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TEE: WA (Lepus capensis) PIRHABES R ST RAENTFIRIE, TR 15K IAFTEG
S0 E T TR 2 L IRH s 5 3 AN FP AL 87 MAMA I ZR K 4K DNA (mtDNA)¥ il X (control region, D-Loop)592
bp KT, SN K 148 N2 AMEN A, LT 44 ANRAERL Wi R s B 2 R (h, 0.977 +0.005)F1
BAMREZFEE( 7, 0.064 £ 0.03)#E m, Bn TRENBEZEE. 2 FLR5TT(AMOVA)4 R 2R, 4 /M
TEEAR ) ) 408325 20 A PT A El M R 0 1) o BRI B AR 5 M 0T SR, BB R (0 B 4 AL, IF BNkl
B RS R 2 045 X3k, Won TR R G I EE M . % WF 500 45 RS2 R A4 28 1 S R G I W (L.c.
lehmanni) 1153 FEHAL; AR ENEFI(L.c. centrasiaticus) B 53 W /NI IEARE:, $ERTT REAAAE AN TEFY; MK /R
WHN(L.c. pamirensis)5 HAR T TR a] [F18AL BE B 1E 13% LA 1, SR HnT A8 DA 2R Ko

KEEIR: AR, ZBRifk DNA; #&HIX; #EAEE 2 4%, WAk
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Genetic structure and subspecies divergence
of Lepus capensis in Xinjiang

SHAN Wen-Juan', LIU Jiang”; Mahmut HALIK""

(1. College of Life Sciences and Technology, Xinjiang University, Urumqi 830046, China; 2. Laboratory for Conservation and Utilization of
Bio-resource & Key Laboratory for Microbial Resources of the Ministry of Education, Yunnan University, Kunming 650091, China)

Abstract: To date, the genetic structure and genetic diversity of Lepus capensis in Xinjiang has not been
systematically studied at the molecular level, and its subspecies taxonomic status has been under debate for years.
According to traditional morphology, there are three subspecies of L. capensis distributed in Xinjiang: L.c. centrasiaticus,
L.c. lehmanni and L.c. pamirensis. In this study, we determined 592 bp D-loop sequences of 87 cape hares from Xinjiang
Province. Forty-four haplotypes were defined based on 148 polymorphic sites. Both the haplotype diversity (0.977 +
0.005) and nucleotide diversity (0.064 + 0.031) are high. Fst P values are significantly high and no haplotype was shared
among the four geographic populations, indicating that genetic differentiation among populations is significant. AMOVA
shows that most of the genetic differentiation occurred among geographic groups, indicating that geographic isolation
such as mountains and deserts might make an effective barrier against gene flow. Both the phylogenetic tree and
median-joining network grouped 44 haplotypes into four distinct clades corresponding to four geographic areas,
indicating an obvious phylogeographic pattern. Our data supported the subspecies status of L. c. lehmanni. The fact that
haplotypes of L. c. centrasiaticus were grouped into two distinct clades suggests that this traditional subspecies should be
considered as two subspecies. In addition, L. c. pamirensis shows a significantly higher sequence divergence compared to
other subspecies, and the difference even reached the level of species.
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& Flux, 2008), fERE TR db, fedb, pudbAn
KL R . i T RRAE e A ),
AT AE AN [ b B DX A A S B 0 A R b B 5 11
TN HAANF ) TEASFEE, WAL AT X S 4%
A5 W Al (1) Kl 4 380 B A % A7 %0 (Chapman &
Flux, 2008).

Luo(1988) X 1 [ B G i) T & 73 KR EAT 1) R B¢
BRI, PEREARR A 8 AR, o)
ATAT 3 ANNEAP, G35 o ATAE AR g L M
KB WM YRl (L.c.centrasiaticus); 5y AR{ES
BRFEUATE . 85 R Zh DAL R H X 1 PR 380 Fh
(L.c.lehmanni); 53 AT AEWEAK IR & B8 AT 22 2R T (i
KIRNEH(L.c.pamirensis). Wang(2003) 7 Hi —ZM
J W (S A S AN | SRR A I | B T s 7 Y L
(L.c.centrasiaticus) MW= 5 VA (L.c.lehmanni) « 38
M0, H TR ST f, v K bk S P S AL o0 A1,
Zrit . ARMCS VI SRER A RS, JF AR F R o A
IR 3 ANERNZ TE ) i BB KRR T, A
AR BRI R R A AN, ARG
BT W 9 AR A 08 S A R D, iz )T
IR, T B H G e 35 T R G T IUARE .

