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Abstract:

 

The koala currently needs conservation intervention. There is clear evidence of decline in many popu-
lations, but the existence of other stable or expanding populations offers the possibility of a variety of creative so-
lutions to their conservation problems. The 1998 National Koala Conservation Strategy emphasizes the need to
obtain demographic information and to use this information to assess management options for koalas. We need
accurate diagnoses of the status of koala populations and forecasts of their demographic future with and with-
out particular management actions. In a qualitative fashion, this process has been undertaken many times on a
local and national scale. Quantitative demographic forecasting tools are increasingly available, and koala man-
agement could benefit from their application both at the scale of individual populations and more broadly.
There is already a considerable body of suitable data on the dispersal, effects of normal and catastrophic envi-
ronmental variation on reproduction and survival, and on the effects of habitat change. Demographic forecast-
ing, however, is hampered because the full suite of information is rarely available from a single population. In
two Queensland populations, retrospective population viability analyses provided forecasts that were in agree-
ment with observed population trends. Work is needed to determine whether data from one population can be
applied to other populations. Models can then be developed to make projections at a multipopulation level on the
basis of local population dynamics and dispersal. Certain koala populations, because of their long history of
study, offer the opportunity to test demographic models retrospectively. These tests will not only aid in fine-tuning
the models for koala biology and data but will also assist with the more general process of validating the models.

 

Predicción Demográfica de la Conservación del Koala

 

Resumen:

 

Actualmente, el koala necesita intervenciones de conservación. Existen pruebas claras de una dismi-
nución en muchas poblaciones, pero la existencia de otras poblaciones estables o en expansión ofrece la posibil-
idad de una diversidad de soluciones a los problemas de conservación. La estrategia de Conservación Nacional del
Koala de 1998 pone énfasis en la necesidad de obtener información demográfica y usar esta información para
evaluar las opciones de manejo para los koalas. Necesitamos diagnósticos precisos de la situación de las pobla-
ciones de koalas y predicciones de su futuro demográfico con y sin acciones particulares de manejo. De una man-
era cualitativa, este proceso se ha llevado a cabo muchas veces a escala local y nacional. Las herramientas para la
predicción demográfica son cada vez más viables y su aplicación podría beneficiar el manejo del koala tanto a
nivel de poblaciones individuales como a un nivel más amplio. Existe un considerable cuerpo de datos sobre la dis-
persión, los efectos de la variación ambiental normal y catastrófica sobre la reproducción y sobrevivencia y los
efectos de cambios en el hábitat. Sin embargo, es difícil hacer predicciones demográficas ya que es raro que toda la
información provenga de una población única. En dos poblaciones de Queensland, análisis retrospectivos de via-
bilidad poblacional suministraron predicciones según las tendencias poblacionales observadas. Se necesita más
trabajo para establecer si los datos de una población pueden ser aplicados a otras poblaciones. Se pueden desarrol-
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lar modelos para realizar proyecciones a nivel multi-poblacional en base a la dinámica y la dispersión poblacio-
nal local. Ciertas poblaciones de koalas ofrecen la oportunidad de evaluar modelos demográficos retrospectiva-
mente debido a su larga historia de estudios. Estas pruebas no solo permitirán ajustar los modelos de la biología

 

de koalas y los datos, sino que ayudarán también en el proceso más general de validación de los modelos.

 

Introduction

 

The best time to consider conservation management is
before the population has become so small that options
are limited. The koala is currently at an appropriate point
for conservation intervention: there is clear evidence of
decline in some populations, but the existence of other
robust populations in diverse locations offers the possi-
bility of a variety of creative solutions to their conserva-
tion problems (Melzer et al., this issue). Evidence of ge-
netic and morphological differentiation on a north-south
axis highlights the importance of maintaining popula-
tions throughout the range (although all populations ap-
pear to belong to a single evolutionarily significant unit;
Houlden et al. 1999; Sherwin et al., this issue). Unfortu-
nately, the koala faces different conservation problems in
each part of its range. Even apparently secure popula-
tions may have poor long-term prospects because of in-
trinsic factors such as low genetic variation or extrinsic
factors such as ongoing habitat loss (Melzer et al., this is-
sue; Sherwin et al., this issue). The northern part of the
range appears relatively secure, but processes are under-
way that could cause conservation problems in the fu-
ture. In the central part of the species’ range, declines
are continuing, largely as a result of habitat loss. In the
southern part of the range, overhunting led to many se-
vere declines in the 1800s and early 1900s. As a result of
relocations, the southern part of the range appears se-
cure for the present, and indeed has expanded relative to
the time of European settlement (Melzer et al., this is-
sue). However, southern populations have low genetic
variation (Sherwin et al., this issue), so this region may
not have good long-term conservation prospects. Also,
some introduced island populations in the southern part
of Australia are overabundant (Melzer et al., this issue).
Although there are numerous koala populations in vari-
ous conditions, we cannot be complacent about this spe-
cies because there may be thresholds of habitat loss be-
yond which sudden extinction occurs (Hanski 1998). It
has also been suggested that disturbed populations such
as the koala may not be at equilibrium but may be carry-
ing an “extinction debt” (Tilman et al. 1994) that predis-
poses them to sudden extinction. Tilman et al. (1994) be-
lieve that abundant species such as the koala are
particularly susceptible to the extinction debt, but this
assertion depends on assumptions about the relationship
between abundance, competitive ability, and dispersal
(McCarthy et al. 1997).

