are reflected in
their use of yak dung. By detailed discussion, these differences are also found to be correlative with

anthropological processes in the Tibetans' adaptation to the Tibetan plateau.

The study examines the actual use of yak dung in each region with details. In the most extreme
environment of "Arid Highland A" above 5,000 meters altitude, the herds of domestic yaks are
maintained by interbreeding them with wild yaks as the domestic yaks are impossible to be kept in a

relatively large number. As aresult, yak dung together with sheep dung are used as the main fuel



with supplements of wild animal dung and dead grass. Dung is frequently collected on a daily basis
and is stored for winter during warmer seasons.

In the "Fertile Pastures B", a family can keep a large number of domestic yaks, ensuring a sufficient
amount of dung. As a consequence, efficient storage processes in shaping and drying yak dung have
been developed . In this region, a variety of technologies for yak dung treatments have been
accumulated, and various uses of yak dung rather than as a fuel have also been found, such as building
materials, medication, and children's toys.

Additionally, the use of yaks as a working animal in agriculture is common in the "Peri-urban Rural
Area C", where more yaks are domesticated than those in other regions because of the preference
for docile and easy-to-handle yaks, including the use of hybrid "dzo" crossed with domestic cattle. In
particular, the production, sale and distribution of processed dung to urban populations who have
already moved away from a pastoral lifestyle become more active in this region.

Residents from the region of "Modern Urban D" purchase yak dung as an inexpensive fuel to
supplement coal and gas. However more than this, a noteworthy feature observed in both "Modern
Urban D" and "Peri-urban Rural Area C" is the use of yak dung in a variety of cultural contexts. For
example, in the ceremony and ritual of life's milestones, such as births, weddings, and funerals, yak
dung is displayed or burned as a symbol of life and wealth. In such cases, unprocessed natural yak
dung is often used, and its color and shape are scrutinized before use. From this point of view, it
suggests that yak dung not only acts as a source of fuel, but as a fetishistic manner, symbolizing a
kind of sacredness.

These regional differences in the uses of yak dung may also realistically reflect historical changes
in the relationship between Tibetans and yak dung demand. In most previous studies, a human-
animal relationship has been stated that the purpose of domestication is only considered as a source

for meat, dairy products, or working animals. However, this study shows that the use of dung as a fuel



is more important than food and water for Tibetan nomads who live in cold high altitude areas. The
case of "Arid Highlands A" suggests that the use of wild animal dung as fuels had already begun in
the hunter-gatherer era before domestication, and humans would not have been able to survive in
such areas without the use of such dung. Furthermore, it is also very interesting to note a phenomenon.
It is found that as a result of urbanization, yak dung has ended its role as an essential resource for
Tibetans in survival and livelihood, instead, the increased symbolic value makes it become an
important cultural item and sacred object. We can find it in a process of symbolization common to
many cultures in which an ecological resource for survival, a subsistence resource that is closely linked
to the environment and life, find its social significance conversely emphasized and remains as a sacred
item in a society that is losing a common understanding of its original significance.

This is an anthropological study from geographical and historical perspectives, which begins with
ecological investigations on the uniqueness of yak dung utilization as an energy resource in the Tibetan
culture and connects it to its symbolism. I believe that the case of this study on Tibetans, the most
highly adapted to the highlands, can provide important insights into the history of human dispersal

and adaptation to all regions of the globe.



G D5 Y OO 1
FBIE FXy MERICBITA2AEOBEGBIOE FEBMORBRK. ... 5
R N (/2T 1 - 5
=2 T T BT DR, oot 7
1=3 F Ay MR T B o 8
17371 B DR 9
1=372 0 DR . e 11
I=4 R R B R, o et 13
1-5  ZEREER BRI O A 15
B 2B BB . 18
2l B T o e 18
22 Ty N D 18
27271 ATBHI. oot e 18
2-2-2 T N N D . L 18
2= A . . 20
2-3-1 R A D . 20
231 R D . e 21
2-3-1-2 BEMREAHLA DA K. 21
273173 G R D A T R . oottt 21
2314 G R D T R o 23
2-3-1-5 G 1 H DRI Al oot 24
2-3-2 R B B D . . 25
2321 . 25
2-3-2-2 JEIREKELHIB OO A& . oot et et e 25
273723 R B D A T R et 26
2-3-2-4 R B DT R o 26
2-3-2-5 RFE 1L H DR DI AU o et 27
2-3-3 BT R AT C DB, L 27
2-3-3- 1 R D . e 28
2-3-3-2  EBATBABELRT C D A& . o 28
2737373 T R D A T R o 28



2-3-3-4 R DT B 29

2-3-3-5 JFE 1L H D TR DF AU o et 29
2-3-4 T D DA . L o 30
24 R T D0 L 31
2-4-1 FREHIC O 7 DR 31
2-4-2 R S B B . L e 31
2= R D . o o 32
2=A=4 BRI L o 32
2-4-4-1  RIRPHE L T BTN 32
P I 3 33
2751 BRI (T 0 7 R ) oot 34
275 I (T o 34
P I A < 35
2754 DM DA AT . 35
P N (=1 11§ 36
BB B L DR . oottt e 37
31 BB A DB TRIL. « ottt 37
3-1-1 REBREAHLA CTOBRBIDULLE. . . o 37
3-1-2  REBREAHL A COBRBI DI T R Tr . 38
3-1-3  REBREAHL A TR D T 39
314 REBREAHL A COBRB O . 39
32 AEIRALECHIB DB TRIRIIL. « . oottt e e e 39
3-2-1 AEIRALEHIB COBRBEDULLE. . . o 40
3-2-2  AEIRALEHIB COBRB DI T Tr . o 41
3-2-3  AEIRMCEH B B D N S T 43
3-2-4  AEIRALEHL B COBRB O . o 43
3-8 HPHTIAREEAS C BRI DL, « oo 45
3-3-1 EHIABEEA C TOBRBIDULEE. . 45
3-3-2  EHTIAREEAS C COBRBI D I L e R AE . o 45
3-3-3  EHIAREEAS C COBRBE DN T 47
3-3-4  EHIAREEA C COBRBI O . L 47
34 AREBTT D OB R IRIIL. o e ettt 48
3-d=1 U AT D ORI T S AU D B, L ot 50

i



BAE SEORME LR . e 51

A1 B & L DRI . o 51
411 BHEDIFBE (B 0 T) ottt e e e 51
4=1-2 AL OBURNE (23 1) o 52
4-1-3 A X/PNE (Fa—T) EETURE Ub—T) i 53
4-1-4 FEHERDBEREBE (77 T) o 53
415 B DA 54
4=1-6 D Ry & U 55
4-1-T T A I C & & D & R o et e e 55
4-1-8  FEBRIT ZBEIC O BHEEAI L L CORIA. o 55

42 BB OMEE L DR . 56
421 T o T U oot 56
4270 OB B D K e ettt 56

O S 72 2 ) 57
4=3-1 L LT R 57
4-3-2 FRBEASDIR DT, o 57
4-3-3 ABRAI L U R DRI . e 57

A 7 58

BEE FEOBMAFI . 59

51 R D KT DA . 59
R B T 59
o B D g < 61
S1-2-1 R B . o 61
5122 F DD K ATUELL. . oo 62
o e T o e T TP 62

52 A DE BT D dE. 63
5-2-1 HEICBE T R . 63
5-2-2 G DR . oo 64
5-2-3 B L O DR . o 66
524 FREE DR . o 68
5-2-5 MEEBL D TR . L 71

