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Abstract: Small population protection has become an important conservation biology issue because small populations can
easily become extinct. Investigating the constraints on small populations and setting up rescue measures are very important
tasks in small population protection. Population Viability Analysis ( PVA) is the analytical estimation of extinction
probabilities. It incorporates identifiable threats to population survival into models of the extinction process. Computer
simulation modeling ( Vortex) is a tool that can be used to explore the viability of populations subjected to many complex,
interacting, deterministic, and random processes. In this study, we investigated the population viability of a troop of
Sichuan snub-nosed monkeys ( Rhinopithecus roxellana ), which are located in the Dapingyu region of the Qinling
Mountains, central China. In the winter of 2009, this troop of golden monkey naturally separated into two groups, which
were named DPY1 and DPY2. From 2011 to 2015, DPY1 was monitored and data on population size, migration,

reproductive system, reproductive rate, mortality rate, mate monopolization, carrying capacity, catastrophes, and

HEEWA,: FEARRY LS T SRITA (31130061) ; F5 ARRIEHEE4A Y BI B (31472014, 31270438, 31470455, 31572278) ; BETG AR
2B A N BRI H (2014K-12) 5 BEVEA R4 BER 45400 H (2013K-35) 5 BEPGA FBH2= B 8 5 % Bh 0 H (2012K-01)

Y B H#A:2015-11-06; &iT H#3:2016-05-30

# FIAMEH Corresponding author. E-mail; baoguoli@ nwu.edu.cn

http ://www.ecologica.cn



23 TR 55 Z S KEVIR )1 42 220 ( Rhinopithecus roxellana ) FREEAETE F1 5341 7725

harvesting were collected. The DPY2 group was allowed to live in their natural environment and only data on the number of
individuals were recorded. Based on the information collected, we used the computer program Vortex 10.0 to simulate the
population viability of the Sichuan snub-nosed monkeys in the Dapingyu region. The results suggested that, in the absence
of individual migration, the two groups, which had naturally separated from a larger local troop, have 95.8% and 93%
possibilities , respectively, of becoming extinct over the next 100 years. When individual migration between the two groups is
established, the extinction possibilities can be reduced to 2% and 0.4%. These results suggest that individual migration
seems to be the primary limiting factor on long-term troop survival in the Dapingyu region. Therefore, increasing the
individual exchange frequency between the groups and making the gene mutation rate equal to the gene loss rate should be
encouraged if the long-term survival of this troop of golden monkeys is to improve. Furthermore, programs for improving the
protection of Sichuan snub-nosed monkeys in the Qinling Mountains should concentrate on protecting and improving

corridors connecting a population to its surrounding populations.

Key Words: The Qinling Mountains; Rhinopithecus roxellana ; population viability simulation; migration
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THEATE S5 Hb PR e 43 B 22 R/ NS — B BEB B AR (/IR EE 7 TR, )T 4 22 R R (i de N 5

http ; //www.ecologica.cn



2
He

7726 2 SO Eire 36 &

UN (PSS

ARSCHRAE A N G 22 R PFIRRE RO ST BORE, 25 S AR WAk HAR R HE A BIF TS 245 20, iz ORI AR W 2 (9 A 56
JE3E A BIE R T ( Vortex 10.0) X RK 100a P RPPUEHERY ZhASHEAT TR AT . BRITBR A1 4 22
TR B B R R RN 1 < 22 A FCA R A A S DR A BB (A 0 (R BERE

1 #E7IE

1.1 ST H SR 5
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Table 1 The Age-sex categories composition of golden snub-nosed monkey DPY1 group

. 2011 2012 2013 2014 2015
SRR _ ‘ . . _ ‘ . . _ .
Age-sex categories Tk P Tk [li3ds T P Tk Wi Jii2dn [li3ds

Male Female Male Female Male Female Male Female Male Female
BAEAME Adult Male 6 25 6 24 6 25 6 23 6 25
T 44 Sub-adult 5 4 5 4 6 10 4 10 4 10
FHAEAAK Juvenile 1 9 2 13 8 15 9 15 12 18
BUAf% Infant 1 4 7 9 2 3 5 6 4 5
&1t Total 55 70 75 78 84

22 TRHPYH

P EE TP Hb DX i Z8 04 LUK A S 2% BRI )1 4 22 00 A G 2, i 71 Bl PR S e N R PRI 4 22 32 R 1Y)
BB, (RS T A DX PR 42 220 A 05 B 43 A R 5, PR A 7R MRS It , B i i T A 8l . Rk
FEARWEGE T RS AR R o A TR, YRR AR AT AE I | AR HEPe A W AR R A 2T 1] (9 3 R 4t
T S5 A PG IR (1 SE PR BE B, J05E 1| 4 220 R PRI A BE 18] A SE RS RN 5% , iRt R AR SET %
50% , AR )1 4 220 B AN ULEE RO P 0 HE e B PR X T BEE RS SR O /NVE IR N 3 8 IR AR N
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20 %,
2.3 BHIA

