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Executive summary  
Predation by feral cats continues to pose a major threat to native wildlife on the 

Australian mainland. Stemming the damage they cause remains an ongoing 

challenge for conservation practitioners. Accordingly, development of approaches 

aimed at delivering effective feral cat control at the landscape scale are both a policy 

and management priority of governments. As part of the conditions of an 

environmental offset, Rio Tinto developed a Threatened Species Offset Plan (TSOP) 

to implement management actions to benefit the endangered northern quoll 

(Dasyurus hallucatus) in the western Pilbara. Controlling feral cats at a landscape 

scale within the Yarraloola Land Management Area (LMA) to reduce their impact on 

northern quolls and other threatened fauna was a core component of the TSOP.  

This report discusses the methods and results for 2019, the final year of the 

operational broad-scale feral cat control program (TSOP - Phase 2), in the context of 

results from the previous three years. In contrast to previous years, seasonal 

conditions were particularly poor in 2019, with well below average rainfall across the 

region. There were also extensive wildfires on Yarraloola following dry lightning 

storms over the summer.  

Aerial baiting of the Yarraloola LMA took place on the 8-9 July, covering an area of 

142,036 ha. The aircraft dropped 70,850 Eradicat® in 1417 bait clusters. Monitoring 

of feral cats exposed to baits revealed a 34% decline in their detection rate on 

camera traps and a 33% mortality rate of radio-collared adult feral cats. The 

detection rate of feral cats on Yarraloola following the baiting was very low (~0.5 cats 

per 100 camera trap nights (CTN)), which equates to approximately one feral cat 

detection in 250 camera trap nights. This result was consistent with the three 

previous years, with baiting reducing feral cat populations to similarly low levels. The 

dry conditions were likely to have enhanced baiting efficacy through improved uptake 

by younger feral cats and adult females. Notably, several collared females that had 

survived the previous year’s baiting operation, when rodent prey were plentiful, 

succumbed to baiting in 2019. The relative abundance of feral cats at the Red Hill 

reference site were consistently higher than that for Yarraloola once baiting 

commenced. The exception being the first half of 2018, following re-invasion by feral 

cats of the baited cell.    

There was no evidence that feral cat control using Eradicat® baiting negatively 

impacted the co-occurring northern quoll populations. The detection rates of northern 

quolls immediately prior to and immediately following each baiting program remained 

stable in all years apart from 2019. The decline in the northern quoll population 

following the baiting in 2019 was potentially due to increased predation pressure 

from feral cats due to their dietary shift as rodent populations collapsed. Roughly 

20% of cat scats collected at this time on Yarraloola contained northern quoll 

remains. 

The overall capture rate of northern quolls during the annual September trapping 

program in 2019 were ~30% lower than the previous year. Female quoll capture 

rates on Red Hill were particularly low, falling to 0.83 individuals per 100 trap nights, 
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the lowest level during the study. Female quoll numbers (1.59 individuals per 100 

trap nights) remained higher under the feral cat control regime on Yarraloola. The 

annual survival rates of tagged adult female quolls between trapping sessions were 

higher on Yarraloola for two of the three stages (2016-2017 and 2018-2019). Also of 

note was the capture of a marked female for the fourth consecutive year in the 

centre of the baited cell in 2019. This is the oldest known wild female northern quoll. 

The abundance of male quolls was also higher on Yarraloola from 2017 onwards. 

There were strong indications that northern quolls were benefitting indirectly from 

reduced competition with feral cats on Yarraloola. A marked dietary shift from 

protein-poor food sources [fruits] to the consumption of more rodents was detected 

following the implementation of the baiting program. Northern quoll diets on Red Hill 

remained largely unchanged for the duration of the study.  

Finally, we make recommendations regarding the adoption of a strategic feral cat 

management program better designed to address the future challenge of effectively 

managing a formerly bait naïve feral cat population to a feral cat population with an 

increasing number of bait smart adult males. 
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1 Introduction 

1.1 Project background 

The Yandicoogina Junction South West and Oxbow Iron Ore Expansion Project 

located in the central Pilbara region of Western Australia was approved by the State 

and Commonwealth Governments (Ministerial Statement 914 and Environment 

Protection and Biodiversity Conservation Act 1999 (EPBC Act) Decision Notice 

2011/5815, respectively), both of which were subject to a number of offset 

conditions. The Commonwealth required Rio Tinto to develop and implement a 

Threatened Species Offset Plan (TSOP) to benefit the EPBC Act listed northern 

quoll (Dasyurus hallucatus) and Pilbara olive python (Liasis olivaceus barroni; Rio 

Tinto 2014). The defined offset area selected was the Yarraloola Land Management 

Area (LMA) in the western region of the Pilbara (Figure 1). The LMA encompasses 

the Yarraloola pastoral lease to the east of Northwest Coastal Highway and a 

smaller area of adjoining unallocated crown land (Rio Tinto 2014). 