5=3 A R DT DT DRI . L 71

B4 AR B B G DRI . ot 72

T e - S 72

56 AR D S 73

11



T PP 74

g3 75
6-1 ZFFEDBREEE U D . L 75
6-1-1 BRELE LCO4BEMMAOTBMBIOREL. ... 75
6-1-2 BRI U L 76
6-1-3 M LR TR DR, o 77
6-1-4 AHICOME D ILER. oo 79
6-2 BRELE LCOHBEDAMIEZRIET D FBR. o 79
6-2-1 R A o T R T L 79
6-2-2 R DR D R . e 80
6-3 BV 7 & R 7 DB . 81
64 AEIEDIRNTOBME L CORI . o 82
B0 B A D B o 83
66  EAL AL D HII O R . 87
B T B B i e 89
-1 BE1ERE Ty MEFETONEOBIE GEREEEEIA) 89
-2 H2BME Y7 OFRE BIRIKEHIB) o 91
7-3 3B ROOMGL LTORHE GIMEREFTC) Lo 92
T-4 G ABERE I RICE BB GBI D) oot 93
L T 94
B B B AR - o ettt e 96
. e 99
L T N N o 99
I BV DT o 107
I T D B . 110
IV BB 111
TR PR B IE. . i 124
E PP 131
L8 RO 136

v






XL ®IZ

F_y NEFICET A& OEIEZ RPN 5 & i SFFREBEN O | TR

T, POV TEMFELUEEEEGEICED . SOICBURTIFET L L7 COED LM
EFo TS, TOmXLTIE, FNy MEHORRD 4 B TOHKAZBEL T, 7 0%k
(CUFA3E) 228, @R REIicF Xy b a2 LT & 70, b HERARRR - Ut
FERTHD Z & 2R LNTT D,

AT, B MIED2FEOFMEBEICHTIEWVEEL LTE LW HEEZAWD, £
7o, EEMAEE X FEEZIBWRN OBEIT 5 HE OB LR & WS, ERICIE—EH
. MBHICE S 2 E LERT 5 b G EN D, I DT, M &R Z B
AT b AR EE HEE R E S £ 12T 5,

TR, EFEIEPEATZBHEDT Xy hTIRTEAEB I b T nn, Zinb
AT KT, FHEENOEEICEDIREWVERORNT, FXy N N\ORIKER25:
BT AT T AT A PO L EEBRAEEFETH LD, KigXDOF A MZIET
Ny b ADOMEFRE U CTERER E WD SHEE iz,

ZHETHIER EO R DRI AFEN ED X ) ITHEIN L TE 720 ) BEIZ DWW T
X, NEFREHFORIICBNTE L ORI TE /e, HRARBRA LD bIEER S
<, B THEBELETFy FMEFORE T, NENRE S AZHRI»EER L L EITERT
NRERUT, B N EEORBRRETH D LERITEXD, TNy MERICEDBERIZ, K
EORMSCEHOZLITIE U THEBMABE L T\5, H<nbBIR2bTEfEoo
WEEEOFEZ FR00IZ, Xy MEFIZBIT S @ & ORRIZONWTELEL
T, BT, Iy FEFICHRYNCEE LR o NEHIZ, FFMBEERZRB 272 -
TWeleh, FE L ORI Tl BAEEY & ORRIZ OV THIETT 2 LERH
Do EDID, AR TIE, ERRTHDL Ty NONx BEEEY L &0 X5 72RO
RINTEDLLTWDONBFHE L, BOREHETRE L COFRMNS . bR BEEM
ETEMNMTHIEICE ST, FRy bEE W) @@ N JER ED X 5 IZH#S Lizd
DIZONWTHERERAD,

NE L EMOREEERT 59 2T, BWOLERERE L TEEPL,. AORFIC-N
TOMERHEMITA E TIIEZL RENTE L, AR TIET Ny FEFIZEBWT, B%F|
MORINT ORI EOFNCERLE S, ST — 2 2L L7z, RAEHIIZh TN
FSCHC, R AL IETRBCE M B, #HTTAR A O, S RERHT D & RS, ZAUHIEER
BORGEL 4SO TH D, HIERIOT—2% 8 LIZF Xy FOAXITE > THIENE
BRERTHDLZLE2LD TORL, TOME Iz, AREERESUEEIRE VWD 2 2O
BN LONERARD, Thbb, 1 DFEOF AN LTI, BHFICZ LWF Xy MEF
DRI emmMi C NN EGFT D2 Z LIFRARETH -T2 LW ) AERRE RS L CoOEZEM:



LB I DIFAEEDHTEDICHATH HAERBERE L COREIZ R - LT 74303 i
s eIk, >F 0 4FEOYLEPHE L TOEREREMIZOWT, BRI L3
HELERAT D 2507 4 SOHIEOHER CTHEL LN HMRFTL THTZ, ThbD Itz
HOMNZT 572D, G520 r AORELA B IR o7c, TO/ME, ENEHOHIBRIZE T
DA REC HARM - (SRR O ZRMEIT, FEOFIHICKM I N TND Z LB bh -
2o ELIZEINLT Ny MERIZBT 5 AFOMmHEES TH#ER R LI &ENT o0
T, HIFRY - AR THRET 2B 2o 72,

BT, Bl BIOANEHTZORITHIE A S LI ANBHOIEE Ty MR TO
HISOWRZ B> T, OB, NEPBSMOEZFIALTNDZ LIERT 2, F
> M EJRIC NBEAEH L 72 01, IR ORI AETE 28 A COTZRERTH D | R
HOF Ry FEFICEHAY 7 NER LTV e, FEFFIZYZ OFBEICHL-> T
BIlbhlTWiztHEllENd, 22 CTFXy MEFRIZBWTOY 7 OFELORERE A
REETROFAIZOWTHEMBIL, ZNETRE L SNNH ThoTFEOFIHIZONT,
BREEE L COARERZ EENEIZ OWTHE B LTAFIESe, SUBReERIZOW TR b7
i 3 [ BN

F2ETIE, HEMELZHAT S, HEMIT4-5H 0., TNTROHIRORMIZ A bYE
T, FCEREMH A, JEIRMCEH B, # AT RS O, T RERHT D LS L L LT, Ml T

2, ABEIEREECAZEDIRRE, BAEBYFE & OBRBIESTEY , 2T & b0,
A AEIE COERDIGRTTIED Fie > T,

WEE A Tl FE Y7 2 G T 570 OHMERRELTWHZ LB, Hx DR
B LTHERT 2 DI+ 7082 FICANLD ZENTERY, 207D, B Y VOHESOE
AEOFEBRELE LTHERHL TV, 72, F45 V7 2EBNICEHAY 7 L QR SE T
HZEBERTRERNTHD (BEIFES Y7 OEFH),

JEIRECEHLB 1%, BH L TWD Y27 QBN L, ZOY 7RI EDHMEN 712
HY . EHOHIRE L TR B Z < DFEEATFTL LN T HHETH S,

O UTAR AT C 1k, WA E A TOHAHUIRO 2 TIFA DB ERE <, BEEZE AT
L7, FEROBRCEEO —HIE T BNBET 5 L WO RN H D, £, HIETHLL
WD XD, FEEZPET LN TEDL LWV ) ANIEDNOME & &b Hp>TH
Do