The National Koala Conservation Strategy has identified
the need for more powerful and reliable methods of demo-
graphic forecasting (Australia and New Zealand Environ-
ment and Conservation Council [ANZECC] 1998). Demo-
graphic forecasting can assist koala conservation in three
ways: assessment of status at local and national levels and
evaluation of management options. Proper management
of koalas requires agreement on their status, yet these ani-
mals are the subject of a variety of official status designa-
tions and public perceptions, in part because of dispute
over population sizes, trends, and threats (Melzer et al.,
this issue). There are various ways to evaluate the conser-
vation status of species and rank their priority for manage-
ment (Millsap et al. 1990; Mace & Lande 1991; Master
1991; McClanahan & Wolfe 1993; World Conservation
Union 1994). One important concept is triage (McIntyre
et al. 1992), whose aim is to direct resources to species
that have begun to suffer conservation problems yet are
capable of responding to management actions. Thus it is
important to diagnose which apparent threats are actually
causing population decline and whether achievable man-
agement actions will arrest the decline. To provide a
sound basis for the discussion of status and to evaluate our
ability to alleviate the threats, it is necessary to forecast the
likely future of koala populations with and without man-
agement of particular threats—population viability analy-
sis (PVA; Shaffer 1981; Gilpin & Soulé 1986). Although as-
sessment of the conservation status of an entire species
implies the ability to forecast the likely future of the whole
species, explicit predictions are rarely made on this scale.
Computer models have been developed to make demo-
graphic projections for many species (e.g., Lacy & Clark
1990; Maguire et al. 1990; Haig et al. 1993; Possingham et
al. 1993; Hanski 1994; Bradstock et al. 1996; Akçakaya &
Atwood 1997). Before PVA is used to assess threats to a
species or guide development of a conservation strategy, it
is important to evaluate whether the data are sufficient to
provide useful population projections. It is also important
to examine the validity of the chosen model for the target
species by testing model results against historical data
(Brook et al. 1997; Lindenmayer et al. 2000) or by com-
paring the performance of multiple models (Brook et al.
1999), but this testing has rarely been undertaken (Mills
et al. 1996; Brook et al. 1997; Mann & Plummer 1999).

To make demographic forecasts for the entire range of
koalas would be a major undertaking because this spe-
cies’ range includes multiple populations scattered over
thousands of kilometers. Disparities across this range ne-
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cessitate careful consideration of the appropriate scales
for data collection, analysis, and management. We dis-
cuss the likelihood of producing adequate models for
forecasting koala population trends at various levels and
for evaluating alternative management options in koalas.
We discuss the adequacy of koala data for these models
and the potential for forecasting methods to be tested
and applied in koala management, including a trial of the
methods in two populations. Addressing these issues in
koala conservation provides a step toward testing the
generality of methods for demographic prediction.

 

Threats and Their Management in Koalas

 

Conservation modeling should reflect the biology of the
species, processes that threaten it, and possible ways to
mitigate these threats. It usually involves assessment of
the effect of these threats and management actions on
mortality, fertility, and other modeled parameters. Cur-
rently, the main factors propelling declines appear to be
habitat loss, fragmentation, and degradation (Melzer et
al., this issue). Net loss of habitat permanently decreases
carrying capacity. Fragmentation of the habitat has two
main effects. First, it is likely to hinder dispersal, thus re-
ducing the chance of recolonization of patches in a
metapopulation and the exchange of genetic informa-
tion. Second, fragmentation exacerbates other adverse
processes, especially edge effects, which in the case of
koalas include fire, weeds, dogs, and cars (Melzer et al.,
this issue).

