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Summary 
Australian Wildlife Conservancy (AWC) has implemented its Ecological Health Monitoring Program (Ecohealth) 
on Buckaringa Wildlife Sanctuary (Buckaringa), to measure and evaluate the changes in the status and trend 
of conservation assets, and threats to those assets. Metrics from the program and the results of evaluation 
are reported in annual Ecohealth Reports and Scorecards. This is the Ecohealth Report for Buckaringa for 
2022. Values of metrics derived in this report were based on data collected during surveys carried out 
between 2008 and 2022. The complete set of metrics, their most recent values and evaluations against 
relevant performance criteria are summarised in the accompanying Ecohealth Scorecard. 

In implementing the Ecohealth program on Buckaringa in 2022, AWC conducted a survey for the Yellow-
footed Rock-wallaby (Petrogale xanthopus) and a Standard Bird Survey, both of which have been undertaken 
most years for more than a decade. A Large Herbivore Survey and a Feral Predator Survey were also 
conducted. These surveys detected one threatened mammal (the rock-wallaby), one threatened bird 
(Southern Whiteface, Aphelocephala leucopsis), another 27 bird species, three native herbivore species and 
three introduced species.  

Interpretation of survey results on Buckaringa is facilitated by the existence of a long time series of data 
collected in a consistent way for the Yellow-footed Rock-wallaby and for birds. We took advantage of this 
long-term dataset to test the application of two methods of evaluating monitoring results, with a view to 
developing approaches that might be used to evaluate datasets from other properties in the AWC estate:  

(i) where analysis showed that rainfall was a useful predictor of trends in abundance, we compared the 
most recent results with predicted values based on a rainfall model; 

(ii) in other cases, where rainfall did not predict trends in abundance, we determined whether the recent 
results were within the predicted range of values based on observed variation in the baseline data. 

The abundance of Yellow-footed Rock-wallaby was strongly associated with rainfall. Abundance declined over 
the 2018ς19 drought, but has since stabilised, indicating that the population may be recovering with 
improved rainfall. Nevertheless, abundance was at the lower end of the expected range in 2022, potentially 
reflecting the impacts of threatening processes. The Yellow-footed Rock-wallaby is predated by the 
introduced fox (Vulpes vulpes) and feral cat (Felis catus), and competes for food with feral goats (Capra hircus) 
as well as a native herbivore, the Euro (Osphranter robustus). Management of threats is critical to the 
persistence of Yellow-footed Rock-wallabies on Buckaringa. Survey results show that foxes and feral cats have 
been maintained at low-moderate densities on the sanctuary, but the Euro population has increased over the 
past five years. Over the same period, populations of two other macropods, the Western Grey Kangaroo 
(Macropus fuliginosus) and Red Kangaroo (Osphranter rufus), have declined.  

Standard Bird Survey results were a focus of Ecohealth Monitoring in 2022. Results were evaluated in the light 
of long-term data, using rainfall as a predictor where significant, otherwise in relation to observed patterns of 
variation. In summary, 2022 results for some species and guilds were within predictions from baseline 
variation. However, many species and guilds were below predicted levels of abundance and/ or richness, and 
hence of conservation concern. In more detail: 

¶ the reporting rate (an index of abundance) of seven of 15 individual bird species, the reporting rate of 
the diurnal bird guild, and the richness of the ground-active bird guild were all within baseline. The 
threatened Southern Whiteface was one of the bird species that were relatively abundant at 
Buckaringa in 2022; 

