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Summary

Using mortality and demographic data available fthmliterature, population viability analysis
(PVA) was performed to determine a suitably sizeshahat would support self-sustaining
populations of bilbiesMacrotis lagotis) and mulgaras¥asycercus spp.), without intervention

or artificial management of the population. Sinadgara have smaller home ranges than bilbies
and similar fecundity, any area determined to supg®iable population of bilbies is highly

likely to support a larger viable population of maitas. Therefore this study focused on
analyses of the viabilities of bilby populations,aacritical determinant of the size of an area
required to sustain a viable population of bothie# and mulgara. This analysis indicated that a
minimum area of approximately 50,000 ha of suitddilley habitat is required to be able to
support a viable population with a low probabilig0.1) of extinction over 100 years and no
artificial management of the population. In thisaand under the lowest mortality rate
scenario, if 15 bilbies were used as founder staglgpulation of approximately 120 could be
sustained after 30 years. If 50 bilbies were wsetbunder stock, 200 bilbies could be sustained
after 20 years. A 50 000 ha area would also sustamlgara population of approximately 1625
individuals. A 1,000 ha enclosure is consideredigtasnable in the long term as it provides
home range space for only six bilbies which the Rfédicts would persist for less than five
years without management.

Introduction

Determining the viability of populations is an imamt task for the management of depleted
populations (Boyce 1992, Beissinger 2002). Poputatiability analysis (PVA) is often used in
conservation biology to help guide management awwsn the recovery of rare and threatened
species (Lindenmayer and Possingham 1996). PVAdaasn an analytical or simulation
model to calculate the risk of extinction or popiala viability (Rallset al. 2002).

PVA has been used as a tool to determine the itiabflpopulations for a wide range of
organisms (for example see Haimesl. 2007, Fujiwara 2007, Southwetlal. 2008, Zeolet al.
2008, Wakamiya and Roy 2009), and is used by latemnal Union for the Conservation of
Nature and Natural Resources Red List (IUCN 204 2gtegorize populations based on their
estimated viability status.

The population viability of a reintroduction of bibies (Macrotis lagotis) to a 34 000 ha
reserve in central Australia was modeled by Southgad Possingham (1995). They do not
specify whether the reserve was fenced or incluiiedduced predator control, however, it is
unlikely that either was the case. Their analyssligted that the population would persist for a
median of eight years, or to 26 years by excludiggpossible likelihood of drought in the
analysis. They determined that adult mortality wa®y determinant of population survival.

More recently, Pertuisel (2010), used PVA to mdHelviability of a translocated population of
bilbies in a 250 000 ha reserve (Lorna Glen) inrdregelands of Western Australia. Between
2007 and 2009, 128 bilbies originating from captwel wild populations were translocated
directly into the reserve which is managed foradtrced predators by aerial baiting (Morris et
al. 2007, Pertuisel 2010). Pertuisel (2010) modaleahge of initial population sizes between
50 and 500 individuals, and found that the popaorfatias unlikely to persist over 20 years
without intervention. She found that mortality waakey determinant (of which 6 % was due to



raptor predation, 40 % due to cat predation, 27u%td lack of resources and 27 % unknown),
the initial population size had a low influencepmpulation viability, and that if the population
was supplemented at any stage, a large numbeppfesnentary individuals in one release
would be more beneficial rather than a continuelsase of low numbers of individuals over
time. The Lorna Glen population was estimated avéen 128 to 339 individuals in 2012
during a trial horseback survey (Burroaisl. 2012).

The aim of this study was to estimate the sizenadr@a required to sustain a viable population
of bilbies and mulgara over a 100 year period.

Brush-tailed mulgaralfasycercus blythi) home ranges (males: 25.5 ha; females: 10.8 ha;
Kdrtneret al. 2007) are much smaller than home ranges of kil{di67 ha; Moseby and
O’Donnell 2003). The fecundity @. blythi is is similar to that of bilbieD. blythi can have up
to six young, and come into breeding condition egedr for at least six years (Woolley 2008).
Bilbies usually have two young up to four timestegear for at most five years (McCracken
1990, Southgatet al. 2007). Little ecological work has been undertaderhe crest-tailed
mulgara D. cristicauda), however, home ranges and fecundity of are likellge similar
(Masters 2008). Due to the smaller home range dfanas, and their similar fecundity to
bilbies, any area determined to support a viabjmufagion of bilbies is highly likely to support a
larger viable population of mulgaras. Therefors 8$tudy focuses on analyses of the viabilities
of bilby populations, as a critical determinantlu size of an area required to sustain a viable
population of both bilbies and mulgara.

