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Effect of Predation Risk on Prey Population Dynamics
and Its Mechanisms

SHI Jian-Bin
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Abstract: Predators can not only control population size of prey through direct killing, but also influence
reproductive outputs and population dynamics of prey through predation risk effects, which are the costs
incurred by prey’ s anti-predator behavioral change. Predation risk effects can have even stronger influences on
prey population dynamics than direct killing of prey, but there have been relatively smaller number of field
studies about the impacts of predation risk effects on population dynamics of preys during the past decades. This
paper reviews the progress of researches about predation risk effects on population dynamics of preys with
emphasis on introduction of several classical case studies involving Wolf ( Canis lupus)-Elk ( Cervus elephus)
system in Yellowstone National Park of USA and Predator-snowshoe Hare ( Lepus americanus) system in Yukon
of Canada. This paper elaborates two hypotheses ( predator-sensitive-food hypothesis and predation stress
hypothesis) that have been proposed to illustrate the mechanisms underlying the impacts of predation risk on
nutrition, reproduction and population dynamics of preys. There is evidence to support both hypotheses, but
more researches are needed to further verify them. Considering that there have been few field studies about
predation risk effects on prey population dynamics in China and the fact that many endangered species are facing

increasing natural and anthropogenic stresses in China, I put forward recommendations and urge to conduct
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researches on predation risk effects (in addition to direct predation effects) on population dynamics of

endangered ungulate preys in China.

Key words: Predation risk effects; Direct predation effects; Predation stress hypothesis; Predator-sensitive-

food hypothesis

KLk, & & SR sh P Z 8 R 1Y
W2 3 T E NS EE IR T (Messier
1994 , Kojola et al. 2004, Gazzola et al. 2005,
Atwood et al. 2007, Creel et al. 2009), fiiE#H
AT LA o B A AR Y T A Y R R AR A 3
W¥EVEH (Eberhardt et al. 2003, Kojola et al.
2004, Gazzola et al. 2005, Creel et al. 2009,
Griffin et al. 2011), & K& #F 50 IE 55 R
(Canis lupus ) AR EAE 2 FR i A6 32 AR R
( Rangifer tarandus) 155 JE ( Cervus elephus) Fif
HEECR B — > G 8 1 (Rettie et al. 2000,
Halofsky et al. 2008, Creel et al. 2009, White et
al. 2011) s 24561 K V/E 2 i REFL 2 4
TR A 2 K (Kojola et al. 2004, Gazzola
et al. 2005) . TEZRE 22 HBIX, Oh 1 /0 A RE B
SIS 3 22 i X A R S UL R R A
AT IEAE — R DX St 5 | AR A2 il 1X 22 JiE
Blah¥rcE 171X ( Manning et al. 2009) , [F]
FE B R R de e K AE AR R 450 Jead
TR — A~ 3 2 K & ( Carperter et al. 1985,
Lasley-Rasher et al. 2012), W53 % W+
[ % ( Galeocerdo cuvier ) X i . ( Dugong dugon)
PRI A IR 2 4 FH ISR, T ARRT o R b A i
A IH$E ( Wirsing et al. 2011)

TR R 2 AT & 5 R S0
RAONE (B URE RO ) B A 1 — 2 B F 5
A7 (Lima et al. 1990, Boonstra et al. 1993,
Forrester 1994 | Krebs et al. 1995, Wooster et al.
1995, Boonstra et al. 1998, Lima 1998a, b,
Krebs et al. 2001, Hodges et al. 2006, Creel et
al. 2007, White et al. 2011, Zanette et al.
2011) o BIFFER B, 4l 8 KU 3500 AMEAEAE T
HAEW AR YRR sh 27 T AT REAC A LL
AN A E KA ( Creel et al. 2007, White
et al. 2011, Zanette et al. 2011) . A SCTE faj &

A0 G £ XUBS: RO A5 J ) SR L A
2R JUAF AR AR A £ KU 800 0 A W e sh 2
FTHLET T R BIETENE OO, AL [ AT I AN
WFE TARA Pl 2

1 AR USROS

WA R B A Y Y
M AR T A 2 | 10 AL AE 55 W) g S A
B 7 AR A B XU R ( predation risk
effects) , 12 1Y 3 2 HE &L 1 ( non-lethal effect )
(Boonstra et al. 1998, Lima 1998a, Creel et al.
2008 ) , 715 RIS 4y Ay Sk sl 47l £ 5 1 ol 728 HAT Hy
75 Al A RS AT A