Introduced predator management was the core component of the TSOP (Rio Tinto 

2014). The plan focuses on the control of feral cats given their significant threat to 

Australian fauna (Woinarski et al. 2014; 2015) and is consistent with the policy and 

management priorities outlined by the Threat Abatement Plan for Predation by Feral 

Cats and the Threatened Species Strategy for Australia (Commonwealth of Australia 

2015a & b). In Western Australia, baiting with the Eradicat® bait containing 4.5 mg of 

the toxin sodium fluoroacetate (1080) is the most effective and efficient method for 

controlling feral cats at the landscape scale where there is limited risk posed to non-

target species (Algar et al. 2007 & 2013; Comer et al. 2018; Lohr and Algar 2020). 

This bait is not currently approved for operational use in areas of Western Australia 

where potential non-target species occur, such as the carnivorous northern quoll, 

due to the potential risk of toxic bait consumption. 

The northern quoll is the largest predatory dasyurid remaining in northern Australia 
(Cramer et al. 2016). Its distribution formerly extended across the northern third of 
Australia, but it now only occurs in smaller disjunct populations across this range in 
Queensland, the Kimberley and Northern Territory, and areas throughout the Pilbara 
of Western Australia (Braithwaite and Griffiths 1994; Cramer et al. 2016; Moore et al. 
2019). In 2005, the northern quoll was listed as an endangered species under the 
Commonwealth’s EPBC Act. Predation by feral cats has contributed to their decline 
and continues to pose a severe threat to mainland quoll populations (Braithwaite and 
Griffiths 1994; Hill and Ward 2010; Woinarski et al. 2014). 
 
Key threats such as predation by introduced predators, habitat loss and 
fragmentation, and the likely future invasion of the poisonous cane toad (Rhinella 
marina) have been identified as serious risks to the Pilbara region populations 
(Cramer et al. 2016).  
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1.2 Introduced Predator Management 

The implementation of an introduced predator control program that focused on large-

scale deployment of baits to control feral cats was considered the optimal 

management action to benefit the northern quoll and Pilbara olive python within the 

Yarraloola LMA (Rio Tinto 2014). Actions under this section of the TSOP program 

were divided into two parts. In order to identify and resolve any potential non-target 

bait impacts to northern quolls, an Eradicat® baiting field trial was planned for the first 

year of the study, prior to the commencement of the operational scale predator 

control program.  

1.2.1 Management goal 

To enhance northern quoll and Pilbara olive python populations (and populations of 

other native fauna) and their habitat through a reduction in introduced predators 

(principally feral cats but also foxes and wild dogs) within the Yarraloola LMA (page 

30; Rio Tinto 2014). 

1.3 Action 1 – Northern quoll Eradicat® feral cat bait uptake and 

survivorship study 2015 

1.3.1 Management objective 

To assess the field uptake of feral cat baits Eradicat® by northern quoll and its impact 

on their survivorship and reproduction, and to subsequently develop an effective 

introduced predator control strategy that will benefit the northern quoll and other 

threatened fauna in the Yarraloola LMA (page 30; Rio Tinto 2014). 

1.3.2 Background and research undertaken in 2015 

According to 1080 dosage rate trials, northern quolls have a moderate tolerance to 

compound 1080 (LD50 7.5 mg/kg; King et al. 1989). Although due to their small body 

size in the Pilbara (average of 360-600 g), the ingestion of a single Eradicat® bait 

(4.5 mg of 1080) could place them at risk of lethal poisoning. Calver et al. (1989) 

identified that in the laboratory, northern quolls were at risk from accidental poisoning 

from crackle baits containing 6 mg of 1080 for dingo control. However, there is an 

extensive literature demonstrating that theoretical risk derived from the above 

mentioned approaches rarely translates to actual risk faced by free-ranging native 

carnivores and other non-target species under field situations (King 1989; Körtner et 

al. 2003; Körtner and Watson 2006; Claridge and Mills 2007; Körtner 2007). Hence, 

these discrepancies between estimated bait toxicity and actual poisoning of quolls 

require resolution under field conditions (Jones et al. 2014). 

