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Abstract
Tasmanian populations of the eastern quoll Dasyurus viverrinus, which represent the last wild stronghold
of this species after its extirpation from the Australian mainland, have experienced declines of more than
50% over the past three decades. In this pilot study, we investigate the feasibility of supplementing wild
populations with captive-bred individuals to attempt to reverse observed declines. Our results are
encouraging, in that we recorded high initial survival and low initial dispersal of captive-bred individuals
relative to previous release attempts in mainland Australia. Further work is ongoing to determine long-
term survival of released individuals and the genetic and population-level impacts on local populations.
Our preliminary results support the use of population supplementation as an effective conservation
action, which allows for early intervention to address species declines while simultaneously testing
hypotheses about their underlying causes.

Introduction
Conservation actions need to be proactive in addressing threats to wild populations in response to initial
warning signs, rather than waiting for calamitous declines when recovery in the wild may be very di�cult
or even impossible (Geyle et al. 2018). Supplementation (also called reinforcement, re-stocking, or
augmentation) has long been used for management of game and commercial species but is becoming a
more prevalent approach for conservation of declining wildlife populations (Berger-Tal et al. 2020, Fischer
and Lindenmayer 2000). 

Like many other management interventions, supplementation is currently more likely to occur for
threatened species at risk of imminent extinction, given the high cost and risk of unintended
consequences (Brichieri-Colombi and Moehrenschlager 2016, Wilson et al. 2011). However, there is
considerable empirical evidence demonstrating that such interventions are more likely to be successful at
earlier stages of species decline (Gri�th et al. 1989). This is due to: (i) the greater availability of founder
individuals to establish new populations or captive-breeding programs (Fischer and Lindenmayer 2000,
Weeks et al. 2011); (ii) avoidance of Allee effects and preservation of local adaptations by increasing a
population size early (Weeks et al. 2011, Weeks et al. 2016); (iii) increased opportunity for transmission of
adaptive behaviours from local to introduced individuals (Berger-Tal et al. 2020, Crates et al. 2017); (iv)
lower risk of genetic outbreeding due to higher wild to founder ratios in target populations (Byrne and
Silla 2020, Weeks et al. 2011); and (v) lower risk aversion in wildlife managers (e.g. Canessa et al. 2020). 

Recent species extinctions in Australia highlight the failings of current policy and management
approaches to conservation, including the need for swifter intervention once declines are detected (Martin
et al. 2012, Woinarski et al. 2017). In addition, the need for decisive management action to address
abrupt community and ecosystem transformations will certainly become ever more frequent under a
changing climate (Lindenmayer and Taylor 2020, Maxwell et al. 2019). For example, extreme weather and
wild�re events can cause severe and rapid depletion of both threatened and non-threatened
fauna (Maxwell et al. 2019, Ward et al. 2020). In such contexts, supplementation may assist recovery of
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remnant populations by preventing or removing density-dependent limits on population growth, whereby
recruitment cannot compensate for predation or other drivers of mortality once populations fall under a
critical density threshold (e.g. Sinclair and Pech 1996). Crucially, monitoring the fate of released animals
provides valuable information about threats currently acting to limit population growth (e.g. Cremona et
al. 2017, Lindenmayer et al. 2018, Robinson et al. 2020), allowing targeted management interventions to
address these threats.

The eastern quoll Dasyurus viverrinus is a small marsupial mesopredator once present across much of
south-eastern Australia. Australian mainland populations were driven to extinction by disease, predation
by introduced red fox Vulpes vulpes and human persecution (Peacock and Abbott 2014). The species
persists in the island state of Tasmania where red foxes have never established; however rapid
population declines of at least 50% were observed state-wide in the ten years to 2009 (Fancourt et al.
2013), though declines varied regionally in severity and timing (C. Cunningham/DPIPWE, unpubl. data).
These declines have been linked to periods of unsuitable weather and associated effects on insect prey
abundance and breeding synchrony, though feral cat predation and competition, disease, poisoning,
human persecution, and habitat loss may also have contributed (Fancourt 2016, Fancourt et al. 2018).
Fluctuations in abundance are a characteristic of eastern quoll populations (Fancourt 2016, Peacock and
Abbott 2014) but the unprecedented scale of the decay and the lack of subsequent recovery in most
regions suggest the continued downward trajectory exceeds natural perturbations (Fancourt et al. 2015). 

