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Glossary 

Occupancy: the average probability of occurrence and is equivalent to the expected proportion of sites at 
which the species (ever) occurs within a season. Occupancy is a landscape-scale metric indicating the 
proportion of all sites at which the species occurs. 

For foxes and cats, the proportion of sites visited by animals (i.e., the proportion of sites at which the species 
ever occurs) is interpreted as their ‘occupancy’. Arguably, this is a measure of their activity across the 
landscape (i.e. the occurrence of a predator at a site indicates predatory activity). 

Occurrence: species is present (occurs) at a site for some or all the survey season (the spring of a given 
year). Occurrence is a site-scale metric indicating whether the species occurs at a particular site. 

FAPAR: The fraction of absorbed photosynthetically active radiation (Gower et al. 1999) (estimated by 
satellite remote sensing at 300m resolution and averaged over the 12 months prior to camera deployment) 
characterises the energy absorption capacity of vegetation canopy. It is a physiological variable describing 
the vegetation structure and related material and energy exchange processes and is an important parameter 
for estimating the net primary production of terrestrial ecosystem using a remote sensing–based method. 
Low values may indicate canopy disturbance (e.g., fire, harvesting) or plant resource limitation (e.g., 
drought). 

Habitat Distribution Model (HDM): HDMs are statistical or machine-learning models that relate the 
occurrence of a species to underlying, mapped habitat variables allowing prediction of occurrence in space 
and time (Liu et al. 2013, Burns et al. 2020). Specifically, 26 explanatory variables are used for the 
modelling; three versions of models were built using different sets of explanatory variables. 
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Summary 

Context: 

This report updates previous research detailing the Barry Mountains Ark fox control and Long-footed Potoroo 
response (Robley et al. 2023) by adding an additional year (2024) of monitoring data and updating the 
results of the ongoing monitoring program. This information will aid land managers and policy makers to 
make informed, evidence-based decisions on the future of Long-footed Potoroos in this landscape. 

The Long-footed Potoroo (Potorous longipes) is found in two isolated populations: East Gippsland/ 
southeastern New South Wales and northeastern Victoria.  

The northeastern Victorian population, known as the "Great Dividing Range population," is located around 
the Barry Mountains. This species is listed as Endangered under both the Environment Protection and 
Biodiversity Conservation Act 1999 (Cth) and the Victorian Flora and Fauna Guarantee Act 1988 due to its 
limited range, low population density, vulnerability to predators like the Red Fox (Vulpes vulpes), 
inappropriate fire regimes and climate change. 

A Red Fox (Vulpes vulpes) control program began in 2004, focusing on a Core baiting zone in the Barry 
Mountains (45,000 ha) and continued until 2021, despite disruptions from weather and wildfires in 2006 and 
2019/2020 and resistance with recreational hunters. In 2021, the program expanded to cover approximately 
229,000 ha, now referred to as the Barry Mountains Ark, encompassing both the Core and Expansion zones. 

Aims: 

The aims of this report are to: 

1) Update the results of the trends in Long-footed Potoroo occupancy (proportion of sites occupied) from 

2007 to 2024 in the Barry Mountains region. 

2) Assess the impacts of fire, feral predators (foxes and feral cats) and fox baiting on Long-footed Potoroo 

occupancy in the Barry Mountains region. 

3) Assess the trends in fox and feral cat populations. 

4) Assess the initial changes in occurrence of a range of native species first detected during surveys in 

2020–2024. 

Methods: 

Camera traps have previously been deployed to gather data on Long-footed Potoroos, other native species, 
foxes, and feral cats during two distinct sampling periods: 2007–2009 and 2020–2023, with an additional 
year of data (2024) being added to this report. Each camera location was categorised into one of two fox 
baiting zones: Core (baited since 2007) or Expansion (baited since December 2021).  

Hierarchical Bayesian models were employed to analyse the combined camera survey data, investigating 
trends in Long-footed Potoroo occupancy and relationships between potoroo occupancy and factors such as 
fire history, habitat quality, productivity of vegetation, fox baiting and proxy measures of predator density. 

The Long-footed Potoroo data consisted of detection histories from 210 camera trap locations from 2007–
2009 and 381 from 2020–2024. Several variables were included in models, including fire history and fire 
severity for the 2019/2020 fires, an existing Habitat Distribution Model (HDM) served as an indicator of 
overall habitat suitability, and the fraction of absorbed photosynthetically active radiation (FAPAR) was 
utilised to characterise the vegetation canopy's energy absorption capacity and serves as a surrogate for 
underlying forest productivity. Predictions of fox densities for the Core and Expansion areas were derived 
using individually based, spatially explicit population modelling. 

Results: 

Long-footed Potoroo occupancy is positively associated with HDM values, increasing time since fire, higher 
plant productivity and canopy density as represented by FAPAR values in baited areas and the duration of 
fox baiting. Occupancy rates were higher in the Core baiting zone (~ 9-fold increase) compared to the 
Expansion zone, with both areas experiencing increasing occupancy rates over time (23% and 18% p.a., 
respectively).  
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The spatial and temporal landscape model indicated that there has been a six-fold increase in the estimated 
area of Long-footed Potoroo occupancy since 2008, with a negative relationship with predicted fox density 
and positive relationships with HDM, time-since fire and FAPAR.  

Updated results show a continuing and further decline in fox occurrence (Core baiting zone –20% p.a.; 
Expansion baiting zone –12% p.a.) while there has been no detectable change in occurrence of feral cats.  

Long-nosed Bandicoot occurrence has increased significantly since 2003; however, modelled covariates 
showed no significant relationship with this change. Superb Lyrebird occupancy was higher in the Core zone 
than the Expansion zone throughout the 2020-2024 period, with no consistent temporal trend. There was 
evidence that Superb Lyrebird occurrence increased with increasing time since fire and increasing predicted 
habitat suitability for the Long-footed Potoroo (based on the HDM), but the relationship with FAPAR values 
was highly uncertain. 

Seventy-one native species were detected on camera traps between 2020 and 2024. Naïve occupancy 
estimates (not considering detection probabilities) indicated that the rates of occurrence of several native 
species had increased from 2020 to 2024. Assessment of the drivers for these changes was outside the 
scope of this study, so further investigation is suggested. 

Conclusions and Implications: 

Long-footed Potoroos continue to increase in response to fox control and time since fire underscoring the 
need to maintain the current management program. 

The results again highlight the intricate response of native species to the reduction of introduced predators, 
emphasizing the necessity of long-term implementation of effective fox control supported by monitoring of 
key variables such as habitat suitability, productivity, fire history and predator dynamics for understanding 
Long-footed Potoroo occupancy patterns. It also highlights the need to continually review the model inputs 
and update variable selection to improve our understanding of the population drivers and dynamics. 

Sustained, landscape-scale fox control is crucial in achieving and preserving the biodiversity gains made to 
date. Despite the reduction in fox abundance due to ongoing fox control in the Barry Mountains, foxes persist 
in the landscape, posing a continued threat to Long-footed Potoroos and other vulnerable native species. It 
is plausible that the density of subordinate predators like feral cats will increase as dominant predators, e.g., 
foxes decline. While the presence of feral cats did not have a demonstrable influence of Long-footed Potoroo 
occurrence (likely due to limitations in the camera trapping design), further investigation is needed in the 
Barry Mountains to better understand the impact of feral cats on Long-footed Potoroos and other native 
species.  
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1 Introduction 

In the mesic forests of south-eastern Australia, the decline of mammal species has been significant, with 
numerous terrestrial species experiencing substantial reductions since European settlement (Bilney et al. 
2010; Woinarski et al. 2014). Among the affected species is the endangered Long-footed Potoroo (Potorous 
longipes), which is threatened by restricted distribution, low population density and predation by introduced 
Red Fox (Vulpes vulpes; hereafter, “foxes”) and feral cats (Felis catus), inappropriate fire regimes and 
climate change (Brereton et al. 1995). 