Wu et al(2005) 1 H] 4 AN ERL AT D6 A [ 9 A
R RGER AT T, I vl BeAA AL
PR CL BB GBI B 5 T 3
K EHERAAE . ARSI, FHARMEE B R
5 AT LB R A DR R AT R T A A
(Luo, 1988; Wang, 2003; Andrew & Yan, 2008). [X] it
TEIX AP 1R A DX IR A A7 A8 B 0 R R

N, TR SRR 0 A R, B A, IR
AT BEAFAE W AR I RS ) F o

MEARAEH SIS A 1)) Z 0ok, BN X
Se AR T S O N B R K AR B A, BRI, SR
T SRR PR ARE AR [y S A T A 5 e 0] T B R B )R
WIR I HEA Py s BT S A {E - 2ok /K DNA
FERIX TR B AR AL R %, AT RURE T Y
SO R Ik BRI, s R R R A s A 2
R e 2 S 5 AR b B OC R A R AT Ak A% bl
(Avise, 1992; Van et al, 2002; Yang et al, 2008). AHif
FUHY AR gl 2 A o 00 5 B 58 S ki AR DNA F4 7l
XA, 4ih R G0R B MBI AL 2 10 o0 A ok
AR S AR IR A R AR 22 REPE R AR S5 A, A
Z RG> T2 5 03 MR ) L Bk A b U655 T B 45 50 5
SR HERAL S5 RIS, G5 S AR SR 2 B st
— DR T 5 A 1 A3 AR ) i DA R A A AE
Bk

1 #RFITTE

1.1 HEGRUEE KR R Xk 2

AHFFILEES] 87 ANHrsE AL RAE . FEACK
A8 M L AT W5 1B 8 5T A 40 A X8 (Luo,  1988;
Wang, 2003). {E# 58 50T LAl 1, 455
PRI L AN YR RE S SRR AL, IR FE
A4 RAIATIRIR, A s o A b i M B R . R
A EANE B A E LR 1 ORE 1. L R A AR
FR R PR 2 20 ol Jg T WK R AR O SE A, b
S IR P e AR Ao =R i Y 2 L

x1 AARHHERER

Tab.1 Specimens examined in this study

WEFf Subspecies F ¥ Population

KM Sites

FEA 4L Sample size  £°)¥ Latitude  #iJ¥ Longitude

PEIS AN L.c.lehmanni 4k#6 North A& Fuhai, FH 20 87.51 47.15
i Qinggil, QH 2 90.37 46.71

[ #)2& Altay, ALT 1 88.14 47.86

¥ 3] Habahe, HBH 4 86.41 48.05

Aii /Rt Burqin, BRJ 2 86.92 47.70

& 26 Fuyun, FY 3 89.44 47.05

PHE West 5 Jinghe, TH 26 82.92 44.67

i Wenquan, WQ 1 81.08 44.95

HAPEF L.c.centrasiaticus 4% East #5%% Hami, HM 12 93.44 42.78
f#7] Bohu, BH 3 86.53 41.95

WK RIEFY L.c.pamirensis F3# South A EEJRT-H Taxkorgan, TX 13 75.22 37.76
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Fig. 1 Approximate geographical distribution of DNA samples in this study
1.2 2 DNA i2H JP B R HER T o

AR RE i AR LA 2 B 6 B
S T B KRR, SR 28 1 Wy — S0 005 7 V242 X
(Sambrook et al, 1989): & 2%, It Hlg K i
ok B, ARG R R By o R e

(25 124 C DRI - RIKEEQ4 © D e 2 ik,
P IEK CEEDRER 70%H L WEVE, BORT,
o T TE .

