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Abstract: To evaluate the genetic status of the golden snub-nosed monkey ( Rhinopithecus roxellana) provisioned Group in
Shennongjia National Natural Reserve, and to provide useful reference information for genetic management of the group, a
group batch of 12 microsatellite markers (Table 2) were used in this study to analyze the genetic diversity and relatedness
of the group. In addition, the loss of genetic diversity in the future was simulated by the software BottleSim. 12 microsatel-
lite loci showed good amplification and assayed in 51 individuals (Table 1). Results of genetic diversity assessment ( Ta-
ble 3) indicated that a total of 50 alleles were detected. Mean observed heterozygosity ( Ho), expected heterozygosity
(He), and polymorphic information content (PIC) were 0. 668, 0. 630 and 0. 567, respectively. Compared with Sichuan
golden snub-nosed monkey populations ( He: 0.589 —0.740; Ho: 0.550 —0.720) and some endangered species such as
Yunnan golden monkey ( Rhinopithecus bieti) (He: 0.78; Ho: 0.58), Guizhou golden monkey ( Rhinopithecus brelichi)
(He: 0.78; Ho: 0.58), Tonkin leaf monkey ( Trachypithecus francoisi) (He: 0.559; Ho: 0.551), the genetic diver-
sity of the Shennongjia provisioned golden snub-nosed monkey group was not low. 11 units with certain parents and offspring

were detected (Table 4). Relatedness analysis showed that these units had not yet suffered from inbreeding ( relatedness
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index < 0.1875). The average relatedness index of this group was 0. 1108, and 21. 64% of individual pairs were possible
relatives ( relatedness index < 0.1875), which was 2 times higher than theoretical data in the wild animal population
(10% ). Additionally, 2 candidate parent pairs in present OMU ( One Male Unit) were found to be possible relatives ( >
0.1875). The results from both parent identification and relatedness suggested that this group was in high risk of inbreed-
ing. Simulation results showed that population size and sex ratio had an impact on genetic diversity, and a loss of genetic di-
versity would be slowed down by increasing the population size and optimizing the sex ratio. Base on results above, it is sug-
gested that the essential task associated with the provision group is to build an accurate family tree and to check out the ge-
netic background of individuals, especially candidate parents. To establish a larger and more effective breeding group, with
much greater genetic diversity, the group needs to get highly related individuals out of the group and to recruit suitable indi-
viduals from other groups.

Key words: Genetic diversity; Golden snub-nosed monkey ( Rhinopithecus roxellana) ; Microsatellite marker; Relatedness
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Table 1 ~ Sample information of the Shennongjia golden snub-nosed monkey provisioned group
s ARl (4F) HILHTIE ETRe) iFE (4F) HILHT IR Erhe) iFlE (4F) HICHT IR
Code Age (year) Unit Code Age (year) Unit Code Age (year) Unit
Mi =9 oMUl Mi18 4 AMU F14 5 OMUI
M2 6 oMU2 M19 ~12 AMU F15 5 OMU1
M3 6 OMU3 M20 =20 AMU F16 6 oMUl
M4 7 OMU4 M21 =14 AMU F17 4 OMU3
M5 6 OUM5 F1 9 oMU2 F18 3 oMU3
M6 7 OUM6 F2 ~20 OUM6 F19 4 OMU3
M7 6 AMU F3 =19 OUM6 F20 8 OUM6
M8 4 AMU F4 ~13 oMu2 F21 6 OUM6
M9 4 AMU Fs =13 oMu2 22 3 OUM6
M10 7 AMU F6 ~19 OUM6 F23 3 OUM6
M11 3 AMU F7 ~16 OMU3 F24 4 OMU4
M12 3 AMU F8 =12 oMu2 F25 7 OUM5
M13 5 AMU F9 9 OUM6 126 4 OUM5
M14 5 AMU F10 =15 OUM6 F27 3 OMU3
M15 3 AMU F11 =15 OMU3 F28 6 OMU2
Mi16 5 AMU F12 8 OUMS5 F29 4 OMU4
M17 6 AMU F13 OMU3 F30 2 OMU4