4 22 ) BT AR S — R 2 HE ], MEMEE R A TR 4.5 % M 6.5 20 HUZ MR LA 8
FERY BGOSR, HodR B AR O 20 211 BOR 2004 4F 3 A db U EFAE S A I )1 4 22 W ( Rhinopithecus
roxellana) I F — XU G (BRTERFAMIEESEAE T AR SURLIG AU 4IE . PR, ABF5E B 1 42 22
WREEIG R B I A B 1, He T DPY1 BFIEZE Sa WIWLEE, AME B 21 S0 00 1 1 LE ) 0 15 1 50% , T 2
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*2 DPY1ES5a HEBRHESH

Table 2 Reproductive parameter of infant in the DPY1 group during passed five years

ARy B A S Infant/ BT A B/ T2 J5 AR
Year HEPE Male HEPE Female 431 Total Rate of male in infants Adult male Average offspring per male
2011 1 4 5 0.25 6 0.83
2012 7 9 16 0.78 6 2.67
2013 2 3 5 0.67 6 0.83
2014 5 6 11 0.83 6 1.83
2015 4 5 9 0.8 6 1.5

HJ{E Mean 3.8 5.4 9.2 0.66 6 1.53

brifEZE SD 2.39 2.3 4.6 0.24 0 0.77

24 BETR

AR BATERA N S m R HRIF 2 BRI AT ) 4 220545 05 B B T 300 4T T 4
T I A BUA R B AR R A5 AE I BERAE T R AR 22 (% 3)
2.5 EEK

HRYE 4 220% DPY 1 B B0 10 S F I 4 220 &
SR BFART T 25 SR A0 SR A S R A A | R )

£3 NELBREFHRRHOETE/ %
Table 3 Mortality of Sichuan snub-nosed monkeys in different

age periods

A F IR 1.82a; a5 A= B 7E 6 1~ H Z N 3E RS HEbE Male bk Female
T, MEPESS 2 AE T AR S AEE AT HEY 1.32a, i Age period MeanSD MeanzSD
FE A AR MEE A AT A RE T IR 21 & 22 R BRI 0l 230100 23.010.0
FERY HIETIRG A : (1.32x0.55+1.82x0.45) /1= 1.55a, % o o o
IR MEVER EE B (1.55) 71 =0.645, 4 16.052.0 16.052.0
26 KE 4—s 5.0£2.0 5.02.0
AL X b T 2208 11 kb B, OF HAE IR 204 1) 32 5—6 3.0£1.0 3.0£1.0
P2 AR K FBCAR 2R (WML G KR 55 ) 52 67 3010 30«10
7—8 3.0£1.0 3.0£1.0
23 N & =1 Hy y S b A /}:—‘—» gy
IN RNk [RI, Bl Y o AR AR 2 X SE Adul 10510 50510

FEAT NFT 5 1 B BB AR, s A e A o X AR TS 2k
AW AT H &, L, 3 B K E S8
H0,
2.7 AW ZEWr

Vortex10.0 # {4 5e TACEZBWHE 2 T 3 ANAHE S BI S8, BV 2R 40 P A I LU 1) 1 35 44 240 ]
W et A B S AR LU ) AR B MR LB, X 3 AN SRl T — AN S8 s RR s TR
HoAth 2 N8, AW ARG SE Sa B A B0 1 SRR PN AF FEAE 1 1) AR, 0 A A 1 1) - 2
T8 i A Vortex 30F, A LA S5, (%2)
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TR IR ARERLMERN 95.8% - K 4R 62.02a(SD=16.68) (K1),

JI 4224 DPY1 BE5 DPY2 BECIT MBS T, DPY2 BERNEE R K 100a, PN ELHG KR r=-0.02, & PRI
KR A =097, A FER R, =0.56 MM - IR ] 7= 23.36, Mt 1)~ F-3tHACHT A T=24.61, Fpff2E0
R TR R R A1 4 22 R AR R 93% | F-¥ K 4l (] R 67.34a(SD=15.21) (EI 1),
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Fig.1 Dynamics of population size in different simulation conditions
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Fig.2 The general variation trend of heterozygosity and inbreeding coefficients about DPY group during next 100 years
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Table 4 Data input to the model and results in 2 situations

RESH TR

Lt

. " WERME . RAHEH A MHEZE SD N P AR
MEEE i R gy kg OEER G PRESD gy RRRER DRI
. . Carrying i L. Probability . standard . Gene nbreeding
Dispersal population ; Time Intrinsic . Final L Extinct time . .
) capacity/ R of extinct .. deviation SD heterzygosity coefficient
size growth rate R population size
N DPYl 84 145 100 -0.022 0.958 5.38 3.96 62.02 0.539 0.30
Y DPY1 84 145 100 0.018 0.026 64.75 38.97 87.69 0.869 0.09
N DPY2 120 145 100 -0.021 0.930 7.03 4.41 67.34 0.625 0.23
Y DPY2 120 145 100 0.019 0.004 87.31 34.40 93.00 0.907 0.07
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