A A B B B Uk
B WA Wy S A R — R KUK i T
AEFBURYIUUE HAT MBSl 2R X 2eq T
S R RE AL T« O T Bl AR N [ A% R
(BE2L3AE 2004 ) s EREAR N Z 2 HE Y BT
I B4 # S H ( Creel et al. 2005, Fortin et al.
2005 ) 5 ¥ 2D HRUEE AT 24 0 B[] 100 AF L b 3 in
BEIK SV R[] (34 95 B 5F 1997, BT 41 4§
2004a,b, /4 IR 5% 2007, #X 5% 2005 ) 5 8048 XF
BS54 1) U ( Winnie et al. 2006 ) ; 248
B R B 4R (30 S BE SR 1999,
Christianson et al. 2010) 5%,

WFIEE R T O & XS S B Y sh iy
IXEEFT AR Z Hh R T I B AT O U X S )
B B B AP Sh A n] BB R 1 W T T
— e, WFREEAT— Dy AR S g % S R
HERI B & T2 50 5% ( Eberhardt et al.
2003, Creel et al. 2008, %% 7 214 2004a) , {4
i, Peckarsky 55 (1993 ) il i s Jo A HESI Wl &2
Y ARG G R A LR 2 B R I RE,
SRIG TS 3 2 HELA B IXURE B 4 B X A
RERE SR, WHE & e AE /N
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55U AR A B K A AR S R G A
SRR B R X 2 RGP R R
HH AT LA I 255 5 W A ) %) 3 A 0 R
( Forrester 1994, Wooster et al. 1995, Lima
1998b) T T fili A= A= 25 2 G vh B HE 3l 4 Jli
T A U R 1) BTF 5 DU 22 PR — 2
h i AR 2 AR G X B HE S Y TR S R AR
TR MELABIFFE AR BOAEME Al £ XURS: R4, B
AR HHAAE (Lima 1998b) , {EABSR A
—BEF S R AN T X 25K /& (Boonstra et al.
1993 ,Hik 1995, Krebs 1995 , Sinclair et al. 1995,
Boonstra et al. 1998) . X SLFH-AI14: A% 52 56 AT
FE AT UESE T 4 B KU O XA P A s A5 1
AER],

WFFEENIER TS B KU RO% i AE e S
MO0 BHFSE Tl B XS R0 5 B B AR
FHXS A W R R 52 e =PE B9 AR X 2R/ ( Lima
1998b, Creel et al. 2008) , 7ECLEHFFT T, Bl
44 BT TE 3 B B A R 5 Bl T e A AR X 16 JEE
FhEESh A ASEIA ST ( Creel et al. 2007, 2009,
White et al. 2011) &K E 25 L X A4 24
XA (Lepus americanus) B & AE FH A0 HF
SMIFFE (Boonstra et al. 19931998, Krebs et al.
1995, 2001, Hik 1995, Sheriff et al. 2009,
2011), DA Bgm & Kb 3¢ #48 (K 49)
( Melospiza melodia ) B 1 5% ( Zanette et al.
2011),

W5 R, S B A [ 50 B A 20 14l
90 AEA NG I AR LASS , 75 A TR 434 1 X S8
LR RCE I T W R R (AR AR
I3 AT BUR A BE AR I AY SR T 31X T RE bR ER AR
A4 K (Hamlin et al. 2005) , K30 A4 554 )
WFFEIE IR B9 B £ VR A A2 DL i B i
S FERR AR 0 N BRI AR B, IRt B
TR EHAH AR RIS R B R By 4
BRGNS e 1 JEE Y AR sh A A2 4 O
L3 £ XU 50 f h JEE AR 1) 45 T
F B 4% 4 A EH (Creel et al. 2007, 2009,
2011),

WFFEE T RO B IS K F 28 H X

BRSNS AAAE— A 10 45 A2 47 10 R I A2 Ak
(Boonstra et al. 1993,1998) . [ #&H W 5% B9 IR
AW EATTA S UE , B 2 ) SR 2 1
FLHEEAH AR FH A, 4 KU XS 1 it St T i
B S0 T BOH RO S0 0 [,
P B R A R B S AR — N EE R R
(Krebs et al. 1995,2001, Hodges et al. 2006,
Sheriff et al. 2009,2011)