S MARGRIEPEA A, FACRMEMEAA; BoTRTE T OMU UK —HEZ MK E Hon, AMU AR HIT

M in Code column represents male individual, and F represents female individual. OMU in Unit column represents one male unit, and AMU represents all

male unit

PCR §" MR Z 04 20 wL, 4% 10 -20 ng (Y 5E
41 DNA £ 42, 1xPCR buffer (# MgClL, ),
0.2 mmol/L dNTPs, 0.1 mmol/L ¥ IE [1] ¢ Y R i
F1HF10. 1 mmol/L 61514, 0.6 U HotMaster " 5
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MY BERNSEER 3 IR PCR YA N 94°CHK
Ja 3l 5 miny; 94°CA5 4 15 s, B kIEE 50°C - 60°C
30 s, 72°CHEMR 45 s (35 NMEIR) 5 fx)m 72°CHEA
10 min; SN S5 ARG IRAET 4°C KA
1.4 fgCTs AN 437

14 PCR =¥ i} ABI3730XL j5t f& 53 B4 7 43
R AEASTKGE LA LIZS00 1 R 2 78 bR,
GeneMapper4. 0 ( Applied Biosystems) 43 #7 & 1 %
P BIEER, FFH LN T FAIRE . ffe, R
Bellemain % (2005 ) i T3 & 3 PN 43 184 119 A o A 2
DAL Ry A Y

L5 Hdaortr

JH Micro — Checker V2.2.3 %4 ( Oosterhout et
al. , 2004) A A5 AFAE IO O L K A AL
Genepop V4.0 #tff: (Rousset, 2008) A&l imt LA
WIS E WG IR (Hardy - Weinberg equilibri-
um) , A SRR AR B (Linkage dis-
equilibrium) ; | Cervus V3.0 ¥4 (Marshall et al. ,
1998; Kalinowski et al., 2007 ) 1 2 4 7 3 H 3%
(number of alleles, Na) . W2ZZ24 ) (observed het-
erozygosity, Ho) . HEZ4 G (expected heterozygosi-
ty, He) FIZAMAEESE (polymorphism information
content, PIC) SFZFEMEFRNR, 5 —KARYIEHRER R
(non-exclusion probability for the first parent, N__, )
(BEMLE Y EAERANTE RGO T ) « 4 —SEA R
[%:3# (non-exclusion probability for the second parent,
N, ) (BFIHAP—ASEARREOT) M AL
FOHEEHRR, TR RN TR R MAH]
HATMFEERBIROREA (PID () A4 [ i) E.
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Table 2 Characteristics of microsatellite loci for golden snub-nosed monkey in Shennongjia

{37 /5 Locus HRLEL A KV Source
Primer sequence (5’ -37) Annealing temperature
o e .
s L MOTMGITOAITATCAGTGC ’ gl 203
st P AGGAACAGCATUGOGTA . 002
e -
w1 s W e
.
oy oot -
e .
st P sooucaGAGEANGACTOTS y v 201
o ermes
e -
wo I momcmons e

ALK E R Newpat V5.0 ( Worthington et al. ,
1999) Fil Cervus V3.0 3xff, LIHEBR L FIRISR 0k
e AR AR MR SR AR ACAS . SRS RBUT A
Coancestry [ TrioML fi%& J7#: (Wang, 2007; Wit-
zenberger et al. , 2013) ., @ iTHAY: BottleSim V2. 6 Xt
ARG A AT (Kuo and Janzen, 2003) ,
SHOLE R . P75 25 48, BOHAEIR S i (2H
SRFIEZCAE, 2002) , BHUEALE N 5000,