First described in the late 1960s (Seebeck and Johnston 1980), the Long-footed Potoroo is known from two 
disjunct populations in East Gippsland/south-eastern New South Wales and north-eastern Victoria /the Great 
Dividing Range (Jones and Johnson 1997), the latter which is also the study area for this report. To support 
conservation efforts, a fox baiting program commenced in 2004 in the Barry Mountains, covering a 
substantial portion of the potoroo's known range in this area (Robley et al. 2005). However, disruptions to the 
baiting program including conflicts with hound hunters and logistical challenges have impacted program 
implementation. Additionally, large-scale bushfires in 2003, 2006/2007 (Lumsden et al. 2012), and 
2019/2020 extensively affected the potoroo's habitat. 

A project initiated in 2004 to assess the potoroo population's status revealed that fox baiting had a positive 
impact on potoroo occupancy, particularly in unburnt or lightly scorched areas (Lumsden et al. 2012). In 
2019, a survey was conducted to evaluate the potoroo population's status in relation to the fox control 
program. Population models predicted favourable outcomes under an expanded fox baiting strategy, 
indicating lower extinction risks for potoroos (DELWP 2022). Consequently, an expanded baiting program 
(Barry Mountains Ark) has been implemented from 2021-2024, aiming to further reduce fox densities and 
safeguard potoroo habitat. 

Occupancy modelling using data from 2007–2009 and 2020–2023 indicates a positive trend in potoroo 
occupancy across the Barry Mountains and has identified the importance of forest productivity, the impacts 
of fire, feral predators and fox baiting on potoroo presence in the Barry Mountains region. These findings 
offer valuable insights for public land managers, providing measurable targets for conservation actions and 
guiding future management plans for the Long-footed Potoroo and other species vulnerable to fox predation 
in the Barry Mountains. 

This report updates previous research on the Barry Mountains fox control operation and the Long-footed 
Potoroo monitoring program (Robley et al. 2023) by adding an additional year worth of data (2024) and 
exploring the influence of additional variables in the associated models. For detailed background and 
information on methods refer to Robley et al. (2023). 
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2 Methods 

Detailed descriptions of the study area and methods can be found in Robley et al. (2023). These are briefly 
summarised here. 

2.1 Study Area 

The study area, centred on the Barry Mountains in northeastern Victoria's Great Dividing Range region, 
spans approximately 229,000 hectares and includes Abbeyard, Mount Selwyn, Mount Cobbler, the Buckland 
Valley, Demon Ridge, and parts of the old Wonnangatta Station areas (Figure 1). The Ark boundaries were 
delineated based on the Habitat Distribution Model for Long-footed Potoroos (HDM; Liu et al. 2013, Burns et 
al. 2020), inclusion of both fire-affected and unburnt areas from the 2019/2020 fires and alignment with the 
proposed Expansion zone footprint. 

The Ark area experienced significant wildfires in 2003 and 2006/2007 and partial burning, with varying 
severity, in the 2019/2020 fires (Figure 1). 

The study area was divided into five management zones, four within State Forests and one within Parks 
Victoria estate (Figure 1). These zones delineate operational areas for the planned Barry Mountains Ark fox 
control operations, as detailed in section 2.2. 

 

Figure 1. Map of the Barry Mountains Ark area. 

Internal divisions indicate the location of the four State Forest zones (yellow background) and the Alpine National Park 
zone (green background). The map also shows the severity of the burn [red (severe) to light blue (unburnt within the fire 
footprint)] and the area burnt in the 2019/2020 Ovens Fire Complex. 
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2.2 The Expansion fox control program 2021–2024 

A detailed description of the Barry Mountains Ark program has been provided by DELWP (2021). Here we 
summarise the main characteristics of the program: 

Between 2004 and 2019, baiting was undertaken year-round in the Core baiting zone within the Alpine 
National Park (Figure 2); the Expansion baiting strategy commenced in December 2021. It includes the 
Alpine National Park and a small section of State Forest in the Tea-Tree Range is being baited year-round 
with baits checked and replaced monthly. In areas above 900 metres, baits are removed, and baiting is 
generally ceased in June/July or when snow conditions or other access factors dictate. In State Forest, bait 
is laid continuously from December to March inclusive only (i.e. outside deer-hunting season) and baiting is 
generally ceased above 900 metres due to snow conditions or other access factors. Baits are checked and 
replaced monthly. 

 

Figure 2. The locations of baited tracks and roads used for the control of foxes in the Barry 
Mountains Ark program. 

Tan area = Core baiting zone (2004–2009); pale-blue area = Expansion baiting zone (December 2021–2024); brown 
dots indicate stations mostly in State Forest, operated predominantly outside the April–November deer-hunting season, 
access permitting; orange dots indicate stations mostly in the Alpine National Park, operated all year round, access 
permitting. 

2.3 Detecting native and introduced species 

For a full description of the methods and analytical approach refer to Robley et al. (2023). These are briefly 
summarised below. 

2.3.1 Data collection 

Camera trapping was conducted over two periods, from 2007 to 2009 (Lumsden et al. 2012; Lumsden et al. 
unpublished data) and from 2020 to 2024, to gather data on the presence of Long-footed Potoroos, other 
native species, foxes, and feral cats. Cameras were positioned approximately 30 centimetres above ground, 
facing south, and equipped with mammal lures to attract the target species. Initially deployed as part of a 5-
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year project assessing the potoroo population, the camera trapping aimed to investigate distribution patterns, 
assess population status, and evaluate the impact of bushfires and predator control. 

Sampling was stratified across various habitat types, with sites selected randomly within and outside the 
known distribution of the species in the Great Dividing Range area. In the 2007-2009 period, 271 sites were 
sampled, with 210 within the study boundary. In October 2020, 120 camera trap sites were established at a 
subset of the 2007-2009 locations using Reconyx cameras (models PC900 and HP2X, Reconyx Inc., WI 
USA). Surveys were undertaken in October 2021 (n = 138), October 2022 (n = 123), October 2023 (n = 125), 
and October 2024 (n = 132) (Table 1, Figure 3). The number of cameras varied each year, as additional 
camera sites were added to improve estimates, or some cameras failed to operate or were stolen. (Figure 3). 

The combined camera survey data from both periods were analysed to assess Long-footed Potoroo 
occupancy (MacKenzie et al. 2017) trends and investigate the impacts of fire, feral predators and fox baiting 
in the Barry Mountains region. Fire history was derived from fire history overlays and severity models, while a 
Habitat Distribution Model was developed to assess habitat suitability. The analysis included data from both 
Core and Expansion baiting zones, allowing for comparisons before and after baiting programs and between 
different baiting zones. 

 

Figure 3. Locations of cameras used to survey changes in Long-footed Potoroo occupancy 2007–
2024. 