¶ in contrast, the richness and reporting rates of honeyeaters and woodland birds, the richness of 
diurnal birds, the reporting rate of ground-active birds, and the reporting rate of eight of 15 individual 
bird species, were all below baseline (in fact, six of the eight individual bird species were not detected 
in 2022 surveys). Of these, the absence of the Purple-backed Fairy-wren (Malurus assimilis) and Inland 
Thornbill (Acanthiza apicalis) is of particular concern, as data show a long-term decline. Woodland 
birds are generally threatened in southern Australia due to loss and degradation of habitat. While 
habitat is being managed for conservation at Buckaringa, the severe 2018ς19 drought has reduced 
the abundance several species, with some yet to recover. 
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Detections of mammal, bird, reptile and frog species on Buckaringa over the last five years generally 
corresponded with expectations based on survey effort and weather. All 15 mammal species, 102 of 109 
terrestrial bird species, 38 of 40 reptile species, and both frog species known to inhabit Buckaringa have been 
detected since 2018. 
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Introduction 
The mission of Australian Wildlife Conservancy (AWC) is the effective conservation of Australian wildlife and 
their habitats. AWC relies on information provided by an integrated program of monitoring and research to 
measure progress in meeting its mission, and to improve conservation ƻǳǘŎƻƳŜǎ ƻƴ !²/Ωǎ ƴŜǘǿƻǊƪ ƻŦ ǿƛƭŘƭƛŦŜ 
ǎŀƴŎǘǳŀǊƛŜǎ ŀƴŘ ƭŀƴŘ ƻǿƴŜŘ ƻǊ ƳŀƴŀƎŜŘ ōȅ !²/Ωǎ ǇŀǊǘƴŜǊǎ όƘŜǊŜŀŦǘŜǊ Ψ!²/ ǇǊƻǇŜǊǘƛŜǎΩύΦ 

!²/Ωǎ 9ŎƻƘŜŀƭǘƘ aƻƴƛǘƻǊƛƴƎ tǊƻƎǊŀƳ 

The Ecohealth Monitoring Program has been designed to measure and report on the status and trends of 
species, ecological processes and threats on AWC properties (Kanowski et al. 2018). Data from the monitoring 
ǇǊƻƎǊŀƳ ŀǊŜ ǳǎŜŘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ōǊƻŀŘ ǉǳŜǎǘƛƻƴǎ ǊŜƭŜǾŀƴǘ ǘƻ !²/Ωǎ ƳƛǎǎƛƻƴΥ 

¶ ΨŀǊŜ ǎǇŜŎƛŜǎ ǇŜǊǎƛǎǘƛƴƎ ƻƴ ŀ ǇǊƻǇŜǊǘȅΚΩ  

¶ ΨŀǊŜ Ƙŀōƛǘŀǘǎ ōŜƛƴƎ ƳŀƛƴǘŀƛƴŜŘΚΩ 

¶ ΨŀǊŜ ǘƘǊŜŀǘǎ below ecologically-significant thresholdǎΚΩ 

For species of high conservation value, such as threatened and reintroduced species, the monitoring program 
seeks to obtain more detailed information to assist their conservation management, for example data on 
survival, recruitment, condition, distribution and/ or population size. 

The structure of !²/Ωǎ Ecohealth Program is as follows: 

¶ !ǘ ŀ ƘƛƎƘ ƭŜǾŜƭΣ !²/Ωǎ Monitoring and Evaluation Framework outlines the rationale, structure and 
scope of the Ecohealth program. 

¶ Based on that guidance, Ecohealth Monitoring Plans ŀǊŜ ŘŜǾŜƭƻǇŜŘ ŦƻǊ !²/Ωǎ ǇǊƻǇŜǊǘƛŜǎΦ ¢ƘŜǎŜ Ǉƭŀƴǎ 

describe the conservation values ƻǊ ΨŀǎǎŜǘǎΩ of each property, the threats to those assets, the 

monitoring program that will be used to track the status and trend of conservation assets and threats, 

and how outcomes will be evaluated.  

o For species of high conservation value, detailed monitoring plans are or will be developed in 

Translocation Proposals (e.g., Moore et al. 2022), Population Management Plans (e.g., Berry 

et al. 2021) and Conservation Management Plans (e.g., Hayes et al. in prep.). 

o For threats (fire, feral animals, weeds), detailed monitoring plans are or will be developed in 

property threat management strategies (e.g., Diete et al. 2022). 

o Relevant information from these conservation plans and threat management strategies will 

be incorporated into property Ecohealth Monitoring Plans.  

¶ The outcomes of ecological surveys conducted to implement Ecohealth Monitoring Plans are 
presented in Ecohealth Reports and summary Ecohealth Scorecards, compiled annually by AWC.  