2 H#XR

2.1 WEEHE

ARWFFEE G 12 TR S AE 51 AFEA R
B oiy 3, It H SN A BB 2, R
5 50 ANAFEATHE, REASEEAL Y A5 SE R B E 3 -5
ANZIA], PN ECK 4. 170, AR R
Pt 225 95 3 -7 . Micro-Checker 314446 I K & BTG

R VAR S PSP U/ 7 N O o1 N .2 R VA
D10S1432 F1{i7 45 D10S676 5 2 b 85 7% 80 -, 12
A DR SR 2 A R 0. 668 (0. 471 —
0.824), F ¥ W 4 & & o 0.630 (0.471 -
0.750) , &N s B Z81FE B & ®/IEHE N 0.442 -
0.696, FHZHRFEETHEN0.567, 12 M BAE
LA, BRSO E R, Rt HEBR R
95.30% ; Y HIE — PR AN, BitHEERR RN
99.69% , 12 AN{ii 5 i PID & F1 PIDsib {8 43 %1 M
2.86E -9 Fl 1.02E -4, [ D10S676 iy 11 M T
BAL A, MBGERARE R, BiFHERR R R
94.98% ; Y HE — PR AN, RitHEER RN
99.53% , 11 AM{ii & (% PID {8 A1 PIDsib {8 43 51 H
1E -8 F13.21E -4, FEAUKEE MEL KRN HT
F R D10S676 M 11 AN s i 4T 7 Br. A 421
G2 N T AN BRI AR AL (5 B3 3,
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2.2 ERUEE RORG R FR

T AEEARCIT . EERSERR, EA
TAME BE B & 11 N—R—TF ot (£
4) . it TrioML 3H5, B0 BE Xt ] A7 1 2%
2 Z B0 0.5225 (0.4600 —0.6197), A2F X[ {1
SRR R BN 0. 4899 (0.4347 —0.5732), FEAR
] ()R 2% ZECER /N T 0. 18755 N T AN HERE AR 1Y
SERIGEGRECH 0. 1108, 21. 64% RN 34 %
FRT0.1875; ZfHAP R EAL 39 X (#5 T

TENBU A, Na 22k e SRR 20 S i,
IREEYRAY AL 20 17 e, ABIFSTBE 4 - 16 Wk )il
ELIEIEIEA) , FERE RN 0.1093; H
AT BE HL e (2014 429 J1), M1, M2, M3,
M4, M5, M6 % JE i M6 — F10 (0.2601) , M3
- F7 (0.3564) , oAbt A W A 2R G R BN T
0. 1875, it Fstat FAF 134T 2T AN HEAY L
LFEK Fis iy —0.041,

R4 MREAIRSSLBHETRVHMEFXRRTEZRY

Table 4  Parentage identified in the Shennongjia golden snub-nosed monkey provisioned group and their relatedness

BpA ot LA 2% 2B Relatedness index

Mother Offspring Father B}F Mother-offspring 40 Father-offspring 3% 7% Mother-father
F1 M8 M19 0.5811 0. 4347 0. 0000
F4 FI5 M19 0. 4985 0. 4739 0. 0003
F4 F24 M19 0. 4911 0. 4660 0. 0003
F5 Mi11 M19 0.6197 0. 4882 0.0519
8 F29 M19 0. 4986 0. 4731 0.0159
F8 F30 M19 0. 4780 0. 4942 0.0159
F13 M15 M19 0. 4600 0.4782 0. 0000
F2 F21 M21 0. 5200 0. 4562 0. 0617
F3 F22 M21 0. 5442 0.5511 0. 0472
F9 M18 M21 0. 5000 0. 5000 0.1179
F10 F23 M21 0. 5567 0. 5732 0. 0688

