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Abstract: Population dynamics of black-and-white snub-nosed monkeys ( Rhinopithecus bieti) are simulated by simu-
lation model Vortex 9.42 on the basis of their relative parameters. All subpopulation sizes can increase during the period ¢

of next 100 years without inbreeding depression and poaching, but Pantiange and Baijixun subpopulations which is smaller f‘
may extinct with possibilities of 3% and 6% . When inbreeding depression and poaching are considered, only sizes of § ¢
subpopulations (Xiaochangdu, Wuyapuya, Jinsichang, Fuheshan and Gehuaging) increase, 3 {Cikatong, Gemorong and ;
Xiangguqing) maintain stable, and the other 5 (Milaka, Bamei, Longmashan, Pantiange and Baijixun) decline. Popula-

tion size of subpopulations with larger environmental capacity can increase faster when other parameters are close to the
other subpopulations. Therefore, habitat protect should be emphasized for the long-term survival of the species. It is im- f
portant to stop poaching because it has negative impacts on meta-populations. Inbreeding rate increases with time and ;
smaller population size, it also has negative influences on the long term survival of the species.

Key words: Black-and-white snub-nosed monkeys ( Rhinopithecus bieti) ; Population viability analysis; Vortex mod-
el; Poaching
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A I3MTAEE, BEEAHN1200~1700 2 (Xi-
ao, 2004), ZHIFPHY 3 B A BRI M AL B R K
T4y R A AR, 4T RE AR AR Mk, 5 1958
E AL, 1997F HE T AR E RN RXMITHERN
4169 km?, TFET 31% (1 887 km?); A BEPEIE
BN 15.6 FRER 5.4 km?; TR ZH37HE HH BN
T 204% (1291 km?), 56 BHH A 35 IF 4b TR AL FI
Wb B e (Xiao et al, 2003), 4k Z 3|
REMHKE T %M LHRE (Zhao, 1996), A O
HaREKIBHESAMRBERY K, Z&HHE
VEHEEREBEAREOWRENEREHEZH S F R
o BAh, LR REIEEHH e — e B b ms
THEREBRA (Xiao et al, 2003), HABEEEE M
EHGERRZ CHEIR, R4 B, R8T, B
FYFE . BN BRMR B K OHE I AR A0 B A 5 A%
FER A FEERE (Xiao, 2004), TEXREMAER
EAT, ZYRERNMERERGIRRERIIMNE
s

BAMBBREETFASFERLA S LA, Eib
XHMMERMAHNEELA, MEABREHAA, LR
MBRE, FZOMOESYRARELER, B
1979 SEBH AT A 1k, BAEHI 6 ML MEFHT
TWE, HENAKBEFMRENT, BUIXH
fitb 7 AN TERBEEM A Y B AR R R R T 5 T
2,

TR R TS TREESIT . IR, BMEM
KEFEYME, HIIATEEHS. FREH. K
MEHEEHERRZRWER, EE5THREAE.
ATHRMAFEERE LR, BRMRE BT f
BREEE, RN THEEF 5. #ER
FRPAFENHESIYERTANE TR
(Lacy, 1993). FREMFFREC R HEtRER X B E
FK (Zhang et al, 1994), K ILVL K (Zhang &
Wang, 1999), 4<BS (Li et al, 1996). XFEM (Li
et al, 1997) FIEHE (Hou et al, 2001) FPEAEK
kPP RIITT 508, HER, R b
HTB LB IMRERN AR M (Yang et al,
2002), HERHUR: YBESLBIFRAENEREK
B, HABEHERSIBITRE, KELERILTRE
KEHEERE; BEXMHABMEZR, HiThi
1l BARR P X Z M E IR RPAEE TR
(Yang et al, 2002), BT ZERMEREM,

ARBECAHBBMNERAARIN, 44

HeETsHZ AL R T, 2RV 9F
WA XFHE, EHERER (Vortex 9.42), Xk
Xk 100 FRHRAMBEMHL: FHRMHENFEDS
HAT TR, DN ATk M A8
. ERERAGESET, NZUMHHERRP
MEREEEE M ERER,

1 #RMFGE

B R A RAER 13 M REM AR WAEE,
AETHRZYRHURHAXYMAARER, RiE
Vortex 9.42 FIEEEMAZOR, BT EHRMTES
¥, REHITEARRFMET T 100 KiTE I
W, BIRHTHRITIT. TR EF Vortex B
B BTAMNMARNTE— RS, T4 A
FAERBRRFL N R, WA RAMRISRES
Mafed, TREENRRDTE—FEH,