Although pressures on koalas have changed, it is not al-
ways clear what the net effect on model parameters such
as mortality and fertility will be. For example, sources of
koala mortality have changed dramatically throughout
the last 200 years. For thousands of years, koalas experi-
enced mortality from Aboriginal hunting. During the
1800s, intense hunting by Europeans is thought to have
been the main cause of decline in the southern part of
the koala’s range (Melzer et al., this issue). In recent de-
cades, considerable koala mortality appears to be caused
by road traumas (Lunney et al. 1996) and dog attacks.
Dog attacks may have increased recently and are proba-
bly often underestimated because koalas killed by dogs
are rarely found unless they were radiocollared (D. Lun-
ney, unpublished data). Other threatening processes, in-
cluding fire, drought, and possibly reproductive disease,
have occurred over long evolutionary times, but their in-
cidence may have varied over time. Forest crown fires
can cause high koala mortality, and droughts reduce sur-
vival or breeding and may have their greatest impact on
young koalas in marginal habitat (Gordon et al. 1988;
Melzer et al., this issue). Reproductive disease and conse-
quently lowered fertility is seen in many populations
(Melzer et al., this issue; Sherwin et al., this issue). Some
strains of this disease may be native to koalas, but some

seem to have been introduced recently via contact with
domestic animals (Sherwin et al., this issue) and may
have adverse effects. On the other hand, disease-free
populations sometimes overbrowse their food supply
and then crash (Martin 1985

 

a

 

,1985

 

b

 

), and this pattern
may be exacerbated by habitat fragmentation that hin-
ders the movement of koalas and their parasites.

To assess the likely effects of management actions,
one needs to know the current status of koala popula-
tions and to model the effect of particular management
scenarios. Some local management plans are now suffi-
ciently advanced to allow this modeling (Lunney et al.
1999, this issue). Local, state, and national jurisdictions
have initiated or suggested a variety of management op-
tions, including habitat reservation, habitat regenera-
tion, corridors between habitat patches, dog controls,
modification of fire and forestry management, and, for
overabundant populations, culling, relocation, or fertil-
ity control (ANZECC [Australia and New Zealand Envi-
ronment and Conservation Council] 1998). Some of
these options are being attempted, such as planning
controls and tunnels under roads in New South Wales
and sterilizing and relocating koalas in South Australia
and Victoria (Melzer et al., this issue).

 

Demographic Forecasting Methods

 

Population viability analysis can be performed at several
levels, including qualitatively or quantitatively and on
single or multiple populations. Many qualitative fore-
casts have been made for koalas on local and national
scales (Lunney et al. 1990; Maxwell et al. 1996; Lunney
& Matthews 1997; ANZECC 1998; Melzer et al., this is-
sue) but quantitative modeling has not been attempted.

Quantitative forecasting for a single population re-
quires substantial data, including mortality, fertility, and
their variation due to chance and interaction with other
factors such as the environment, population density,
threat processes, and management actions ( Lacy 1993;
Possingham & Davies 1995; Akçakaya & Atwood 1997).
In koalas, fertility can be assessed by counting females
with back-young. Absolute mortality rates can be ob-
tained only by extremely intensive studies, but relative
mortality rates for different age classes can be assessed
by comparing tooth-wear classes (Gordon 1991) of liv-
ing individuals and skulls found in the same locality.
Based on this type of data from Springsure in central
Queensland (Melzer 1995; Table 1), the mortality of
adult males 

 

.

 

3 years was estimated to be 1.15 times
higher than that of juvenile males, and the mortality of
adult females 

 

.

 

2 years was estimated to be 0.53125
times lower than that of juvenile females. This method
has its drawbacks. First, it is accurate only if the popula-
tion is in demographic equilibrium; second, it provides
only relative estimates. These relative mortality rates can



 

632

 

Demographic Forecasting in Koala Conservation Penn et al.

 

Conservation Biology
Volume 14, No. 3, June 2000

 

be converted to absolute rates by comparing the ob-
served age structure with that predicted by preliminary
PVA modeling. Based on the assumptions that the popu-
lation is at equilibrium and all other input is correct,
mortality values can be adjusted to minimize departure
between observed and predicted age structures while
the relative rates of adult and juvenile mortality calcu-
lated from field data are maintained. The effect of den-
sity on reproduction and mortality is often summarized
as the carrying capacity, 

 

K

 

, which can also be difficult to
estimate. A dense population for one part of the koala’s
range would be a sparse population in another, so 

 

K

 

cannot be assumed unless through observation of a pop-
ulation crash due to overbrowsing (Martin 1985

 

b

 

;
Melzer et al., this issue).