2.3 L ZAE AL E

BottleSim A4 X} ffife 28 N T AN AR A K 100
SRR ZREME A TR L, DL 12 AN TR A A
P R FEhl, BB BEABERETE R 121, FEEECE R
200, 100, 50, 30, 10, AL [RIF RS X AR
WL 2R R . S5 R B, BEE R I R
fik, 100 475 PR 88 A S L A H b/, 2 &
REAR, FLACE D R A IR B (1) o 24 Fb
FEEcE o 10 B, A = FEEMEEBARE, 4
14.24% , 100 4 J5 £ B8 T 2k 09 S5 A0 JE IR Fn 2% & &
A3 51.86% Il 64.20% ; 4 Fh B % A 100 .
200 B, AEALEEPIRIZR G BE R PR B AR 21, Y
B Ry 100 B, 100 4F J5 4540 5 PR R Z% A 3 43
B490. 77% 1 95. 16% , 4%y 200 A, 25 {3
AR 4 SR B8 95. 55% F197. 64%

AP R B a8 % Z e AR A sg ), [

I 22 M5 — R LA— e 22 ME SR BE S BEAS TR B BT, AL
PR HEMEPE S LB 53 0 1210 122 123 104
1:5, 4 —anf, MR eimes 11, FrlE e
{18 2557 i PR H RN 2 5 B 2l D ARG s DA I
PR 11 AL AR PR R B R M2 5 IR B A L
PERE 14 105 i, LB iR AR, el 2 S Fh
FERC D, PR BORIMT, S50 FEPR A& B 40
RIHRTER (£S5),
3 it

ARMFFE R SR 4 22 M N TAME AR B3 B2
AR HEAEE 2 & BE 73 53 2 0. 630 A1 0. 668, 3 it
55 HA ) 4 22 4 PR RE 0 1) G 22 Mk U 4x 22
( Rhinopithecus bieti) . ¥54:22M% ( Rhinopithecus bre-

lichi) F—edifezsh¥) (AZRACIE (Panthera tigris
altaica) . K EES (Aliuropoda melanolecua) | H
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e ( Trachypithecus francoisi)) B W 5% 45 W 46 HE
(6), ML N TAERARET IR 12 4
TR R 3 A 2 FE R b T SOk P, (E 1S
EERE, MRENTANERATE 12 M TP A
B A 16 A% o7 3 PR Y 2 R AR/ T 0. 1,

®

+smmNa(10)
— —Na(30)
=" Na(50)

Ef R

"0 10 20 30 40 50 60 70 80 90 100
4ERK Years

o 257 L R B 32, 00% , Y 7E REIR S A /D 1Y
BN, 5 Z i AR S I R, IR R 1 45
7 PR AR AT BE 2 B A& QD sl &, Xk —
SEREJE b 2 S B AL AL S OK P B R, FE R X
PRIE R RE S AR R 2 R R

0.65 T a0,
2 —- Ho(50)
17} = wasssee Ho(100)
o o6 N ITS Tgo—LIo—— T Hog200)
& § 055
§§ 0.50
o
= £ 04s|
172}
-=
(e}

0.40! S S S S S S
0 10 20 30 40 50 60 70 80 90 100
AEBL Years

BT N 22 et e RN TAME R OR R 100 AE NSO EE (a) FIZSGRE (b) MBRfuilas (RFRMEMEL A 1:1). Na (200)
Na (100) . Na (50), Na (30)., Na (10) F/RBAKEE 200, 100, 50, 30, 10 BfZEAFER ; Ho (200) . Ho (100) . Ho
(50) . Ho (30), Ho (10) FREHA%E: M 200, 100, 50, 30, 10 W MEE4 4 1

Fig. 1 Variations of alleles (a) and observed heterozygosity (b) for the Shennongjia golden snub-nosed monkey provisioned group in 100
years. Na (200) , Na (100), Na (50), Na (30), Na (10) indicated number of allele for population size of 200, 100, 50, 30, 10. Ho
(200), Ho (100), Ho (50), Ho (30), Ho (10) indicated observed heterozygosity for population size of 200, 100, 50, 30, 10