The federal conservation advice prepared for eastern quolls by the Threatened Species Scienti�c
Committee (2015) recommends a range of management actions including: the establishment of a
captive breeding program and insurance populations; reintroduction of the species to mainland Australia;
and translocations within the current range, both to supplement declining populations within the core
range and to increase genetic diversity in offshore Tasmanian islands. Research and management to
date has focused on the former recommendations, such as establishment of captive and insurance
populations (Barlow et al. 2021, Wilson et al. 2020) and reintroduction of wild populations to the
Australian mainland (Portas et al. 2020, Robinson et al. 2021). In contrast, there has been no direct
intervention to reverse population declines and localised extinction of eastern quolls within their extant
Tasmanian range.

Given the woeful history of mammal extinctions in Australia (Woinarski et al. 2011), and the clear
evidence that early management interventions have a higher chance of success with fewer risks and
costs (Scheele et al. 2018), approaches to the conservation of threatened species need to look beyond
eleventh-hour rescue. This pilot study aims to determine the feasibility of supplementing wild populations
of eastern quolls within their extant range. We aim to determine whether released captive-bred quolls can
survive and successfully breed when released into the wild in Tasmania, and the associated impacts on
the abundance and genetic composition of the local wild population. This manuscript presents
preliminary results on short-term survival, dispersal, and body condition of released quolls, and compares
these results to previous releases of captive-bred eastern quolls on mainland Australia (Robinson et al.
2021, Wilson et al. 2020). 
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Methods

Study site
Quolls were released at Silver Plains, a 6738 ha property near Interlaken in the Central Highlands of
Tasmania owned and managed by the Tasmanian Land Conservancy (Figure 1). The property was
selected as a low-risk release site within the core range of eastern quolls in Tasmania (Cardoso et al.
2014), with extensive suitable habitat on a gated property away from busy roads and human activity, and
contiguous with larger areas of protected habitat across the Central Plateau. Eastern quolls are known to
persist at the site despite an anecdotal decrease in sightings by reserve staff since the early 2000s (S.
McHugh, Tasmanian Land Conservancy, pers. comm.), coinciding with the state-wide decline of the
species (Fancourt et al. 2013).

Silver Plains is characterised by shrubby Eucalyptus delegatensis forest on steep, rocky dolerite hills
surrounding open �at marshes dominated by short (<5cm) native grasses and herbs. Prior to its purchase
in 2010 the property was extensively logged, and still supports ~100km of unsealed forestry tracks. To
the east, the property is bounded by Lake Sorell, and to the north, south and west by a mix of private and
public land, including the Great Western Tiers Conservation Area. Elevation at the site ranges from 800 to
1000 m and the climate is montane, with the closest weather station at Miena Dam (1052 m asl)
recording mean annual minimum and maximum temperatures of -1.8 and 16.3 degrees. 

Quoll release and monitoring

Twenty captive-bred eastern quolls (10 female and 10 male) were released on 9th November 2020. The
quolls were released in one group of six and two groups of seven animals at three sites separated by 500
m. All release sites were on an ecotone between shrubby Eucalyptus delegatensis forest and open
marshes (Figure 1). Release protocols followed Robinson et al. (2020, see Appendix S1 for details).
Following release, quoll survival and dispersal was monitored using a combination of VHF telemetry and
trapping. 