Scope of this report 

This document is one of a series of annual Ecohealth Reports for Buckaringa Wildlife Sanctuary (Buckaringa). 
The report presents data on the status and trends of biodiversity and threat indicators for the surveys 
conducted in 2022, alongside results from previous years where data are available. We took advantage of 
long-term data to evaluate results for the Yellow-footed Rock-wallaby (Petrogale xanthopus) and birds. We 
tested the application of two approaches for evaluating results against patterns of variation in the data:  

(i) where analysis showed that rainfall was a useful predictor of trends in abundance, we compared the 
most recent results with predicted values based on a rainfall model; 

(ii) iƴ ƻǘƘŜǊ ŎŀǎŜǎΣ ǿƘŜǊŜ ǊŀƛƴŦŀƭƭ ŘƛŘ ƴƻǘ ǇǊŜŘƛŎǘ ǘǊŜƴŘǎ ƛƴ ŀōǳƴŘŀƴŎŜΣ ǿŜ ŎƻƴǎǘǊǳŎǘŜŘ ŀ ΨŎƻƴǘǊƻƭ ŎƘŀǊǘΩ 
(Burgman et al. 2012) from baseline data, and determined whether recent results were within the 
predicted range of values based on observed variation in the baseline data. 

The companion Ecohealth Scorecard presents indicators, metrics and evaluations in a summary format for all 
monitoring conducted on the property between 2008 and 2022.  
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2022 weather  
Buckaringa experiences hot, dry summers and mild winters. Average annual rainfall is 278 mm (Figure 1); 
since 2008, annual rainfall has approximated the long-term average, with the exceptions of a few particularly 
dry or wet years. Since the end of the 2018ς19 drought, rainfall has been slightly above average. 

In general, rainfall at Buckaringa is distributed evenly across the year (Figure 2). In 2022 autumn and winter 
were unusually dry, and spring was unusually wet. Less than 3 mm of rain was recorded in February and 
March, whereas 170 mm was recorded in September and October. Most surveys on Buckaringa in 2022 were 
undertaken in dry conditions before the spring rainfall. 

Mean monthly maximum and minimum temperatures at the nearby Hawker Weather Station range between 
34°C in January to 4°C in July. Mean monthly temperatures in 2022 were close to long-term averages.  

 
Figure 1. Annual rainfall at Buckaringa, 2008ς22. Dashed line = average at Buckaringa, 2008ς22; dotted line = 

average at Hawker Weather Station (ID 019017), 1882ς2022. Source: Bureau of Meteorology (2022). 

 
Figure 2. Monthly rainfall at Buckaringa in 2022. Dashed line = average monthly rainfall, 2008ς22. 
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Methods and effort  
On Buckaringa, the Ecohealth monitoring program focuses on a species of particular conservation concern, 
the Yellow-footed Rock-wallaby. Vertebrate assemblages (and their component guilds and species) are 
subject to surveillance monitoring, as are vegetation and habitat attributes. !²/Ωǎ 9ŎƻƘŜŀƭǘƘ ǇǊƻƎǊŀƳ ŀƭǎƻ 
monitors threats to biodiversity, including fire regimes, introduced predators and herbivores, and weeds.  

The rationale behind the selection of biodiversity indicators, detailed information on the design of surveys 
used to monitor each indicator, and the criteria used to evaluate outcomes for the monitoring program, are 
provided in the Buckaringa Ecohealth Monitoring Plan.  

For threats, information on the selection of indicators, survey methods and evaluation criteria is provided in 
property-level Conservation Land Management Strategies, as these are developed for fire, feral animals and 
weeds, or as otherwise noted in the Buckaringa Ecohealth Monitoring Plan. 

The biodiversity and threat indicators that were monitored on Buckaringa in 2022 are listed in Tables 1 and 2, 
along with a summary of the survey methods used to obtain information on each indicator, and the 
associated survey effort. Survey history is summarised in Appendix 1. 

In brief, on Buckaringa in 2022, targeted surveys were conducted for: 

¶ one extant threatened vertebrate 

Surveillance monitoring was conducted for: 

¶ three mammals 

¶ three bird guilds and 15 species 

Threat metrics were compiled for: 

¶ two introduced predators 

¶ one introduced herbivore 

Table 1. Biodiversity indicators monitored on Buckaringa in 2022. 