1.3 PCR ¥ 1

IR T R R R S A — e Ay
ki /R DNA 751 (Gissi et al, 1998; Conrad et al,
2004), AT HGIMA 5" -cat gea tat aag cca
gta-3', 5' -atg cat ggg gat aag gtt tt-3's  PCR Jx V451
494 °C 1min, 55 C 1min, 72 ‘C 1 min 35 Mg
o fefa 72 CHEM 5~10 min. PCR P=#4 5tk i
UK LR SR AR ) TR AT BR 2 W) 1) /) I ml i 4l
R S HEAT 2L 204 5 15 2 1 PCR P E A
KRR, 8] PE /AW BigDye™ Terminator Kit
(V2.0), MR FHELEHISATHEAT I B . o 0
N aith )5, i Applied Biosystems Inc. ()
3730 4= H 3 DNA JFHICRGKIF LA B 3hid ¢ Fe
VAR . BRI H 0 IE SRR E, LA IR

1.4 HERESH

Fl DNAstar5.0 %A1 Editseq 1 Seqman
TR HATERN BRI RS I, H
ClustalW1.83(Thompson et al, 1997)# 7. i& H
MEGA 4 % A:(Tamura et al, 2007)#E4T 5 5EFIE 2>
M, VIS RO 15 4% B 25 (p-distance). 1ZH] GenAlEx
A (Peakall & Smouse, 2007) T &b Ff FH 55 15 i8t4%
BB 2 M ) A ¢ PE (Mantel tests) . 1& H
Network4.1.1.2 7 f4:(Bandelt et al, 1999)(http://www.
fluxux-engineering.com) %) Lﬁiﬁﬁﬂ] HE o A 1 %
K (median-joining network) . 1= H Arlequin3.1
(Excoffier & Laval, 2005)(http://cmpg.unibe.ch/
software/arlequin3) & 4 v & B 5 B £ £ &
(haplotype diversity, h). %1 £ ¥ ¥ (nucleotide
diversity, x) & T2 B B 8] (1 388 1% 53 4k 48 b
F-Statistics(Fst) {8 LA A& BEAT 43 148 5 /3 H7 (analysis
of molecular variance, AMOVA)(Excoffier et al,
1992). 1% R HC 4340 (mismatch distribution) 7347
FIHE Tajima’s D {E(Tajima, 1989).Fu [1] Fs {4 (Fu,
1997) )¢ 2o P-value 7E W 1+ PEAS 56 73 M7 (neutrality
tests)o
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G I R g R AR 2 7%k — — neighbor-
joining, NJ(Saitou & Nei, 1987)Fl U1 i 3 Jy vk
(Huelsenbeck & Ronquist, 2001), L7 Oryctolagus
cuniculus) i Fd % (Lepus  hainanus)VE AN . NI
#H MEGA 4 (Tamura et al, 2007)#K R, S0
PPRAERNBCE . DU ) MRBAYES v3.04b
(Ronquist & Huelsenbeck, 2003)#4 & . & 561F H
MODELTEST 3.7 (Posada & Crandall, 1998)F%)¥i% Hi
HKYH+G A 438 A A FUER (1) S A% R e
PR HARSH )y Base=(0.3116 0.2910 0.0989),
Nst=2, Tratio=5.9584, Rates =gamma, Shape =5.9584,
Pinvar =0.4160. VU734 2 LLEENL T 46, 1847
300 J3AX, & 100 ARHUFE—K. FEFFFRE NS
T, TATBATM R FH T UM 1 5 50
oA, R TEE T TR E ZE R BRI 7 500
IRHUFE (Leaché & Reeder, 2002).

2 FERERQWN

2.1 FFEES mtDNA D-loop X HIFFI4HE

7 87 444 mtDNA D-loop X 592 bp /741
ORI 148 DN ESMERERRAL A, A AL
B 25.08%; W45 B A 128 A, Hrpid
(transition)26 /™. Fii#f(transversion)6 >+ 4 N /i 2k
(insertion/deletion)34 AN FIH A 62 AN, ¥ 13 i
SRR 73K 4 ANHOBMEE, FAI e AR, 4
ANHLPEFDEE) 87 ANFE S AR AR 44 A
(GenBank J¥%1'5 4 HQ699901~HQ699944), H:H

IREBRIHE 13 AN AbESAE 12 A PEER R 10 4
FIEGEAIHEE 9 Ao 4 FhHERG L ipAs Y

22 ERBAMEESHEREEREN

2.2.1 Mantel tests 34T Mantel tests 434745 F(&]
2)K: BilE AL BE B (GD) 5 U Al B 25 (GGD) 2
() EILEH B A OCHE, H P {E2A 0.010, /T 0.05
(R0 7K o B 2 P 2 [A) b P R B R, stk
PR AR,