Z L CHI AT AT AT C OO E Y, STREH D THh D, ZOHIZITEE % 4%
LT HERITBO T, HAAEELZEATND,

P CIE, FEABREIE LTRHIAT 2047203, MIBEREZET & X0, FFED
HEIFEEZ TN D
%3ETi\%HELT®¢ﬁﬂ%KOMT\%Eﬂf&ﬁﬁﬁbf“<oﬁ%&ﬁ&
STHEL, AAERINZ2BEITHY, Hife LTNESI, & ZIIREDT-DICE
EEEZ VRS ETZ0 E WS eI 72 &b, 612, BREE LTOEERSTZD



2, V7 OERRPFLI R SIS K > THEEZRFI LT\ D, Fio, BEEE» N8
FEROTOIZ, ML LEAEPREINTEY, 8IS E L TOMEZFF-> T
5o ZDO—JT, FENTDITIETERVHEE T, V27 DS O B A B O3 IE X
NTWAHZ EIZHEFEET S,

F 4 BT, EME L TCOFERORAERZH T D, Fb & L TOFIERHIEEA
Bk, 2<OFEEY 7 ZFHE L COLHIEIRBEH B CTh 5, £ Tk, 8 & LTHOIT
REESCA X/NE, B U/NRR ER O b FoMEIEDIIEY b5, EORE
RLFESHOBREICHORA S NS, LXZFFELRESTZOOY Y o bhd, ZDOX
INTHENRT RNy FOAXIZL > THERFMTHDL Z LR, ZAHLOFEFILY 5000
N5,

W5 ETIT, FES LIRS E LTHO LN TWAEFZEY HiF 5, 43T, A
LD E & 72 5 HEREIFR, ZHE L Vo BB ILO 2T, AMPEERET 5
DELTHiBNT VRSN LTV, FEDPMIOND L&, Fy F TEHEREKX
DORRIZHE O E L THESND DX EFEHIND AT —T O X 9 72BN EN LTS, T2
DH, AERLOL L THOLNTWDEDTHD, £ LTELLOHEIE, /o Tib i
TWHKRAL Y & HEITENNLTWD, 7o, BILICBW TR SN DG E ITHITRE
ELTENWD IV, FENRGMT IECEME NI MBIZE R LTRSS, FlEkL
OFENE, MEEOBE R ETIFERT LI & &, KANOBERBB I ebina ., Zh
WZOWTH S ZEREILRTREDEDOLNTEY ., 5 BEEOEFZE HIF 5,
Fo. WROBRICHWSENTZY | BERZIEEFICT DO S 72 v 3 5 FF TIE,
FHROMBINR LY b2 OMMHERER SN TNDE EBEXOND, SHIERLEZVWO
X, ZNOOFEFDOEZLR, T LABEEEED LB AT D CHEE SN M ThH
Do

FOETIE, ZFEFTATEEECONTOSNEZRADL, £, 4 DOFHEHO
BtEZ R S RN B4 L Z O COEFTONND Y 2RI L, S DIC4HEICBET D
FROERHERZRTZ LT, FENS TV RAT U AICEEREE 2 72 LTV D AEREE
WHTHDHIEERALNCT D, £, BHITHIFFEE Y7 LAY 7 ORI DOV T,
FEY 7 IZEHA Y OREZEILD ANDFRIZHOWT, AETHEOINTZZED & BATHFZE0
SN ERAD, WRIT, EIJEORNTHEM & LTEERICEDND L)1l Tk &, £
SOREYV B TELHIKE +FRFEY 7 ZE TERWVHUORR 7% ik T 5,
EHIZHEAT, BHE L TOREDFEDOHIREIZONT, BEETRE VI A ENZ T
M %,

BIETIE, Z2ETOFEFEZOHNMNE, Ty FERTOANEOHEIRE, £ 2T
FEPRT LIEBNCOWTIHRE L, Xy NERTOFEOERERER L L COEENEIC
SNWTELET L, EHTHENBREZEZ TWEEHTHLF Xy MERTNENEGT S
eI, WABYOFRHIIR B, TORNTYH, B Rf VX —%MRT5 9% T



FBEDS SO, RO RRFETH 2Tl WV D, BUEDOTF Xy b
R TOEFCBNTHTRAF—JRE L TOFEIRIARFETHY . NERFY b E
JRICELT Lo cEHN D, TOABHEEMRIIHRFF SN T, AXIZ4#E2TFIC
ANDTHODLREBIRW, Y7 2FEL, BELTEOEEFICAND ZENTE
DI D L REIOFEEPREILSND Z LI2HM D K 512720 SRR AU R

ENTWoT, TOBRTHFEOGEERE LTORRENETV ., BMOBERITE N
DX TnL, FRIT, BT LA A o 7T & AT RIS RN F
NIZHIRIC BN T, ZOGMIERNZ > THIASND L 91> T ek 23§l
SEAN

FQETIT, FTETOBELAE X, NENERERZFTT 5 Z & Tk Ly ki
ARVBZTHEETESLEOTE LI L, XA F—MENFICANHORKEERETH
5HZ LB, A TEBLICRRTE 4 >OMEHM TOFEOFHADO SN &, ArEE
ERGERA~ ML T T r e A ZRET 5, Ty MERIZEBIT 2 ERO43#
FIAHOFZEE, =X —RBEOMIEE L COME b FF> TRV, HICARAEY: Low
HAFFE 8 & LT Cldle . ABONEIZE o THEERIM AT 2 /TREEN &
HEEFRIIEZTND,

FEOEINEX, ZNETOF Xy MFIETITRE E ST& i, AFETIE, Ty
MZBITHEMICEISTHEN S, FHEICBET 2 FH 2 FHRICIE L TNWD & 2 AP,
EDOWFRIITR VR TH D, S DITANIZEDOMEMEEL LT, Xy FOAXIZE ST
BERTXLX—ERTHHFHEICONT, EEEREGHERE WO EAE AT,
B - ERAREEN D ST LTS E NS Z LML TR &0,



F1E FRy FRRIIBITA2AEOBE B XU N B0 RE%

Z 2T NBEOIER D D F Xy MRERA~OBE O B ORI, £ L TF~
v MEFIZI T DIFRERE TG D O BBIE AT ICE o Tol BRI O W TR 5, 209
2T, ZNETOFNy MIFETIE, ZEOFAIFEOZR)CTH I 20780 il =
ENTELZLZERT D, T L TEFEROBAND, FEEERER & QAR
L, 00 - BEFT 5208, NEOEHEHEZHONIL TV I XA TEETHLZ L%
2N I8

1-1  ANFHOILHL

V¥ —FVARNTHLTF ¥ o XIT, BEEANBETHLARE - TR - FET R
(Homo sapiens sapiens) 7. #J20 FBAERNCT 7V H CatA L, HRPIciE L7 &R
RTCWAH[F v ¥ 2009, 77V hEHTI—a v/ ~NAHoToRE - PEZ R - 5
B AL, LAY MG T L7, ZORICT ZE T REER T2 —F 27 ~[[)»
STEHRE - HPEZ R B ZAH W0, KL, AE - R - P EZ U ZDOH
77U AR 12~9 TAERTTZ LB TnW D [REE 2020 @ 295]

