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A Analysis on Population Viability for Giant Panda in Tangjiahe
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Abstract; Life table analyses. which are based on population age-structure, can yield average long-term
projections of population growth or decline. but can't reveal the fluctuation in population size that results
from stochastic perturbations. The stochastic perturbations can be classified into four kinds: demographic
stochasticity. environmental stochasticity, natural catastrophes and genetic siochasticity. When a
population is small and isolated from other populations, which belong to the same species, these random
fluctuations can lead to extinction even though populations have positive population growth on average,
Population viability analysis (PVA) is a quickly developing tool for evaluating the probability of extinction
and loss of variation on populations. It also provides a quantitative summary of the conservation status of
populations and permits evaluation of the effects of different management recornmendations on long-ierm
survival of the population. Up to now, population viability analysis has become a central issue of
canservation biology. Of all the tools and rechniques of population viability analysis. Vortex model. as a
computer simulation tool for wildlife population viability assessment, has been used extensively on some
endangered species management and conservation.

The giant panda is a rare and native anima) of China. Now it only can be found in Sichuan, >ansu and
Shaanxi provinces of China and with a population number of about 1000, It has been endangered because of
habitat fragmentation. bamboo die-off, diseases and environmental variation and so on. Today it is listed
as Category 1 species in the National Protected Amnimal List in China and also listed by Convention on
International Trade in Endangered Species (CITES) as Appendix I species. Up to now. more than thirty

natural reserves have been established for the giant panda by the government of China, including Tangjiahe
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Natura] Reserve.

Tangijiahe Natural Reserve is located in Minshan Mountains. which are the primary homeland of the
giant panda in China. Since the establishment of Tangjiahe Natural Reserve in 1978, the residents. who
lived there generation by generation. have emigrated for the conservation of the giant panda under the
force of the local government. Now it remains natural and completely closed for the giant pandas living in
it. Based on some relevant researches, the giant panda population in Tangjiahe Natural Reserve is a
metapopulation with a population number of 47, including Hongshihe, Motianling and l.uoyigou
subpopulations. The three subpopulations respectively eonsist of 31, 20 and 10D giant pandas, which
migrate from one subpopulation to another, especially for juvenile pandas. Normally. the breeding age of
pandas in the wild is 7 years for females and 8 years for males. Sex ratios are 1:1 and maximum
reproductive age is 20 vears. Females produce at best 1 litter/year with a maximum of 2 offspring. Each
year 37.5% of females produce no offspring. 58. 3% of females produce 1 offspring and 4. 2% of females
produce 2 offspring. For giant panda. the type of marting system is polygamous. Age-specific mortality of
wild giant pandas is estimated mainly based on the life table developed first by Wei & af. » and other main
values for population viability analysis for giant pandas in Tangjiahe Natural Reserve are cited from
relevant documents published.

Vortex software ( Version 8. £1) is adopted here to model the dynamics of giant panda population in
Tangjiahe Natural Reserve. The results show that with no inbreeding depression and no catastrophes. the
population is stable in the toral, even with a small trend of increasing for next 100 years. The Vortex also
calculated deterministic population growth rates and estimated the generation length. The Net
reproductive rate, the Instantanecus rate of increase and the Finite rate of increase respectively are 1. 449,
0. 004 and 1. 004. The mean generation length for females is 11. 2% years and that is 11. 7 years for males.
However, as the time goes by. the rate of heterozygosity will decrease and the calculated probability of
extinction will go up, especially for Luoyigou subpopulation, which is the smallest one among the three
subpopulations.

Many factors. such as inbreeding depression, catastrophes, migration, capacity and outer supplement
as well, which may produce great influences on the population dynamics for the giant panda in Tangjiahe
Natural Reserve, are modeled. too. The results indicate that inbreeding will reduce survival and
reproduction of the giant panda. successful migration will do good to the stability and development of the
metapopulation, carrying capacity greatly affect the population dynamics and catastrophes. including
bamboo die-off, fire and flood et af. , will fasten the decline of the metapopulation in some degree. In
recent years, greal progress has been made in reproduction of captive giant pandas and it is possible that
some pandas will be set free and go back to their natural habitat in the future. The results show thar cuter
supplement will be advantagecus to the long-term persistence of wild giant panda population, which mainly
depends on the number, sex ratio of giant pandas to supplement.