2 MBS

BEE Vortex BRI AW EE, FENSH LK
KL, TEM A Vortex BAYHHTRIBEAEF I BFFCHY
RS, RHIEMNERSIYHSRS, —HEEN
SHHELIRBEENER, XRFEEDCARE
B E E BT LR PR A IR S E 2R 1T &K
ftitt (Zhang et al, 1994),

2.1 FhEHR

EHWAERAE B3 NTMHE, EPmREE
WX 28, =@ 11 8. BN, (TENEE.
BAFER., miiE. €4 . EAWLLREDLITE
FORER BB AT B, AR EE K R RS A
Tt ABFOEBERE R /MET 8 /T R B I{EE
AEIEME (B 1), FTMHEARSEE - A
FAMERETLEB D], Vortex MG LIREHRE
Eit 53 (stable age distribution) H h4E B T fpEE
PR ~ HERER (Miller & Lacy, 2003),

2.2 EBYHE

NEBEESWEBEESERAORREN, REEM
FEETARE, WGEAREE TMHEE, 2XEMA
EFR AT R FAEESEE, MAANL Y%
7. BEEWFME SR EER A FEER (Xiao et
al, 2003), BOEWHERH, /NEEFAKALF T F
BRSE2RRE, MKPLRHE X8 T RER R
TEER. REEGE TR R KEBERMTHIRE
(Moore, 1984) , 5 S B ML PrEE R , T BH
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Tab. 1 Distribution and group size of black-and-white snub-nosed monkeys

B Group £ County HEBE KN Group size BER KB Sources
/NE B Xiaochangdu £ Mangkang 150 Xiang, unpublished data
Kk Milaka £ 5 Mangkang 50 Xiao, 2004
B % Bamei 84K Deqing 50 Xiao, 2004
5 FHF Wuyapuya 84K Deqing 300 Maclennan, pers.comm.
P il Cikatong 84K Deqing 150 Xiso, 2004
K BEH Gemorong BEFNYETY Deqing & Weix 150 Xiao, 2004
44 Jinsichang BEYL 12 3¥ Lijiang & Lanping 51 Xiso, 2004
B4 L Fuheshan 22 +F Lanping 80 Xiao, 2004
1 5 1li Longmashan 2LI¥ M K Lanping & Yunlong 100 Huo, unpublished data
%1% % Xiangguqing LK AR Deqing & Weixd 360 Xiao, 2004
¥ i Gehuaging B AT Deqing & Weixi 200 Xiso, 2004
% X P8 Pantiange HE 7 Weixi 30 Xiao, 2004
E I Baijixun H T Weini 30 Xiao, 2004

®2 RAMABREFRENETER
Tab. 2 Mortality of black-and-white snub-nosed
monkeys in different age periods
FET-# Montality (%)

FRE

Age period BEYE Female HEYE Male
(Mean + SD) (Mean + SD)

0—1 55.0+10.0 55.0+10.0
1—2 15.0£5.0 15.0£5.0
23 10.0+4.0 10.0+4.0
3—4 5.0£2.0 5.0£2.0
4—5 5.0£2.0 5.0£2.0
5—6 3.0+1.0 5.0+2.0
6—7 3.0:1.0 5.0£2.0
7—8 3.0+£1.0 5.0+£2.0
FRAE Adult 3.01.0 3.0:£1.0

BB THABEYTIBEY 5%, THBIRTIE
RIFET %N 50% . RBEFMERE, SEHERE
BB e (Moore, 1984), 2 MRS
AREER, TRRNB/MERR 4%, RKFRN 20
%,
2.3 HEEH
REMBBEMZERAEST A —KREFE (polygy-
nous) (Kirkpatrick et al, 1998), MMEKREFEMR
RFERNSZ, BHER-S (Jietal, 1998), R
ZYRBAE BN ERICR, EREEHFRN 25
%, 5F 2004 £ 3 ALEHFLSYESMERK

( Rhinopithecus roxellana ) J& B 7= T — Xt X M i
(Cyrill, pers.comm.), it BEMAREHHREK
FEAFECN 2, BPABRBRBMHELLS 1:1. B0XY
R R BN OB E R A, RIS % TR s
BE2HRERBLH (P (N)] BEFERD
(N) B4 TAL . Fowler (1981) A R X F
TR E RS E B BUAE 2 GBS iF B w2
RFR I, MR AR RRER S A BUE
Wk 2, E NREREANR K0, BRMER
kBl P (K) 9 20%; T4 N #iE 0/, P (0)
H 80%,
2.4 THE