Mefr X 77 5 7o L D AW A E S 727K - YT R - P ARBENT A a— R |2
X, 77 H=AZ L OEWEEA AN DN — A & A RAOfijFEa— A0 H
STy o w—lkE, TRTOIET 7V B AOMIEIE, BF S 75,000 4F
HNZA » FHEERREZREL . RO PEFRESCH AR ED FEN L ny, 2—F ¥
T REOFERERWIIEEL L, NESFD ST AN TH 7203, FRT U7 0F Xy hER
~OPLENE, A > FodeTe~ 7 PIUARICIXIEEN T, BTV eholz v g,
3,000 A— MV EBX HILODOHRVIE, FHOT 7H=AX b RITHEO S
FET6,500 F 1 A—KUITDIZD, A2 FEENOHRT T ~OEHZIXITA TN L
END[F v A ~— 2007 : 243-253]

—F, aT T OT LA HIFIE, BHEIZIEA D 0> T OIEIEPREE, fEX Y 7L
BT HHILT, U7 - RLEWT =Y UiAR R EOEELEMNAZ BRI, BED
HEP BT O WAk CH D, T L TEHAENE, *T7T TNV H—IVN (Homo sapiens
neanderthalensis), B LS BRENTZNETHLT =YY N (Homo sapiens
Denisova) O =FEDO NENRRFAIIZIIFE L T2 LB b TV AME—DHITH H
Do TIUITNEAMIT O T « REABPNCEBNCTEHRABENETHLEE - T
A s P EZ U ZAOBMIBASRRHROARNPHLEL TWD Z &R0, B UL TAXAGT
=V TIRENPOHERLINTZEBORNNG, T=V I NDRERT T NE—)V NDORE
O 1 RORMIEDE S Ro72 > Tvd Z & [Slon et al. 2018 : 113-116], £ L TH
T ARLBMTIEIRT VT AE =V ADEDEBZ LNDAGWB RO TNDHZ LD
HHALNTHD (A X g ~— 2007], BT « RLEHN G132 < OBRWIH AN



DEMDFERL SN TS [ 2002], ZNHDZENBAT - RAEW, £LTT V4
AMGIIT VT OB H NEFIIEIC BN T, b EERHIKE W THIEE TlIRniEs

Do BA=VX, JERRTRT V7 TR OE LT, b~ T YILIRDIES 2k,
2T DT IVE A NROFER 2560~280 A — hLOEMAB T « R A THRALINIZEBRRT
W5, BIEWVENDIL, RT T NAE =)L ADAZRIZ & BTV A P IH A 28 0 7
L, 1D EOENDITBANEOH LEMAH L, 20 EoEnsix,
Az ETHBMIAAZRR AR O AR R 2> T [ 3= 2013],

F=Y U NTOWTIE, TAH A M5 OF = Ui [Krause et al. 2010], £ L CTF
Ry b OEFEAA R [Chen et al. 201910 2 » HHZR W T, BAAO—H LRI
TV, TAEAMIGOT =Y UIARIZIBVTIE 2008 T F L S 7= NE D3,
2010 4RI Krause B OBIBIIIZEIZ L > TT =Y I ANTHDL Z LT, Ty hdD
R A A BRI BV T 1980 AEARITH /L STV 2 ER oy AEAY 2019 4512 Chen B D&
B RIZE S TT =Y T AND LD TH D Z EBHLMNT /e oTe, TORRIZLY, b
< &EH 16 HERNIIZT =Y U ABRTF Ry EFRIZW =2 ERbh o7z [Chen et al.
2019173, ARE « BT U A « BPETZ LU RALRE « X T UTFAE—L U 2 LT LM
BHOBEPERSTWHEEDOO, FERHFOEKITHEALINL TR, B FIZEoT
SEENTZ, LK ERINEANETH D,

Fo. BBV T =V U NBEOBEO RN, T2V TANERE c XT UTAA— L
VUADRMBMRBERAINTNDLZ ENEBEZLNLDIE, 20X ) B AFMO
BMAZIEEB LWZ ETERD TN LNLRNE NS ZETHD, ZDOLIITHD
TOTNVEAMIFIT—FEONFHDHDED L H 7l Tho/- bbb, L2Aa N
—Z LB L, 26,000 FEDN5 19, 000 FERTIC A5 & HIER TR AOK R (LGM) l2 A -
oo ZDTH—HOEFEMITIRMIGED, A2 LD HIIRBEZ D S 55257, £9
725 EFFHEREDER b RBEL WA 5 Z L1275,

TANEEGTe, BUE, B0y » RIZICH L8 mIL, (T~ ALs Chblbé
F T 20, H50TEOT T ~[apn, 7TIOT EAKOMICHBL Le— U7
(R—=V o T7EkE) ~EA T -T2 [B8—Y 2013 : 237], FcfoK IR N FE Dk
BOOESORERIFE N/ oTc b Nz D259, ZOXIITLT, HRTOT B
WL SNAETF Ny MFEIZHEN ST A2 BNl EbE LD,

2T, NEFFEORME, TAERER) ik, HOAHMIKICERT 5T R COEMRHE L
FNEIMY & WEANLFRIBREDN B Y o S OWBEIER OIK S 27 L% EWS
DL LY 2T, MEORME TELLNE WD LEFEMZRERICZ L, £EHHC R
& RAERERE . e/t L CHIBEMICRIT 7208 WHIAETHD LRSI [Fok
2014 : 309-310] , FEATDOWVH L HIT, BROZ LWTF Ny MERTAERNEEEDL 2D
X, B E O CRIEICARERZFIH L O BERH 727259, TEFy b
BIFIZEBWT, NEIZEMEZ EO X IR L TE 024 9 Dy,



1-2 W7 DT DINERE

IZ&D e, Ty MERIZBWTER 2 Hh: TE HEEORRIT 4,500 A — FLHIE
fﬁéobbb\%«yk@%Et IFZENED EHITE 4,800 A — R D 5,500 A
— MVEL RIZES LT 5 [Wu 2001],

T 4,200 A — MUZEBWTIIMBBERENDEER 0 A — hLd 59. 3 /3—& o b Loz
B (F1), ZOXDICERBENELS, MEICIE LCE LWERERICEWTHF Ny ME
TIX 2 AR ST TIC ABOEFE N E FN TN Z L2 Zhang HIZ K> THLMNTZR -
TW5, ZOWETIEZ, FXy FEROES 4,200 A — inb BEANBETHLRE -
PR P EZ D 19 DFR LB, FOMRERINT, ZL T I AicE
FINDAEDNFHR AT L D HERHE OSL ARGE) D, T EIFOFEMRITH 2
FRIOLDTHDHZ ENbhote, ZHHDIRRIL, BROKREY OEIZ Z O iz
e A NENEATWZZ & Z/Rm LT A [Zhang et al. 2002], & 52 Huerta—
Sanchez b DAFIEN G, 16 HAERTP B L TWeT =Y U AL ORIMIZ L - T, (KEEH#E

WG T & D IEs T EPAST 3V E NA~Z TN TE 722 & b > T& 7o [Huerta-
Sanchez et al. 2014],