The precautionary approach was applied here and the recommended pathway of 

monitoring the fate of individual northern quolls during an actual Eradicat® baiting 

campaign was undertaken in 2015. A full account of this study is found in Morris et 

al. (2015) and Cowan et al. (in press).  

Briefly, 21 quolls were captured and fitted with radio-collars within a 20,000 ha 

experimental treatment cell on Yarraloola. This cell was then aerial baited with 
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Eradicat® in July 2015 and the fate of these quolls was closely monitored. No deaths 

of radio-collared northern quolls were attributed to 1080 poisoning and females 

showed no acute effects of sublethal poisoning based on reproductive output. The 

conclusion being that aerial feral cat baiting programs using Eradicat® during winter 

were unlikely to pose a hazard to free ranging northern quolls (Morris et al. 2015; 

Cowan et al. in press). 

1.4 Action 2 – Introduced predator control program 2016–19 

1.4.1 Management objective 

To improve northern quoll and Pilbara olive python habitat within the Yarraloola LMA 

through a reduction in the abundance of introduced predators (page 35; Rio Tinto 

2014).  

1.4.2 Operational broad-scale feral cat baiting  

Based on the above, the project entered the operational phase and annual winter 

aerial baiting with Eradicat® baits over ~145,000 ha of the Yarraloola LMA 

commenced in 2016 (Morris and Thomas 2014). Additional safeguards were built 

into the monitoring program, particularly for northern quolls. Approval was granted by 

the APVMA to amend the Research Permit (PER14758) to increase the area of the 

bait cell from 20,000 ha to 163,000 ha for 2016 to 2019. Here, we primarily discuss 

the methods and results of 2019, with a summary of the findings over the past four 

years of operational feral cat baiting. Previous information is contained in the annual 

reports (Palmer et al. 2017; Palmer and Anderson 2018; Palmer et al. 2019). 

1.4.3 Study aims for 2019 

The project for 2019 was largely a continuation of the baiting and monitoring 

programs established in 2016. Due to ongoing concerns regarding the effectiveness 

of the camera trap monitoring method used to measure change at very low feral cat 

densities, we continued the cat collaring and radio-tracking component of the study 

that was introduced in 2018. Radio-telemetry allowed for independent verification of 

feral cat mortality rates due to winter baiting.  

Aims were to: 

1) conduct the fourth annual broad-scale aerial baiting program using Eradicat® 

baits targeting feral cats in the Yarraloola LMA; 

2) assess effectiveness of this baiting program to reduce feral cat populations 

within the baited cell through camera trap monitoring and radio telemetry;  

3) assess the potential non-target impacts and/or benefits of broad-scale feral cat 

baiting on northern quoll populations by comparing their abundance, 

survivorship and demographics over time within a treatment (Yarraloola - 

baited) and reference site (Red Hill - unbaited); and 

4) monitor the potential indirect benefits of reduced feral cat numbers for northern 

quolls by investigating changes to the ecological niche of northern quolls 

(dietary and habitat shifts) in the treatment site (cat baited) compared with the 

reference site. 
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Figure 1. Location of the Yarraloola LMA and Red Hill in the Pilbara region of Western Australia.
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2 Methods 

2.1 Study sites 

The study was undertaken on two pastoral leases, Yarraloola LMA (~150,000 ha) 

and Red Hill (~190,000 ha), in the western Pilbara region of Western Australia 

(Figure 1).  

2.1.1 Rainfall 

These sites experience a semi-arid climate typical of the Pilbara bioregion. Summers 

are very hot and winters mild. Rainfall is characteristically extremely variable and 

follows a loose bi-modal rainfall pattern with most of the rain falling during January, 

February and March in association with tropical cyclone and heat trough events. 

Tropical cyclones typically deliver large falls of rain over extensive areas whereas 

thunderstorm events associated with heat troughs are more localised. A second, 

smaller rainfall peak occurs in May and June as a result of southern frontal systems 

which are at their northern extent of influence over the area (Figure 2).  