An important part of PVA is the estimation of variability
in demographic parameters and the association (or other-
wise) of these parameters with particular environmental
fluctuations. Long-term data sets are vital because dis-
eased populations of koalas can show major fluctuations
in fertility (Martin 1981). In the northern part of the
range, Gordon et al. (1990

 

a

 

) showed that determinants of
population size may include habitat quality, disease preva-
lence, and climatic fluctuations. Koalas consistently occur
at different densities in different habitats. If these popula-
tions are in equilibrium, the density differences indicate
that habitat quality may affect demography. Reduced fer-
tility due to Chlamydial infection and elevated mortality
due to prevalence of cystitis are reflected in low growth
rates in some populations (e.g., Oakey; Gordon et al.
1990

 

a

 

). At Springsure, rainfall strongly influences popula-
tion size through its effect on dispersal (Gordon et al.
1990

 

a

 

). At Mungalalla Creek in western Queensland, a
heatwave that caused leaf death in food trees resulted in
catastrophic mortality (Gordon et al. 1988). Leaf death
was also influenced by moderate drought conditions that
prevailed at the time. Mortality during the heatwave var-
ied with habitat quality; it was much lower in better habi-
tat. The severe mortality may also have been a result of an
earlier increase in numbers and expansion into poorer
habitat where animals were at much greater risk, with the
better habitat forming a refuge.

A variety of computer programs is available to assist
with the task of predicting trends in a single population

(e.g., VORTEX [Lacy 1993], RAMAS [Ferson 1994], and
ALEX [Possingham & Davies 1995]). They differ in ways
that may affect their application to particular species, in-
cluding input, simulation method, type of forecast, and
provision of error estimates (Lindenmayer et al. 1995;
Brook et al. 1999). For example, few programs allow in-
corporation of the effects of inbreeding on reproduction
and survival, although this may be an important factor
for koalas (Sherwin et al., this issue). Also, some pack-
ages provide no error estimates, which is undesirable
because a manager cannot use the standard deviation to
gauge the range of possible trajectories for a population
managed in a particular way, and because the model
cannot be validated by comparison with field data unless
the standard error is known.

Data for demographic modeling are often woefully in-
complete, so it is necessary to perform tests to determine
whether the model works well despite poor data. Unfor-
tunately, the models have rarely been tested against actual
population trends for any species (Mills et al. 1996; Brook
et al. 1997; Lindenmayer et al. 1999), and although the
modeling methods are framed in generally applicable
terms, the testing has not been sufficiently broad to as-
sure general validity. Various tests can be performed,
ranging from limited validation against a small number of
data points to comprehensive tests. To avoid circularity,
these tests should isolate the data sets for testing from
those used to establish the predictive model. For exam-
ple, having two data sets from different years allows retro-
spective tests of PVA models (Brook et al. 1997, 1999).
These tests not only aid in gearing the models to a particu-
lar species’ biology and data, but they also contribute to
the more general process of validating the models.

Some koala populations have been studied extensively
(Table 2) and offer the opportunity to divide data sets and
run retrospective tests. Two examples are from Oakey
(southeastern Queensland, 1971–1997 ) and Springsure
(central Queensland, 1976–1997) (Gordon et al. 1990

 

a

 

,
1990

 

b

 

; Melzer 1995). From these data, one of us (A.P.)
estimated parameters for input to VORTEX (version
7.41, Lacy 1993; Table 3). We assumed that there was
no inbreeding depression, no density-dependence of
breeding, and no correlation between environmental
variation of reproduction and mortality. Breeding com-
mences at 2 years in females and at 3 years in males; the
maximum age was set to 12 years. The program pro-
duced predictions of population size close to the ob-
served values (Fig. 1). The only graphed data used in
making the forecast was the initial population size (first
point on each graph). Over the modeled period ( Fig. 1),
Oakey had a probability of extinction (

 

E

 

) of 0.380, with
further decline predicted over the next 10 years. At
Springsure, 

 

E

 

 was 0.063 over the modeled period, so,
this population seems secure for the immediate future.
Similar results were obtained from RAMAS/stage (version
1.4, Ferson 1994).

 

Table 1. Numbers of living and dead koalas of different age 
classes for Springsure in central Queensland.

 

a

 

Sex Tooth wear class

 

b

 

Number alive Number dead

 

Male 2

 

1

 

3 7 7

 

.

 

3 27 31
Female 2 2 4

 

.

 

2 32 34
Total 34 38

 

a

 

Data from Melzer (1995).

