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Population viability analysis in conservation biology precision and uses

LI Yi-Ming
Institute of Zoology Chinese Academy of Sciences Beijing 100080

Abstract Five types of population viability analysis PVA models have been developed for estimating
extinction risk of endangered species. They are analytic model deterministic single-population model
stochastic single-population model metapopulation model and spatially explicit model. The choice of
PVA model types for endangered species depends on life history of the species studied and data available
on the species. Compared with other tools in conservation practice PVA is relatively precise and quanti-
tative tool. However poor quality of data and unclear assumptions on populations of some endangered
species could influence precision of predictions of PVA models therefore PVA models should be used
with cautions. PVA models have been increasingly used in conservation plans and management of endan-
gered species in western countries. It has been used for 1 predicting future population size of endan-
gered species 2 evaluating extinction risk of endangered species in a given time 3 assessing con-
servation options and determining which options will make endangered species persistence longer 4
exploring effects of assumptions on small population demography and 5 guiding field data collection for
endangered species. Few PVA studies have been conducted on endangered species in China compared
with the disproportionally high number of endangered species in China. There is an urgent need for build-
ing PVA models specifically for endemic endangered species and conservation issues in China.
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1
Table 1 Data needs and difficulty degree of getting data of three types of PVA models

Data type Data needs Difficulty degree of getting data DsP Ssp Meta Space
+ W W W W
Demographic Age or stage structure
+ w w w w
Age of first breeding
+ w W P P
Mean fecundity for each age or stage
+ + W W P P
Mean survival for each age or stage
+ + W W W
Variance in fecundity
+ + W W W
Variance in survival
+ + W P P
Carrying capacity and density dependence
+ + + W W W
Variance in carrying capacity
+ 4+ 4+ ++ W W \
Frequency and magnitude of catastrophes
+ 4+ + + W W W
Covariance in demographic rates
+ + + + + P P
Spatial covariance in rates
+ + P P
Landscape parameters  Patch types
+ W W
Distance between patches
+ W W
Area of patches
+ W
Location of patches
4o+ w
Transitions among patch types
+ W
Matrix types
Fo o+ p p
Dispersal parameters Number of dispersing
+ 4+ + + + W W
Age class and timing of dispersal
+ + + W W
Density-dependent or independent dispersal
+ 4+ + + + \ \4
Dispersal-related mortality
+ 4+ + + + P P
Number of immigrating
+ + X
Movement rules
++ + + + w \ P P
Number poached or used illegally
DSP SSpP Meta Space W P +

+ Beissinger & Westphal 1998
DSP deterministic single-population model SSP  stochastic single-population model Meta metapopulation model Space spatially explicit model.

“ W” indicates parameters for whole population “ P” indicates parameters for a patch population.” +” represents difficulty degree of getting data and

difficulty degree of getting data increases with increasing number of* +” modified from Beissinger & Westphal 1998
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2 PVA

Table 2 Six types of PVA softwares and their scopes of use

Software Scope of use
INMAT
To examine the short-term effects of inbreeding
GAPPS . . PVA . .
Designed for grizzly bears Ursus arcios horribilus and used in large mammals
RAMAS/Stage Based on a cohort projection matrix that can handle very large population sizes particularly suitable for simulating species
with very high fecundities such as fish
RAMAS/space GIS
RAMAS/Metapop Developed from RAMAS/space and was primarily designed to incorporate metapopulation dynamics also with GIS function
spatially explicit model
VORTEX . . . . . . .
Widely used package for endangered species especially for vertebrate species could also simulate metapopulation dynamics
ALEX

Used primarily for habitat dynamics and metapopulation dynamics

Ailuropoda mel-

Fieber & Ellner 2000 Ludwig anoleuca
5~10 3 PVA
Ludwig 1999 Fieberg & Ellner
2000 PVA
50 100 500 Mills et al. 1996
1000 PVA
2 PVA Mills PVA PVA
Brook et al.
PVA Ferson & Burgman 1995 1997 5 PVA
Mills et al. 1996 4
Ursus arctos 4 PVA
minimum viable population
Shaffer 1981 1987 Ludwig
1996a
Brook et al. 1997
Bayes “
Taylor Steller PVA "
Li et al. MVP MvVPp