BFETHABHEENRTEN 60%
(Kirkpatrick et al, 1998), BEAMBBRAEFIFER
ELBEMNICBIREERE B, BRI 55%1EH
Bl TRE BB TR, A THERE XY
MEFARBENE MR, REHAYEREURE
R, SN aRE, e FiE
RIFETRAREE (K 2),
2.5 HHEE

BERMNEREHALX ERXREMAENERIC
X, WRBRAEBIETRE, BENLEFERY
HF1.934; BB 1M TE, BERNETRR
H1.17 %, BEREBREREEELFEHET.
WLBRAMABABRKE ER B4R (corrected IBI)
A (1.17x0.55+1.93x0.45) /1=1.514,

L LR PSR,
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BTH, BFEATHEENEAN (1.51) 1=
66.1%, M5, HTFREZHFLABR RGN EARK
#, BMAEBEAEETRE LB MREZN 0, 1
BESMIEF NS, BAMBKEKTF—1, B
ETUARHENYECE S MEBR~ B HELR,
PUE R EP R ARG R HL B N 99% , SRS K
1%,
2.6 RE
HAKENEMER (LnEykRE) &
THZEE, FTFPEE, BPRBEAMABRAEFEEN
MEEERERXIEM (local in scope) i, M
13 A IEADRES 70 M0 X B B SCAR B AW DA B b i
AR BERTE— LR, SEHIHR, MUE
TS B A A BT R R O T SR B R B B R
ER (R3),

2.7 LEEE

Vortex 3 X FRBZW i R IEIRA 3
N BEREPHBRELE., FHEINEHERY
(1.51 ) PREgEFERNEELE, BEEHE
MR F a8, B -1 B, MEESit
B A 2 MERR. BET, RAENEER (BAFHESE
3.3). BFEF (4.9). WEHHF (3.5; Ding,
2003). &%) (3.6; Yang, 2000) LR EA WL
(3.8; Liu, 2003) EFEEA BHFHRIICE, MAR

FEHEATHPHRERBLICRBHER, £TH,
40 e % ) T B 80 P A 25 B o3 A M A R 1 L
R H LR BB L, KR EMEXTSR/NE
AR, RRE., SEE, MR, ERXENAFIR
SREEN, BOUSBES LN, EHBTH
BAE MR LB LI AR (1,51 4F) /&, #@A
Vortex A J 5545 S5 HEVE B 39 T & BRI H A F 45
(Miller & Lacy, 2003) (3£ 4),
2.8 HEFHNR

RIEDA BERHER M58, & TR E K/
H 360 R, FREERLA N 30 km?, HBEF R 12
R/km?, B 25— PR AT 2 LT BB B s Y 1Y
WE, Wz XBREEERR; mARREST
E— B EZIANRE; S4XHMXMNEEE
BER (Xiao et al, 2003), HENIFEANRL 600
R, BEMBEHEMESH BRI D B EE, T
BE . BREMAEENESREEREIEM, XBRE
BEEMNRERILER TR, SRR AR
M EME A RS, B, BT -SBHBH
AR, Xiao et al (2003) B34 818 H 4
Fdb. . B RAEEA. ROTUWELEEF#X 12
AAME/km? R B o R K A T R B SR S A Y
BRtRdE, DAEHF X (10 MME/Km?) . KA K
(13K /km?) B8 K X (15K /km? ) 1E Kol

£3 AEXREANARETHRBENKBAEREZARNUER
Tab. 3 Influences of poaching on black-and-white snob-nosed monkeys and estimated carrying

capacity of subpopulations

p L8 g 3k FiE% HEENE (R)
Frequency (%)  Reproduction rate (%) Livability (%) Carrying capacity (ind.)
/NB#R Xiaochangdu 0 1 1 400
KALF Milaka 33 0.95 0.90 400
B % Bamei 10 0.98 0.96 400
527 % F Wuyapuya 10 0.98 0.96 600
KB Cikatong 10 0.98 0.96 500
B Gemorong 10 0.98 0.96 400
£ 4] Jinsichang 10 0.98 0.96 650
E A LU Fuheshan 20 0.97 0.94 300
#51lI Longmashan 33 0.95 0.90 300
w3 & 9 Xiangguqing 0 1 1 600
# 76  Gehuaging 5 0.99 0.97 400
% X P& Pantiange 5 0.99 0.97 150
B H R, Baijixun 5 0.99 0.97 150
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BHMAF K TR REERERIRE, G658 LH
BAEEEEEM (Xiao et al, 2003) B LMEE H
HARANE (£3), FREALFBHEHENE
AR EEZE BIE N 0,
2.9 Ex%H