Tan shading: Core baiting zone; pale-blue shading: Expansion baiting zone. Red squares: camera locations 2007–2009; 
blue dots: camera locations 2020–2024. Note, some camera locations were the same in all years. 
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Table 1. Summary of camera trap survey effort and numbers (proportions) of Long-footed Potoroo, 
fox and feral cat detections from 2007 to 2024.  

Year Treatment 
zone 

Sites Long-footed 
Potoroo 

detections 

Fox 
detections 

Feral cat 
detections 

Mean 
HDM 
value 

Mean 
time 

since fire 

2007 Core 7 2 (0.29) 0 (0.00) 2 (0.29) 68 0 

2007 Expansion 35 2 (0.06) 8 (0.23) 7 (0.2) 54 3 

2008 Core 33 10 (0.30) 2 (0.06) 8 (0.24) 70 1 

2008 Expansion 60 6 (0.10) 8 (0.13) 10 (0.17) 42 4 

2009 Core 17 7 (0.41) 3 (0.18) 0 (0.00) 59 3 

2009 Expansion 58 8 (0.14) 7 (0.12) 9 (0.16) 47 3 

2020 Core 33 17 (0.52) 1 (0.03) 6 (0.18) 69 10 

2020 Expansion 87 17 (0.20) 0 (0.00) 11 (0.13) 61 4 

2021 Core 37 26 (0.70) 1 (0.03) 14 (0.36) 70 11 

2021 Expansion 100 26 (0.26) 9 (0.09) 19 (0.19) 56 6 

2022 Core 36 27 (0.75) 0 (0.00) 6 (0.17) 70 12 

2022 Expansion 88 21 (0.24) 5 (0.06) 20 (0.23) 57 7 

2023 Core 40 28 (0.70) 1 (0.03) 10 (0.25) 68 14 

2023 Expansion 95 34 (0.36) 3 (0.03) 19 (0.20) 57 8 

2024 Core 40 33 (0.82) 0 (0.00) 13 (0.32) 69 15 

   2024 Expansion 92 40 (0.43) 9 (0.10) 18 (0.20) 58 9 

2007–2009* All 70.0 11.7 (0.17) 9.3 (0.13) 12 (0.17) 52 3 

2020–2024* All 129.8 53.8 (0.41) 7.0 (0.05) 27.2 (0.21) 61 8 

HDM: Habitat Distribution Model. Values for mean HDM and mean time since fire are for sampled sites. 

2.4 Statistical analysis 

Here we present updated results for the statistical models presented in Robley et al. 2023, which estimate 
temporal trends and occupancy-covariate relationships for five species of interest: Long-footed Potoroo, 
Long-nosed Bandicoot, Superb Lyrebird, foxes and feral cats. All trend and best-supported covariate models 
presented in Robley et al. 2023 were re-fitted with data up to 2024 (see Robley et al. 2023 for a full 
description of the modelling methods, including Bayesian model selection, to identify ‘best-supported’ 
covariate models). 

For Long-footed Potoroos, we fitted an additional occupancy model that used values from a continuous 
surface of predicted fox densities (under different baiting regimes) as an alternative to the site-specific, 
binary indicator of baiting activity (within 1km). This model allowed us to map predicted occupancy 
probabilities across the study area through time. 

2.4.1 Occupancy modelling 

The study employed the occupancy model framework of MacKenzie et al. (2017) to analyse the distribution 
of Long-footed Potoroos and two feral predators, foxes and feral cats, while accounting for imperfect 
detection. This framework estimates both the probability of species occurrence (presence) and the 
probability of detecting a species when present (detectability), based on observed detection histories from 
repeated surveys. 

Occurrence and detectability can be influenced by various factors and modelled as functions of covariates. 
Detectability estimates assume "closure", meaning the occupancy status of the site doesn’t change within a 
survey season (duration of camera deployment). When this assumption is violated, occupancy models 
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estimate the probability of site visitation or ‘use’ within a season (MacKenzie et al. 2017) and the probability 
of detecting a species at a visited site, termed the "detection rate." 

For Long-footed Potoroos, we assumed population closure within each monitoring season (camera 
deployment period - four weeks), interpreting occupancy as the proportion of sites occupied for the duration 
of the survey period. For foxes and feral cats, closure was not assumed, so we interpret ‘occupancy’ 
parameters as the proportion of sites visited or ‘used’ during a survey period (MacKenzie et al. 2017). The 
term "occurrence" indicates the species was present for some (foxes and feral cats) or all (Long-footed 
Potoroo) of the annual spring survey. 

Model structure 

We used camera traps in two fox baiting “treatment” zones: the Core baiting zone (baited since 2004) or the 
Expansion baiting zone (baited since December 2021 only) to monitor the presence of Long-footed 
Potoroos, foxes and feral cats.  

First, we fitted a simple model, with no covariates to look for trends over time, comparing species occupancy 
between the Core and Expansion zones and to estimate the trends in occupancy within zones. To test for a 
change in trend, following the expansion of baiting in 2021, the basic trend model allowed for a change in 
any trend after 2021 (i.e. after baiting commenced) within the Expansion zone.  

In the previous analysis (Robley et al. 2023), we used Bayesian variable selection (O’Hara and Sillanpää 
2009) to identify the best predictors of Long-footed Potoroo presence/occupancy from a set of candidate 
variables related to habitat quality, fire and predators. Variables with strong support as predictors 
(Pr(𝛽𝑛 ≠ 0) > 0.75) were included in a full occupancy model (Best-supported Model) that included a 
detectability sub model to estimate the effects of those variables, while accounting for imperfection detection. 
Finally, best supported variables were added to the basic trend model to estimate trends that incorporated 
any significant covariates.  

This report updates the ‘best’ model’ from this previous analysis. All occupancy models (basic trend and 
best) included site, area and year random effects terms to account for the repeated sampling of sites among 
years and to capture spatial and temporal patterns not captured by covariates or linear trend terms.  

Detectability submodels 

We assumed that the likelihood of detecting Long-footed Potoroos, foxes and feral cats remained consistent 
within each survey period but could change over longer timeframes and across different locations, due to 
various environmental and methodological factors. For Long-footed Potoroos, we considered that factors 
affecting their presence could also affect how easily they were detected. We included time, treatment zone, 
and any habitat (e.g. HDM value) or predator-related (e.g. fox presence) variable identified as a predictor of 
occupancy as potential influences on detectability. Additionally, we incorporated a binary indicator for the 
survey periods (2007-2009), to allow for differences in methods between survey periods and the number of 
cameras used, as these factors could affect detection rates. However, for foxes and feral cats, we only 
included variables related to survey periods and the number of cameras, as their detections were too 
sporadic to draw meaningful conclusions about other influences on detection rates. 

Model fitting 

All models were fitted by Markov chain Monte Carlo (MCMC) methods using WinBUGS software 
(Spiegelhalter et al. 2003), with Lunn et al.’s (2008) reversible jump Markov Chain Monte Carlo (RJMCMC) 
add-on (used for variable selection). Note that the RJMCMC add-on requires use of the probit link function 
for binary response variables (Lunn et al. 2008). To improve modelling fitting, all continuous variables were 
standardised to have a zero mean (except time, which was centred on 2020) and unit standard deviation. 
Posterior distributions were estimated from 20,000 MCMC iterations after 5000 iteration burn-in periods. 
Adequate MCMC convergence and mixing were confirmed by inspection of MCMC chain histories and R-hat 
statistics (Spiegelhalter et al. 2003). Posterior predictive checks (Gelman et al. 2000) were used to confirm 
that fitted models could plausibly generate data with the same structure as the observed data. 