Limitations

Life history parameters

The PVA uses life history data derived from pulsdhiterature (Tables 1, 2 and 3). Some of
these parameters have been measured from capdidebd released cohorts of animals (eg
Southgate and Possingham 1995) and are not sonocedvild populations. Therefore the
analysis is based on the best available data,@nd parameters such as mortality (eg from
Pertuisel 2010) are high, and could be differemtaursituations where predators are managed.
Therefore we have used alternately available datart the PVA for several scenarios (eg
alternate mortality scenarios from different sosr@ee methods section).

Management options
This analysis specifically deals with the scenafia self-sustaining population with no
intervention or management. Alternate managememasos exist, for example:
1. A highly managed conservation reserve, with cordfderal competitors and predators,
weeds and fire.
2. Management of the population including techniquehsas supplementary feeding or
reintroductions of new animals into the populatwith the aim of a self-sustaining
population.

M ethods

VORTEX v9.99b (Lacyet al. 2012) was used to analyse population viabilitgrav 100 year
period, with parameters inputted as recommendédilbgr and Lacy (2005). Life history
parameters of bilbies were used from Pertuisel@QIable 1), with the exception of mortality



rates (for which three scenarios were analyseiglipopulation size, inbreeding depression
and carrying capacity.

Mortality Rates

The three different mortality rate scenarios wéjavlortality data as used in Pertuisel (2010);
2) mortality data as used in Pertuisel (2010) vidthiout the effects of cat predation; and, 3)
mortality data as used in Southgate and Possingh88%). Figures for these mortality rate
scenarios are shown in Table 2.

Carrying Capacity (K)

Carrying capacity is the number of individuals qfaticular species that a particular
environment can support. This is estimated by uiegpecies’ home range. Analyses were run
for 11 values of the carrying capacity parameter (#itially, analyses for K of 50, 100, 200,

300, 400, 500 and 1000 were completed. Using tterheme range of both male and female
bilbies (167 ha; Moseby and O’Donnell 2003), theaarof these values of K were calculated
(Table 3). Next, K was calculated for three diffgrestimates of suitable bilby habitat located in
the Yandeyarra Aboriginal Reserve and Kangan Paldtease (Table 3, also used in the
desktop study of suitable bilby habitat - Task 2agd used in analyses. Finally, K = 6 was used
in the PVA of a 1000 ha fenced enclosure.

Initial Population Sze

All analyses were run for initial population siz#sl5 and 50 individuals. Analysis of an initial
population size of 15 individuals is similar in nber if bilbies are to be translocated into the
area and also allows comparison to results fromigate and Possingham (1995); analysis of
an initial population size of 50 individuals allowsmparison to the results of Pertuisel (2010),
and potentially replicates the situation of bilbéseady being present in the area, resulting in an
increased gene pool, which is important for thea# of inbreeding depression.

Inbreeding Depression

Since a value of inbreeding depression for bilisasot available in published literature, the
value was set at 3.14 equivalents (the median ahd@@malian populations of 38 species
surveyed by Rallst al. 1988) with 50 % of that due to lethal allelesresommended by

Miller and Lacy (2005). Both the predicted numbairsndividuals persisting in the population,
and the probability of extinction of the populatiere plotted.



Table 1. Lifehistory parametersused in the VORTEX (Lacy et al. 2012) PVA.

Parameter Value Source

Scenario Settings

Number of iterations 1000 -

Number of yeat 10C -

Duration of each ye 36E -

Extinction definition Only one sex remains -

Number of populations 1 (Moseby and O’Donnell 2003, Pertuisel
2010

Species Description

Inbreeding depressi Yes -

Lethal equivalents 3.14 (Ralls et al. 1988, Miller and Lacy 2005)

Percent due to recessive lethals 50 (Miller and/2005)

EV concordanceof reproduction and surv Yes -

Number of types of catastropl 0 (Southgateet al. 2007, Pertuisel 201

Reproductive System

Polygynou Yes (Johnson and Johnson 19

Age of first offspring for females 1 (McCracken D9%outhgate et al. 2007)

Age of first offspring for male 1 (McCracken 1990, Southgate et al. 2(

Maximum age of reproduction 5 (McCracken 1990, Bgateet al. 2007)