During pre-release health checks, VHF beacons (A2480, Advanced Telemetry Systems Australia) were
attached to the tails of eight female and eight male quolls (four quolls were added to the project at a late
stage, and additional beacons could not be sourced in time for release). Each beacon was located a
minimum of twice per week, both during the day and at night. Firstly, beacons were located during
daylight hours to locate den sites, and the location, type (e.g., burrow, hollow log, rock pile etc) and
surrounding habitat were recorded for each den. Secondly, tracking was undertaken within four hours
after dusk to con�rm quoll survival and transmitter attachment (i.e., if it had left the den, or was directly
observed to be active and moving). Transmitters which were recorded within the den on two subsequent
nights were assumed to have detached and were retrieved where possible and reattached to quolls during
live-trapping sessions. 
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We conducted two live-trapping sessions, the �rst comprising 500 trap nights from 12th – 21st November,
and the second comprising 491 trap nights from 11th – 19th December 2020. We used a mixture of trap
types including 22 cm x 22 cm x 55 cm, and 31 cm x 31 cm x 70 cm wire cage traps and 30 cm diameter
PVC carnivore traps, baited with meat (venison, wallaby, chicken, or SmittenTM tinned pet food). Traps
were deployed along ecotones, roads, and tracks, and were moved on occasion during the surveys based
on capture histories and VHF telemetry results to maximise the chances of capturing all released quolls.
Trapped animals were transferred from traps into canvas handling sacks, weighed to the nearest ten
grams, then assessed for body condition and transmitter status (if applicable).

Three supplementary feeding stations, were established near the three release sites, as recommended
by Robinson et al. (2020), to ease the transition from captivity. Three motion-trigger infrared cameras
(Reconyx HC600) were deployed at each station, with one directly above the station facing down and the
other two perpendicular to each other, to aid in monitoring survivorship and general activity of the quolls
and other species. Feeding stations were monitored continuously and restocked with decreasing
frequency for 6 months following release (Appendix S1). 

Data analysis
Data from the Silver Plains release were analysed to compare short-term (45 days post-release) survival,
maximum dispersal and body condition to previous releases undertaken at Booderee NP in 2018 and
2019 (Robinson et al. 2021), using raw data supplied by N. Robinson to allow statistical comparison. We
also compared the Silver Plains survival results to those obtained from three releases undertaken at
Mulligans Flat, a 485 ha fenced predator-free reserve in the Australian Capital Territory (Wilson et al.
2020). Raw data for these releases were not available so comparisons are based on published estimates
only. All analyses were performed in the R statistical environment (R Core Team 2020).

For survival analyses, only data from the �rst 45 days were used to enable direct comparisons between
releases. Estimated survival curves were �tted with the Kaplan-Meier method using the ‘surv�t’ function
within the survival package (Therneau 2021), with sex (male/female) and release (Booderee NP 2018,
Booderee NP 2019, Silver Plains 2020) included as covariates to visualise potential differences. Formal
analyses of the in�uence of sex and release on survival were undertaken using Bayesian Cox
proportional-hazards models. Models were �tted using the ‘inla’ and ‘inla.surv’ functions with default
settings (normal priors with mean zero and variance 1,000) within the INLA package (Lindgren and Rue
2015). Best-�tting models were selected using the widely applicable information criteria (WAIC, Vehtari et
al. 2017). Model effects were described as statistically signi�cant if their 95% credible intervals did not
overlap zero, and relative hazard estimates were obtained for each parameter by taking the exponential of
coe�cient estimates. 

Following Robinson et al. (2021), a single measurement of maximum dispersal distance was obtained for
each quoll using the maximum recorded straight-line distance from the release site, considering only
daytime den site locations. Maximum dispersal was then modelled against release, sex and size (release
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weight, adjusted for sex by z-scaling using common standard deviation but sex-speci�c mean).
Generalised linear models were �tted with a gamma distribution and log-link function to account for
positively-skewed data, using the ‘glm’ function from the stats package available with the base R
environment (R Core Team 2020). Tracking duration (in days) was included in all models to adjust for
increased dispersal opportunity with longer time since release. Models were compared using Akaike
Information Criteria, adjusted for small sample size (AICc). Models within 2 AICc units were regarded as
equivalent, in which case the most parsimonious model (with least parameters) was regarded as the top
model (Burnham and Anderson 2002). 