Odds ratios 

Conditional odds ratios (ORs) provide a way to compare the likelihood of an outcome, such as the presence 
of Long-footed Potoroos, across different groups or levels of covariates. We aimed to understand how the 
likelihood of Long-footed Potoroos occurring varied over time periods, spatial areas (Core vs Expansion 
zones), management actions (fox baiting) and environmental gradients (HDM values, FAPAR, time-since 
fire). ORs are useful for quantifying the effect of a variable on probabilities. For instance, if 'p1' represents the 
probability of occurrence in the Core zone (e.g. 0.4) and 'p0' in the Expansion zone (0.1), the odds ratio (OR) 
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is calculated as [p1 / (1 – p1)] / [p0 / (1 – p0)] (e.g. (0.4/0.6)/(0.1/0.9)=0.67/.0.11)= 6.09. Conditional ORs 
control for other factors in the model, allowing us to estimate the relative impact of specific variables. They 
help us understand how occupancy changes over time or across different values of a continuous predictor. 

2.4.2 Spatial and temporal trend in occupancy 

To visualise how trends in Long-footed Potoroo occupancy changed over space and time, we refitted the 
best-supported model from the above analysis in a spatial occupancy model (Kéry et al 2013) substituting 
the binary ‘baited within 1 km’ predictor, with a continuous measure of baiting intensity derived from 
previously modelled predictions of fox density under the baseline and expansion fox baiting scenarios 
(Robley et al. 2022). The modelled fox density predictions assume 20 years of baiting but are used here as a 
measure of the intensity of baiting within the landscape, rather than as predictions of fox density per se.  

When fox density predictions were used in the model the interaction term with FAPAR values was highly 
uncertain and was removed. The spatial occupancy model included fixed effects for HDM value, log (Time-
Since-Fire), mean annual FAPAR, and modelled fox density, and random effects for site, baiting zone, and 
year (see Robley et al. 2023 for hierarchical model structure). We used the posterior mean estimates of all 
model parameters, excluding ‘site’ random effects, to map changes in predicted Long-footed Potoroo 
occupancy across the landscape each year from 2012 to 2024.  

2.4.3 Naïve occupancy of native species 

Naïve occupancy provides a quick, simple summary of the proportions of sites where various species were 
detected but will underestimate true occupancy rates as actual detection rates will always be less than 
perfect. 

Naïve occupancy is calculated as the proportion of sites where a species is detected without adjusting for 
undetected presences. We calculated naïve occupancies for various native species detected on camera 
between in each year from 2020 to 2024. While the basic trends will be generally correct (assuming 
detections are consistent or vary randomly), a more thorough examination of this data using hierarchical 
multi-species occupancy models is possible. This would allow for imperfect detection, could be used to make 
inferences about infrequently detected species, explore changes in occupancy rates, and include the 
influences of foxes and feral cats and other habitat and management variables such as time since fire or 
other predictor variables. Such an analysis is beyond the scope of the current report.  
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3 Results 

3.1 Long-footed Potoroo occupancy 

The basic trend model indicates that Long-footed Potoroo occupancy was higher in the Core baiting zone (a 
9-fold increase in the odds of occurring) compared to the Expansion baiting zone throughout both survey 
periods and increased with time in both areas (Figure 4, Table A1-section A). The estimated annual trends in 
occupancy were slightly higher in the Core zone (23% increase p.a.) compared with the Expansion zone 
(18% increase p.a.) (Figure 4,Table A1- section A), however trend estimates are relatively uncertain, with no 
substantive evidence that trends differ between zones. There was no substantive evidence of a change in 
trend in the Expansion zone after baiting commenced in December 2021 (Table A1- section A). 

Long-footed Potoroo occupancy increased with increasing HDM value (Figure 5, Table A1- section B1) and 
increasing time since fire (Figure 6, Table A1- section B1). Potoroo occupancy also increased with increasing 
FAPAR values, but only among baited sites (Figure 7, Table A1- section B1). There was no relation between 
Long-footed Potoroo occupancy and FAPAR values among un-baited sites (Figure 7, Table A1- section B1). 

The model implies that HDM values explain some of the difference in mean occupancy between Core and 
Expansion zones and some of the long-term increases in occupancy among surveyed sites in both zones 
(~3-fold increase in Core Zone; ~11-fold increase in Expansions zone) (Table A2; surveys since 2020 have 
targeted higher HDM value sites, Figure A1) but cannot explain all the observed spatial and temporal 
variation in occupancy.  

The time-since-fire effect predicts increasing trends in both zones but predicts greater long-term increases in 
the Core zone (11-fold increase) and greater short-term increases in the Expansion zone (6-fold increase) 
(Table A2). This difference reflects the fact that much of the Expansion zone was burnt in the 2019/20 fires 
(Figure A2).  

The FAPAR x Baiting interaction predicts long term increases in potoroo occurrence in both Core (6-fold 
increase) and Expansion zones (7-fold increase) (Table A2), associated with long term increases in mean 
FAPAR values and, especially for the Expansion Zone, an increase in the proportion of sites baited. The 
substantial increase in the proportion of sites baited in the Expansion Zone post 2021, combined with a small 
increase in FAPAR values, is predicted to nearly double the odds of potoroo occupancy from 2020 to 2024 
(Table A2). In the Core Zone, shorter term (2024 vs 2020) effects of FAPAR x Baiting interaction are 
predicted to be negative because 2024 FAPAR values are lower than 2020 values, and the proportion of 
sites baited is only marginally higher (Figure A3 and A4, Table A2). 

 

Figure 4. Estimated occupancy of Long-footed Potoroo in the Core and Expansion baiting zones in 
all surveyed years since 2007. 

Boxplots show posterior distributions of the estimated occupancy within each year, derived from the Basic Trend Model 
with random spatial and temporal effects. Points show raw proportions of surveyed sites with at least one Long-footed 
Potoroo detection (naïve occupancy). Naïve occupancy (raw counts) may differ from model estimates of actual 
occupancy [because of imperfect detection and because model estimates tend towards long-term means (or trends) 
within spatial zones]. nsites = number of sites. 
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Figure 5. Estimated partial relationship between the probability of Long-footed Potoroo occurrence 
and modelled habitat suitability. 

Black line shows posterior mean occurrence probability; orange band extends to the 95% credible interval. The fitted 
relationship is derived from the best supported model (Table 2B) and assumes time since fire (6.3 years), number of 
years of baiting (4.2 years) and FAPAR (68) are held constant at their means. HDM: Habitat Distribution Model. 

 

 

Figure 6. Estimated partial relationship between the probability of Long-footed Potoroo occupancy 
and time since fire, assuming average habitat quality (HDM value = 60) and FAPAR value (68).  

The fitted relationship is derived from the best supported model (Table 2B). HDM: Habitat Distribution Model. 



18 Barry Mountains Ark 2020–2024 

OFFICIAL 

 

Figure 7. Estimated relationships between the probability of Long-footed Potoroo occupancy and the 
mean fraction of absorbed photosynthetically available radiation (FAPAR) at baited (orange) and 
unbaited (grey) sites, assuming average habitat quality (HDM value = 60) and time since fire (6.3 
years).  

FAPAR was averaged over the 12 months prior to camera retrieval and measured at 300 m resolution (values taken from 
the pixel containing trap coordinates). HDM: Habitat Distribution Model. 