Average annual rainfall for Pannawonica and Red Hill from 1971, when records 

commenced for Pannawonica, is ~400 mm (Australian Bureau of Meteorology 2019). 

The rainfall patterns since the study commenced in 2015 reflects this variability 

(Figure 2). Annual rainfall totals for 2015 to 2016 were reasonably close to the long-

term averages. A tropical low passed over the study area in February 2017 

delivering 319 mm to Pannawonica and a yearly total of 538 mm.  

Much of the rain that fell in the summer of 2018 was associated with localised 

thunderstorm activity. A frontal rain system then delivered significant rainfall in early 

June across the entire study area. However, totals received at the recording stations 

at Pannawonica (323 mm) and Red Hill (336 mm) were below the annual average 

(Figure 2). Rainfall for 2019 was well below average across both sites, particularly on 

Red Hill where it was less than half the annual average. 
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a) Yarraloola 

 

b) Red Hill 

 

Figure 2. Monthly rainfall (bars) relative to the monthly long-term average (1971 

onwards = dotted line) from 2015 to 2018 for a) Pannawonica (mean annual rainfall 

= 405 mm) and b) Red Hill (mean annual rainfall = 396 mm). 
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2.1.2 Fire 

Fire scars were mapped annually as part of the TSOP project (Chapman and Zdunic 

2019a and b). Fire regimes were relatively benign in terms of the areas of northern 

quoll and Pilbara olive python habitat burnt from 2015 to late in 2018 (Figure 3 and 

Figure 4). In the last week of December 2018, dry lightning storms over Yarraloola 

triggered the ignition of numerous fires, resulting in significant areas of northern quoll 

and Pilbara olive python habitat being burnt. In addition to the data provided in 

Figure 3, there were further fires on Yarraloola in January/February 2019 that burnt 

the eastern section of the site along the Robe River, Mesa H and the northern end of 

the Hamersley Range across to Quoll trap sites J and I. An estimated 5,000 ha of 

northern quoll and Pilbara olive python habitat was burnt, which equates to roughly 

32% of this habitat being severely burnt in hot fires over the summer.  

In contrast, wildfires burnt relatively minor areas of northern quoll and Pilbara olive 

python habitat on Red Hill for the duration of the study (Chapman and Zdunic 

2019a). 

The quoll trapping sites selected for monitoring in 2015 and 2016 were all unburnt at 

the time. Fires subsequently impacted the following sites on Yarraloola; December 

2016 (Site F partially burnt), January 2017 (Site K entirely burnt): December 2018 

(Sites A, P and R completely burnt), and January/February 2019 (Site O mostly 

burnt, Site J partially burnt, and Site I burned up to the base of the Mesa). Fewer trap 

lines were impacted by fire on Red Hill, with Sites G and M burnt in December 2016 

and Site L burnt in November 2018. 

 

 

Figure 3. Total area (ha) of the Yarraloola LMA and Red Hill burnt per year from 

2015 to 2018. Annotated percentages are the percent of northern quoll and Pilbara 

olive python habitat burnt. Total area of northern quoll and Pilbara olive python 

habitat for Yarraloola and Red Hill was estimated to cover 65,665 ha and 53,630 ha, 

respectively. 
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Figure 4. Annual fire scars for 2016 to 2018 within the Yarraloola LMA.  

 

2.2 Study design and timing 

This project was designed around the optimal time for baiting of feral cats, which is 

when they are mostly likely to encounter and consume bait. For the Pilbara, this 

occurs during the coolest period in winter (July) when bait uptake by feral cats is 

maximised due to the low abundance and activity of prey, particularly reptiles (Algar 

and Burrows 2004). Bait degradation due to rainfall, ant attack, and hot weather is 

also reduced at this time of the year.  

Previously, the Pilbara Regional Biosecurity Group aerially baited both stations for 

dingoes and their hybrids (hereinafter ‘dingoes’) during their annual Pilbara-wide 

program implemented in September. This program was discontinued over the study 

area in 2016. Dingo control was largely undertaken via ground-based methods by 

the pastoralists as required under the Biosecurity and Agriculture Management Act 

2007. Eradicat® feral cat baits are lethal to canids.  

The field work program for 2019 is outlined in Appendix 1. 
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2.3 Feral cat monitoring 

2.3.1 Camera trap design and occupancy modelling 

The camera trapping approach of Comer et al. (2018) was broadly followed to 

monitor feral cats on both study sites (Yarraloola - baited and Red Hill - unbaited 

reference) before and after the July baiting operation (full details in Palmer et al. 