TE ST 5E h A SRl il 4517 55
( Lanius collaris ) TEAEYN A
axillaries ) X [ HBE T LIS5EAEM A 8
AR I [R] 2 2 E B E I AR
WA YRR EE%CE (Scheuverlin et al. 2001)
Zanette 5 (2011 ) il i 7635 BLEEAH B AR HI B9
5 0T TR A £ 2 M P 194 i ok R A A 1 XL
R, LAAIE 52 478 £ IRURS: Xof B A= 0 4 5 26 AL 56 Tk
FERPRFIRZ I 25 SRR A XURS R4 FT LA
fr b S e B Y e ACBCRE TR 1 AR A IR T) P
TRE 40% , KT H A B AR AT RE A Y
o

Lasley-Rasher 5 (2012 ) 78 X i 52 H7 F4) BE R
( Neomysis americana ) 5 — 1 7K 2& ( Eurytemora
herdmani) [0 R AT, 1 e BUBE AR A8 75 i
it B VR R S e A2 Y 4 R
WS 800 (B ) e AT LAl 2 ik il K 2 1) 52 T
WA N BB R ) A AT AR AR HE A R 1Y
R,

AR R ok S S RN B A AR Al R AR Al
1 XURS: T LA B I b 52 ey B A Sl W O RS G
Al £ XU 250 AN E R S A M AR sh A i) — 4
HEE PR HO A YRR R Sl 2 A9 JR 2 4 T T RE
BRKF H A (Creel et al. 2007, 2011,
Zanette et al. 2011) . F-H & XL AT LLE
1L IR (cascade effect ) T 52 M FE V& 2H % AN
HB ARG M IEE (Werner et al. 2003, Ripple et
al. 2012),

2 AN SC TR XU (A b

SRS XU 2500 41l B - ) =2 18] Y
KE KA YN Sh 28 AR H T2 (HIR AT

( Saxicola torquata
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FEAE X S AE H LB N 2 A 2 ( Creel et al.
2008, White et al. 2011) . HFf, © 24 H M
Al U A A A At 2 XU 8007 981 T S A e S A5 1
ML,

2.1 HEESBEYRIR ( predator-sensitive-
food hypothesis) i £ & U & Y B ULIA
AEWIITAE 0 SO R AT O O BRI T A B
W AT R RS, BRI T A5 ml T 5 fn A=
A7 B RE R FIE 7 S DT 52 o JE S R A
B % (Creel et al. 2008, Christianson et al.
2010),

K B S BA FE S b A AT T 45
TRSCHFIX BN, R BIVAR B4 £ XU R0 X
JEE EFA R 5 T JEEE TR L2 A AT 5C (Creel
et al. 2007,2011), [AIXFAR A 2R, B i o
A LA A O =X R S Hh e B A 5 SR Y
I 0] 43 Fic B 28023 45 1y 20k I X6 AR 9 4 B R
(Creel et al. 2005,2007 ,Kittle et al. 2008) , iX
P 2 e PR 5 AT A Bl B e T
JER B PERE SR MR W] B R K
AP B9 i 105 5 B A 44 R I 35 T B, B JRE A 22
W E TR, M AR T R MR PR 300 2 2
T RIS B A AE B PR (— R
WOME ) WREEAH DG, BRI, B M BF 98 45 R %
HHT, 68 0847 XU 2550 07 X R 5 40 ) 2 il 2 3
b RN AN 238 2 W R T 3V B T
HIHATI) ( Creel et al. 2007,2009,2011) ,

SR, White %5 (2011) % Creel %5 (2007,
2009) MY A 58 45 R AR 1 T B BE, White 55
(2011) & B RE 17 24 PR 28 26 A0 5 | AR Z Tif
(1962 ~ 1968 4F) F1Z J7 (2000 ~ 2006 4F) 7%
A AR, E EEFNRE Y SRR 7 - 34 % A
SIARET Wi A 484k, B, fTIA kX
— L RE R SO R R R, TS R AR A A
T AU 40 5 3 RE R R A TR0 T BTl ok
MfE S, (HR TR Y2, White 55 (2011)
AT SE AT BETEIBURE DT R M GE T i B
S [R] R I PR A ok S R A T TR A A R R
RN ( Creel et al. 2011)

2.2 BN E{Ri% (predation stress hypothesis)

TR RS B 1 B E R
IR, 2 SRSV S B R B SRR (B
WER , BN A B IR ) MR BT, ik b
WY EIEAME A BT k-
PR i %l ( hypothalamic-pituitary-adrenal axis,
HPA ) T S48 , ik n] e 2 e MTE AL R 50
TIOR8 A A A BB, S MR B ) 14 o
BEBH 7S (Boonstra et al. 1998, Creel et al. 2008,
2009 , White et al. 2011),