Threatened vertebrates 

Species Survey  Methods summary 2022 effort 
Mammals    

Yellow-footed Rock-wallaby 
(Petrogale xanthopus) 

Yellow-footed Rock-
wallaby Survey 

12 sites surveyed for 1 hour at 
dawn and 1 hour at dusk on 
2 consecutive days. 2 survey 
rounds. Total effort 96 hours  
 
Metric: Abundance = average 
number of individuals per site 

As per summary 

 

Surveillance monitoring of vertebrate assemblages and their component guilds and species 

Indicator Survey Methods summary 2022 effort  
Mammals 

Mammal assemblage Inventory 

Compilation of records over 
past 5 years from AWC surveys, 
incidental records and external 
data verified to AWC standards 

As per summary 

Large native herbivores 

Western Grey Kangaroo 
(Macropus fuliginosus) 
Euro (Osphranter robustus) 
Red Kangaroo (Osphranter 
rufus) 

Large Herbivore 
Survey 

7.1 km transect driven 5 times 
through the year (3 times in 
May, 2 times in November). 
Total effort 35.5 km 
 
Metric: Population estimates 
derived from the number of 
animals counted within 40 m of 

As per summary 
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Indicator Survey Methods summary 2022 effort  
a 7.1-km transect (57.5 ha); the 
count per hectare is multiplied 
by the estimated extent of 
suitable habitat on the 
sanctuary (Western Grey 
Kangaroo 1,500 h; Euro 1,750 
ha; Red Kangaroo 750 ha) 

Birds 

Bird assemblage Inventory 

Compilation of records over 
past 5 years from AWC surveys, 
incidental records and external 
data verified to AWC standards 

As per summary 

Diurnal bird guild 
Ground-active bird guild 
Honeyeater guild 
Woodland guild 
 
Individual species: 
Laughing Kookaburra (Dacelo 
novaeguineae) 
Mulga Parrot (Psephotellus 
varius) 
Elegant Parrot (Neophema 
elegans) 
Purple-backed Fairy-wren 
(Malurus assimilis) 
White-winged Fairy-wren 
(Malurus leucopterus) 
Singing Honeyeater 
(Lichenostomus virescens) 
White-fronted Honeyeater 
(Purnella albifrons) 
Weebill (Smicrornis brevirostris) 
Redthroat (Pyrrholaemus 
brunneus) 
Southern Whiteface 
(Aphelocephala leucopsis) 
Yellow-rumped Thornbill 
(Acanthiza chrysorrhoa) 
Inland Thornbill (Acanthiza 
apicalis) 
Chestnut-rumped Thornbill 
(Acanthiza uropygialis) 
White-browed Babbler 
(Pomatostomus superciliosus) 
Rufous Whistler (Pachycephala 
rufiventris) 
Grey Shrike-thrush (Colluricincla 
harmonica) 
Willie Wagtail (Rhipidura 
leucophrys) 
Red-capped Robin (Petroica 
goodenovii) 

Standard Bird Survey 

20-minute, 2-ha survey at 18 
sites on 3 consecutive mornings 
shortly after dawn.  
 
Metric: Richness is the mean 
number of species per site. 
 
Reporting rate was calculated as 
an index of abundance, where 
the reporting rate at a site in a 
given year was the proportion 
of replicate surveys during 
which the guild or species was 
detected 
 
 

54 surveys (18 sites × 3 
repeats) 

Reptiles 

Reptile assemblage Inventory 

Compilation of records over 
past 5 years from AWC surveys, 
incidental records and external 
data verified to AWC standards 

As per summary 
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Indicator Survey Methods summary 2022 effort  
Frogs 

Frog assemblage Inventory 

Compilation of records over 
past 5 years from AWC surveys, 
incidental records and external 
data verified to AWC standards 

As per summary 

 

Table 2. Threat indicators monitored on Buckaringa in 2022.  

Indicator Survey  Methods summary 2022 effort 

Introduced animals 

Fox (Vulpes vulpes) 
Feral cat (Felis catus) 

Feral Predator Survey 

20.5 km spotlight transect 
 
Metric: average number of 
individuals recorded per km of 
transect 

102.5 km (5 repeat 
transects surveys) 

Feral goat (Capra hircus) Large Herbivore Survey 

7.1 km transect driven 5 times 
through the year (3 times in 
May, 2 times in November). 
Total effort 35.5 km 
 
Metric: Population estimates 
derived from the number of 
animals counted from a 7.1-km 
transect (57.5 ha); the count 
per hectare is multiplied by the 
estimated extent of suitable 
habitat on the sanctuary (2,085 
ha). Because goats have a large 
flush distance, all animals 
observed from the transect 
were included, rather than 
those seen within 40 m 