The landscape model showed a negative relationship between long-footed Potoroos occurrence and 
predicted fox density and positive relationships with HDM, time-since fire and FAPAR (Table A1-section B2). 
Figure 8 presents a visual representation of the spatial and temporal trends in Long-footed Potoroo 
occupancy from 2007 to 2024, using the landscape model. The modelled area is divided into pixels with a 
75m resolution and covers an area of 481,694 ha. Summing the probabilities of occurrence across pixels in 
each year allows us to estimate the predicted area occupied and to determine the percentage change from 
year to year. To allow for the fact that 2007 had relatively few camera sites (47) we have compared the 
change in predicted area occupied between 2008 (99 camera sites, 15,484 ha) to 2024 (130 camera sites, 
96,679 ha), which is a 6-fold increase in the estimated area of Long-footed Potoroo occupancy since 2008. 

 

Figure 8. Predicted Long-footed Potoroo occupancy (probability of occurrence) across the study 
region based on HDM value, time-since-fire, mean annual FAPAR value, and baiting intensity. 
Predictions are derived from Model 2B in Table 2 (which included spatial and temporal random 
effects). 
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3.2 Long-nosed Bandicoot occupancy 

Long-nosed Bandicoot occupancy has increased in both Core and Expansion zones since 2020 (data not 
available prior to 2020), with a substantial increase in 2023 (Figure 9, Table A3). The covariates that had 
support as predictors of Long nosed Bandicoot occurrence previously had weaker, and more uncertain, 
effects in the updated model and explain little, if any, of the temporal trends. 

 

Figure 9. Estimated occupancy (mean probability of occurrence) of Long-nosed Bandicoot in the 
Core and Expansion baiting zones in all surveyed years since 2020. 

3.3 Superb Lyrebird 

Superb Lyrebird occupancy was higher in the Core zone than the Expansion throughout the 2020-2024 
period, with no consistent temporal trend (Figure 10, Table A4). There was evidence that Superb Lyrebird 
occurrence increased with increasing time-since-fire and increasing LFP-HDM but the relationship with 
FAPAR values was highly uncertain (Figures 11 – 13, Table A4).  

 

Figure 10. Estimated occupancy (mean probability of occurrence) of Superb Lyrebird in the Core and 
Expansion baiting zones in all surveyed years since 2020. 
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Figure 11. Estimated relationship between the probability of Superb Lyrebird occurrence and Long-
nosed Potoroo modelled habitat suitability. 

 

Figure 12. Estimated relationship between the probability of Superb Lyrebird occurrence and time 
since fire. 
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Figure 13. Estimated relationship between the probability of Superb Lyrebird occurrence and one-
year mean FAPAR value. 

3.4 Fox occupancy 

Fox occurrence was lower (had lower visitation rates1) in the Core baiting zone than in the Expansion zone 
(Table A5). There was evidence of declines in fox occurrence in both areas [Core baiting zone trend = –20% 
(–33%, -5%) p.a.; Expansion baiting zone trend = –12% (–21%, -3%) p.a.)] (Figure 14, Table A5).  

Fox occurrence declined with increasing FAPAR values, with a stronger FAPAR effect among baited sites 
than among unbaited sites (Figure 15, Table A5). 

 

 

Figure 14. Estimated occupancy (mean probability of occurrence) of foxes in the Core and Expansion 
baiting zones in all surveyed years since 2007. 

Boxplots show the posterior distributions of the estimated occupancies within each year, derived from the Basic trend 
model with random spatial and temporal effects. Note that for foxes, we interpreted occupancy as being indicated by the 
proportion of sites visited. The data points/circles show the raw proportions of surveyed sites with at least one fox 

 

 

1 Note that foxes and feral cats have large home ranges (2–5 km2) (Roshier and Carter 2021) relative to the scale of the Long-footed 
Potoroo camera trap spacing: detection of foxes and feral cats at a particular Long-footed Potoroo camera trap indicates the proportion 
of sites visited by foxes and feral cats, i.e., the occurrence (see the Glossary for further definition). 



22 Barry Mountains Ark 2020–2024 

OFFICIAL 

detection (naïve occupancy). Naïve occupancy may differ from the model estimates because of low and highly uncertain 
detection probabilities (which for foxes are affected by visitation rates) and because model estimates tend towards long-
term means (or trends) within spatial zones. nsites = number of sites. 

 

Figure 15. Estimated partial relationship between the probability of fox occurrence and the mean 
fraction of absorbed photosynthetically available radiation (FAPAR) at baited (orange) and unbaited 
(grey).  

FAPAR was averaged over the 12 months prior to camera retrieval and measured at 300 m resolution (values taken from 
the pixel containing trap coordinates). Note the large uncertainties, and overlapping credible intervals, at FAPAR values 
below 65: the negative effect of baiting on fox occurrence is only evident at high FAPAR values (>70). There is 
insufficient data at low FAPAR values to make meaningful comparisons between baited and unbaited sites.  
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3.5 Feral cat occupancy 

There was no substantive difference in feral cat occurrence between baiting zones, and no consistent trends 
in cat occurrence in either zone (Figure 16, Table A6). No variables had support as predictors of feral cat 
occurrence in the model with covariates.  

 

Figure 16. Estimated occupancy (mean probability of occurrence) of feral cats in the Core and 
Expansion baiting zones in all surveyed years since 2007. 

Boxplots show posterior distributions of the estimated feral cat occupancy within each year, derived from the Basic trend 
model with random spatial and temporal effects. Note that for cats, we define occupancy as the proportion of sites 
visited. Data points/circles show the raw proportions of the surveyed sites with at least one cat detection (naïve 
occupancy). Naïve occupancy will differ from estimates which account for detection probability because of low and highly 
uncertain detection probabilities (which, for cats, are affected by visitation rates) and because model estimates tend 
towards long-term means (or trends) within spatial zones. nsites = number of sites. 
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4 Summary 

Seventeen years since fox control began in the Core zone and four years after it commenced in the 
Expansion zone, there is good evidence that Long-footed Potoroos have significantly increased the number 
of sites at which they are found and expanded the area over which they occur. The increases in occupancy 
can largely be explained by the length of time since the last fire (the longer the period the higher the chance 
of Long-footed Potoroos occurring there) and the interaction between habitat productivity (the surrogate 
variable – FAPAR representing plant productivity and/or density) and the ongoing fox baiting (good habitat + 
fox control = more sites occupied). There are at least two plausible explanations for the observed interaction, 
1) the response of Long-footed Potoroos to increases in underlying plant productivity or cover is dependent 
on fox density, with Potoroo preferences for high FAPAR sites only expressed when fox densities are low, or 
2) FAPAR is relatively unimportant to Long-footed Potoroos, but they are more likely to occur where fox 
densities are low, and fox densities are lowest in high FAPAR value, baited sites. The negative relationship 
between fox occurrence and FAPAR and negative FAPAR x Baited interaction in the fox occupancy model 
supports the second explanation (fox densities are lower in high FAPAR sites, and especially low in baited-
high-FAPAR sites) but does not preclude the former. Regardless of the interaction between fox bating and 
FAPAR, results indicate that the expansion of fox baiting in 2021 has contributed to a substantial increase in 
the prevalence of Long-footed Potoroo within the Expansion Zone. 