Boonstra 55 (1993, 1998 ) 7 B 4 48 i1 %) A
(7 47t B0 XU T 0 18 1 S SR A e s S A A
R BRIR L 25 Py A AR A B 1 g %) L S R R
F e B s B BTt SR LR MR EE T B R R A
FH AR, SR Boonstra %5 (1993 ,1998) 11 B
FELERF AP R T UESE 1 478 0 IXURSS: 500y o S5 7
Hh A2 (LI SERIF ST 2 AR AP RE AP LA
v 2R B 0 T s 5 A R T BRI ARk i
B BEAE TE AR K 1 Ik 53 W 35 22 (] 1) 6 8%
HRAR

117 Sheriff 25 (2011 ) 3T 4F K X 1 it 5 Y T
FEAE RN H R 1 BF A Sl AN B B R
WA THE 2 BB R, AT TR BTG
D 2 SRR B A B SR FE R B TR 1Y
RREARR, LR IR 0 A5 LA W Sl ks, B s 8 4
AR E M) EH A S R AR R BT
MATT T AR Sy — S5 b BB S BEAIL 23 B2
5 2H FROF R, S0 2 v ) B A S AR R T
( Canis lupus familiaris ) W) 2T, LIBLHL 5
TR, S5 TR LE 5256 20 i B S iR Y
14 Bz JoT Pt B 0 25 e T X R 1 T S o 2 B
G 0 BEHHAR 0 B I AIG Tx BRZEL Y, O HLRE A
T B JB MR B 114 T vy 5 SEHHLAR 0 1 R A1 . 25 A
Ko BE—2BWTFERMT, E S 4 2 KUK Y 22
AR U YR H B 20, RN
PR I % B o e e R ey, AR o ) B T A
P AR AR U T 5 | B A
PSS SR B T R, ELs2 ) JE e 1 250 A
ERAIR L ( Sheriff et al. 2009 ,2011) ,

X FEPAM AR =, AT e o Pk Y
TR RERE B YA R R TS A (H R
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BXIANTE T A HAb Rl Dk e o sk J3E
AT 120 e o e 3 N VA B2 ol B N W )
Je N2 8152 1 ( Romero et al. 2001, Chapman
et al. 2007) . S A GEHRRR H A B R s n]
AET B0 BB R W B2 T}, {H 2 Sheriff 55
(2009 ,2011) FIWFFE A2 B T A B o e Y 3R ke
JE BT S BT CR, FIk, b ATr 45
XIS oAt B0 4 ) A BB RO S A 52 1
JA 78T S 3 B S 18 A R IR (O — S 2
R, HERES S0 B B R v T,
T RE T sl W) BAH R R S s Y R Sh
Sk,

HAR LRI A5 SRS T R N
18 56 [ B [ 52 el 1) 25 JEE R E B BIF TR 495 2R 0
NSRRI B, PR A R JEE A A B o i
B A A2 v A KU U T B R R RO
o, AR FERE B o B AR VR T 2R 2 () A
FAAETUAOC R, JF HARE I AR R WA 5 BERE
FERE T Y B 5T I 3R MR AR G ((Creel et al.
2009, Sheriff et al. 2011), JSflit, 75 %) 2538
¥ 5 ( Sturnus vulgaris ) WIBFFE 0 & B, 4 D5 15
IR T AT 1) i 5 %) L B (2
(4 A 25 ) 1A W R L X R A ) fE % 3 A1
It HETH ) A B T B2 1A (Cyr et
al. 2007) .

HBLX RSO0 A REA LA R, B e, X
PSS SR TR 0, NS Y 3h )
FEREME R BUMCR W B AL T BR S AR WA B Y
BEIROA OC, WAl s 555 Y sh W17 O i
BUBA I, KT X T T AR T Z T
FoR , BRI OB B BOMOR WS A B T
AN ARE G A £ A 1 BOE BUE ( Wingfield et al.
2001 ), H 2 45 A1 AR B Jo i 3R vk B8 b T mT
R Ok 22 Bl AR Y J5 2R, AR iR A 0 A
U TR A kR T RE AR R K-, S B
18 2 A7 15 2R Of 1) BB 22 ) 18 - 1 OC R B AT
(Romero et al. 2001, Wingfield et al. 2001),
PRt i SR 5 4l B A R R AR T e 0 Y
Folb R A RS R G R SRR, WSS Py n]
REAN 234 i HOME B B vk BE AR O il B 1