£S5 TAEBMUELTHRRATRRESLIREEE 100 FREESHENFELA

Table 5 Reserved genetic diversity of the Shennongjia golden snub-nosed monkey provisioned group after 100 years under different simulation modules

and parameters

TR R 28 SEALHER IR PR - SN R SHES W R R R ——
3R
Parameters of Rate of reserved Rate of reserved obser- Rate of reserved expe-

simulation modules

Declining rate ( % )

observed alleles (% ) ved heterozygosity (% ) cted heterozygosity (% )

PR 100 H Population size = 100
FEACHEE 1L 10 1

Sex ratio= 1:1 o737 7334
BRI I 12 oL 122 95. 118
Sex ratio= 1:2
EBMMME 13 89. 998 94. 995
Sex ratio = 1:3
ﬁﬂd:tﬂfitt 1:4 88. 887 93.121
Sex ratio= 1:4
HEAARAEMEL 1:5 87. 641 91. 892

Sex ratio= 1:5
FhEEEE N 50 H Population size = 50
FEAHEMELL 101

Sex ratio= 1:1 84. 167 91.624
#ﬁ%ﬁﬂﬁ b 1:2 S 00, 763
Sex ratio= 1:2
ﬁ%tﬁl”tﬁtt 1:3 51 88 w0355
Sex ratio= 1:3
ﬁﬁiiﬁl&f{ e 1:4 79, 744 . 561
Sex ratio= 1:4

FAAHE M L 1
RERIEMELL 115 401 o1 453

Sex ratio= 1:5

94. 388

93.793 0.997 ( +£0.000485)
92. 834 0.992 ( +0.000409)
91.722 0.985 ( +£0.001177)
90. 424 0.978 ( +0.000729)
89.202

88.332 0.994 ( +0.00124)
86. 758 0.986 ( +0.000590)
84.819 0.975 ( +£0.00172)
78. 657 0.939 ( +£0.00217)
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43R 5 Continued from table 5
T AL A S5 S S PN AR B R WA B R R WA R B R S

Parameters of Rate of reserved Rate of reserved obser- Rate of reserved expe-

Declining rate (% )

simulation modules observed alleles (% ) ved heterozygosity (% ) cted heterozygosity (% )

RSN 30 H Population size = 30
REAMEMELE 101

Sex ratio = 1: 1 75. 687 86. 181 82.517

FARMEMEL 1:2
REiA Lﬁ:ﬁyﬁktt 74. 335 84.715 81. 007 0.991 ( £0.00027)
Sex ratio= 1:2

EREMELL 1:3
i ,E.Mfth . 73.015 83. 461 79.531 0.983 ( £0.00311)
Sex ratio= 1:3

FIRHEMEL 1:4
BEiE Lﬁ:%tt 70. 269 80. 834 76.812 0.965 ( £0.00209)
Sex ratio= 1:4

CIREREEL 1:5
REVARHEME L 68. 126 78.113 74.168 0.949 ( £0.00174)

Sex ratio= 1:5

BRI TR R BRI I, AREIPELC B S (GRALEA R R LB . LR A RE DR LU BRI R & BE QR BR L) SR REoA 1 1 IR AR iz
BESHB BRI
Population sex ratio means the sex ratio of male and female. Declining rate is the average value of declining on reserved alleles, reserved observed heterozy-

gosity, and reserved expected heterozygosity compared to ones when the sex ratio of male and female is 1: 1