2017; Palmer and Anderson 2018). Briefly, 60 cat camera trap sites were 

established at each of the study sites in a semi-randomised fashion from the existing 

road networks. Cameras were situated within walking distance of a road (50 m to 

400 m either side) and at least 3 km from the closest neighbouring camera (Figure 5 

& 6). The layout of the cat camera sites can be seen in Plate 1.  

Each camera (Reconyx HyperFire™ PC900) was programmed on ‘Aggressive’ to 

take five pictures at up to two frames per second upon a trigger. A ‘lure pole’ with 

visual and olfactory lures for feral cats was set 3 m in front of each camera. The 

olfactory lure consisted of a vial containing 15 ml of ‘Catastrophic’ scent lure in an oil 

suspension (Outfoxed Pest Control, Victoria), attached to a stake approximately 30 

cm from the ground. Also attached to this stake, was a 1.5 m long metal curtain rod 

with three white turkey feathers taped obliquely at its midpoint and a 30 cm length of 

silver tinsel secured to the top of the rod. Vegetation was trimmed from the detection 

zone of the camera to minimize false triggers caused by moving plants. 

Cameras were set in mid-June, allowing for 25 nights of monitoring on each camera 

trap before the baiting commenced on the 8 July. Three weeks following baiting, cat 

cameras were redeployed (30 July) and then collected during the quoll trapping trip 

in September. During the period between the two monitoring sessions, cameras and 

lures were removed to prevent feral cats from becoming accustomed to them.  

All images from the camera traps were uploaded into the ‘CPW Photo Warehouse’ 

program for processing and fauna species were identified (Ivan and Newkirk 2016). 

Date and time-stamp information from each image was captured by this program 

ensuring an accurate time of day for each image. Interference from inquisitive cattle 

and crows resulted in some cameras being rendered inoperable for parts of survey 

periods. Sampling effort was adjusted in the analysis according to the date and time-

stamp data.  

CPW Photo Warehouse was used to generate the capture event results for feral cats 

and quolls for the occupancy modelling and detection rate analysis. Capture events 

were quantified based on camera trap nights, which were measured from midday to 

midday of the next day. A camera trap site was considered ‘occupied’ if one (or 

more) detections of the target species were recorded at that site. 

Detection rate (number of independent detections or ‘events’ of an animal on a 

camera trap divided by the amount of time the camera was operated) was used as a 

second metric to measure the relative abundance of feral cats and northern quolls. 

We considered detections as independent when separated by greater than 60 

minutes. Multiple detections or events of quolls on any given night at camera sites in 

their preferred habitats were common. In contrast, it was rare for feral cats to be 

detected more than once on a camera in a single night. Camera trapping effort was 
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standardised due to interference by cattle or crows at some sites, with the mean 

detection rate representing the mean number of events per 100 camera trap nights 

(100 CTN) per site.  

The impact of the baiting program on the feral cat population was determined by 

comparing the first 25 CTN from the pre- and post-bait monitoring sessions in both 

the treatment and reference sites to calculate detection rates and occupancy before 

and after baiting.  

Bayesian occupancy models were run in WinBUGs 1.4, using detection histories 

from the treatment (baited - Yarraloola) and reference (unbaited - Red Hill) to 

generate a probability of occupancy at each camera trap site. Occupancy was 

calculated based on a basic occupancy model with the assumption of constant 

occupancy and detection probability during the period of camera trapping. Two forms 

of the model were used. To account for heterogeneity across the site a random 

effects component was included in one model. A random effects model, which 

assumes detection probability is not constant, was used to determine site occupancy 

at both the treatment and reference site. A spatial component was also modelled, 

which models the potential impact of an individual feral cat appearing on more than 

one camera. All models were run with a burn in of 5,000 iterations before sampling 

for a further 5,000 iterations (Comer et al. 2018). 

2.3.2 Trapping and collaring methods 

Feral cat trapping was conducted under ethics approval AEC 2018/04A and followed 

standard techniques (Clausen et al. 2016). Trapping was undertaken by two teams 

on Yarraloola from the 21 May – 1 June. No trapping was undertaken on Red Hill in 

2019. 