2007 FEDFH L. TA short chronology for the peopling of the Tibetan Plateau] @
72 THE W O Brantingham 51X, AR, BIEOT Xy b AD K 9 2R KEEF1E L HE )
(X, 3 HWAELLEDNT T, @mHlc BT 2ATED 20T LT o b U CES L2 iude
RVNZ B B, 8,200 ERTE D LAENZIETF Ny b EfIZEFEOEE DS S LTV
inolo v oftamn o T1) Fy b @O mm IR AN AR LT BRRE S, BIsiZ
FRIEICEEN TV 2Dz, BER O D K 9 7 A PHE S S CORICERE Sz,
(2) FHIEREE COMERN —KANZE Z 5N TVD LD HIEH 0T L <. ZTD &5 i
FWIKE DD EOEBREIS ZE LTz, OEBL LN THH T L Z/REB LTS [Brantingham
et al. 2007 : 147 JFXHEREEZR] LR TS, T=Y U ADFKERIL2010FETH Y,
F Xy NART =V U N DIARERFEEICES F EPAST 2 0k WE 2 LS 602 o 72D
X 2014 FFTH D, T b AT HPOBIBHIRBEN D > T RetEZ 7 =Y U A5V
RENHEIMMOLTRLTWAZ L iX, Brantingham 5O ROBPE WX 572459,

Lbdbiv, ZOXEITTNEAMIGINGEE FLTF Ry MIRo TRIEAZ DIRINT
X, BIEMRSEEEZ R T A RN EE X BND,

TR = —iE, NEIEHOBRETE~Z YOGS V7 B— RIZH-> THA~
M D /b— NI, IBASRERIZIEY 7 7~ 0 VRV EE N RERTHY . dbicizz v
L, VaryAnNNEONRHY FOXFAL L DARFAZ L FAXR YT TR
B WS T HRT DT PEE D OFFHE T B, FiiEseE A E D EEE L T
ZEERBRLTWD, [FySrnA~— 2007 : 245]

TNEAMGIIBRIBAZRRE, ETHENRHKThH -T2 BEZOND, BT - A
NI OEYOFE, TmlxiXu~, FT YA, "MV X¥I, T Ta—7 k



VI RITTIAATF AV I FF I, v—Fy b, JUTFEOFREIHLL
THY [mr3—=> 2013 : 229-234], HAGRIHROIFMETZBIZ L » TIERELZ 72725
DL AN=VIIHEMI L TV D, SIHIEERHDGE 2 @EDETCTH D, UL OB LRI
FENG, RE - PEZ R - HETZ A RE - RXTUTAL—LUVA T2V TAD
STEDO NFHITIFMBLEETE 2B 2> TV Z E DI S D,

Brantingham 5%, 8,200 #2025 6, 400 FERHICTF Ny MERICEE LB AXIX, B
Z O BOLRIFHBREE IS o7 LIk T D, £ LTI OIMOIRRIL, & LIz 2R
THORLS SND KO ITRoTRIESOBREN D . BFRICHRS NI Th 5 & Fik
924 [Brantingham et al. 2007 : 147],

Fy MEFICRT 2 RHIE 1980 FFRICA L £ T, IEHEROREFE Otz > Tz
L Goldstein HXF DFEZE [Nomads of Western Tibet The Survival of a Way of
Lifel O Th~TW5, Fy MEBERITER, R S—=F 0, BEYs T8
Ny TRy Mg auleE&25F0 . WITERMICLZY, BREZ7Z> THAENAEZGD L
TWEWoH, HIET A4 7R, FEREOFZER EI1IBID blue sheep dog & FEIE
NDTVANT U RO X ) RHREZEN TR EZBZ o THY , BEFRMRITY 7 —81
SIOMMEA > > Tz L5, LA L 1980 FERUC A - TF Ay b g i T OFFFANERIIZHLH
SH, FTALBUC L DBAOEZT BHE - T, OIS A HEE L TLABOHE X %2 L0 ik
EITSFAH L D172 o720 ) [Goldstein & Beall 1990 : 124-127],

1-3 Fy MERIZBT 5% &L

REAEBZZBEICOND L. NERT Ry MEFRO X S 2B~ s 3 5 72901, 57
WEAEIC L 28D LOBIBIEIK DO A7 b T AERBRE 28 H LI LROBLETH - 7213 T
7o bHBAALBEDT Xy NOAETEOBIENL T, O TED I ST A% DG LT
T EHERT 2 OIXREETH DA, T THAERFIHO KM EHERIT 5 Z L IXATEE7E A
9o BIRDD I EHIE S SR C BN e AT 2 B A 2iX, B AT 57251 T
<, BWEZRSITHZEICL-oTHLNG EOAEBEFOFMANEE ChHo7= LB 2
bid, ZOWRENL, LFTEFRy MERICEBIT 5% & &2 OFAIZ O W TER LT
WETZW, 2B, [Ty MGESUERERIL] I2b &0, Zh ol b 5561 Tr
LUV OREBEDWMIME AT N BEOREREE Y| MOREMEY B LS L LT
LIRS 2020],

FRy hCEHERFELLTYX, eV Y YIREAEINTND, 20 ThY 7L,
B LT 28 TH D, Ty FADBEHZIZOWTHRAE L7ZRIZ X D
L. TRy MEFRIIFEEZT TR OBABHR AR T oMl THY | FEkEn T
W W ADY 7 AR L TWD, FEY 7 13K 2, 000~5, 000 A — FLOfE ThiE &
NWTWDM, BAEY 7 OGAIET Xy b BIRRHEAEE & FUWEE RIS T TOREE
4,000~6, 100 A — FLOE LR EITR bV, £OFHEIT v, BAEY 7 OFF# L LT



FEBRLTEY 2 X0 R RELS KERPENL TSR TVWD ZERbITbid, ik
XL, WEYI/BIEIERT A TIL, FEVY2Z7ICHEY I OMEEEZRD AND
7o, NBICRRLZ B 272> TWD [3E 1995] & 4, 000 A — FUE E DT T
. Y7 LUV ERREGIEANAAL TV ROUH TN URESE LT, EHROE IR A
SINTWD, YHINDHEFHBELTWAEEL DT NIMFEL, FEDIINITEIH)
MELTU~EEBET LR LH D,

BEOBYMNEELINHBRIL, EOX2bDTHA >0, BHFHD Leder 1£7
Z BN HWT, BOFREICELRIKIT, B BB AMICHIN-Z & THED
[RRIFEAER ] V— b TH D ERRTND [Zeder 1982, 2011,2012], 52, A =
A TABZ—D)Fx—F -« 77 RA L, NEPEEAEMAPER LI THEL DL D
L ODON— R RHDH LR, ZONL— NIV Y, ¥¥, UvOFESHLEFRFETH
é&ﬁ&fwéhﬁhaozmw-mm YERLEY Y, Y IEFRELT LTy MIE
AN \%%®w~k LD L > THEEMNBI RN LD, SHILTTVTA

BB T DERYORIROKXIG L 72 5 e DI TH Y | ZHUTHHIED L D%

%u%%é?é&ﬁAf“éﬁﬁmmﬁlmw'wﬂ Faiblix, BilogE L., AWM
PN SDBEDFICL S THET 2D TH D, BIROD 2 EmHintik ch o7y
MZBWT, A2 PEIEMEEZ R AR OYTIFROe Y Y, Y7 E2FKEE L TERL,
BT LN, TNy N AEZEHEIG~ S BN =D S,