As per summary 

Analysis and evaluation 

As noted previously, to assist with the interpretation of the survey data, results for the Yellow-footed Rock-
wallaby and all bird indicators were evaluated against patterns of variation observed in long-term data. The 
2022 (or most recent) data were compared with predicted values based on a rainfall model, where rainfall 
ǿŀǎ ǎƘƻǿƴ ǘƻ ōŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇǊŜŘƛŎǘƻǊΣ ƻǊ ǿƛǘƘ ǇǊŜŘƛŎǘŜŘ ǾŀǊƛŀǘƛƻƴ ǳǎƛƴƎ ŀ ΨŎƻƴǘǊƻƭ ŎƘŀǊǘΩ ŀǇǇǊƻŀŎƘ όsee 
below). Outcomes were categorised as above, within, or below baseline, or as not detected (Table 3). The first 
two evaluation categories are considered positive or neutral; the last two evaluation categories raise concern 
for the conservation status of the relevant species or guild. Category definitions are intended to ensure 
adequate sensitivity to declines, and minimise false alarms. 

Borderline cases occurred when the standard errors associated with observed and predicted values abutted 
each other in 2022 (rainfall model approach) or the 2022 metric lay on the boundary between the within and 
below baseline categories (control chart approach). In these cases, we assigned the below baseline category if 
there was a statistically significant decline over time, and the within baseline category if there was no overall 
change in the metric since surveys began. 

Table 3. Categories used in evaluation of results, given patterns of variation in long-term data. 

Category Rainfall model definitions Control chart definitions 

Above baseline 
The metric value in the year of evaluation 
is higher than predicted given annual 
rainfall (no overlap in standard errors)  

The metric value in the year of evaluation 
lies above two standard errors of the mean 
of the first 10 years of data 

Within baseline 
The metric value in the year of evaluation 
is similar to predicted values given annual 
rainfall (standard errors overlap) 

The metric value in the year of evaluation 
lies within two standard errors of the mean 
of the first 10 years of data 
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Below baseline 
The metric value in the year of evaluation 
is lower than predicted given annual 
rainfall (no overlap in standard errors) 

The metric value in the year of evaluation 
lies below two standard errors of the mean 
of the first 10 years of data 

Not detected 
The indicator has not been detected in the 
year of evaluation 

The indicator was not detected in the year 
of evaluation 

Rainfall model 

Relationships between each metric and rainfall were tested using a generalised additive mixed model using 
data from all years except 2022, and results are summarised in Appendix 2. If a metric was related to rainfall 
όt Җ лΦлрύΣ ǇǊŜŘƛŎǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ǊŀƛƴŦŀƭƭ ƳƻŘŜƭ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ƻōǎŜǊǾŜŘ ƳŜǘǊƛŎ ƛƴ нлнн ǿƛǘƘ ǘƘŜ 
expected value based on annual rainfall (Table 3).  

Control chart 

For metrics where a linear relationship with rainfall was not established (P > 0.05), evaluation was conducted 
ǳǎƛƴƎ ŀ ΨŎƻƴǘǊƻƭ ŎƘŀǊǘΩ ŀǇǇǊƻŀŎƘ όŀǎ ǇŜǊ .ǳǊƎƳŀƴ Ŝǘ ŀƭΦ нлмнύΣ ǿƘŜǊŜ ǘƘŜ ƳŜŀƴ ҕ н {9 ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ŦƛǊǎǘ 
10 years of data were used to quantify expected patterns of variation in the data (Table 3). 

Confidence levels 

Given the method of evaluating results is predicated on quantifying baseline patterns of variation, our 
confidence in categorising outcomes varies with the length of the baseline dataset. Arbitrarily, we considered 
that baseline datasets at least 10 years long (or equivalent, such as data collected every second year for 20 
yearsύ ǇǊƻǾƛŘŜŘ ΨaŘŜǉǳŀǘŜΩ ŎƻƴŦƛŘŜƴŎŜ for evaluation, with lower confidence levels generally applied to 
shorter periods. However, confidence in evaluating outcomes for shorter time periods may be higher where 
there is evidence of a new or intensifying driver of change in the metric of interest. For example, we would 
have greater confidence in calling out a decline in a small mammal, given limited baseline data, if the decline 
coincided with increase in the density of feral predators, their primary threat. Conversely, we would have 
greater confidence in calling out an increase in a woodland bird, given limited baseline data, if the increase 
coincided with the restoration of woodland habitat on a property. 