We have taken FAPAR to be a representation of underlying plant productivity, it may however be 
confounded with vegetation structure. To disentangle this plausible relationship, site specific habitat and 
vegetation structural variables could be used to separate out the role of habitat from productivity. 
Alternatively, more detailed structural remotely sensed data might be available from light detecting and 
ranging (LiDAR) data, e.g. Hawbaker et al. (2009) used this to assess forest vegetation structure and 
biomass. We recommend collecting more detailed vegetation structural data as part of the next monitoring 
round. In addition, during exploratory analysis of the most recent data, there was some indication that the 
relationships with Long-footed Potoroo occurrence and HDM values and other predictors is becoming less 
certain, but it needs more data and / or a more complex analyses to make any reliable inferences. 

Ecological systems are complex and understanding the importance of a range of variables on the response 
of species to management interventions is challenging. Interactions between variables introduce further 
complexity as the relationship between variables is not straightforward or additive. Instead, the effect of one 
variable on the outcome depends on the level of another variable, e.g., the importance of FAPAR and 
baiting. 

Previous analysis of the camera trap data provided naïve occupancy estimates for the Long-nosed 
Bandicoot and Superb Lyrebird which showed potential positive responses to reduced fox abundance. While 
Long-nosed Bandicoots have increased markedly in both the Core and Expansion zones in both 2023 and 
2024, compared to previous years, none of the predictor variables shed light on the drivers of this response. 
Similar increases have been observed in the Southern Ark landscape over the same period (Cally 2024, 
unpublished). Superb Lyrebird occurrence remains significantly higher in the Core Zone, with no detectable 
trend in either zone. Although no detectable response to baiting was observed, long-term fox control has 
been shown to positively influence Lyrebird activity (Claridge et al. 2010). The camera trap survey methods 
collect data on a wide range of native species that could potentially respond to reductions in fox density. A 
multi-species, hierarchical occupancy modelling framework could be applied to these data, to provide 
insights into the response of a wide range of species to fox baiting operations.  

There is good evidence that fox baiting is associated with declines in fox occurrence (activity). Fox 
occurrence was lower on average in baited sites and declined with increasing FAPAR value in both baited 
and unbaited sites but declined more rapidly with FAPAR in baited sites. That is, foxes were least likely to 
occur at baited sites with high FAPAR sites.  

The negative relationship between fox occurrence and FAPAR could arise spuriously if foxes were less 
detectable, when present, in high value FAPAR sites. Unfortunately, with the data available, there is limited 
ability to separate detectability per se from the probability of a site being visited. We propose to explore this 
more in the following years.  

With ongoing baiting, we expect fox densities to continue to decline in the Core and Expansion zones. If fox 
densities decline further in the Barry Mountains area, we can clarify the influence of foxes on the apparent 
habitat preferences of Long-footed Potoroo by assessing whether the relationships between Long-footed 
Potoroo occupancy and habitat variables (HDM, FAPAR, time-since-fire) change as fox densities decline.  

We demonstrated a decreasing temporal trend in the occurrence of foxes across both zones, with a slightly 
stronger rate of decline in the Core zone, as might be expected given the longer duration of fox control in 
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that area. Although baiting in the Core zone has been irregular, with continuous baiting from 2004 to 2009, 
followed by reduced baiting until 2021, and then continuous baiting again. Despite these fluctuations, fox 
occurrence was approximately 80% lower at Core baited sites compared to Expansion unbaited sites. In 
contrast, the Expansion zone's baiting program covers a larger area but is not continuous throughout the 
year, particularly in State Forests. While the spatial model predicted a substantial reduction in fox density 
with a continuous baiting program (Robley et al. 2023), the actual pulsed baiting strategy may not be as 
effective, potentially allowing for immigration and compensatory recruitment among fox populations. 

No significant difference in feral cat occupancy was found between the Core and Expansion zones, possibly 
due to the low feral cat detection rate, which could be attributed to various factors such as lure preference or 
active exclusion from fox-occupied sites. 

4.1 Conclusion 

This study highlights that native species responses to reductions in an introduced predator have complex 
outcomes. It highlights the importance of monitoring plausible influential variables such as habitat suitability, 
productivity, fire history and changes in predators over the long-term to understand Long-footed Potoroo 
occupancy dynamics. 

This study also reinforces the need to maintain landscape scale, long-term fox control to achieve and 
maintain biodiversity gains. While the current Barry Mountains fox control has reduced fox abundance, foxes 
are still present in the landscape. Cessation of fox control would allow the fox population to recover, 
increasing the impacts on Long-footed Potoroos and other native species at risk from fox predation. 

The role of feral cats in significantly impacting Australia’s biodiversity has been widely researched (Hamer et 
al. 2020). While we have detected relatively few feral cats (due most likely to the current camera trapping 
design), it has been shown that densities of feral cats in wet or productive forests can be very high (Rees et 
al. 2019). There is also some evidence that feral cats can increase in areas with reduced fox abundance 
(Rees et al. 2023). More work is required in the Barry Mountains to determine the relative influence of feral 
cats on Long-footed Potoroos and other native species.  

These updated results highlight the need to continue the landscape scale fox control program and also 
demonstrate the value of the monitoring intended outcomes, which identified variables features important to 
the ongoing persistence and expansion of the Long-footed Potoroo Great Dividing Range population.  
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Appendices 

 

Figure A1. Distribution of Habitat Distribution Model (HDM) values among camera locations within 
Core and Expansion zones in each survey year.  

Note the HDM is a static model (average long-term habitat suitability); variation among years is related to spatial 
differences in the location of camera sites. 

 

 

Figure A2. Distribution of Time-Since-Fire values among camera locations within Core and 
Expansion zones in each survey year.  

Six outliers, comprising a maximum of 1 site per year, with Time-Since-Fire > 25 years are not shown. 
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Figure A3. Distribution of mean annual FAPAR values among camera-trap locations within Core and 
Expansion zones in each survey year.  

FAPAR = fraction of absorbed photosynthetically available radiation; a measure of photosynthetic activity that reflects 
canopy density and plant productivity.   

 

 

Figure A4. Distribution of the product of mean annual FAPAR values and the binary Baited (within 
1km of camera) variable among camera-trap locations within Core and Expansion zones in each 
survey year.  

FAPAR = fraction of absorbed photosynthetically available radiation; a measure of photosynthetic activity that reflects 
canopy density and plant productivity.   
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Table A1. Parameter estimates (posterior means and 95% credible intervals) and corresponding 
conditional odds ratios for three models of Long-footed Potoroo occupancy: Basic Trend Model, 
Best-supported Model (based on Bayesian variable selection), and Conditional Trend Model (trends 
conditioned on supported predictors for all years). 

Parameter Estimate 
(95% CI) 

1Odds ratio 

(95% CI) 

Interpretation 

• A: Basic trend model 

Occupancy - Core 
v Exp 

2.13 

(1.17, 3. 20) 

8.50 

(3.22, 24.5) 

• Occupancy higher in Core than Expansion 

• (~9-fold higher odds in Core in 2020) 

• Trend in Core 
0.21 

(0.08, 0.34) 

1.23 

(1.08, 1.40) 

• Positive trend in occupancy in Core zone 

• (23% p.a. increase in odds of occurrence) 

• Trend in Exp 

0.17 

(0.07, 0.29) 

1.18 

(1.07, 1.34) 

• Positive trend in occupancy in Expansion 
zone (18% p.a. increase in odds of 
occurrence) 

• Difference 
between Core 
and Exp 

0.03 

(-0.07, 0.15) 

1.03 

(0.93, 1.28) 

• No clear difference in trends between Core 
and Expansion  

• Change after 
baiting in Exp 

0.38 

(-0.19, 0.83) 

1.46 

(0.83, 2.30) 

• No clear change in Expansion zone trend after 
2021. 