1-3-1 FHBOFHA

FENTIE, Ty PADBRFEHE L TERTHIEY UOVX, Y27 7ebld, ZhEnED

IICHHENTELDEA S Iy, BV DIINFHORNTHR B YIINC ML a gt o
—7 77 AN e vy ab i TRARICE S LS, BTETERICAMBEE
ERAT OIS B 2RO IR TS 7T & 2019 : 203,205], Fi=, 77
AL Zeder OXHERE S L, Y X OFHITH 10, 000 FFRIICA T U PEHOY 7 A (L
IRFEEES T E o7 & SILTND LIRRTNSH [ 7T 2 2019 @ 207), F 7 Hecker X°
Zeder OILHER%E SR L T [Hecker 1982 ; Zeder 1982, 2011, 20121, FFI DX T - 7-HIZ
HWHEZRATRD K)o lc 2 L2k, ZRRVYXOFRE(LDOHEV 2L FEL T
WAH[7 T2 A 2019 @ 209],

77T X~ (Anaplasma spp) D4y FEWFRINIGE & RFMNTICEAT SRtk 278 L C
W5 ChessalZk D e, BV VOHRB~OBITIZEET 27 TK 5, 000 FRIICEZ 72 %
DORFEEDE I THHEEZLNT A [Chessa et al. 2009], Chessa DiEtil% 9 1T,
77UV RE, BV VIRRRUIMI B A EL R SR, PRIXEICH E LTOFf
ENERENTEY, HBIIFHAIN o To LR TND [ 7T A 2019 : 208],

TR, vVEiR e ENLSMNT N D, RE UV DRFEE DA —w v 7 X (Bos
primigenius) ¥ 7 (Bos grunniens) X7 v HEHIE T2 (X 1), FEHV I IIA—nma v 7



2AxFEfE L, 2—F T KO HTE (Bos primigenius primigenius) % ZFeit. L1-+F
BB N LET T OMEO—%% (B p. indicus) H#FE{L L= ROE¥ T 4N
AET D75 & 2019 : 180], 7T >3 Al Zeder X Bollongino &M LkA S M L
[Bollongino et al.2012 ; Zeder 1982, 2011, 2012]. # UV A4DFREZ(ITA T 7 ILERC
MR TE I 572 EBEXDND LRI TNAH[T7 T 22 2019:181], F7=, Chen
HIZE D EBTHEOFEITHIED /RF AKX T 8,000 ERIEICIAE » 72 & &35 [Chen
et al. 2010],

Ll HRT7 T ORNTH TNy MERIIEEAEFICE <. AR ORI HTEHE
e THAEDREF LW EMTH D, FXy MERICBW TR REm & Wiy 7 T
HD, EIZLIIE, Y7 ITES 3,000 A— R D 6,000 A— kb, KIEEK~A T A 30
FEMND~ A F A 40 JEE W) BEEOEFICART 2 7 VR OB TIEROAL, ik L ONE
EROENTENOE L, WENE LRI TH D &0 ) Fi AR, BPEITR » 7R < HLE
T, 6,400 A— FLVOLUTHE THEAEZRBNICED | B XLORWEE TR X OEEZ R oMY £
TRRLHZENTED [F 2011] .

B, KRS TRWEETCIE, Y27 EFSEE L TRIHLSTVWEwTH 5,
YO EFENNESEDLZ LTI LT Ry hO AL, Y7 &2k RI T 57-01cv
7 DB AN L, NBHNY 7 DR % BERREIZR S Z &2, £lo, Ty
FAEIABZY 7 LUV ERRIET, ARLVFIHLSTWEEZAEAHTZ L2
B L,

Y7 OREUZONTIE, ZLOFEENRSKLTND, U HIT LD TIFEL TN S
ROIE, YHTNFT RS L —FEPIEEOREWHIRTAEERETHL Z L &
RLTWD [R5 2018] , £ DBATIE, TH AT AT Y 7 & 1o g2
UVORERTH Y, EIXEGE AL, IR E RRAICRIHE TS i b
2015], F=T B, 1OV Y, Y7, U HINV o ZRRETDE, VTR
bolbKRENELS, Fmbm<<, WEV BRENWZEEZHALNILTWDSITH
2008], F-H OITMEY 7 &Y OHEFOEFERBROMETIL, MY 7 T8 NES, A
THRFREINEVOIZR L, VIFBEENR, £ 106720 ORERENR Y7 L0 20
TEEREL WD, FRTMA, Y OEREOHINFETEY 7 L0 &<, SEOFHE
Y27 £V 5.78/3—k> kN EAloTWe, FIUFEROREY 7 &Y 2 ER LGS, YO
EOVROEERIT 1L AN— FEWEWI[HE 1982], & HITELD BSFHUFE OILFN
TR I/eo72, 2007 4E5 A5 10 A 150 HEICE L SEHIRICAERT S Y E Lty
7 OVEHLBEO I ER TIX, YT 18HH-Y 620.96 177 A, Y7 18HHT-Y
213.50 ¥ /7 A Thotc, 2O NG, VEOWEHLREITMY 7 O =fFE HDH 2 LN
LN oTe, 2D D 2, VY EDOHMDT DN TIE, Y27 DI & KRERIEVRH D
NIRRT [BES 2008 1, ZDOXDITHEDHEE, WOHE, EHLEREDRTHL NI
TN DBEMMEEZR LTS [R5 2018] . AMHEOFHAED 72 3TlX, Vid#hzE Oh
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DD L TWDT28, EITHEE 4,000 A — FLEL T COYE RS ik & 72 13 &
WCHONTODEFNELL AbNTe, ELOFAICONT, E%Er HUFBED AR O
IR G 2 2 RAICEER S 256, Y27 OFLITILIRITITM 72N Dy O AR EH
HZEb®D, TOREDYERIFHELAICECDHN, YIIRWNAL LTEHNTLIZ NS

[

% OB FEECRETFHE O L, Fia L TOLEWICET 2EE L&, &
OFFAMEE LT, =z bttt —m vy 7 20X 512, BRAE L TOMENRZED
BNTVWAHL, FEESLEZNMT U-RMITEERAEDE LTRSS TWD, F&
DEOLL, HHVEESEOERFEZ RSO, ARRBICHER T2 2, AN
FHEROWLEE, FHISIZE T 50N LEMRO AR ME R 60T 52 L T HEOE
TR 2L L o & Lz Lo 2004] o WO OBFEIXFEE OAAH T ARG S, F
BAHOMEE L TREWVWEWHIBLENLO LD THD, 77 AL Ingram H=° [tan
DOk Z S L [Ingram et al. 2009;Itan et al. 2009]. & HIX H 5 &3 7
Wieh, NMETEZ I VD B+ ERT D2 ENTETHAT T LARRETHZ &)
5. FHOMEIZEVERRTNE[ 7T % 2019:188], 7~ NEFE @I, F
AEDOBWFEZB N T, LEOZNVFESEE AAMICERIEIL L, TOMEBERIZ. BHR
EHIBRAICEE, BN S VK VB L EHICEIE L T o E L, R LB
HOBMRIED 5 5, MO EWILOFMMICIER L2 BB LT\ 5 [ 1987 :
30] .