ERFREEREN/MRKIFEN— &
EER, Ralls et al (1988) 3F 40 HBFELFY
MBFEEM RECHAT TR, ANES B EKFY
A3UNBREEYE, I THAMRAERKED
MBI LB AIGE, FrARITRA Vortex B HRIA
8 3. 14 ERBFEFEM RE (Miller & Lacy, 2003),
B T0 I 5% AT AR B 3 255k 156 B L Xt Fh
BRI,
2.10 AARWEMATE

—EHE Y NERS, ATHRFENE
&, ST ANKEER (harvest) HE#H T, HET
BEAEBAMBBHNNBENNE, BiZSH
R0,

35 R

3.1 BERETHHENS
HEKMGF (BAEREEMKEEZR) T, B

B8R N ERKE r=0.03, FARBKEL=
1.03, BHEFE Ro=1.37, HMMFEHHARRE T
=12.74, BHEMFHHARE T=14.83, BEE
BT, FAEEMBESRREEEEK, ExX—d8
B, BEK PR B B RO R R K 4 AR R 4 B h 6%
3%, FHRERBEFHHR 76.5 F (SD=18.7)
F180.3 4 (SD =16.2), 31%K WA LITE 100
FERBRBAAEAENE, BRROTMBE 40 £
R EBREANE. A, HATRE 100 £
HNEEABHARENE, YHBEFHEMEES
TP REWE AR, KNTEMBEEKRR, ¥
MR, BT A R R, K3
BANERTARREEK (B 1a),
3.2 EHFEGTHROMEDS

TEEBIRGT (FEFREEMGE), RA/D
B, BFEF. &4/ . EEILMBEE TR
REFHEEL . K, SFEFH/DEEBEMRAE
100 FHAI KB RBEABEANE, KFE. FE
HULWGE FTHREREARSEE, KB
HETRBES (B 1b), 7ERE 1004, RA K%
JRURSE ST B 14 K 44 AR SR - 2 K 4 B 18] L 2% S

BEE B BRI RS , & WA RER B 2 & R B TR

£4 RAMABREAXRLN
Tab. 4 Mate monopolization of black-and-white snub-nosed monkeys

MEE  SFEF WEH &4 HEWL
Xiaochangdu Wuyapuya Xiangguging Jinsichang  Fuheshan

WEHL T R R HO B

Males in broocing pool (%) 48.8 28.9 4.7 42.8 39.7
PB4 KR AT BB

Malos sucoesafully sring ofspring i the average broeding oycle (%) 40.9 27.5 38.6 37.4 35.5
FERRMBHNTET I8 22 32 ’3 - 2.5

Mean number of litters sired by successful males per year

&5 BRUKEHTRAMNBRETAHE N TABTENME
Tab. 5 Probability and mean time of extinction of subpopulations of black-and-white
snub-nosed monkeys under the simulation conditions

WAREE RYEHR T3y K s fa)
Subpopupation Probability of extinction (%) Time of first extinction (Mean + SD) (Year)
KL £ Milaka 50 73+17.3
&3 Bamei 34 81+14.7
& & 1l Fuheshan 1 51+0.0
6510 Longmashan 25 81+14.9
£ X % Pantiange 16 78+15.8
B ¥R Baijixun 16 78+21.8

[
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Fig.1 Dynamics of subpopulation sizes of black-and-white snub-nose monkeys without inbreeding depression and
catastrophes (a), and under the simulation conditions (b)
1: /HEE (Xiaochangdu); 2: KR E (Milaka); 3: B2 (Bamei); 4: LFEF (Wuyapuya); 5: % K38 (Cikatong); 6: & EEH
(Gemorong); 7: &%) (Jinsichang); 8: H& LW (Fuheshan); 9: 1l (Longmashan); 10: WIH¥ (Xiangguging); 11: #EE

(Gehuaqing); 12: ¥XE (Pantiange); 13: HHF# (Baijixun).
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B2 BAMAREMHBHERZSE (a) MEREERY (b) AL
Fig.2 Variation of heterozygosity (a) and inbreeding coefficients (b) of subpopulations of black-and-white snub-nosed

monkeys ( Rhinopithecus bieti)
1—13 FE 1 (1-13 as Fig.1),
f& (R*>0.96, F19>221.6, P<0.001), & WA
HOERRERSHBA/NEMERX (R?=0.60,
Fi11=16.7, P=0.018), Y EXNE ., WHEE
RN, EFEBoU AR LA R B, RSRMA
B USBRERERTREREM, /M EFR
BRREMBN S, HAGENEELERTRY
WRRES S (B 2a),