Finally, we �tted general linear mixed models to investigate the in�uence of release location, sex, size and
time since release (z-scaled) on relative body condition (weight as a proportion of release weight).
Individual quoll identi�cation number was included as a random factor, and general linear mixed models
�tted using the ‘lmer’ function from the lme4 package (Bates et al. 2015). Best-�tting models were
selected using AICc as above.

Results

Survival
Of the 20 quolls released at Silver Plains, two (one female and one male) were con�rmed to have died
within four and eight days of release, respectively. In both cases, cause of mortality could not be
conclusively determined from necropsies: the male had a clear puncture wound at the nape, but PCA
swabs revealed only quoll DNA. The wound may have been in�icted by another quoll or the test may have
failed to amplify the aggressor’s DNA. The female was found dead in the den with no apparent wounds,
and the necropsy was inconclusive.

Live-trapping con�rmed that �fteen quolls (75% of the release cohort, comprising seven females and
eight males) were still alive between 32 and 45 days post-release. The remaining three quolls were last
recorded alive via telemetry between 11 and 21 days post-release, before the VHF beacons either fell off
(two quolls) or failed (one quoll). These quolls were not subsequently recaptured during trapping surveys.
In the Booderee NP releases only 40% (2018, n = 20) or 45% (2019, n = 40) of the cohort were known to be
alive after 45 days (Robinson et al. 2021). Accounting for individuals with uncertain fate, models
estimate that survival rates at Silver Plains were signi�cantly higher than during the 2018 Booderee NP
release (mean and 95% credible interval for Silver Plains mortality risk 17% [3 – 65%] of that experienced
during the 2018 Booderee NP release, Table S2), but not signi�cantly different to the 2019 release
(estimated as 98% [48 – 206%] of the 2018 Booderee NP release). In contrast to the results of Robinson
et al. (2021), who reported a marginal effect of sex on survival (90% credible intervals did not overlap
zero, but 95% credible intervals did), we found no evidence for an effect of sex on survival across the
three releases (Table S1, Figure 2a).
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Silver Plains survival rates were also higher than published estimates of survival during an initial release
into a fenced sanctuary at Mulligans Flat (29% survival after 42 days in 2016), but were roughly
equivalent to or lower than subsequent releases at the same sanctuary (77% in 2017 and 88% in 2018,
Wilson et al. 2020). 

Dispersal
Dispersal data was obtained from 59 quolls, of which 30 were female and 29 male. This comprised all 20
quolls released in both the Silver Plains 2020 and Booderee NP 2018 releases, and 19 of 40 quolls
released at Booderee NP in 2019. At Silver Plains, the maximum dispersal distances recorded within 45
days of release were 2.3 km (female) and 2.5 km (male) from the release sites, compared to maximum
dispersal distances of 7.0 and 9.5 km for females and males respectively in the two Booderee NP
releases. As of 40 days post-release, ten quolls at Silver Plains were still using den sites within 1.0 km of
the release site. 

Consistent with the results of Robinson et al. (2021), maximum dispersal distance was positively
associated with the duration of tracking (Figure 2b). In contrast, size (sex-adjusted release weight) of
quolls was not included in the top model (Table S3). Model predictions con�rm that release site had a
signi�cant effect on maximum dispersal distance, with quolls at Booderee NP dispersing on average 4
km more than quolls at Silver Plains over the 45 day tracking period (model predictions and 95%
con�dence intervals for maximum dispersal after 45 days are 4.5 ± 2.3 km, 6.0 ± 3.2 km, and 1.3 ± 0.5 km
for the Booderee NP 2018, 2019 and Silver Plains 2020 releases, respectively). 

Body condition
A total of 189 body mass measurements were obtained from 16 quolls (8 of each sex) during the Silver
Plains release, 22 quolls (10 females, 11 males) during the 2019 Booderee NP release and 14 quolls (7
females of each sex) during the 2018 Booderee NP release. 