For Buckaringa, an ΨŀdequateΩ confidence level was determined for all evaluated metrics in 2022 because the 
time series for determining baseline patterns of variation comprised at least 10 annual surveys (Table 4).  

Table 4. Confidence levels for evaluation assessments. 

Confidence level Number of annual surveys 
Evidence of new or intensifying driver 

of change? 

Adequate 
> 10  

6ς10 Yes 

Somewhat adequate 
6ς10  

4ς5 Yes 

Limited 
4ς5  

< 4 Yes 

Low < 4  
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Results and evaluation 

Threatened vertebrates  

Yellow-footed Rock-wallaby 

On average, the abundance of Yellow-footed Rock-wallabies over 13 years of survey on Buckaringa was 5.4 
individuals/site (± 0.5 SE), ranging from a high of 9.3 individuals/site in 2011 (± 2.4 SE) to a low of 3.2 
individuals/site in 2021 (± 1.0 SE). A strong positive association between abundance and rainfall of the 
previous year is evident for this species (Appendix 2). Generally, abundance has declined over the survey 
period (Figure 3; Appendix 2). There appears to have been a step-change in abundance with the severe 
drought of 2018ς19: average abundance was 5.8 individuals/site from 2010ς18, and fell to 3.4 individuals/site 
in 2021ς22. The population was not surveyed in 2019 and 2020, when the effect of reduced rainfall was 
expected to have been most pronounced. However, the abundance of rock-wallabies in 2021 was lower than 
predicted based on the rainfall model (Table 3), implying long-term impacts from the severe drought. It is 
possible that predators, competitors or reduced fitness associated with small population size may have 
limited recovery of rock-wallabies over that period.  

In 2022, the abundance of rock-wallabies increased (Figure 3), with observed results overlapping predicted 
abundance based on the rainfall model. Consequently, abundance in 2022 was categorised as Ψwithin 
baselineΩ.  

 
Figure 3. Yellow-footed Rock-wallaby abundance at Buckaringa, 2010ς22. Mean abundance (number of 
individuals per site) is shown ± 1 SE (black points and bars). Grey points and error bars (± 1 SE) show predicted 
abundance based on a rainfall model (see text).  

Vertebrate assemblages and component guilds and species 

Mammals 

Fifteen native mammals are confirmed on Buckaringa (Appendix 3): the Echidna (Tachyglossus aculeatus), two 
dunnarts (Sminthopsis spp.), the Yellow-footed Rock-wallaby and three other macropods, one mouse (.ƻƭŀƳΩǎ 
Mouse, Pseudomys bolami) and seven microbats. All species have been recorded on the sanctuary within the 
last five years. 

Macropods 
Across much of southern Australia, kangaroos and other large macropods are thought to exist in much higher 
numbers than at the time of European colonisation, due to the cessation of Indigenous hunting, the 
persecution of Dingoes, and the addition of artificial watering points for stock. Abundant populations of large 
macropods can have substantial impacts on the condition, composition and regeneration of native vegetation 
(Cheal 1986; Gardiner 1986a, b; Grice and Barchia 1992; Nelson 1998; Coulson 1998), with knock-on 
consequences for native wildlife (e.g., dePrue and Axford 2006; Howland et al. 2014) and for ecosystem 
processes such as erosion (Waters et al. 2017). These impacts are often additional to those imposed by 
introduced herbivores, so that in areas where large kangaroos are abundant, the complete removal of 
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introduced herbivores will not necessarily result in improvements to vegetation condition, and in fact may still 
result in land degradation. As a consequence, large macropod species are managed on Buckaringa to reduce 
long-term damage to the native vegetation and ensure the continued survival of ecologically significant and 
other wildlife species, as per the terms of AWC policy. 

Population estimates for Western Grey Kangaroo (Macropus fuliginosus) and Red Kangaroo (Osphranter rufus) 
decreased between 2019 and 2022 (Figure 4). In contrast, the population of Euro (O. robustus) almost tripled 
during the same period. However, based on count data (an index of population size), numbers of Euros are 
still below levels reached from 2009ς2017. 

 
Figure 4. Population estimates (black) for large macropods at Buckaringa, 2008ς22. Error bars are ± 1 SE. To 
enable comparison with previous years count data (grey) are provided; these are the average number of 
animals counted from transects each year.  