FEERNEIRHER, & NN EERAY
HAEHHEM (R?>0.89, Fi4>71.5, P<0.001),

AEEBAB S EABEA/NAAERL (R?=0.69,
Fin=24.1, P<0.001) (& 2b),

LR EEAMEX RAMBERRK 100 FHR
BEBEAFREW (Fi40=3.34, P=0.029): fi
BXMENRRAESKEENEMHAEEW (LSD:
P <0.05), TEFEBEX BT
WK EHDEW (LSD: P>0.05), HE, EXE
HAfERE DR ARAN. EAHERERT, 100
FREANBEGREMEHE N 2494 2 (F3),
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13 B Sr&, BeWBBRREAL VI 15
Ofﬁiﬁfiﬁéi SERAHLYE . SR . KRR L L
o AR AL o (Shaffer, 1981), FREEGLTHHAMLIE X R RE B 5 3 Bl

34| & HERFHAKE -

/:,

*
/’ . *
. * a
/ » T
24 /5 e
A
22 e

18[,—/r

FRE A/ (T'H) Populations size (k ind.)

0 10 20 30 40 50 60 70 80 90 100
i Year

A3 4METEE FRAMBRREFRBEREDS
Fig.3 Dynamics of meta-population sizes of black-and-
white snub-nosed monkeys influenced by 4 factors

4 it i

ERAEREFEMMAE O EEEGT, AR
FU R TR AR R K, XA A A
ABERKAES.

EREFRERAGEMERLZGET, RESY
M RLREEA/N . ST BT BUAF M EL DA B
HMSHEAMER, BREZ) UHEHHEK, B
ETUMBHHETRE, XS4 ERKFES
MBHERX, H5b, UMK EZ R THER/NU
FEBETPRAREL SRR, BAME
BB R AT REEMELZ M T (Kikpatrick et
al, 1998), SR ITTHE/NIMERE L R 0RE M R)
BEMRYRES, FNRRER T EH 8T A
PELBIRE I, XA B AR T MR E,

TEEBR R T RIGH R AAHNE 5 A W,
Heh, GFEF. &4 . /L. BEETES
NEEMBK, MAZHMEES XA, X
AR T EREERNK, NBETAREL A TRER
MM, YEREGEFAR. HE4AGH
LR, BAMBEGRE. B, WHEE
BN LIAB AR

— N, /RN R AR R ST

P 3k :

Ding W. 2003. Feeding ecology, social organization and conservation
biology of Rhinopithecus bieti at Tacheng, Yunnan [D]. Ph, D.

FREA/DIEL B ER R, BIME/ NN HAERE
E, MBRNEERRS . RERMELE X FERE
mRERR R AN R R LR, B EIERRIFEE,
K ERE LR PR A5 M Rl R R RN AR L R AR B
K%, ARBERHEAERMA (Shaffer, 1987), M
FHET A ZOF LA BE, FraAst
B F IR X R BRI i @ X H T
FEESEUREL, MR W R i B R R B SRk
THHFERR. KA FHED L TRHHERENE
FREILAR T BBt B 3 F — KA IR 0 B4R AR
M. BEXBRAMAFHARA ERHBEFREN N 30 R,
R0 FRE—KMBEHNERT, LHREER
BEREK, SE AL TRERG T REHLE X AR EE A
o, REATRERMAEES T KRR,

— A RERERL T, DHEA REAS1TE
TRBREN AR, REXRSEMEEEHER
BEMBX/NEMEX, 55, BIEETHEMEEA
HARBIK 1/72Ne (Ne HARMBEER) HBEE
e, M/AEREREERER R EILIBE
%% (Lande & Barrowclough, 1987), Wi, W% &E
MM EANE, BB EKENRETEN
EHEERE, REMBFEEgK, FREREX
MR SR EE R A ERBUERME, T4
AR REGE N IR ER R, KEIEFET %,

X FEANBAMBRE SRR, AEXY
MEKPEFREEEMNAEER, KIEMTEKT
ERER (F3), Hit, RERUaBEEXENL
ARERBORAERE, 2RV ZYHKIEE
WEERG. REREEEMNEXE 100 FAXR
FEMBENEHLEEER, BREERKERM/FE
KFEREAREEA. £THAIRAMRR LR
FHRIBR T B EIE (Xiao et al, 2003), KT WL
VLR FFR YR, RUEYIRE A A BT 7 g%
ZHEME, R LR BER] A A B R B o X — th SRR B
fEYRRKBfFERAEENITE L,

thesis, Kunming Institute of Zoology, the Chinese Academy of Sci-
ence, Kunming. [T fi. 2003. EIRB M B Rhinopithe-
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