 

b

 

Gordon 1991.
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Sensitivity analysis allowed us to explore the effect of
alterations of different parameters and to investigate the
consequences of measurement errors or alteration re-
lated to management or threats (McCarthy et al. 1995;
Wisdom & Mills 1997). In the Oakey and Springsure ko-
ala models, we determined the sensitivity of the output
(

 

E

 

 and growth rate, 

 

l

 

) to small changes in four parame-
ters: fertility, mortality, inbreeding depression, and cor-
relation between reproduction and mortality. Varying
the effect of inbreeding in koalas from zero to the me-
dian mammal value of 3.14 lethal equivalents (Ralls et al.
1988) had minimal effect on the results (data not
shown). Introducing correlation between the effects of
environmental variation on reproduction and survival
also did not greatly affect the results (data not shown).
The probability of extinction and the growth rate of the
populations were more affected by small changes in fer-
tility than by comparable changes in mortality (Table 4).
A 10% increase in the fertility rate increased the growth
rate from 0.930 to 0.943 at Oakey and from 1.034 to
1.052 at Springsure and decreased 

 

E

 

 from 0.464 to 0.321
at Oakey and from 0.084 to 0.046 at Springsure. Small
changes in the mortality data had a greater effect on the
final probability of extinction than on the growth rate of

the population. The forecasts were most sensitive to
changes in adult mortality and least sensitive to juvenile
mortality (Table 4). It therefore appears important to
measure fertility and adult mortality accurately and to
manage any threats that affect these factors. It would not
be wise, however, to devote extensive resources to mea-
suring male mortality because, at least for one New
South Wales population, predictions of probability of ex-
tinction and final population size are not significantly af-
fected by five-fold differences in values for adult male
mortality (L. Carroll et al., personal communication).

The accuracy of these recommendations depends on
the adequacy of the modeling process, so testing is im-
portant. There are, however, a number of limitations to
the type of model testing we describe. First, one must
be sure that population fluctuations and trends against
which the model is tested are due to the growth rate of
the local population, not to mass immigration and emi-
gration, which apparently occur in koala populations
during drought conditions (Gordon et al. 1988). Second,
in a time series (Fig. 1), the successive points are neces-
sarily correlated with one another unless the population
trajectory is completely random. Therefore, the agree-
ment between the final population size and the pre-

 

Table 2. Long-term koala data sets that could be used as input for PVA modeling.

 

Population/citation

 

a

 

Density

 

b

 

Trends in abundance Disturbance

 

c

 

Reproductive data 
(date) Survival data (date)

 

Queensland
Blair Athol (1) moderate stable

 

2

 

yes (1994–1998) yes (1994–1998)
Springsure (2,3) moderate stable

 

2

 

yes (1976–1997) yes (1976–1997)
Mt. Zamia (2) low stable

 

2

 

yes (1990–1995) yes (1990–1995)
Daisy Hill/Logan/Redlands (4) moderate stable/slow decline

 

1

 

yes (1996–1998) yes (1996–1998)
Oakey (3) moderate decline

 

2

 

yes (1971–1997) yes (1971–1997)
New South Wales

Campbelltown (5) moderate increase?

 

1

 

yes (1991–1998) yes (1991–1998)
Iluka (6) moderate decrease

 

1

 

yes (1990s) yes (1990s)
Bega (6) low decrease

 

2

 

minimal minimal
Gunnedah (6) high increase

 

2

 

yes (1990s) yes (1990s)
Coffs Harbour (6) high decrease

 

1

 

yes (1990s) yes (1990s)
Pt. Stephens (6) moderate decrease

 

1

 

minimal (1990s) yes (1990s)
Pt. Macquarie (7) moderate decrease

 

1

 

yes (1990s) yes (1990s)
Victoria

French Island (8)

 

d

 

high fluctuate, cull

 

2

 

yes (1980s) yes (1980s)
S. Gippsland (8) moderate no

 

2

 

yes (1980s) yes (1980s)
Rotamah Island (9)

 

d

 

high fluctuate

 

2

 

yes (1988, 1992–1995) yes (1988, 1992–1995)
South Australia

Kangaroo Island (10)

 

d

 

high increase, cull

 

1

 

yes (1997–1998) yes (1997–1998)

 

a

 

Data sets largely unpublished, but some published summaries are available: (1) F. Carrick, Ellis et al. (personal communication); (2) Melzer
(1995); (3) Gordon et al. (1990

 

a

 

, 1990

 

b

 

); (4) F. Carrick (personal communication), G. Gordon (unpublished data); (5) Close & Phillips
(personal communication); (6) D. Lunney (unpublished data and references in this paper); (7) Wilkes (personal communication); (8) Martin
(1981, 1985

 

a

 

, 1985

 

b

 

), Martin & Handasyde (1991), Mitchell (1989), Mitchell & Martin (1991); (9) Mitchell (personal communication), Martin
& Mitchell (1988); (10) B. St. John (personal communication).

 

b

 

Density level on a national scale; thus, the Queensland populations are almost all rated as moderate in density, although some are densely
populated by Queensland standards (1–2 individuals/ha). Density comparisons are only approximate because some habitats are two-dimen-
sional, whereas others are linear along watercourses or roadsides.