Victor ‘Soft Catch’® № 1.5 padded leg-hold traps (Woodstream Corp., Lititz, Pa.; 

U.S.A.) were used, with cat faeces as the attractant. Trap pan tensions were set at 2 

pounds (~900 grams) as a precautionary measure to ensure northern quolls were 

not accidentally captured. Traps were set along similar transects used in 2018 

(Figure 5 in Palmer et al. 2019), although recently burnt areas were avoided due to 

the lack of shelter. Additional trap sites were situated in known preferred habitat 

types of feral cats.  

Traps were set in shaded sites along the edge of tracks, 0.5 – 1.0 km apart. Open-

ended (walk through) trap sets were used consisting of two traps positioned 

lengthwise and vegetation used as a barrier along the sides of the trap area. In 

addition, some ‘cubby’ trap sets were used consisting of two traps positioned 

lengthwise inside a natural ‘cubby’ created in the side of a large spinifex clump. 

Seventy-six trap pairs were set for approximately 10 nights each.  

Trapped feral cats were sedated with an intramuscular injection of 4 mg/kg Zoletil 

100® (Virbac, Milperra, Australia). Feral cats were sexed, measured (head length 

and width), weighed, coat colour noted and DNA tissue samples taken. Each 

individual over 2,000 g was fitted with a GPS/VHF radio-telemetry collar with 

mortality signal (ATS, Minnesota, USA). Collars were programmed to take 24 GPS 

fixes per day between July – September and four GPS fixes per day for the 



  TSOP Feral Cat Control and Quoll Research Program 

Department of Biodiversity, Conservation and Attractions  11 

remaining months. The collars were programmed to go into mortality mode following 

12 hours of inactivity. 

2.3.3 Monitoring and mortality rates of feral cats fitted with radio-collars 

Monitoring was conducted from the ground during each field trip and via three 

sessions of helicopter tracking. Located collared cats were determined to be alive or 

dead. GPS data was remotely downloaded from each collar if necessary. Helicopter 

tracking flights were undertaken in summer (19 February) and either side of the 

baiting program (2 July and 3 September). 

GPS data obtained from the collars was converted using the ATS fixes program and 

Microsoft Excel to remove failed/blank GPS fixes and remove points after the collar 

went into mortality mode (i.e. motionless) before importing into QGIS 2.18.16. 

Calculations for the 95% minimum convex polygons (95% MCP) as an estimation of 

home range from GPS points collected for each feral cat were undertaken in R 3.6.1 

(R Core Team 2019) using the adehabitatHR package (Calenge 2006). The 95% 

MCP were mapped on QGIS. This method creates a convex polygon around the 

smallest polygon that includes a specific proportion of GPS fixes for that animal. We 

used 95% of the GPS points, excluding the furthest 5% of data points from the 

sample mean (White and Garrott 1990). 

To determine if feral cats were killed from eating a toxic bait, location data from the 

GPS collars removed from dead feral cats was merged with bait drop data in QGIS. 

We investigated hourly movements leading up to when the collar showed inactivity to 

determine the likelihood of intersection with a cluster of baits. Time to death following 

the bait drop was then estimated. 

 

 

       Plate 1. Feral cat camera trap monitoring site. 
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           Figure 5. Feral cat camera and northern quoll trapping locations on the Yarraloola LMA baited site.
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Figure 6. Feral cat camera and northern quoll trapping locations on the Red Hill 

reference site. 
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2.4 Baits and baiting 

2.4.1 Eradicat® baits 

The feral cat baiting program on the Yarraloola LMA was conducted under a 

research permit (Permit No. PER14758 Version 2) issued by the Australian 

Pesticides and Veterinary Medicines Authority (APVMA). It also adhered to the 

‘Code of Practice on the Use and Management of 1080’ (Health Department, 

Western Australia) and was approved under the DBCA ‘1080 Baiting Risk 

Assessment and Approval’ process. 

The Eradicat® feral cat baits were manufactured at the Department's bait facility 

located in Harvey, WA. This bait is similar to a chipolata sausage in appearance, 

approximately 20 g wet weight, dried to 15 g, blanched and then frozen. It is 

composed of 70% kangaroo meat mince, 20% chicken fat and 10% digest and 

flavour enhancers (Patent No. AU781829). The toxicant sodium fluoroacetate 

(compound 1080) was added via injection in the manufacturing process at a rate of 

4.5 mg per bait. 