Based on above results. some conservative suggestions for the giant pandas have been put forward in
the end. Since there ever was a flood in Tangjiahe Matural Reserve in 1992 and the habitat of giant pandas
was destroyed severely. it is very important for destroyed habitat to be recovered. One of the feasible
measures, which should be taken nowadays, is to strengthen and improve “corridor belis” between the
three subpopulations. which connect these subpopulations to form a much bigger metapopulatton. Other
measures should be considered 1o take, including the stop of artificial forest fires, hunt and traps as well.
To make it as soon as possible that people return captive giant pandas back to wild population. it is also

necessary 1o put more efforis into improving and strengthening the management and reproduction of
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captive glant pandas.
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Table 1 Age-specific mortality of wild giant pandas
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Age Female S Male S
G—~1 40. 09 10. 0 41. 00 1CG. G
1~-2 9. 67 3. 0 4. 67 3.0
E~3 3. 14 2.0 .14 2.0
3~4 1. 52 1.0 1. 52 1-D
{~5 1. 53 1.0 1- 55 1-0
S5~ 1.57 1.0 1. 57 1.0
6~7 1. 60 1.0 1. 60 1. G
T~ B 3. 45 2.0
R SF Adult 13. 33 3.0 14.18 3.0

ETREHERTFOMBRIBEGEARERITIES
HECH W KD, 1999 Data in ahove table came from
" Report on the discussion meeting of conservation
evaluation and research techmiques for the giant panda”

(vnpublished, 1995)
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subpopulations of giant pandas in Tangjiahe for next
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Table 2 Sensitive indexes of different factors affecting the dynamics of the population

FEEXDELEAN/N BYELRAP/P

(5725 2 . o RYHEHS
Rare of variation Rate of variation
Tvpes of factars Sensitive index
of population size of parameters

T ¥ 7 %K e ¥ Lethal 3. 14 — 0. 3510 — 0. 5510
equivalent 1. 57 —{. 3144 — 0. 3144 "
STy M ® Rate of migration
a. B0 MID B0Y successful X No migration 0. 02583 Q. 02593 "
b. 1003 B, 57 100 X successful (. 1520 Q. 15200°
IHMEFHR Carrying i & Double 0. 3039 1 0. 30350
capacity W, 2 Half —{. 5256 -0, 5 1. 05120
@ P 5 Envitonmental M & Double 0. 2526 I C. 25260
variance) 2 Half —10. 07418 —{0.5 0. 1484
Bk ¥ Carastrophe 1 ¥ 7 3# Bamboo blooming — (. 0B836 — 0. D8RG

# K Fire —0.3134 —0.3134"

A K Flood - L1774 ~G 1774 "

Ll FE-& Above all — U 4443 — 0. 4443"
B4 ¥ 3 T Outer supp- 204 17187 0. 3375 0.3375°
lement GeiE22247% 0. B775 0. 5775 "

FeoE2LD 0. 6103 0. BY03 "

(DY F 12 every 20 vears 22 275 every 20 years 32 F every 20 years; » WM EZN B M PT b EE 4B X Sensitive

index came directly from the rate of vijariation of pepulation size.
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Fig. 5 Population dynamics of giant pandas in Tangjiahe affected by different factors
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RO EBRDET XEHT MM 0N EBRRDET EF IS MG EHE. MR 6.7 P HRTFREHNR
WAL M TR RS, R 8.0 TR RT My ZMHERM LW TRz E. e 10.11.12.13 57
BRI THE AR AKRKURE LREFEEEBTHMBESS, MR 1415016 R BE 0 FOATHE
FRIE LM I BEL2 B 2 MEA 2 EMR S TR MBEEN S Curve 1 represents the dynamics of Tangjiahe metapopulation
without inbreeding depression . catastrophes and with 803 of sucressful migration. The other curves are all
relative to the curve I with adjusted parameters. Curves 7 and 3 respectively represent the popuolation dynamics
with lethal equivalents of 3, 14 and 1. 37. With 80% of successful migration, curve 4 represent the papulation
dynamirs with no migration and with 1002 of successful migration. curve 5 represent the population dynamics
with normal migration rate. Curves 6 and 7 represent the dynamics with double and half carrying capacity
respectively. Curves § and 9 represent the dynamics with double and half environmental deviations respectively.
Curves 10.11.12 and 13 respectively represent the population dynamics affected by bamboo blooming, fire , flood
and above all. Curves 14,15 and 16 respectively represent the population dynamics supplied with 1413 .23 2%,

23 every twenly years
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R AR K-S M. A SR & AR 9) T LUR B . 3B i 2F 3759 10 B 0L 5 3 3 20 U 51
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KRELNREADOEETE. EEwAEEN Table 3 Catastraphes on glant panda ln Tangjiahe
REATFH I TFAEFRES. BHAKERER wE  pamkon NERREOO L L
EEKKRB TR RE. 1992 FERABTTRHK Cawastrophes  Frequency Unsuceesstul Reproduction

AR KRG RAREMKE LR R — o mortality

EHIR AFNRERFEAFRIREHIL A 5 blooming 1. 67 15 10
U T FRIFEFI MR HEEAERER k% Fie 3.33 12 12
B, HEWRESTME 3 Fa., AESHE KK Flood 2. 00 Lo 5

10~12)>0) B tH , &5 #0305 1 % B 2 0 K M6 00 R B
Mg —ERENER. LHE RS REERFESRE@ES 1IDMEAT  ARERSEEEEE IR

R, 100a B RS FHBERX DN E 39.63 H{SD=17.16).
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