Maximum number of broods per year 4 (McCracken 1$@Qithgatet al. 2007)

Maximum number of progeny per brood 3 (McCrackefiQl Southgatet al. 2007)

Sex ratio at birth (% male 60 (McCracken 199, Pertuisel 201(

Density dependent reproduction No -

Reproductive rate

Percent of adult females breeding 78 (Pertuisedp01

EV in % breeding 10 (Pertuisel 2010)

0 brood: 0 (Southgate and Possingham 1¢

1 brood 0 (Southgate and Possingham 1¢

2 broods 17 (Southgate and Possingham 1995)

3 broods 33 (Southgate and Possingham 1995)

4 brood: 50 (Southgate and Possingham 1¢

Specify exact distribution Yes -

1 offspring 27 (Pertuisel 2010)

2 offspring 73 (Pertuisel 2010)

3 offspring 0 (Pertuisel 2010)

Mate Monopolizatio

Percent males in breeding pool 100 (Pertuisel 2010)

Percent males successfully siring offspring 40.5 ert{itsel 2010)

Mean # mates/successful 1.3 (Pertuisel 201(

Harvest

Nil -

Supplementation

Nil

Genetic management

Nil




Table 2. Mortality rate parametersfor thethree mortality rate scenarios used in the
VORTEX (Lacy et al. 2012) PVA.

Parameter Value % (SD)

Pertuisel (2010)

@ mortality fromage O to 1 70 (10)
Annual @ mortality after age 1 56 (10)
& mortality from age O to 1 70 (10)
Annual & mortality after age 1 56 (10)

Pertuisel (2010) with mortality due to cat
predation removed

Q@ mortality from age O to 1 70 (10)
Annual @ mortality after age 1 43 (10)
& mortality from age O to 1 70 (10)
Annual & mortality after age 1 43 (10)
Southgate and Possingham (1995)

@ mortality from age O to 1 79 (10)
Annual ¢ mortality after age 9 (10)

& mortality from age O to 1 79 (10)
Annual & mortality after age 9 (10)

Table 3. Carrying capacity parametersused in the VORTEX (Lacy et al. 2012) PVA.

Area of suitable bilby habitat (ha) Carrying Cappa¢K) SD  Future change in K?
8 350 50 10 No
16 700 100 10 No
33400 200 10 No
50 100 300 10 No
66 800 400 10 No
83 500 500 10 No
167 000 1 000 10 No
Likely areas of suitable bilby habitat availabletet Yandeyarra Aboriginal Reserve and Kangan Paldtease
13 516 (estimate derived from Land Units; Dziminetial. 81 10 No
2012)

20 407 (estimate derived from Regolith other thgmosed 122 10 No
rock; Dziminskiet al. 2012)

24 565 (estimate derived from Geological SurfaBesminski 147 10 No
et al. 2012)

1 000 (proposed fenced enclosure) 6 0 No
Results

Numbers of individuals in the population and thelgability of extinction for each area, and for
both initial population sizes, using all three nadity rate scenarios are shown in Figure 1. Using
mortality data from Pertuisel (2010), analyses jted that populations only persist for 20 to

30 years, with no effect of the size of the areanibial population size (Figure 1). Using



mortality data from Pertuisel (2010), with mortglidue to cat predation excluded, analyses
predicted that the probability of extinction deses, and numbers of individuals in the
populations are increased (Figure 1). However, [aijoms do not achieve stability, and
numbers of individuals always continue to decreagen in the largest area (167 000 ha), with
an initial population size of 50 (Figures 1AA anlB)). In both these scenarios, high mortality
is the overriding parameter, preventing the sinedlgtopulation in sustaining itself over the
long-term.

Using mortality data from Southgate and Possing{f885), analyses predicted that
populations are approaching stability in a 50 1@@tea (Figure 1M, N, O and P). An initial
population size of 50 individuals resulted in highepulation stability, and a much lower
probability of extinction for mortality rates fro®outhgate and Possingham (1995) in areas of
50 100 ha or greater (Figure 10, P, S, T, W, X,aA AB).

For the three estimated areas of suitable bilbytaévailable at the Yandeyarra Aboriginal
Reserve and Kangan Pastoral Lease, none achiestalila population that did not decrease
over time (Figure 2). This was independent of nibytaate scenario and initial population size.
A 1000 ha enclosure provides space for only shidsl, which the PVA predicted to become
extinct within five years without management oemention (Figure 2M and N).