FOBE o SRECVF R IRA , 105 2 5 2 i W50 R AIE
SR T OR W P R  2x —E W S hn |
Tk, IFRERC N B 45 08 1 9 — A 7T SE R
Fr ( Wingfield et al. 2001, Sheriff et al. 2009,
2010),

3 WRFTH R XU Y 3 S

B SC T i i) — BB A 5% 45 SR ( Creel et al.
2009, Sheriff et al. 2009, White et al. 2011,
Zanette et al. 2011) B Z5UF B, 58 XUS 25 0 AS
{BAETE, A AT REIR S X T 1Y B &
RN o PR kg 5 A 2l I o A ] R T i A (] )
I TR B 1 9 R T (stressor ) S F H AR M N L
SN, T Az 7 47 ] e 7 A il XU 2500
2 TR AE W6 B AT S RO A A gk P A 5
JE N5 Pl A A XU RO %) A 2l 28
AT LLZ AT R A SIS, R, 7R
HESHYI R DR PoRAE BRATE ST P An 2R 2% P& 1 A2
BEHEEDYAH AR, S 2 AR XU 2
TSR T 4B NS T A RS T ] BE 2>
A A ( Eberhardt et al. 2003, Creel et al.
2008 , Griffin et al. 2011, Zanette et al. 2011),
AN TR B AR Sl YRR A ORAP R B

5 A Sy e i 4 R T LR AT AT —Fh]
XS N RS A 1 OB R B PR BE 4 3l be ™ 1
SN DS R f AN = 7/ K N | =
(Sapolsky et al. 2000) , WAL $E A3 T4k,
PR N 205 slhon) B AR s 0 T W RS 2] 5 4
BB AR L VB (1 31 3, disturbance
stimuli) ( Frid et al. 2002, Fritts et al. 2003,
Profitt et al. 2009) , T4 HIth GEE 1 THFERE
o R AT A 17 50 11 T 5 b T A R 2l A G 5
FEP A, R I 7 A ST B 0 Y
A= Bl X S R £ XIS 25507 () A 5 2L e
(Frid et al. 2002) ,

B N1 Bl B3 R R i B2 Y 14
WEABRG, THRAREFAESRY, CA% 3
N R Bl S R 3 s sh (s 2 . AT TR
XL A R G b 1Y B A A B 2SS W AME 2 3 ok
FI o (AR ) (Y B3 B VR T U | 34 32 3]
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FAGHEE TG SITE N B B AT e
PRI AR 4t B XU 380 0 2 i, SR, FReAT TR T
XU R G A B A B - R & Z A
KFR N EAE TR Bk + 0 ik, A V22 1)
R RIIESE, 0 A B I R R
RSB0 o) B A AT B S s P R A8 BB A sl 2
ARRINE T N R I PR R0 3 S A B2 f) A
KU RO B R 7 il B R B AE AT B A
Yy B S AT B 2 Sl A B P R a £ XUR 55
BRIl 52 b RKEBE R ZAESRGE T E
SRR RE SN, TRV TR AR 2 AR G KU AL
IS5 T AT B4 A BB A A0, S3 A, R A
FMME B W25 T NS ZH
s, IR & ME A G B s &5 1A
[] () R4k T 0T, 92 B R A A S 20 1)
B KU AT REAT & AN R A RO, PR B, il
- A B ARY)- K  e— BEAR O IOk
PO AT B 8 X0 K A AN A A B SIS A ) XU 2800
19 2 40 (Fritts et al. 2003 ,Muhly et al. 2010) ,

FRAT TR 4 B XUBS: R 7 A A FH R HIL AT 9K
HIZEL DB Ry DA 5T o5 e DA £ 3] XU 28
L AT L A BT | LA W) A A AR
B —HEA A P (Creel et al. 2008,
Zanette et al. 2011) ; /05 AEEF AN &
IRV 1 19 AR 728 A A2 75 5 A I 194 S 194 o7 TR
(B B R ) e A2 Ak Z 18] 1 5C & (White
et al. 2010, Sheriff et al. 2011), [F]E}, A 1id
ity 2 B 22 A B AMIT SR B E 3R B AT Sl
£ KU O AR AT 5 i 58 ) s R R s S PR
Bt , BCE 4R BT RS, PRI, S T 2
T ERT IMIF 5T ke I I 478 0 XU 800, TR 3t Ak
T NS R RS | i R B B
Az SR AP RS BRI O 30 A B XU S0
R R
4 RARMFIETH KR