1600.000 B
1400.000 GDvs GGD y=11853x+37.489

1200.000 R =04182 R
~1000.000
G 800000
600.000
400,000} o
200.000 se%t

0.000 . e : : '
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080
GD

2 Mantel tests 345 R
Fig. 2 Results of Mantel tests analysis
GD: /%2 Genetic distance; GGD: P 2 Geographic distance.

222 BUEZFEME BEEE S 4 ANHEDMOEETD, R
HR B IR Z LIS o RIS A ZREE b B,
23 51°4(0.057 £ 0.029)F1(0.971 + 0.039), JbHEFHE
A, 051°4(0.015 + 0.008)F1(0.901 + 0.027) . st 1)
KU, B R B AT B e 2R 2
FERE(0.064 + 0.031); HLA5HZFER£(0.977 + 0.005),
W% 210 Bram AR BRI Tajima’s D #l Fu’s Fs 1)
PRI AR (Al —1.914 R 1.466, P >
0.05, W3 2), B AFRRAESIC /BT /R 206 7 A (B R
R,

#*2 ETE% mtDNA D-loop XitHRIEE S RN HFSH

Tab.2 Diversity and demographic parameters deduced from mtDNA D-loop sequences in lepus capensis
i RIS LR AR FE I () G TS Z L (h)

Population Sample size Number of haplotypes Nucleotide diversity Haplotype diversity Tajima's D Fus Fs
North 32 12 0.015 £ 0.008 0.901 +£0.027 -1.914 1.466
West 27 10 0.019+£0.010 0.917 £0.023 0.585 3.287
East 15 13 0.057 +0.029 0.971 £0.039 0.892 0.091
South 13 9 0.028 +£0.015 0.936 +0.051 1.090 1.361

& Total 87 44 0.064 + 0.031 0.977 £ 0.005 0.410 0.508

223 ifELH AMOVA AR, MR B

P P 228 30T 5 PSR R AR I B 3 e T 8 R 4 R 4 Tt 18] 1) 358 A% 0 AL AR 20 Fsr A O S 4k LA

AR M TR 2H BN (% 3), HBFRA TR OAR S, 0o
58.91%F1 68.45%; ¥ HLRBEARS B AL Ky — 4L,
PR AR S TR AROR, Ky 44.55%, H P {EK

MR DTN, B A B R For PRI/
T 0.01 FAREG K, HEg SRS IR RN
Fsr fH#R, FCLAEEE. 74 SRR SR (1 £ fi
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R3 HBER mtDNA BEHH TEREZRST(AMOVA)
Tab.3 Hierarchical analysis of molecular variance (AMOVA) of mtDNA haplotypes of Cape hare in Xinjiang

o 4 IR AT ik de R iial] FHEA

Groups Fer Fsc Fst Among groups Among populations within groups Within populations
[HEPEIARIFE N W]E][S] 0.5891  0.3753"  0.7433" 58.91 15.42° 25.67"
[AEPE4][FE] [N W E] [S] 0.6845  0.4407°  0.8235 68.45 13.917 17.65"
CEIEIZARIHIINICWILE]S] - - 0.4455" - 44.55" 55.45

"P<0.01.

WA 0.866+ 0.849 Fl1 0.703. &-FiEf ] i) 3L AT Wi
PIRANG/NT 1, W3R 4), JCH R RS e
3 AN 8] R R A TR AR B /N

R4 FEESR 4 MHBHEMNEESUERRERR
Tab.4 Fgr(below the diagonal )Jand gene flow(above the
diagonal) among the four populations of

Cape hare in Xinjiang
B[t [kl ARE [l

Fh B Population

North West East South
JE# North 0.54 0.60 0.08
P38 West 0.479" 0.65 0.09
7R East 0.456" 0.436" 0.21
B4 South 0.866" 0.849" 0.703"

"P<0.01.