• B1: Best-supported model 

• Difference 
between baited 
& unbaited 

0.82 

(-0.02, 1.70) 

2.27 

(0.98,5.47) 

• No difference in Long-footed Potoroo 
occurrence b/w baited and unbaited sites at 
the mean FAPAR value 

• HDM 
1.91 

(1.41, 2.63) 

6.75 

(5.47, 25.8) 

• Positive relationship between Long-footed 
Potoroo occurrence and HDM value 

• Time since fire 
0.52 

(0.11, 0.97) 

1.68 

(1.12, 2.64) 

• Positive relationship between Long-footed 
Potoroo occurrence and time-since-fire  

• FAPAR and 
baited sites 

1.18 

(0.48, 1.96) 

3.25 

(1.62, 7.1) 

• Positive relationship between Long-footed 
Potoroo occurrence and FAPAR among 
baited sites 

• FAPAR and 
unbaited sites 

0.32 

(-0.02, 1.70) 

1.38 

(0.76, 2.53) 

• No relationship between Long-footed Potoroo 
occurrence and FAPAR among unbaited sites 

• B2: Landscape model 

Modelled fox 
density 

-0.64 

(-1.03, -0.25) 
- 

Negative relationship between Long-footed 
Potoroo occurrence and predicted fox density 
(i.e. positive rel. with baiting intensity) 

HDM 
1.42 

(1.03,1.08) 
- 

Positive relationship between Long-footed 
Potoroo occurrence and HDM value 

Time since fire 
0.23 

(-0.01, 0.48) 
- 

Positive relationship between Long-footed 
Potoroo occurrence and time-since-fire (high 
uncertainty) 

FAPAR  
0.61 

(0.23, 0.99) 
- 

Positive relationship between Long-footed 
Potoroo occurrence and FAPAR 

• C: Conditional trend model 

• Trend in Core 
0.08 

(-0.02,0.18) 

1.08 

(0.82,1.19) 

• No trend in occupancy in Core zone after 
accounting for best-supported predictors 



 

Barry Mountains Ark 2020–2024 29 

OFFICIAL 

• Trend in Exp 
0.06 

(-0.01,0.16) 

1.06 

(0.99,1.17) 

• No trend in occupancy in Expansion zone after 
accounting for best-supported predictors 

 

CI = credible interval; p.a. = per annum; HDM: Habitat Distribution Model. 
1Conditional Odds Ratios (OR) are a way to compare the chances of a particular outcome (e.g., the occurrence of Long-
footed Potoroo) between two different groups (e.g., the Core vs the Expansion zone). We want to understand how the 
chances of Long-footed Potoroo occurring differ between these two groups. To calculate the OR, we look at the 
probabilities of that event happening in both groups. For example, we can call the probability of Long-footed Potoroo 
occurring in the Core zone "p1", and the probability in the Expansion zone "p0". The formula for the Conditional Odds 
Ratio is: OR = [p1 / (1-p1)] / [p0 / (1-p0)]. We assume all other factors (like different predictors or random spatial 
variations) are kept constant. To see how the odds change over time for the time variable comparison, we compare the 
odds occurrence at time t+1 year relative to time t. So, the proportional change from year t to year t+1 is expressed as 
(ORt-1). For the continuous predictors, the variables can take different values, e.g., HDM values; we can use the OR to 
understand the impact of changing these values, for example, if one site has an HDM value of "x" and another with a 
slightly different value "x+σ_x" (where σ_x is the standard deviation of x); the ORx gives us the ratio of odds at these two 
sites. ORx-1 tells us the proportional change in odds associated with a change in the value of x equivalent to one 
standard deviation. The Conditional Odds Ratios help us compare the chances of something happening between 
different groups, times, or varying values of a specific variable. They give us insights into how one situation compares to 
another while considering other relevant factors. 
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Table A2. Conditional odds ratios for the expected changes in Long-footed Potoroo occupancy 
associated with long term (2020-24 mean vs 2007-2009 means) and recent (2024 vs 2020) changes in 
predictor variables.   

Variable (units) Core zone Expansion zone 

 
Long-term  

(2020-24 v 2007-09) 
Recent 

(2024 v 2020) 

Long-term  

(2020-24 v 2007-09) 
Recent 

(2024 v 2020) 

 ΔL OR (95% CI) ΔS OR (95% CI) ΔL OR (95% CI) ΔS OR (95%CI) 

HDM value  

(0-100) 
2.6 

1.24 

(1.16, 1.35) 
-0.35 

0.97 

(0.96, 0.98) 
10.8 

2.52 

(1.91, 3.48) 
-2.7 

0.80 

(0.73, 0.85) 

Time-since-Fire 
(years) 

11.1 
2.54 

(1.17, 5.78) 
4.6 

1.32 

(1.04, 1.69) 
2.8 

1.47 

(1.06, 2.06) 
6.1 

2.11 

(1.11, 4.07) 

FAPAR (0-100) 

x Baiting (0/1) 

6.0 

0.09 

2.39 

(1.47, 4.22) 

-1.2 

0.07 

0.79 

(0.63, 0.96) 

7.0 

0.5 

1.61 

(1.13, 2.36) 

2.4 

0.8 

1.90 

(1.01, 3.54) 

Odds Ratios are derived from effect sizes estimated in the Best-supported Model and give the expected proportional 
change in the odds of occupancy associated with the observed mean changes in each variable (or product of variables in 
the case of the FAPAR x Baiting interaction). Δ = change in the mean value of each variable over long (ΔL) and short (ΔS) 
time frames. 
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Table A3. Parameter estimates (posterior mean and 95% Credible Intervals) and corresponding 
conditional odds ratios for Long-nosed Bandicoot basic trend, best supported model and covariate-
adjusted models.  

Parameter 
Estimate 

(95% CI) 

Odds Ratio 

(95% CI) 
Interpretation 

A: Basic Trend Model 

• Occupancy - 
Core v Exp 

-2.37 

(-5.99, -0.50) 

0.04 

(0.01, 0.08) 

Long-nosed Bandicoot occurrence 
lower in Core zone in 2020 

• Trend in Core 
3.83 

(2.24, 6.27) 

46.1 

(9.40, 528) 

Positive trend in Core zone  

(very high uncertainty) 

• Trend in Exp 
1.89 

(0.60, 3.79) 

6.62 

(1.82, 44.3) 

Positive trend in Expansion zone 
(very high uncertainty) 

• Difference 
between Core 
and Exp 

-0.98 

(-4.32, 1.26) 

0.38 

(0.01, 3.52) 

No difference in trends between Core 
and Expansion zones  

• B: Covariate Model 

• Difference 
between baited 
and unbaited 
with TSF 

0.20  

(-0.61, 1.11) 

1.22 

(0.54, 3.03) 

No substantive difference in bandicoot 
occurrence between baited and unbated 
sites at mean time-since-fire (4.8 years) 

• Time since fire 
and baited 
sites 

0.51 

(-0.02, 1.10) 

1.67 

(0.98, 3.00) 

No or weakly-positive association 
between bandicoot occurrence and time-
since-fire at baited sites. 