During the Silver Plains release, maximum recorded loss of body mass at any point during the 45-day
monitoring period was larger for male quolls (average maximum weight loss 18.1 ± 2.3% of release
weight) than for females (average 7.0 ± 2.3% of release weight). This pattern is similar to that recorded in
both of the Booderee NP releases: average maximum weight loss for males and females was 15.3 ± 4.2%
vs 9.9 ± 2.7% in the 2018 release, and 13.5 ± 2.4% vs 7.7 ± 3.0% in 2019, respectively.

The top-ranked model included interactions between the quadratic effect of time since release and the
effects of sex and release, but did not include release or sex-adjusted release weight (Table S4). In all
releases, the rate of weight loss appeared to plateau or reverse by the end of the monitoring period,
however variation was high between individuals (Figure 2c). Patterns of weight loss were slightly
different across releases, with the 2018 Booderee NP release showing a steeper initial decline in weight
than the other two releases. Model predictions con�rm that the average rate of weight loss was greater
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for male than female quolls (Figure 2c). At the end of the 45-day monitoring period, females had on
average regained their release weight (averaged model predictions 103% of release weight, 95%
con�dence interval 96 – 108%), whereas most male quolls were still below release weight (averaged
model prediction 91% of release weight, 95% con�dence interval 0.84 – 0.97, Figure 2c). 

Discussion
In the short term, captive-bred eastern quolls released at Silver Plains in Tasmania survived longer, stayed
closer to release sites, and showed equivalent changes in body condition when compared to similar
releases into unfenced areas of mainland Australia (Robinson et al. 2021). Differences in survival rates
were clearly attributable to the absence of major threats such as red foxes Vulpes vulpes and busy roads,
the key causes of mortality in mainland eastern quoll releases. Shorter observed dispersal distances may
be due to the high suitability of habitat, similar climatic conditions at the captive-breeding locations and
release site, or by attraction to conspeci�c cues from wild quolls. The results to date from this pilot study
provide good support for captive-bred releases as a viable tool for managing wild populations of eastern
quolls in Tasmania. 

Survival rates of quolls released at Silver Plains were higher than those recorded at Booderee NP, and
relatively similar to releases into a large predator-free sanctuary with an existing quoll population (Wilson
et al. 2020). Unlike these studies, we found no difference in mortality between male and female quolls,
with a single mortality recorded for each sex. The high survival rate of quolls at Silver Plains is likely due
to the absence of key threats. First, red foxes, which are in part responsible for the extinction of mainland
Australian populations of eastern quolls (Jones and Rose 2001, Peacock and Abbott 2014) and
accounted for up to 43% (14 of 33) known mortalities during the Booderee NP releases (Robinson et al.
2021), have not established in Tasmania. Many mammal reintroduction attempts from predator-free
enclosures on mainland Australia have been thwarted by introduced predators (Moseby et al. 2011) and
further attempts have involved moderating feral cat and fox densities in release sites to understand an
appropriate background threshold for increased survivorship (Moseby et al. 2019). Second, Silver Plains
was selected as the release site speci�cally because it is a private reserve with no public access and little
vehicle tra�c; vehicle collisions accounted for 20% of the known mortality at Booderee NP (Robinson et
al. 2021). Road kill is a signi�cant threat to many threatened species globally (Rytwinski et al. 2016) and
is a leading cause of mortality in wild populations of the congeneric northern quoll D. hallucatus
(Oakwood 2000). 

Given the presence of wild quolls with established territories, and higher short-term survival of the release
cohort, we expected increased dispersal relative to previous releases due to competition for resources
such as den sites, food and mates (Christian 1970, Trochet et al. 2016). Observed dispersal distances
were approximately 25% of those observed at Booderee NP over the same time period. We propose two
possible explanations for this pattern, namely (i) the high availability – and therefore lack of competition
for – resources such as food, shelter or potential mates (Macdonald 1983, McNab 1963); and/or (ii) the
presence of wild quolls may have reduced dispersal simply because released quolls are attracted to
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conspeci�c cues. Such attraction has been empirically demonstrated in many species (Stamps 1988),
and manually adding conspeci�c cues to an environment has been successfully used as a technique to
limit dispersal during translocations (Berger-Tal et al. 2020). Cultural and social learning is a rarely
considered but potentially signi�cant factor in conservation biology and reintroductions (Brakes et al.
2021). Regardless of the underlying mechanism, these results have positive implications for the use of
captive-bred releases as a management tool to bolster existing population of this species, as lower
dispersal is often linked with lower mortality and increases the probability that released individuals will
contribute to the effective size of the target population (Moseby et al. 2014, Wilson et al. 2020).