 

c

 

Virtually all koala populations have been disturbed by European activities in the last 200 years; the recent intensification of disturbance is
coded as (

 

2

 

) no change in disturbance levels or (

 

1

 

) increase in disturbance since 1990, such as progressive land clearing or changes in reloca-
tion regimes leading to a nonequilibruim situation for modeling.

 

d

 

Artificially established populations.
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dicted final size in each graph can be interpreted as one
point of confirmation of the model, but agreement at
other points is not independent confirmation. Finally,
conservation managers are often most concerned with
the probability of extinction (

 

E

 

) rather than the popula-
tion size or growth rate, so it is necessary to test the pre-
dictions of 

 

E.

 

 Testing requires data on the presence and
absence of populations under particular conditions. For
all these reasons, comprehensive testing of PVA requires
modeling of multiple populations and the dispersal among
them—metapopulation modeling (Hanski 1994, 1998).

As well as being important for testing of PVAs, meta-
population models may broaden forecasts beyond a sin-
gle population, as required for assessment of the status
of an entire species, such as the koala, whose range in-
cludes multiple populations. Although scientists are of-
ten reluctant to make these broader forecasts, they are
being made by others, so it is useful to examine what
part metapopulation modeling could play in the pro-
cess. It can be difficult to parameterize metapopulation
models, and although they have been applied with suc-
cess in some species, others species have been difficult
to model in this way (Hanski 1994; Lindenmayer et al.
1999). Metapopulation modeling requires information
on local extinction (which can be derived from single-
population modeling), dispersal between populations
(which may delay extinction or allow recolonization),
and the nature of habitat loss or gain.

Rates of exchange among populations can be esti-
mated by genetic methods and by marking or radiotrack-
ing studies, but each method has limitations (Sherwin &
Murray 1990). Genetic estimates incorporate a time lag,
so they are liable to tell us the average rate of genetic ex-

change some generations ago. In recently disturbed pop-
ulations such as koala, this rate may not be a reflection
of long-term averages or of current dispersal (Sherwin et
al., this issue). Tagging and tracking methods can tell us
what genetic exchange is currently occurring, but only
for those rare studies that are sufficiently extensive in
area and time to yield a good estimate of the proportion
of dispersing animals that actually survive and breed.
Given the limitations of genetic and nongenetic meth-
ods for detecting dispersal, the two must be used in con-
junction with each other.

Populations that are relatively demographically inde-
pendent “management units” (Moritz 1994) have been
identified within the range of koalas (Houlden et al.
1996; Sherwin et al., this issue) so a metapopulation
model would be appropriate in their case. The number
of these units and their boundaries, however, have not
been identified. On a finer scale (

 

,

 

100 km), other mod-
els may be appropriate for koalas, including a continu-
ous model in which there are no discrete units, or a
source-sink model in which some koala populations are
transient (i.e., periodically recolonized from a perma-
nent source). There is evidence that the latter model ap-
plies to some Queensland populations because during
drought koalas appear to congregate in areas of better
habitat quality (Gordon et al. 1988). Thus, the effect of a
given level of dispersal depends on whether the dispers-
ing individuals are able to readily detect high-quality
habitat and remain there (Tilman et al. 1994; Linden-
mayer et al. 1999). Artificial relocation of koalas must
also be considered in metapopulation models.

Many koala conservation problems stem from habitat
loss and fragmentation, so the size and shape of rem-

 

Table 3. Values used as input for simulations of koala populations at Oakey and Springsure.

 

Variable

 

a

 

Oakey (SD)

 

b

 

Springsure (SD)

 

b

 

Maximum age 12 12
Sex ratio (proportion males) 0.5750 0.5330
Litter size 0 (%) 57.00 (

 

6

 

17.85) 31.00 (

 

6

 

15.61)
Litter size 1 (%) 43.00 (

 

6

 

17.85) 69.00 (

 

6

 

15.61)
Female mortality at age 0 32.5 (

 

6

 

3.25) 30.00 (

 

6

 

3.00)
Female mortality at age 1 17.27 (

 

6

 

1.727) 15.94 (

 

6

 

1.594)
Adult female mortality 9.17 (

 

6

 

0.917) 8.47 (

 

6

 

0.847)
Male mortality at age 0 20.00 (

 

6

 

2.00) 20.00 (

 

6

 

2.00)
Male mortality at age 1 22.96 (

 

6

 

2.296) 22.96 (

 

6

 

2.296)
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The fertility rates averaged over the years 1971–1982 at Oakey and 1976–1982 at Springsure. Mortality rates calculated as described in the 
text.
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Standard deviation (SD) due to environmental variation.
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The multipliers for reproduction and survival in catastrophe years.
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nants are as important as the total number of hectares
conserved. Hanski (1998) notes that in a metapopula-
tion there are three different forms of habitat loss: re-
moval of patches within one continuous part of the
range, random loss throughout the range, and reduction
of the area of individual patches. Koalas have experi-
enced each of these processes in parts of their range.
Hanski also points out that different forms of habitat loss
can result in different predictions for the metapopula-
tion, so modeling of koalas will have to incorporate in-
formation on the form of habitat loss.