13, 000 4ED NHE 5 L Rt & 2O, BRIV A4 A4 TEV R
X, ZEOHBBEBIZONWTIE b o IO BRPEBHCB T 2&%F 2 EHL THB 0, B
FAECTHE S & L TCORENZOWVWTHEA L TWD ZERbd [FA4 7V R 2012]
Fio, NEFEORMIIHE LB oREEHRL, £ a1 - FXy b bvTY -
T UTADREDT — 205, AR OEHEIG & FEORBRIZOWTHLMMNILES & L
TW5 [kt 2014] , FEAHIBLEOHENZHETH L Z L ZAiHRL LTT v T AL FA
v hebewIvaiRL, BY/EKR BR/ER] TER OMZabEICE > T,
EPTEICEAE | IZOWTOBGRANS FTRERT N TOEEDO I A TERERTEL L LT
W5 [FEAt 2014 : 329-3307

1-3-2 ¥ 27 OFH

FRy MERORKEETH, A DBEZOARLELHMA L TEL LEZEATNDS Z LN
FLERSINTE T, Y27 OZMRFIHICOWTHlERICL DL, YZ7OEFTIEYPOELE
e T, B, K, EREOT  FoMEE LTHWORTE 72 [HEEIR
2016] , FFIZHOWTERIE, HAMTHEE S OM L&D E 72D | NF— F—
R, =T, EDLLEAT v EMEHINDILK, YV o NEREENDE AL, 1IN
HARRA=TROM MIITHN B TE . [FEE 2016] . £72% < ORIEERTF Xy b
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o 1 H A28k LT Y, LOFHFIEST — AT =72 EOIMTAEEICER LT
W5,

AR TIE, ZBOEEDE L TEOFANT Ry MULOBEERFHTH D Z & &R
LTWEW, ZDZ &IZE LT, 1990 FARLAFTO A ARIZE T 5 F Xy b REGEZHiTeIR
0. REERZ LICEORRRN DR T LARE S NEHFOMIEE Tl v, IERMFE
DERICEIZOWTOMENEND ZENbhnDd, Ty AANTHDHIELD KX, —#
DF Ry METEFLOT v A DT, FHBEICEOFHIZOWTESNTWHIERED 1 AT
H2 [P 2000, 2001,2013] ,

NEFEOIARIL, Fy MIBT 577 OBEEVEZHOWTRO L 5 Ik~ 5%,

FRy FEFEOANL2DEL LEEZDET, b0 TIRLRNI EB3H
%o THIIY I DFENTHD, Y7 OHAFEINVE LTy hERO—HHITIZ 040
LTEY, YIREHLINIZDOIEFT Xy NERTHLZ EDBHLNTH D, TDT=
D, PZIRWRIER, BOBEOL ZATHLEEN AR THDH, LT, TOE
XEONE, I BICT Y MICRIATE S, o, ZORIZLIZLIEF LR E LTH
AESndiEn, Arbb Iy, F—X a—7 N IR bivd, IHIT, MO
EHELTHLEETHD, Lo T, 2OV 7 OFEER 2T UETF <y MEFEOK
FIIANZE o TESTLKFIHTERWAEOHM TH S TZITHRNRYY, WV R I
X, Y7 OFENMIZL > TFRy MEROER TRk AMRAES T2 L3 AEE
(2722 72DTH D LA 2006 : 368-369] .

AT Y7 2FE LTl LT, AXDOF Xy MEHTOEDL LEARRIC L LR L
TR HE2b O, EOFHAICOVWTE—F (b~ 7Y TILELE LI-FE O3z e
2T 5L ZABLN] RN TL2OHTHY, 1FEAEFE LT [ILIA 2006 :
334] .

ITAETIE, 2 2TTFy MEFEORIT, EAHOENE L TOFy hOBEHERIC
DN, FEITEEMERE I TEEICHE T LT WD, Z 2T TF Ry b ADH#AICY 7 D3
ZRELRIZINL L, EDOFEEOFEDOMEFROE L LT HY 7 DEOMFRON LN &
R, FEZBROCTIFICONTEER SN TS £ 20164, 2016b] , R EMNFEHEL TS
FIZHET AR, IRLTCTEFBRE SO TN EE2E2 D L, Ty FEFINLD
NEFERCRFHE L VST O TOMRET-HIX, Y7 21300 L LB o#ERNH% A
FHHINZHDOYIZDIZL TWIE T TH L, I2H b 5T, RO HF.LITIEEWT Z
Mol Z eDBpnd,

Y7 OEOEEMICOWNT, FEHFEH O Rhode 1T B LTOY 7 O#EOAF ML,

12



EDDOBRBFEIRANZE & A EENTF Ny NEFICA & 2 JBE S e 22 5 R 72 5 72 T6E
PEN % | [Rhode et al. 2007 : 205 JRSCHGEEZR] LR L TV 5,

INETOF Ry MIREDN, ZEOEOHMEZM RO LA MEE L TR 2 L%
L7gpole—F T, EFITEOFHIZ, Ty MIBITHEFEOHLHNRFERNTHL L3
ZTW5, b LFNy NOEELZFMB LIV BT, MLV S, Y272 1TIUHE L
7o, BWOIEERELE L CRIAT S Z LICOWTHET 2 _RE TIERWEAS 90, £2A
FORBMEISIZOWVTWRIE, TNy PADRRUVFHREAEEZ K2, Z&ELizY s %
AU THERT 5 X912 o7 LTH, BT 25 L5 ICHABMOEOFMITWELICE
ThbhTW5, T2b 5 NEOEHTEGICOVWTEZ LBE. FEOALEROFM,
BEHNIFE L T D LREENTNLEVWRLE59, Z2TEWE ABO»1bY &
LTRRbEERDIL, BEE LTOBMOEOFFICHONTTHD LHHT S, £/2, F
Ry FONx PEHEISEZ T2 D7DV 7 OFHITEI L2 b b b, e
AR L W) S CTENL TV DI EY 7 OB Z 5727 OFIC K D LD AL Tunv5 o3
RN ETh D,

1-4  ERBETR & TR

Pryor HIZ & 2 E HFHOZE T, TR 27 O Kostenki 11 T, £ 25, 000 45 &
HEIND, HAHRRKROY U EADEFETO LATLER 12 A— MU EOERZTE
HEDRF LI TV D [Pryor et al. 2020], Z Z CIERMEKMBEIZBITLoodH
D LWEIDRINT, v B ADFEREES TR, B & ARDRGIRE AR LT
JEMR R o0y o TUWA [Pryor et al. 2020 : 1,16], AFfT%H. Kostenkill T, {F/EEN
REENDBEEN TG & RO S BOIE L T, Bl EAEET DI o < S AFR
SN EEWE LTS KK 2019 1 155, 1601, E > VO8RS SULFZEE T 5 AL
kot (BEE~OFBTA—/L, 202043 A 26 H), 272 &b 30 4FRTE TIINEL T
DEERTEBIZ TV E Y VRO BEEBEIULL, 8057 EICED, ERO L X2
BEAIT HBBRHoT-L VS, BITIXM R H Y, BREET D EARDEHITRZDEH T
HD, L LBECITERREZGE0HE R BITAREHE VR, FHEEES Z b7k
Ko TWDHEWD, £z, Wi THEFERTENE  INICE T 2 8E - tha 8
HIERIBE D b BARERIBE b~ ORNT, [FEORIZ, BER 2 IeoTd;
B BEBEE LCRIAT 22 e TE 5 [ 2014 0 111] EHERL WD, HERN
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MiLSL (Arenaria kansuensis) (Androsace tapete)
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[ 1) EEC & 2MESTEDEL

EEIC L DmELE, PR KR, KE D
fF (o | BREE | P R SUE
(%) (©) (c) (hPa)