224 RHERKERF  NIHF IR (A 3) 2R,
WA 44 AN IAE RPN SCRF R 1 4 AN
b (Clade A~D), FEANIEALFZ 6L T 48 K355
oK EAH R BRAH AR DK FE i, a0 Clade A £975 T 44
KZHCk AR savu i A AL A A5 Y Clade B
FT DA B R4y Sl A K B R AR R R
HRFIAE; Clade C A BAE bl 5 2K B B A i A
FEOCAR M B A R AR 1 A ) A AR A A A R
AN, AT LG H B s A iR A I B R
GrHh B

FII, FRATTo 0T 7 2Tt ps (& 3)4 Mk
FEIR) A% 73 A HRHL For AHCN MG LU )RR 1)
ML LR B G ALl )GEE 5), 45 ER, HriE
TR I R B T2 135 (P<0.01), Clade
D 5 H AR A AL 0] 15 4% R 25 (p-distance) 5 K, 3
5% 13%LL L, CladeA. B I C [alff)isi A4 2 4
6.5%~7.7%2. 1

B A mtDNA $55 X 44 A B4R A
2 P (P 4) B 7 T 00 b 8 2 S S G B R R
G PR . HRGRE T, WA E T
IR 44 AR5 Ky 4 AR, i Clade D

H13BRJHBH
H14BRJHBH

HI0FYQHFHALT
H11FH

H31FH Clade A

Clade B

Clade C

99 H8TX Clade D
1.00 | HOTX
100 |\H7TX
H5TX
H6TX

Oryctolagus

0.05

B3 T Hioi A% mDNA FEHIX 44 4
LiRiielin 27y afe IR peifg )
Fig. 3 Bayesian inference tree of 44 mtDNA haplotypes

based on mtDNA control region fragment of

Cape hare in Xinjiang
NI W55 DU JUrA 48 40 SR AH ] BEAGR R T B 231
AR DU 0T B4 1) J5 B A N AR PR S 6
Neighbour-joining tree obtained the same topology with Bayesian
tree. Numbers above the branches are Bayesian posterior
probabilities and those below the branches are the bootstrap

proportions derived from a Neighbour-joining tree.
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x5 EER 4 MHUSRIRBREE S UIEHRIEEER
Tab.5 Fgr(below the diagonal )and genetic distance
(above the diagonal) between 4 clades of
Cape hare in Xinjiang

Clade A Clade B Clade C Clade D
Clade A 0.070 0.065 0.130
Clade B 0.690" 0.077 0.141
Clade C 0.604" 0.647" 0.134
Clade D 0.837" 0.831° 0.790"

"P<0.01.

H44

Hal

H4:

Clade A

Clade B

H38( H
\H3¢
Y

Clade C

(A R OR 1 R A AA, L S A A R fry 58
P HEE 71 . K AL R G A 1 B 2T
FEIIAAE Clade A 1o S AR BB REAR 1) B4 Y
90 T A KRBT b (Clade B Al Clade
C)o MEHIETTLUE H, K AFgEmEHE. e, &
T S 2R S T DX 1) B AT S AR A BT AT B
RUS8 h X R A A A

O ZZEBFf#EEast population
O FaHRAh#ESouth population
@ P RFFHEWest population
@ LM EENorth population

71

Clade D

K4 Broin e mtDNA FE5I1X 44 A FAE R p A o 25 5]
Fig. 4 Median-joining network for 44 mtDNA control region haplotypes of Lepus capensis
(5 Pl PR T g P TR R L, A B P ACR RSB (R T BRSO

The area of the circle is proportional to the haplotype frequency. The bold numbers in network represent mutational steps (only primary mutational steps are shown).

3 it i

31 EEZHM

FHEG T I e CARE e @, an Rk (L.
europaeus)h=0.988+0.004, = =0.027+0.003; Hb 1k
A (L.c. mediterraneus) h= 0.870£0.042, 7 =0.014+
0.008; E4 (L. timidus) h=0.977+0.027, = =0.057+
0.029(Massimo et al, 2003); & H A h=0.984 +
0.004, 7 =0.045 + 0.022(Li et al, 2006). AHFFTH I
2 97 o8 A BB 1A 2 R (h=0.977
0.005, 7=0.064 + 0.031). #7555 PR & st A%
Z R AT RE A B T AR A — AN S KA oph B
(Su et al, 2001), BCEFAMRFEECERRK, TLPE K ) Fh
T e A RO DR AE B N BB AR o RIS, O
FRALARE A2 P I AR AR IR S (R LA A
| AR AR Tajima’s D Fl Fu’s Fs A PEA 56
HARE (OHk —1.914 F11.466, P> 0.05, W%
2)o AT IRETHC /M7 s 2 W A (BIR BoR), X &
B PR T i B A A AR Bk B 8 1 s T
B RGKE T B e 4 D B,
FE— 2 KR B W) BRI 5T A A R I T 2R AL B
% (He et al, 2008). 734k, FEPULLOKIART T J@ 4