The other major consideration in modeling is whether
to include the demography of other species, such as
prey and predators, that interact with the modeled spe-
cies. Most modeling methods incorporate these factors,
usually in a way that does not explicitly model the de-
mography of the other species. Some programs allow
the modeler to set trends in the carrying capacity of the
habitat or to set a trend in biomass of another species

with a specified effect on the modeled species. None of
these methods allows for complex interactions among
species. At Oakey, preliminary data indicate changes in
the age structure of the trees in which the koalas live
and feed (G.G., A.M.P., and W.B.S., unpublished data).
Changes in tree populations could lead to long-term
problems for the koalas because their density is influ-
enced by the relative abundance of preferred fodder
trees (Melzer 1995).

 

Recommendations for Modeling in
Koala Management

 

National Koala Conservation Strategy

 

The primary aim of the National Koala Conservation
Strategy is to conserve koalas by retaining viable popula-
tions in the wild throughout their natural range
(ANZECC 1998). To this end, the strategy puts forward a
research agenda aimed at collecting the data necessary
for the construction and validation of PVA models in ko-
alas. The recommended research actions include many
that could provide data for PVA modeling at a local level:
(1) mapping and assessment of koala populations, (2)
improving data on koala occurrence and absence now
and in the past, (3) collecting reliable historical data on
past numbers of koalas and causes of changes in num-
bers and distribution, (4) identifying and ranking of ko-
ala habitat, (5) assessing of koala population dynamics,
(6) researching reproductive success and breeding struc-
ture in a wide range of koala populations, (7) research-
ing the susceptibility of wild and captive koala popula-
tions to disease infection and factors affecting the
expression of disease, with particular interest given to
chlamydia, (8) establishing rates of increase of selected
koala populations to allow prediction of trends in popu-
lation viability and identification of potential threatening
processes, (9) studying movements, home-range sizes,
and interactions among threats such as vegetation clear-
ance, vegetation fragmentation, roads, wildfire, and dogs,

Figure 1. Observed koala population trends and 
trends predicted by 1000 iterations of VORTEX at (a) 
Oakey and ( b) Springsure ( bars show 61 SD).

 

Table 4. Sensitivity analysis of the effect on probability of 
extinction (
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) and growth rate (
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) of varying fertility and mortality 
relative to standard input (Table 3).
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Oakey Springsure
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Standard 0.930 0.464 1.034 0.084
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10% fertility 0.915 0.608 1.015 0.117

 

1

 

10% fertility 0.943 0.321 1.052 0.046

 

2

 

10% newborn mortality 0.936 0.386 1.042 0.053

 

1

 

10% newborn mortality 0.923 0.504 1.026 0.089

 

2

 

10% juvenile mortality 0.933 0.418 1.038 0.068

 

110% juvenile mortality 0.927 0.488 1.031 0.086
210% adult mortality 0.936 0.323 1.041 0.042
110% adult mortality 0.923 0.526 1.028 0.099
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(10) researching the effects on koala populations of fire,
predators (especially dogs and foxes), motor vehicles,
forest fragmentation, and other processes that alter habi-
tat characteristics and processes that magnify these ef-
fects, (11) researching genetic variability in existing pop-
ulations and implications for translocation programs,
(12) researching management of overbrowsing by ko-
alas, including approaches to managing habitat and to
managing koala populations in overbrowsed habitats,
and (13) investigating fertility control of discrete popula-
tions.

Forecasting in Local Populations

Action at the local level is vital for conservation, and
there is a need to collect appropriate data, predict the
outcome of various management scenarios, and decide
whether to aid dwindling populations or control boom-
ing ones. To this end, the application of PVA forecasting
requires a streamlined approach that is robust to defi-
ciencies of data.

A number of koala conferences have identified the role
of local government and community groups in koala con-
servation and the need for researchers and wildlife man-
agers to work with local councils because of their role in
determining land use (Lunney et al. 1990; Lunney & Mat-
thews 1997). For example, research in conjunction with
shire councils involving community questionnaires and
shirewide field surveys (Lunney et al. 1996, 1998, this is-
sue) led to a major development at the state level: the
New South Wales State Environmental Planning Policy
no. 44 (SEPP 44) on koala habitat protection under the
Environmental Planning and Assessment Act 1979. The
policy’s aim is to protect and restore koala habitat and
thus to reverse current koala population decline and en-
sure a permanent free-living population throughout the
species’ present range. Local governments are obliged to
ensure that developers survey for potential koala habitat
when an application affects an area .1 ha in size. If po-
tential habitat is found, a study must be conducted to de-
termine whether core habitat exists. The SEPP 44 defines
core koala habitat as an area of land with a resident popu-
lation of koalas, defined as having breeding females and
recent sightings or historical records of a population.