• Time since fire 
and unbaited 
sites 

0.08 

(-0.65, 0.83) 

1.08 

(0.52, 2.29) 

No association between bandicoot 
occurrence and time-since-fire at un-
baited sites. 

• C: Conditional Trends 

• Trend in Core 
3.80 

(1.95, 7.04) 

44.7 

(7.03, 1141) 

Positive trend in Core zone after 
controlling for covariates (very high 
uncertainty) 

• Trend in Exp 
1.55 

(-0.18, 3.56) 

4.71 

(0.84, 35.2) 

Marginally positive trend in Expansion 
zone after controlling for covariates 
(very high uncertainty) 
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Table A4. Parameter estimates (posterior mean and 95% Credible Intervals) and corresponding 
conditional odds ratios for Superb Lyrebird models).  

Parameter 
Estimate 

(95% CI) 

Odds Ratio 

(95% CI) 
Interpretation 

A: Basic Trend Model 

• Occupancy - 
Core v Exp 

1.73 

(0.17, 3.51) 

5.64 

(1.19, 33.4) 

Superb Lyrebird occurrence higher in 
Core zone  

• Trend in Core 

0.13 

(-1. 48, 1.54) 

1.14 

(0.23, 4.66) 

No trend in occurrence in Core zone (high 
uncertainty) 

 

• Trend in Exp 
0.57 

(-0.98, 1.75) 

1.77 

(0.38, 5.75) 

No trend in occupancy in Expansion zone 
(high uncertainty) 

• Difference 
between Core 
and Exp 

0.44 

(-0.52, 1.48) 

1.55 

(0.59, 4.26) 

No difference in trends in occurrence 
between Core and Expansion zones  

• B: Covariate Model 

• FAPAR 
0.34 

(-0.11, 0.80) 

1.40 

(0.90, 2.23) 

Weak positive relationship between 
Superb Lyrebird occurrence and FAPAR 

• HDM 
1.13 

(0.69, 1.65) 

3.10 

(1.99, 5.21) 

Positive relationship between Superb 
Lyrebird occurrence and LFP-HDM 
value 

• Time since fire 
0.54 

(0.03, 1.06) 

1.72 

(1.03, 2.89) 

Positive relationship between Superb 
Lyrebird occurrence and time-since-fire  
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Table A5. Parameter estimates (posterior mean and 95% credible intervals) and corresponding 
conditional odds ratios for three models for foxes: Basic trend model, Best-supported model (based 
on Bayesian variable selection), and covariate-adjusted trends (trends not explained by supported 
predictors).  

Parameter Estimate 

(95% CI) 

Odds ratio1 

(95% CI) 

Interpretation 

A: Basic Trend Model 

• Occupancy - 
Core v Exp 

-1.95 

(-3.54, -0.46) 

0.14 

(0.03, 0.63) 

Fox occurrence lower in Core zone 
than Expansion zone (82% lower odds 
in Core) 

• Trend in Core 
-0.22 

(-0.39, -0.05) 

0.80 

(0.67, 0.95) 

Negative trend (-22% p.a.) in 
occurrence in the Core zone 

• Trend in Exp 
-0.13 

(-0.24, -0.03) 

0.88 

(0.79, 0.97) 

Negative trend (-13% p.a.) in 
occurrence in the Expansion zone 

• Difference 
between Core 
and Exp 

0.09 

(-0.07, 0.26) 

1.09 

(0.93, 1.29) 

No clear difference in trends in 
occurrence between Core and Expansion 
zones  

• Change after 
baiting in Exp 

0.24 

(-0.43, 1.10) 

1.27 

(0.65, 3.00) 

No clear change in Expansion zone trend 
after 2021. 

B: Best-supported Model2 

• Difference 
between baited 
& unbaited 

-2.12  

(-3.39, -0.98) 

0.12 

(0.03, 0.38) 

Fox occurrence lower at baited sites 
(90% lower at mean FAPAR value). 

• FAPAR and 
baited sites 

-2.03 

(-31 -1.15) 

0.13 

(0.04, 0.32) 

Fox occurrence declines sharply with 
increasing FAPAR1 value among 
baited sites. 

• FAPAR and 
unbaited sites 

-0.55 

(-1.05, -0.11) 

0.58 

(0.35, 0.90) 

Fox occurrence declines with 
increasing FAPAR1 value among 
unbaited sites. 

C: Conditional Trend Model 

• Trend in Core 
-0.04 

(-0.26, 0.20) 

0.96 

(0.77,1.22) 

No residual trend in Core zone after 
controlling for FAPAR and Baiting  

• Trend in Exp 
-0.04 

(-0.16, 0.08) 

0.94 

(0.85, 1.08) 

No residual trend in Expansion zone after 
controlling for FAPAR and Baiting 

1Conditional Odds Ratios (OR) are a way to compare the chances of a particular outcome (e.g., the occurrence of foxes) 
between two different groups (e.g., the Core vs the Expansion zone). We want to understand how the chances of foxes 
occurring differ between these two groups. To calculate the OR, we look at the probabilities of that event happening in 
both groups. For example, we can call the probability of foxes occurring in the Core zone "p1", and the probability in the 
Expansion zone "p0". The formula for the Conditional Odds Ratio is: OR = [p1 / (1-p1)] / [p0 / (1-p0)]. We assume all 
other factors (like different predictors or random spatial variations) are kept constant. For the continuous predictors, the 
variables can take different values, e.g., HDM values; we can use the OR to understand the impact of changing these 
values, for example, if one site has an HDM value of "x" and another with a slightly different value "x+σ_x" (where σ_x is 
the standard deviation of x); the ORx gives us the ratio of odds at these two sites. ORx-1 tells us the proportional change 
in odds associated with a change in the value of x equivalent to one standard deviation. The Conditional Odds Ratios 
help us compare the chances of something happening between different groups, times, or varying values of a specific 
variable. They give us insights into how one situation compares to another while considering other relevant factors. 

2The interaction term was not supported in the variable selection model (Table A2) but was estimated with the full 
occupancy model accounting for detectability, and temporal and spatial structures in the data, to confirm the lack of 
interaction. The estimates for 𝛽𝑏𝑎𝑖𝑡𝑒𝑑  and 𝛽𝐻 reported here are for the model with no interaction (𝛽𝐵×𝐻 = 0). 
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Table A6. Parameter estimates (posterior means and 95% credible intervals) and corresponding 
conditional odds ratios for the feral cats: Basic trend model for all years. 

Parameter Estimate 

(95% CI) 

Odds ratio 

(95% CI) 

Interpretation 

• Occupancy - 
Core v Exp 

0.93 

(-0.01, 2.05) 

3.86 

(0.79, 38.45) 

No substantive difference in cat 
occurrence between Core and 
Expansion zones 

• Trend in Core 
0.05 

(-1.13, 0.21) 

1.05 

(0.88, 1.23) 

No trend in occurrence in Core zone 

 

• Trend in Exp 
-0.01 

(-0.17, 0.11) 

0.99 

(0.84, 1.11) 

No trend in occurrence in Expansion 
zone 

• Difference 
between Core 
and Exp 

-0.06 

(-0.23, 0.12) 

0.94 

(0.79, 1.12) 

No difference in trends in occurrence 
between Core and Expansion zones  

• Change after 
baiting in Exp 

0.42 

(-0.16, 1.23) 

1.52 

(0.85, 3.42) 

No clear change in Expansion zone 
trend after 2021. 

CI = credible interval. 
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