Discussion

Our analyses use three distinct sets of mortaéitga d/om previous studies, as well as life
history data from a recent study of a reintroductio Western Australia. Both previous PVAs
(Southgate and Possingham 1995, Pertuisel 2016 reh mortality estimates derived from
captive bred individuals released into the wildj] #me estimates of each study vary
considerably (Table 2). Both studies (SouthgateRossingham 1995, Pertuisel 2010), as well
as this study, indicate that levels of juvenile addlt mortality are key factors in the persistence
of populations. This highlights the need to gatourate mortality and life history data for
bilbies from a landscape relevant to the area oéickeration. Therefore the limitations of this
study are that our results are based on mortalitiliée history data from captive bred bilbies,
reintroduced in other areas outside the Pilbarmne@nd thus are indications of population
dynamics that could occur given the available data.

Our results from mortality data derived by Pertl{2810) predict population extinction within
20 to 30 years regardless of available area daimbpulation size. This indicates mortality
estimates used by Pertuisel (2010) are very higk.difference between this study and
Pertuisel (2010) is that we include inbreeding depion in the PVA, however this has a limited
effect and is overridden by the effects of moryaWhen mortality due to cat predation is
excluded, populations still did not achieve staéjilstill indicating inflated mortality.

Recent data from a trial horseback survey estimafeapulation of 128 to 339 individuals at
Lorna Glen in 2012 (Burrows et al. 2012). Thertos much variation in this estimate to
determine if the population is following the tremeedicted by Pertuisel (2010) from the
originally translocated 128 individuals. Furthermoonly several years have elapsed since the
translocations, which is not enough time to confiomg-term trends.



When using a more conservative mortality estim8taithgate and Possingham 1995), our
results indicate that populations stabilize inl&s@staining area of 50 100 ha without any
additional management such as feral animal manageswpplementary feeding or
supplementation of individuals. In this sized afean an initial population of 15 individuals,
an almost stable population of approximately 12ividuals is predicted to persist with a
probability of extinction below 0.4 over 100 year¢hen the initial number of individuals is
increased to 50, an almost stable population ofedmately 200 individuals can be sustained
with a probability of extinction below 0.1 over 198ars. Therefore, if we take the best case
scenario using more conservative mortality estism&tem Southgate and Possingham (1995),
the area of suitable bilby habitat required to @insa viable bilby population is no less that 50
000 ha. By using a mean home home range of botla amal female mulgaras (18.15 ha;
Woolley 2008) and a similar mean occupancy rat@fadion size/area of suitable habitat
available) as derived from the bilby PVA (59 %5@&000 ha sized area would also likely
sustain a population of approximately 1625 mulgaras

The extent of suitable bilby habitat availableret ¥andeyarra Aboriginal Reserve and Kangan
Pastoral Lease was derived by three methods isldafeanalysis (Dziminskit al. 2012). The
three estimates were 13 516 ha, 20 407 ha and2#4d&6wvhich are all much smaller area that
the 50 000 ha indicated by our results neededdtasua viable bilby population, and when
these sized areas were inputted into our PVA, raahéved a stable population.

When considering the best case scenario by usimg oomservative mortality estimates from
Southgate and Possingham (1995), as well as aal patpulation size of 50 individuals, and the
least conservative estimate of the largest arsaitdble bilby habitat available (24 565 ha),
population stability is still not achieved, howevigrere is a slow gradual decrease in numbers of
individuals from a maximum population size of appnaately 100 individuals. This gradual
decrease is likely due to inbreeding depressior.HWA models used in this study do not
include immigration/emigration (for which therens available data) and assume a closed
population. If there are already bilbies presdrentthis could be a source of increased genetic
diversity, reducing the effects of inbreeding degren, and if the area of suitable bilby habitat
is in fact 24 000 ha or more, then a possibilitgslexist for the persistence of a stable
population. The real area of available suitablbybiiabitat and if bilbies are present at the
proposed site would need to be confirmed by survey.