Historical data are important because the amount of un-
occupied habitat is critical in metapopulation models
(Hanski 1998). Therefore, surveys that rely only on pres-
ence and absence of koalas are inadequate for planning,
and important habitat must be identified by some other
method. If core koala habitat is identified, a plan of man-
agement must be prepared before development permits
are granted. The planning is not limited to land subject to
development: SEPP 44 states that comprehensive plans for
koala management may be prepared for an entire local
government area, which is the most economical option
(Lunney et al. 1999, this issue). Demographic modeling

can determine whether the effort made to protect the hab-
itat is likely to be rewarded by a viable population, and the
process of testing PVA models in koala populations where
extensive data sets are available allows investigation of the
minimum data requirements for accurate PVA in koalas.

The koala is often seen as a flagship species whose
conservation will aid other species; indeed, even for its
own sake, other species cannot be ignored. Therefore, it
will be important to model the species with which ko-
alas interact. The koala is an obligate folivore and re-
quires trees for all phases of its activity, including escape
from predators, so the demography of the preferred tree
species needs to be incorporated into the modeling.

National Forecasting

Assignment of status at the state and national level im-
plies forecasting at that level, but these forecasts are
rarely quantitative or explicit. It is principally at the state
and national levels that decisions are made about the for-
mal conservation status of koalas, and these decisions af-
fect the level of legal protection and funding. Therefore,
it is important that these decisions be based on the best
possible information. When applying the concept of tri-
age to koalas, it is important to determine, at the level of
the entire species’ distribution, what is the likely out-
come of continuation of present management and
whether a change in management will alter the progno-
sis for koalas.

Metapopulation modeling requires better estimates of
dispersal between pairs of adjacent populations, prefera-
bly those that have historical data (Knott et al. 1998),
which allows retrospective testing of a metapopulation
PVA. For broad application of PVA, simplification of
models is important; for example, some metapopulation
models incorporate dispersal but ignore details of within-
population processes (Hanski 1994; Bradstock et al.
1996). It is also possible to construct a model that as-
sumes complete independence of local populations and
uses mean rates and environmental parameters for
within-population processes. Given the large errors asso-
ciated with single-population models, metapopulation
models have to be tested carefully before they can be re-
lied upon for either predictions of extinction or assess-
ment of management options. There may be sufficient
historical data to test retrospectively whether such mod-
els accurately predict regional or national patterns of
population extinctions.

Conclusions

Koalas are regarded as near-threatened nationally, vary-
ing from secure or overabundant in some areas to vul-
nerable or extinct in others. Every part of the koala’s
range has either already experienced change, such as de-
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cline, fragmentation, or relocation, or has an uncertain
future because of reduced genetic variation. Thus the
species is at a point where conservation intervention is
needed and could be useful. To adequately manage cur-
rent threats, we must determine the relative importance
of threats in different localities and the likelihood that
management of particular threats will alter the koala’s
prognosis.

The koala’s status and appropriate action need to be
evaluated at every level from local to national, and the
National Koala Conservation Strategy emphasizes the
need to obtain information for demographic forecasting.
Whether we can make accurate demographic forecasts
at the national level is unknown, but if we could, it
would enhance our ability to make national manage-
ment decisions about this species. It is important to in-
vestigate the minimum data requirements and the best
modeling tools for accurate PVA in koalas. The retro-
spective tests in Queensland have shown that accurate
predictions can be made for local koala populations,
which is not only important for koalas but also for gen-
eral validation of PVA methods. Population viability anal-
ysis modeling should take account of koala’s interactions
with other species, particularly the demography of pre-
ferred tree species, which are not necessarily secure.

The genetic structure (management units) of the koala
suggest that a metapopulation model would be appropri-
ate when multiple koala populations are modeled. At
present, however, there are limited data on dispersal
among populations, and no clusters of adjacent popula-
tions have been studied to reveal metapopulation pro-
cesses. Adequate data for a retrospective test of a multi-
population PVA will be far harder to obtain than data for
single local populations. There is no need to subdivide a
multipopulation PVA into separate analyses for different
evolutionarily significant units, because genetic analyses
do not reveal any sharp discontinuities in genetic varia-
tion. Management plans derived from PVA work, how-
ever, should recognize evidence of genetic and morpho-
logical differentiation on a north-south axis because it is
important to maintain populations throughout the range.
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