(TG J 37 BRI 15t A% &5 R Al 7= 2 T H K 52 i)
(Avise et al, 1998; Hewitt, 1996; Shi et al, 2006).
3.2 BfREN

by 2R 0 A T A ) DR S R R AR B e, Y
e FE A4 T 5t A% 20 A IR B2 R 35 . Wright ) 9 g 25
(isolation by distance)®iBIA N, HIARAAFAES B
R IR G, BRI IEtA% 23 b IR Rt 5 2 i A R 3 P 2
(14 I T 389 N (Wright, 1943), 2 0F98 HiEsL TiX
—H1&(Floyd et al, 2005; Trizio et al, 2005).

BATHE ST W s R I R Gt B A5 A I, 3%
AL RIC A7 28 B R 23 A Hb K K 53 B R A,
T 2 AR 7 588 1) b PR R b TR B 5 0 20 < P b T 4
AFOEE, RIS Ay T RGN0 M 5 50 R 2 5 5RG 25 %
R AR IAL A P AR R . ARBIESTH, BT
SR 4 RN Fsr [ERUERRGEE 4T LLE H,
Fsr fH#E 0.436 LI, H P<0.01, AT ., st
SRR A T oy W B o4k, PP Nm
AT 1, RILIER T AR A M. A
FEAGTR. PEI. ARESAIEG S 4 A HO BRI Y R AR
i AT, LRI 44 A FAG R, SRR SR L 22
FEPEHAR =, HA R RER] A I s R, R
0BT g G b R ) 2 8 e AR W S R B A% a4k
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Mantel tests 7} 474 B, B a8 5 1) st 4% E 5 15 4
(i) M B 2 () B A A 3 R AR OGP, B R B,
BB O . BATMIFTOE R, REM (B 3)
LB (B 4y, >k E AR R EOR 21 kX (1) B4 2R
N, BB SR AR AR AR R W ) R G
451, AMOVA Zr AT iwor, 7 am B f th B A4 1) (1)
A S B A KT AR P 1R 2% S (PR D 2 AT 5380 il oA
58.91%F1 68.45%, 47 50%LL I, % 3), %45 %[
FEUE I T SR A AR A S (b B A0k . 455 4 AN
PRI M B A0 A KA, R Ll ORI e B0
TR LT () P w5 Al R R S B T
K AREPIEES L PEERRRE ) A R LK
B 25, A1 T ok e Tl e 2 T 1 5 R A8 1 2 TR e, 3
T 5 BS0HT 58 G AN [) by B R ) S8 35 10 B4 204 o
X HE 2D AN T R ORT 0 1 I 25 ) T i A
R A EZE R AR

TiAk, P E AT LUE (B 4), Clade A
Hh RS R B PR, (2
PIAS B AL (H29 F H30) A1 K [ 4 B BEAR . [AIFE,
Clade C "5 2K B ARTRAE, (U2 e
R H33 Al H39 Ak HAGEBHEAR . X3 4 MHb
PERPHEZ ) (P M BERG 25 AN T4y, BT B AEAE
A PR B R 3

g BT, B E A S PR AR 2 18] 2k AR W
WAL Ak, IR A F T B R 2 R R S R
B I. {HIE, 25 HUERRE R 2 TR IR ATAE A PR ) 3
PR AL o
33 Mok

48 7 SC B R Fi AN I R 8 AR
(PIRPRE (R BERE, A S AT AP o3 A Y T P ) IR R
R, 1y HAE S22 B A AR AN .
g A U o 7 — 5 (1 20 A X 3 B AR e R
REAE ) [ Bl AN A B2 8E(Mayr & Ashlock, 1991). 1%
Gt AR A 2 FEPER S C A i
FRSTHAR B THEA T -7 (O’ Brien & Mayr, 1991),
R 2 FEPECRY T 2 (2 4 T IR 8% 2 4%
PE, P LA RO R A BT S 1K A N %
S AT IR T, EFGHIXFE AR s e
(R ORFP S A e B R ORGP AL ()AL 2 K.
XFAEPNEF S (Lycaon pictus)(Girman et al, 2001). %
(Panthera tigris)(Luo et al, 2004; Luo et al, 2006). #k
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