2003
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Reed et al. PVA
2002 Ludwig
1996b
PVA Ellner et al. 2002 3
PVA
Akacakaya & Sjogren-Gulve 2000
Ludwig 1999 Fieberg & Ell- reserve-selection algorithms
ner 2000 PVA occurrence
GAP habitat model and GAP a-
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Brook et al. 2000 21 11 rule based and score based methods
~23 13 8 9 PVA
11 1 1 sighting data
INMAT GAPPS RAMAS/
Stage RAMAS/Metapop VORTEX PVA landscape in-
PVA dices fractal dimension
ecosystem based methods
PVA Brook et al. 2002
PVA
5
Brook PVA PVA PVA
Brook Ellner et al.
2002 Brook
PVA
PVA
Ellner PVA PVA
Brook Beissinger et al. 1998 Brook et al. 2002
Coulson et Reed et al. 2002 1 PVA
al. 2001
Coulson Brook et al. 2002 2
Beissinger et al. 1998 3
PVA Beissinger et al. 1998 4
Brook et al. 2002 5
Coulson et al. 2001 Brook et al.
2002 6
Brook et al. 2002 Brook et al. 2002 7
Brook et al. 2002 8
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Brook et
al. 2002 9 PVA 3 PVA
Brook et al. 2002 3.1
Beissinger et al. 1998 10 PVA
Beissinger et al. 2002 RS
Beissinger et al. 1998 11 GPS GIS
Beissinger et al. 1998 12
Beissinger et al. 1998 13 PVA Drech-
14 sler & Wissel 1998
Mar- Rushton et al. 1997 2000a 2000b
tien et al. 1999 15 Lamberson et al. 1994 Akcakaya & At-
Ferson wood 1997 Dunning 1995
& Burgman 1995 Brook 2000 3.2
2.3 PVA
PVA Morris
et al. 2002 5 Lande 1988 Boyce 1992
1 2 Saccheri et al. 1998
3 Melitaea cinxia
4
5
Frankham 1998
IUCN
1994 IUCN
7 3.1 2002 Keller & Waller 2002
PVA
PVA
PVA Morris et al. 2002
931
genetic rescue effects
14.4% PVA
24.3% PVA
31. 1% Hedrick & Kalinowski 2000
PVA
PVA PVA
count-based
PVA 93.9% Beissinger 1998 Reed et
69.1% 83.4% 83.4% al. 2002 PVA

Lande 1995 Lacy 1997 Reed et



4 347
al. 2002 Pan 1997 Liet al. 2003 PVA
3.3 PVA
PVA Reed et al. 2002 1994b 1995 2000 Li & Li
PVA 1998 Liet al. 2000 2000 2000
2001 2001
Menges 2000
Kenney et al. 1995
Li et al. 2003 PVA VORTEX
Li et al.
PVA 2003 Li et al. 2003
11 14 PVA
Warren et al. 1993 Frye 1996a 1996b
1987 ~ 1998 20 50
~90
PVA
Menges &Dolan PVA
1998 PVA
PVA
3.4 PVA PVA
PVA PVA
PVA 20 90 PVA
IUCN
CBSG ~ VORTEX v PVA
Lipotes vexillifer Panthera ti- PVA
gris amoyensts PVA
1994 a VORTEX
Cervus eldi hainanus
Song 1996 24  Nipponia nippon Akcakaya H. R. and Atwood J. L. 1997. A habitat-based met-
1996 Neophocaena phocaenoides apopulation model of the California gnatcatcher. Conserva-
1999 Procapra przewalskii  Li & tion Biology, 11:422 —434.
Jiang 2002 Akcakaya H. R., Burgman M. A. and Ginzburg L. R. 1997.
PVA Hydropotes inermis

1993 Zhou &
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