0 100 100 15 1013. 3
200 97.7 99. 3 13.7 989. 5
400 95. 3 98.7 12. 4 966. 1
600 93 98 11.1 943. 2
800 90. 9 97. 3 9. 8§ 920. 8
1000 88. 7 96. 7 8. 5 898. 7
1200 86. 6 96 7.2 877. 2
1400 84. 5 95. 4 59 856
1600 82. 4 94.7 4.6 835. 2
1800 80. 4 94 3.3 814. 9
2000 78. 4 93. 4 2 795
2200 76. 5 92.7 0.7 775. 4
2400 74. 6 92 -0.6 756. 3
2600 72. 8 91. 4 -1.9 737. 5
2800 71 90. 7 -3.2 719. 1
3000 69. 2 90 -4.5 701. 1
3200 67. 4 89. 4 -5. 8 683. 4
3400 65. 7 88.7 -7.1 666. 2
3600 64. 1 88 -8. 4 649. 2
3800 62. 4 87.4 -9.7 632. 6
4000 60. 8 86. 7 -11 616. 4
4200 59. 3 86 -12. 3 600. 5
4400 57.7 85.3 -13. 6 584.9
4600 56. 2 84.7 -14. 9 569. 7
4800 54.8 84 -16. 2 554. 8
5000 53.3 83.3 -17. 5 540. 2
5200 51.9 82.7 -18. 8 525.9
5400 50.5 82 -20. 1 511. 9
5600 49. 2 81. 3 -21. 4 498. 3
5800 47.9 80. 6 -22.7 484. 9
6000 46. 6 80 -24 471. 8
6200 45. 3 79. 3 -25.3 459
6400 44.1 78. 6 -26. 6 446. 5
6600 42.9 77.9 -27. 9 434. 3
6800 41.7 77.2 -29. 2 422. 3
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Rl S 721 E 0 D3 Wl S A
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® 1.385kge 0.295ke
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T L ABORHAEER Lz, BISIREIEX86.9C Th o 7nd

MEFEAICINEA 5 2 &, 89.5CE TIREN LA LT,
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[Z17T-1]J RERDFHOERIC & 2BHEDOEGL

RE DO I L 5 BRBEE O E
Bo4#k 10. 122 x 10° kj /kg
2D 3 17. 035 x 10° kj /kg
iz 17. 742 x 10° kj /kg

PIAESTS 2 S oy S
4238kcal /kg=17742. 39 kj /kg

[R 1721 RE 8 HO4HMHE

RZ8 A O A4 Hefd &
30 H R (kg)
8H1H 40.5
8H2H 42.193
8H3H 41.37
8H4H 42.695
8H5H 36.496
8H6H 40.607
8H7H 39.95
8 8H 43.275
8H9H 40.575
8H10H 48.945
8H11H 45.23
87121 36.621
87131 35.69
871401 47.125
87151 38.13
8H16H 42.346
8H17H 51.23
8H18H 39.897
8H19H 39.545
8H20H 35.61
8H21H 45.635
8H22H 43.495
8231 25.26
82401 38.95
87251 40.06
8261 43.68
87271 47.2
85128 H 46.01
87291 45.71
87301 46.9
8H31H 51.07
wE=(kg) 1302
¥ (kg) 42
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[%17-3]1 REOFEMOIFHEMHE

RE DA O FHER &

/] Py (kg) | A RMEH & (g)
1H 65 2015
2H 65 1820
3H 50 1550
4] 35 1050
51 35 1085
6H 40 1200
7H 40 1240
8/ 42 1302
9 40 1200

10H 40 1240
114 60 1800
121 65 2015

HoHH#6~9A) DO L - 4942Kg
ZDHEFE(10~57) D& : 12575Kg

(£ 17-41 RFEOMEH O FFAM RO AMIRE

REOEHOFEFHEOAMBE

H A3 (kg AH E (k) A AFE( i)

1 2015 1934. 7 4.3
2 1820 1747. 4 3.8
3 1550 1488. 2 3.3
4 1050 1008. 1 2.2
5 1085 1041. 7 2.3
6 1200 R 684. 6 1.5
7 1240 707. 4 1.6
8 1302 742. 8 1.6
9 1200 684. 6 1.5
10 1240 1190. 6 2.6
11 1800 1728. 2 3.8
12 2015 1934. 7 4.3

MAMIIEEZHEH L, Ao 3L X —HE TR R

4238kcal /kg, EGKFOUCTHE Lz, AMOEE L AEOBRIT 1t
=2.2m ( TAMTF v 7oRERE- 2EAMTF v 7 TEEAS] M
B 2011) 2 L7,
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(£ 17-51 RFEOHEMOFFAMAE & AMIRE

RE D4 [ O 4 Fe i B & A

= AT L
B R(ke) F (D R )
B (6~98) 4942 2819. 4 6.2
% (10~5H) 12575 12073. 6 26.6
AN AL 17517 14893. 0 32.8

KEDFFEOT L X —10122 k] /kg, XD FEDO T F)LX—17035 k] /kgk
FEAL, AT, MADO = XV ¥ —HE XTI T4238 keal /kg, FHKZFEO %
THELZ, AMOEREEBEOBERIZ 1 t=2.2 o ( [KAMT v 7OHE
1¥- REAMF v 7 LEHEGS ] KFT 2011) ZEH Lk,

MAFRMERL 2 nGh,

fhOBREZ AL T 2 L IR ). ZNDBARMDIGE.
KOIIBBDOARMICREEZONDS, I DICZDBKEZT Ny FEfiE

THER7-0 DL EREe 2 DD T A L ¥ —KE SBT3 bick 3,

(#1761 AMAARI KT 2 RMEOHE
R BRI 5 %R () oI
@ g (K /kg)

0 4238 17742.387
3954 16553.421

10 11 3673 15377.0145

15 18 3393 14204.7945

20 25 3113 13032.5745

25 33 2838 11881.287

30 43 2561 10721.6265

35 54 2285 9566.1525

40 67 2010 8414.865

45 82 1735 7263.5775

50 100 1460 6112.29

MHLESLEG KRR &3,
MoOEREZ100L L

H_/\
Ua

KGOETHIR S HIo L E DA
DARDEIE T, HEEAESIK

REE, ZOKEGELTHHREOEEZ100L L5
BOKOEIE, CER234EEE REF T4 B; Hudob (i 3
D D BARM B AR T/ A T T R
BUNRE/RE - ST FEREE/F 2T AMT v 7O
GKE/2-3% TLICVERR)
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[%18-11 J&dbHFZE 1

FEXOFIE HALEZE  GRERHIA L B OHIR (T~ 2 FHERWEE)

ST

ARCL 2o LG A& OGN EDOEEFENE D

FIED B FF T2 )N DI DAHR A Bins

FEHE DDA AT, BHOEEILS SIRTEIZENE D
EYHICHRE T D

ELIZHERD B E T D

T NENMTTC, BEEELLEE, FREE TBEIT S,

SO GFNEA TV D IERROSE, 7~ E2FESOICEE2AL b 5T~ L CH3ELIT I,
T, BRI Z DT DHEENT T URROFRLT LT 2B LM OH L TEBL,

[%18-2]1 JEidbiy3E 2

FAOFIE EACTFZE  WEEmEHA & P RO (T~ 255

N oo s e N -

AREL g o leyy, 7 < ZFONIATL

TRDBKEDL, ETIIRE T

ZLT, FVPEEDMRAE BN T

EEEMREOESBICSE, HBEILICTS

WA 2 BT D

ZO AT Z 2T D

T b ER T, BEEERLIZER, TR FRERTBHTS

KT~ aSEEE, 7 SNIEFICF LN IR s T | BERORERCME REL T vDEWNMIL-T
RrOLILD,
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