2.4.2 Bait cell modifications 

To further minimise the risk of any aerially spread baits falling near permanent water 

bodies along the Robe River and other drainage lines the exclusion zones around 

these sites were made larger (Figure 7).  

2.4.3 On ground coordination and notifications 

Landholders surrounding the Yarraloola LMA were informed by email and letter of 

the pending baiting operation. Feral cat baiting notification posters were erected 

around the Pannawonica town site to alert community members and visitors to the 

operation. Additional 1080 warning signs were erected on the new gates along the 

fence either side of the rail line and replacement signs placed on access roads on 

Yarraloola LMA to notify the public who may be bringing in pets/dogs. The Robe 

River Kuruma Aboriginal Corporation was informed and provided with the notification 

poster so they could pass this information on to traditional owners.  

2.4.4 Aerial baiting 

The baiting operation was coordinated from the Mt Minnie Station airstrip located 50 

km to the southwest of Yarraloola. Frozen Eradicat® baits were unloaded from the 

truck and placed in direct sunlight on purpose-built drying racks to thaw and then 

sweat. This ‘sweating’ process causes the oils and lipid-soluble digest material to 

exude from the surface of the bait. The baits were sprayed with the ant deterrent 

compound Coopex®. Excluding ants from deployed baits enhances their acceptance 

by feral cats.  

Aerial baiting of the Yarraloola LMA took place on 8-9 July 2019. This was 

conducted by Shine Aviation Services, Western Australia, under the DBCA Western 

Shield aerial baiting contract. A Beechcraft Baron B58 twin-engine aircraft fitted with 

computerised GPS-linked equipment was used to deploy the baits to ensure 



  TSOP Feral Cat Control and Quoll Research Program 

Department of Biodiversity, Conservation and Attractions  15 

accurate application along previously designated flight lines covering the entire 

baiting cell. The baiting aircraft flew at 150-160 knots and 500-1500 feet above 

ground level. A series of panel lights indicated to the bombardier when to release the 

baits, with a GPS-linked mechanism used to prevent the application of bait outside 

the programmed bait cell on the Yarraloola LMA. The location of the aircraft was 

logged each time baits were released. Fifty baits per km2 were distributed through a 

carousel to give an approximate 200 m long by 40 m wide bait swathe.  

2.5 Northern quoll monitoring 

The annual September cage trapping program was continued across the 18 sites on 

both Yarraloola and Red Hill to monitor northern quoll populations (Figure 5 & 6). 

Details of the trapping design can be found in Morris et al. (2016) and Palmer et al. 

(2017). Trapping generally coincided with the birth of quoll pouch young and hence 

allowed for the collection of this key demographic information. This timing is less 

suited to males, as post-mating mortality (die-off) of males begins in late July-

August. As such, capture data for female and male quolls will be presented 

separately.  

2.5.1 Trapping methods 

At each trapping site, 20 small Sheffield cage traps baited with peanut butter, oats 

and sardines, were set in a linear transect (500 m) to trap quolls. Trap lines usually 

followed a landscape feature, such as a mesa edge or side, timbered riverine system 

or a drainage line in a gorge. Traps were placed in sheltered, shady locations and 

covered with a hessian bag and other vegetation, providing protection from heat and 

potential harassment from other animals. Rocks were placed on top of and around 

the sides of traps for stability and to provide additional cover. 

All trapped quolls were transferred into a capture bag and then scanned for the 

presence of an existing passive integrated transponder (PIT) implant. Each animal 

was then weighed, measured, sexed, and two small tissue samples were taken from 

an ear for DNA analysis. For females, reproductive condition was assessed and if 

present, pouch young were counted and measured. Each new quoll was implanted 

with a unique PIT (Allflex® 12 mm FD-X transponder; Allflex Australia) to enable 

individuals to be identified.  

Other species captured were recorded. Tissue samples were taken from 

Pseudantechinus sp. as there is uncertainty over the identity of this species. After 

processing, animals were released immediately at the site of capture. All trapping 

data was entered into the Yarraloola Project MS Access database. 

2.5.2 Statistical analysis of quoll data 

A two-way analysis of variance (ANOVA) was performed on quoll body weights of 

male and female quolls between treatments and years. Only 2016-2019 data was 

included in this analysis as fewer sites were trapped in 2015. A ‘Shapiro-Wilks’ 

normality test and a ‘Bartlett’s test’ for homogeneity of variance were used to ensure 

the data satisfied the test assumptions. The mean number of pouch young for all 
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years for Yarraloola and Red Hill was compared using a Welch two sample t-test. 