Birds 

In total, 109 bird species are confirmed for Buckaringa (Appendix 3). Between 2018 and 2022, 102 species 
were detected on the sanctuary. The seven species that were missed comprised five edge-of-range species 
(including Yellow-tailed Black Cockatoo, Zanda funerea and Yellow-plumed Honeyeater, Lichenostomus 
ornatus); a locally uncommon species for which there is limited suitable habitat available (Hooded Robin, 
Melanodryas cucullata); and an irregular visitor (Little Woodswallow, Artamus minor).  

We evaluated 2022 results against predictions from long-term baseline data, using a rainfall model where 
rainfall was significantly associated with a metric, otherwise using a control chart approach, as discussed. To 
develop the control chart, the first 10 years of surveys were used to calculate the mean (± 2 SE) of the 
baseline data. Where a rainfall model was used, survey data from 2009ς21 were used to quantify baseline 
patterns of variation. Analyses were conducted for the diurnal bird assemblage and for three guilds (ground-
active birds, honeyeaters, woodland birds), as well as for individual species belonging to a guild where 
sufficient records were available. Laughing Kookaburra (Dacelo novaeguineae) and Weebill (Smicrornis 
brevirostris) do not belong to a guild but were detected sufficiently frequently for evaluation and are suitable 
indicators. 

An important caveat in interpreting results is that the Standard Bird Survey has been undertaken at various 
times of year at Buckaringa. Surveys generally encompassed the spring-summer period when birds are most 
active and vocal. However, in 2017, 2021 and 2022, surveys were only undertaken in April. To dampen the 
effects of seasonality on results, reporting rate was calculated as an index of abundance. In addition, three 
bird species that had particularly low abundance in 2017, 2021 and 2022 were omitted from the analysis 
(Chestnut-rumped Thornbill, Acanthiza uropygialis, White-fronted Honeyeater, Purnella albifrons and 
Redthroat, Pyrrholaemus brunneus).  
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Diurnal bird guild 
The diurnal bird assemblage comprises all 91 native terrestrial species detected during bird surveys since 
нллфΦ Lƴ нлннΣ ǘƘŜ ŀǎǎŜƳōƭŀƎŜ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ŀǘ ΨōŜƭƻǿ ōŀǎŜƭƛƴŜΩ ƛƴ ǘŜǊƳǎ ƻŦ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎΣ ōǳǘ ΨǿƛǘƘƛƴ 
ōŀǎŜƭƛƴŜΩ ŦƻǊ Ǌeporting rate (Figure 5). Diurnal bird richness has declined overall since 2009 (Appendix 2), and 
was particularly low in 2019 and 2021. 

 
Figure 5. Richness and reporting rate of diurnal birds at Buckaringa, 2009ς22. Observed metric values are 
shown ± 1 SE (black points and bars). Grey points and error bars (± 1 SE) show predicted abundance based on 
a rainfall model (see text). 

Ground-active Guild 

In 2022, the richness of the ground-active bird guild was Ψwithin baselineΩ, while the reporting rate was Ψbelow 
baselineΩ (Figure 6). Results associated with individual ground-active species indicated that the decline in 
reporting rate was driven, in part, by Mulga Parrot (Psephotellus varius), Elegant Parrot (Neophema elegans) 
and Purple-backed Fairy-wren (Malurus assimilis), none of which were detected during the 2022 Standard 
Bird Survey (Figure 7). Overall, both the richness and reporting rate of diurnal bird guild declined between 
2009 and 2022 (Appendix 2). 

 
Figure 6. Richness and reporting rate of the ground-active guild at Buckaringa, 2009ς22. Observed metric 
values are shown ± 1 SE (black points and bars). Grey points and error bars (± 1 SE) show predicted abundance 
based on a rainfall model (see text). 
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The reporting rate of four ground-active species was ΨǿƛǘƘƛƴ/above baselineΩ; there was no evidence of a 
decline over time in Southern Whiteface (Aphelocephala leucopsis), Yellow-rumped Thornbill (Acanthiza 
chrysorrhoa) or White-browed Babbler (Pomatostomus superciliosus), but there has been a decline in the 
Willie Wagtail (Rhipidura leucophrys) reporting rate since 2009 (Figure 7, Appendix 2). However, the Willie 
Wagtail reporting rate in 2022 represents a pronounced increase from no detections in 2020 and 2021.  