x6 ETRIEMNIEMMEESHE

Table 6  Genetic diversity of different species based on microsatellite loci

Yyfeh WG WMEE ARG BE EZ PN
Species Expected heterozygostiy Observed heterozygostiy Reference
N8 BACHA AR 0,550 0. 58 0,590 -0.750 W%, 2005, 1 4, 2010;
Rhinopithecus roxellana (SNJ) ’ ’ ’ ’ Chang et al. , 2012
N 2efe (D - HoRFhEe) :
. -0.72 . -0.72 W4, 2005; Ch. ., 2012
Rhinopithecus roxellana (SC - GS) 0.700 -0.727 0.670 -0.720 WESE, 2005; Chang et al. , 20
N2 (BRIGZRIGTIEE) 0.500 0. 711 0.560 — 0. 649 il % 48, 2005; Guo er al., 2010;
Rhinopithecus roxellana ( QL) ’ ’ ’ ’ Chang et al. , 2012
R
T .72 .71 Yang et al. , 2012
Rhinopithecus brelichi 0.720 0-710 ang et al.., 20
HA4s 22
HEsk 0.780 0. 580 Yang et al. , 2012
Rhinopithecus bieti
Al . . 0. 608 0. 605 Wu et al. , 2009
Panthera tigris altaica
Je R Zhang et al. , 2007; Shen et al.
=3

2 0.559 -0.718 0.525 -0. 683 2009; Hu et al. , 2010; Yanget al. ,

Aliuropoda melanolecua
2011

sy
PR 0.559 0.551 HIEAE, 2014

Trachypithecus francoisi

SNJ: Shennongjia Populalion; SC - GS: Sichuan-Gansu Populalion; QL: Qinling Populalion

H1 T 5 DLiv0S1432 FIfi i D10S676 7EZES  XF i LR AL sl BEAE A R T AN TH BRI R T %
AP ARG b S8 2 O B R P, TESRACEE R . SRR, ARWTRRAG R TR eSS
RGRARBHT, HER DI0S6T6 Shiy 11 gl REAFEAE 5% LI L. WETRARLRPEL,
R BHEAT T 11 ASALE RS PID {E A PIDsib {73 AR MEPE M21 R M19 7ERPRE th B8R IR ER, 11

Bk 1E -8 1 3. 21E —4; FERET R ARG M
T, 1AM T EARiC iR SCHERR %y 0. 9498, 1E
REFRRME R ZRMT, JEACHERR# R 0.9953,
H T ABIESE S AR I R R RS RE AE 1, PRIX 11

ANEAE, A T A4 A, XS G2
Z MBS A O, A SE S ST HERE AT A A
Xt 22 1Y) e P ROME R R RS A R AR AR
(2006) A A7 SRR/ NAN AL BB v 2 0
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R PR 5 R P AR E LU DG, 3 S MR B
MR AR H I 22056, & AIEE DTk R A1
Mo FBOR G Z RIS, ISR R AR R LT 30
XAELL, SRR AR B EREERON,
TR AL Z A KRR A (Shen et al., 2009)
TR 5 A% ZFEPE DR H A2 B Y KL R ]
AERY PR B ROk, JFER P50 A (OB 8,
2006) . FETIRAFFIREE AL 2 FEME AL AL 5 28 250
TRWE % I8, T SR AR AT E T AE
M, RBGE YR, Wb MAS S5 %, 1
AT (19 3545 DT

e 11 AN —Rp—TF BT, BE7 0 a1 3% %
FRHT AT X [ Y- 45 556 5% 2 8 5 A0 B X0 Y B
EAH 0.5 MIIE (Blouin et al. , 1996), FHIAHISE
i 11 AR S 2 0 3 4 R B AR
WER TR o AESERRFPREh, TR R RN
G FEOEE SRS EREsh, AR
T E G R R (0.2500) F g E &% k&
(0.1250) [{H 0. 1875 FE N X 73 K% C R AT
FELFZMBE (Blouin et al. , 1996; Csilléry et
al. , 2006; PREUESE, 2014) o N TAMEREPAAAE
G RIAMENT I 21, 64% |, kA Th BA 3
GRFAMMENA 21.05% , HRTHIE FIER A
SR T B R 5 0 R 1AM A XS L] (10.00% )
(Csilléry et al. , 2006) , 51 A~ MMEHRH 26 N H1FH
KT 104 RGAE, Hrh F17 )&% (16 1), 18
YE R —RE—T o, R KB K B AR
Ol, (HARTE 6 DNFEEHITT, KPR A M6 5
F10 (0.2601), M3 5 F7 (0.3564) E. A ¥4
FRo 2R — 2 LLE RS 55 7 2kt e i R 2
5 (Yao et al., 2011), {HZH T ATANERF—H
BTG T — RN XL, NEEErh, BB S
R ARG R EARWIG I, M &4
RETHRMER WA A WG (U7 B, 2008) ,
THRGRAREERY, NTAETAAER IR
WU o Fi L, T SRR B AL T, AR, R K
RIRZWMEIFRE L, &AL BHH0 1 A AL
i3 S NRIRS & 9/ A B 2R I T