S A S A A A A XU
RN Y —> E PR OB AT 7E B AR 251

SR ATAARXE /DN, AR b e B A B 8 X
TR XU RN RN SEN . TR S i 5

T A BFFE S it T AT AR . 3E Ak i JE 2k v RE
GPS TRl & (i AR S5 5 1%, al LA HE B4 ) i 1
b 470 1 R A R R A o
AR, hn 3 o A 9 5 RE 4 e m
AT E ATV 9 TO 4 H i U & 7T DA LU RS )
Hb BRAT AR A A 45 R DRI AT A A AR
YA SRR SE DAY B S8R 1 L ( Creel et
al. 2007,2009) , 455 2 /N EAE WSS, 2
AT AR SE A2 10 L0 BT Bl B 2 s e £
5470 WS e AR R X LE A
WA 3] (1) B a5 A8 AR sh 2572 1 Bt Sood
AR P ( non-invasive ) BURE T B (L
2010 ) T3 34Tl 5 B0 5 0 e R IO 00 3R R 3 A2
ACECHE AR ZE &, AT A 5 e VR RN A 2 X
I 2080 1 PR XS SRS LA K 5 a4 £ IR 80 {1
Uho TERMBFFEH, AT L i il £ 5 1
MU 7 46 5 1 Rk ) R Bl B Y B R
TR DL B XU RGN, DA 9 4 1 XU, R0z
A8 5 24 1) B B R R Bl 255 T ( Eggers et
al. 2006, Zanette et al. 2011) ,

AR IR E 8 O IR G AR T
T % 45 1 R B R FL 3l W A 3N S ) B
FE, B HEAE (2010 ) H A BREIR e vkl 2 171
4 2245 ( Rhinopithecus roxellanae ) 2 7 %) J7 it
B U, T/INAS (2011) g T 2 B0 4 A
A QY 5 ( Equus przewalskii ) 2EFE P ) B2 5T
PSR W, LA R AR 5 Mz i e
e i 28 52 W WIS N I ) SR A A (2008)
WZE T HEFARE T IR (Acinonyx jubatus ) FEHF:
R R s RE AR A, X BERIF ST B ARIA R RE XY
AP IRAT T BRI Sh ) () L BRAE S RON AT L
FEW 22, (88X T A I T JR A £ DRI 240 iz A
FMR T REmAGRAE T A 2SR5

NP E R A IR TIT e T — L G &
AU Xt Bl 0 AT S 5% el () A0 5 (3 iR 4 1997
BT 2004a, b, 45 R SE 2007 ) , (L ff D4
1 U8 HE S YA V) AR M sl A2 i Y
WH5E, & FE HFF2 dife A7 2L sh ) B i 7e 2
NS T H 4™ =R AR S BATA
{HAZ B A KRB (IR ) B R U, 38 2 32 2
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P A=W SO w7 witl 7 ST B D R e SE S N Tt
FEH L, B4R T —Lil i BT S R
DR £ 7 0 A B 2 W B e 2 A T R 5%
(P15 %5 1996, 5K UL % 2000, Liu et al.
2003 , FiSCHHEAE 2006) , 38 B AT W58 K Fe AL 6
TR 3 T AR 8 B e R0 A
A USR03t AT 8 B3t Sk R
AR — SR ARAG T F XA AR s A
s Wl RN WA, 5 i AT 6T 3k 26 i f A
B SRR B 2SR T HLE AR R A AR S
B o LA SR J30) 3 4 g e T TR I %) S L
F2 5 ) X 3 S A o 4 £ AP ) RS it ) o
S O 34T B B AR, B, IR R
( Procapra przewalskii ) 5238 E F¢ A WG W #, 43
AT AT VI S 340 b DX 32 T ORI N R i B AR
pNUES N S G G S N & DN T SR i
F1, ARG T - AR SRR T AR (H
FCFPRE i 7E A S Hb J7 I8 7E R % (Shi et al.
2011,Li et al. 2012a,b) ,{HFRATLE LUE D5
HIR B 2 A A U A A XU X
e IR TR sl A AR Ak B R, X AR AR A
N R JHR38 T A b 3 2 25 A8 4k R A AL E R
I,

FR A s WA A e A S AN L S S LS
INOESRERS LR RS E N o AR
I, F057 75 SR B KBS N X sh A e s A %
A7 AT R S

Z £ X #
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