Release strategies have been shown to strongly affect body condition in multiple species (e.g. Moseby et
al. 2014). Across the three releases studied here, although the rate and timing of weight loss and recovery
varied, the maximum amount of weight lost and the relative body weight recorded at the end of the
monitoring period were remarkably consistent. This similarity is unexpected, given the releases occurred
in different seasons (March 2018, May 2019 and November 2020) and very different climates; and the
potential for increased conspeci�c competition at Silver Plains as discussed above. These data therefore
provide useful guidelines for assessing acceptable levels of weight loss for future releases of captive-
bred eastern quolls. Most quolls remained within 20% of release weight (44 of 51 individuals), although
we recommend incorporating some assessment of body fat rather than relying on weight alone to assess
whether animals should be removed from the project. For example, the three quolls which lost more than
20% of their body mass during the Silver Plains release were all large males (release weights 1.3-1.6 kg)
which had been consistently gorge-fed in the lead up to the release to prevent aggression in the shared
free-range enclosure (author A.M., unpubl. data.) and were therefore carrying excess fat at release. All
three of these quolls were never assessed as underweight according to the presence of body fat and
muscle and were recaptured in a subsequent trapping approximately nine months post-release (July
2021, author R.H. unpubl. data).

The dire situation of threatened species in Australia, including the continued depletion and contemporary
extinction of mammal species (Geyle et al. 2018, Woinarski et al. 2015), mean that complacency in
threatened species management has little place in future conservation management. Pre-emptive
approaches to species recovery are needed in environments where threats persist, to maintain
populations of species beyond the con�nes of predator-free islands and enclosures (Dickman 2012,
Evans et al. 2021). The results of this pilot study provide preliminary support for using releases of
captive-bred eastern quolls to help recover wild Tasmanian populations, in that they indicate high initial
survival and low initial dispersal of captive-bred individuals relative to previous release attempts. Future
work that will establish whether these individuals successfully breed, and the subsequent impacts on
local population density and genetic diversity and composition, will provide more insight into the
feasibility of such releases as a management tool for this species. These results also complement
existing research by providing data from an intermediate-risk context, whereas previous releases have
been either low-risk introductions into fenced predator-free sanctuaries (e.g. Wilson et al. 2020) or high-
risk re-introductions to the species’ historic range with ongoing (though controlled) presence of red foxes
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(Robinson et al. 2021). Additional data across this spectrum of low to high-risk contexts would assist in
characterising situations where supplementation will be an appropriate management technique.  
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Figure 1

Location (inset) and layout (main map) of Silver Plains study site in the Tasmanian Central Highlands.
Release locations are shown as red circles and feeding station locations as black triangles. Green areas
on the map represent scrub, forest and woodland vegetation types, while cream areas represent open
vegetation types (native grassland, pasture, wetlands and moorlands), derived from TASVEG 4.0 (DPIPWE
2020).
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Figure 2

Differences in short-term survival probability, maximum dispersal and body condition of captive-bred
eastern quolls released at Booderee National Park (BNP), NSW in 2018 and 2019 and Silver Plains (SIPL),
Tasmania in 2020. Panels show: a) Kaplan-Meier survival curves for females (dashed lines) and males
(solid lines) for each release; b) raw data (points) and modelled relationship (lines) between maximum
dispersal distance (Euclidean distance between release point and daytime den site) and tracking duration
for each release; and c) model predictions for changes in body condition (weight relative to release
weight) as bold dashed (female) and solid (male) lines, plotted over raw data for each quoll. Grey
shading in top panels indicates the 95% con�dence intervals for model predictions.
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