TR fE AR AR, XS RO A
BRI AR EE R E S, T ST
GBGi (et B N it €1 PO /LR A VS URIIUR e
P (%) I 28 RS 2 7E DR AP A2 W 2 BTz v

(Bellinger et al. , 2003 ; England et al. , 2003; Ho-
ban et al. , 2012; JE%1%E, 2012), AHFFE X A
NG 2 N T AN RERFAR EA T 38248 ZRE AR,
B TEFR L S 2 AR AR 5 2R R Y T
e K5, i Bl BottleSim B {4 [F] i A5 B AU 1)
KEUTHRE, XA R B vk L T B, A
[F) S HOE R R 5% ZRE PR R B Ak 3 B R oK,
TR A0 B8t X 354 2 FEIR AR R AT R B e,
REE D, A7 BE DR RN 2% 5 B 0 2 i) sk Sl
IR, Pl e TR Hbrz —2 R
A RECRAF B AL X RAYIEAE ZHEIE, RRTE 100 4E
PRAE W) Fh 90. 00% 1) 15t 1% 2 #EPE (Soulé er al. ,
1986; Frankham et al. , 2002) . YHEME L 1 1R,
MREEECE N BT A TANE R TERE BT EF
AIARIK - 30, 100 4F f5 45 o J P 45 2k 24.31%
FE IR 13.82% 3 HA YR RFECE X 5] 100,
200 i, HEAAA BRI B OR B A SR LR P R 2R 5
19 90% 1 95% LA Lo 501 L 451 X 3t 1 22 B A1 4y 454
RAFM, PR —2, MEETE AR, 2
BIRE] 124 1:5 W, SEALHER A5 B4k 25
Z, SRR D, HBUR R, T
SR, AR AN TAMERE B 2R,
VORI A RREfE L S B 7E 123 DA, AR A 50
RPesn, K% 100 B KL EAE,
LA I 2 H AR B 1k R A e LA S AR
Pt e ZRErE, RS R R Ok, JF
eI AR5y oA (7 IR, 2008) , T HN2RAN R
B TYCHE i, AR AT P 0/ R B 2R 23
FEZ5H (Frankham et al. , 2002), %F DL EWFSE
ghit, "W (1) ZEHMEERRER ., X R RE AT
A, SOy BRI AR s FHCE RS 7
bRic, BB — Sk 20 A Y )1 4 22 % 1 35t 4%
Sty MU RE T OCR R BEIC S, it S T
FEHC SRR SERUACAS, Il o 7 ist e ry F-Be
W HAC R R, lar AR TAE, (2) #&MEhlt
B IA— B, SRR R RS . 5l
A—#E5 N TAME R R G X R E . JEHF
e HLEL 28 SEBE RE 7 0 A ARS8 i A A 00 Bt
PEACHEMER LB, (3) BB B R AR [R] 1Y) 2% 4 &
B, B BT R 5 0C O A 22 1) B ME 1A
WFL7, M3, M12, (4) FERIFERITTRAN, BEE
AR AR R/ N5 R e MM R BB Y 5 AR H
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