Initially a 1000 ha enclosure (introduced predaitad stock proof) was proposed as a suitable
conservation area for bilbies. This area would/q@mbvide space for six bilbies based on a
mean home range of 167 ha for both males and fenfisleseby and O’Donnell 2003). An area
that small, with such a small population is preslichy our PVA to persist for less than five
years without intervention. This result is supporby the results of

Southgate and Possingham (1995), in which a related population of 15 individuals to a
similar sized area persisted for less than threesye
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Figure 1. Number of individuals and the probability of extinction of bilby populatiatetad for three mortality rate scenarios (line colours), initial populaties sizl5 and 50 individuals (X-axis of the figure panel),
different size areas (ha) of suitable bilby habitat (Y-axis of figurepa
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Figure 1. ¢ontinued) Number of individuals and the probability of extinction of bilby populations modeled & thortality rate scenarios (line colours), initial population sizes of 15 amdlis@uals (X-axis of the
figure panel), in different size areas (ha) of suitable bilby habitak{¥ ed figure panel).




Initial population = 15 individuals Initial population =50 individuals
Number of individuals Probability of extinction Number of individuals Probability of extinction
/ Pertuisel (2010) mortality Pertuisel (2010) mortality ~/ Southgate and A / Pertuisel (2010) mortality Pertuisel (2010) mortality ~/ Southgate and / Pertuisel (2010) mortality Pertuisel (2010) mortality ~/ Southgate and C / Pertuisel (2010) mortality Pertuisel (2010) mortality ~/ Southgate and
(-cat predation) Possingham (1995) (-cat predation) Possingham (1995) (-cat predation) Possingham (1995) (-cat predation) Possingham (1995)
mortality mortality mortality mortality
50+ 1.0+ 80+ 1.0+
c c
8 (5} @ (5}
© s 40 £ 08 5 o £ 08
c R £ R <
2 E = %
© S 30+ 3 06 g 3 06
$ - ° - 40+ °
° 2 ° =
g 20 E 0.4+ ] E 0.4+
9 £ 2 £ 2
1 5 8 5 20 4
z 10 S 02t E S 02t
0 t y y { 0.0 } } t { 0 t f y { 0.0 } } t {
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Years Years Years Years
/ Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and D / Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and E / Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and F / Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and G
(-cat predation) Possingham (1985) (-cat predation) Possingham (1985) (-cat predation) Possingham (1995) (-cat predation) Possingham (1985)
mortality mortality mortality mortality
80 1.0 100+ 1.0
c c
2 k] 2 k]
© S ol 5 08+ s 801 2 o8t
N 2 £ 2 £
~ 5 3 o6 5 60 3 o6
S| 5 e 2 = 2
o 3 Z 04 5 401 Z 04y
e}
N £ 20 3 E 3
4 & 0.2+ z 20+ & 0.2+
0 f f f 1 0.0 ! ; ! ! 0 f f ; : { 0.0 1 f f |
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Years Years Years Years
/ Pertuisel (2010) mortality Pertuisel (2010) mortality ~/ Southgate and H / Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and | / Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and J / Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and K
(-cat predation) Possingham (1995) (-cat predation) Possingham (1985) (-cat predation) Possingham (1995) (-cat predation) Possingham (1985)
mortality mortality mortality mortality
80+ 1.0 150+ 1.0
c c
2 (5} 2 (<}
] = 0.8+ ] = 0.8+
S| 32 e g 3 g
2 2 S 1001 z
o) 5 3 o6 5 3 o6
Q 5 401 2 - 13
o) © 2 o 2
5 2 04 5 2 04
< E 2 2 50 3
N E 20, S £ g
= & 0.2+ 2 & 0.2+ ///
0 f f f { 0.0 ! ; ! ! 0 f f ; : — 0.0 i f f |
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Years Years Years Years
/ Pertuisel (2010) mortality Pertuisel (2010) mortality ~/ Southgate and L / Pertuisel (2010) mortality Pertuisel (2010) mortality ./ Southgate and M
(-cat predation) Possingham (1995) (-cat predation) Possingham (1995)
mortality mortality
6 1.0
c
) k]
o | 2 Fiad
= =
g 3 3 06
- =]
o 5 2
o 5 Z 04
— £ 3
5 8
z & 0.2
t t t t { 0.0 t t t {
20 40 60 80 100 0 20 40 60 80 100
Years Years

Figure 2. Number of individuals and the probability of extinction of bilby populatiatetad for three mortality rate scenarios (line colours), initial populaties sizl5 and 50 individuals (X-axis of the figure panel),
three different size areas (ha) of suitable bilby habitat at the YamdeMaoriginal Reserve and Kangan Pastoral Lease and for a 1000 ha encleaxiediyfigure panel). Estimates of suitable bilby habitat at Yandeya

Aboriginal Reserve and Kangan Pastoral Lease from Dzimaéhski (2012).
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