The evaluation category of White-winged Fairy-wren (Malurus leucopterus) was Ψōelow baselineΩ in 2022. Of 
most concern are the Elegant Parrot and Purple-backed Fairy-wren, as the reporting rate for both species has 
decreased over time and neither species was detected during the surveys on Buckaringa in 2021 or 2022. 
Elegant Parrot, which has a very large home range, has been recently observed on Buckaringa, however, 
Purple-backed Fairy-wren potentially may have become locally extinct, although additional surveys are 
required to confirm this. The Mulga Parrot was seen in large numbers in 2020 and 2021 but was absent in 
2022.  

 
Figure 7. Reporting rate of ground-active species at Buckaringa, 2009ς22. Observed metric values are shown 
± 1 SE (black points and bars). For Southern Whiteface and Elegant Parrot, grey points and error bars (± 1 SE) 
show predicted abundance based on a rainfall model (see text). For other species, baseline data calculated 
from the first 10 annual surveys: dashed horizontal lines = mean; dotted lines = ± 2 SE. 
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Honeyeater Guild 
¢ƘŜ ǊƛŎƘƴŜǎǎ ŀƴŘ ǊŜǇƻǊǘƛƴƎ ǊŀǘŜ ƻŦ ǘƘŜ ƘƻƴŜȅŜŀǘŜǊ ƎǳƛƭŘ ǿŜǊŜ ΨōŜƭƻǿ ōŀǎŜƭƛƴŜΩ ƛƴ нлнн όCƛƎǳǊŜ уύΦ bƛƴŜ 
honeyeater species have been recorded during Standard Bird Surveys at Buckaringa, but only the Singing 
Honeyeater (Lichenostomus virescens) has been detected frequently enough for evaluation (Figure 9); in 
нлннΣ ƛǘ ǿŀǎ ΨǿƛǘƘƛƴ ōŀǎŜƭƛƴŜΩΤ ƛǘǎ ǊŜǇƻǊǘƛƴƎ ǊŀǘŜ Ƙŀǎ ǊŜƳŀƛƴŜŘ ǊŜŀǎƻƴŀōƭȅ ǎǘŜŀŘȅ ǎƛƴŎŜ нлмлΦ ¢ƘŜǊŜ ƛǎ ǎƻƳŜ 
evidence of an overall decline in both the richness and reporting rate of the honeyeater guild since 2009 
(Appendix 2). 

 
Figure 8. Richness and reporting rate of the honeyeater guild at Buckaringa, 2009ς22. Observed metric 
values are shown ± 1 SE (black points and bars). Grey points and error bars (± 1 SE) show predicted abundance 
based on a rainfall model (see text). 
 

 
Figure 9. Singing Honeyeater reporting rate at Buckaringa, 2009ς22. Observed metric values are shown ± 1 
SE (black points and bars). Grey points and error bars (± 1 SE) show predicted abundance based on a rainfall 
model (see text). 

Woodland Guild 
¢ƘŜ ǊƛŎƘƴŜǎǎ ŀƴŘ ǊŜǇƻǊǘƛƴƎ ǊŀǘŜ ƻŦ ǘƘŜ ǿƻƻŘƭŀƴŘ ōƛǊŘ ƎǳƛƭŘ ǿŜǊŜ ōƻǘƘ ΨōŜƭƻǿ ōŀǎŜƭƛƴŜΩ ƛƴ нлнн όCƛƎǳǊŜ млύΦ 
Nonetheless, two of four woodland indicator species, Grey Shrike-thrush (Colluricincla harmonica) and Red-
capped Robin (Petroica goodenoviiύΣ ǿŜǊŜ ΨǿƛǘƘƛƴ ōŀǎŜƭƛƴŜΩ όCƛƎǳǊŜ ммύΦ ¢ƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ DǊŜȅ {ƘǊƛƪŜ-thrush 
has generally tracked rainfall since 2009; however, the reporting rate of Red-capped Robin has declined 
(Appendix 2). The reporting rate of the Rufous Whistler (Pachycephala rufiventrisύ ǿŀǎ ΨōŜƭƻǿ ōŀǎŜƭƛƴŜΩ ƛƴ 
2022. Inland Thornbill (Acanthiza apicalis) was not detected during Standard Bird Surveys for the first time 
since they began (Figure 11). Both the richness and reporting rate of the woodland guild has declined since 
2009, as has the reporting rate of the Rufous Whistler and Inland Thornbill (Appendix 2). 
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