Analyses and box plots were performed in the R software (ver. 3.6.1 https://www.R-

project.org/). Error bars presented on graphs are standard errors unless otherwise 

stated. 

2.6 Predator diets 

Northern quoll scats were collected from cage traps (first capture night to avoid 

contamination from bait consumption) and from around lures used for camera 

trapping as they actively mark (defecate) these places. Dingo and feral cat scats 

were collected during targeted searches of roadsides and cattle watering points. In 

addition, a quadbike was used on Yarraloola over three days in July to search minor 

station tracks and drill lines on Mesa G for feral cat and dingo scats. Predator scats 

encountered opportunistically were also collected.  

Scats were analysed by G. Story of Scats About (www.scatsabout.com.au). Diet was 

described by the frequency of occurrence (the proportion of scats in a given sample 

that contained a particular prey group) and/or percentage volume of each prey 

group, which was estimated visually and expressed as a mean percentage volume 

for a given sample of scats. In general, the percentage volume method provides a 

measure of the relative importance of a prey type/group in the diet and the frequency 

of occurrence method shows how often it is eaten. 

2.7 Other incidental/opportunistic records 

Field teams undertook opportunistic searches to locate the threatened Pilbara olive 

python where possible. Opportunistic bird records were kept on each field trip by 

Hannah Anderson and Brooke Richards.  

3 Results 

3.1 Feral cat baiting 

Aerial baiting took place on the 8-9 July covering an area of 142,036 ha. The aircraft 

dropped 70,850 baits in 1417 bait clusters (Figure 7). This equates to an average 

application rate over the entire bait cell of 50 baits km-2, which is consistent with the 

baiting protocol. No ground baiting of the Pannawonica road corridor took place in 

2019 as many parts had been extensively burnt. Thirty ground baits were laid along 

drill pad lines on Mesa G. These baits were monitored using camera traps and there 

was one confirmed take by a feral cat. 

There was 5 mm of rain on the 5th July prior to the baiting operation and no 

subsequent rain in the months that followed (Figure 2).  

3.1.1 Detection of non-target species deaths 

No carcasses of non-target species were observed following the baiting on the three 

field trips undertaken by project staff members in early-mid July, early August or 

September.  

https://www.r-project.org/
https://www.r-project.org/
http://www.scatsabout.com.au/
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Figure 7. The Yarraloola LMA bait cell (black bold line) for 2019 and the distribution of baits on the 8 and 9 July. The bait exclusion 

areas within the LMA are bounded by a bold black line. The outer red line is the Yarraloola LMA boundary.
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3.2 Camera trap monitoring 

The camera trapping data for 2019 are summarized in Table 1. No monitoring 

session achieved the maximum of 1500 CTN, although the lengths of time that 

individual cameras were inoperable were relatively short (Table 1). 

The number of camera trap sites with feral cat detections on Yarraloola remained 

low in 2019. Northern quoll visits to camera trap sites displayed the opposite trend, 

particularly during the pre-bait monitoring session with animals being detected on 27 

of the 60 cameras on Yarraloola (Table 1). These patterns were the reverse on Red 

Hill, where there were higher detections of feral cats and fewer detections of quolls in 

2019.  

Table 1. Summary of camera trap sessions before and after baiting in 2019. 

 Yarraloola Red Hill 

 Pre-bait Post-bait Pre-bait Post-bait 

Number of camera sites 
with feral cats 

7 6 16 7 

Number of camera sites 
with northern quolls 

27 16 6 3 

Camera trapping effort 

Total camera trap nights 1474 1472 1431 1434 

 

3.2.1 Site occupancy of feral cats 

A similar pattern in changes in site occupancy of feral cats between pre- and post-

baiting at both treatment and non-treatment sites was observed using either the 

random effects model or spatial model (Figure 8). At the treatment site, a decline in 

occupancy post-baiting was observed in the first three years, being most profound in 

2018 (t-test, p<0.00001), however an increase was observed in 2019. This increase 

was significant for the spatial component model (t-test, p=0.015) but not for the 

random effects model (t-test, p=0.063). A variable response across years was 

observed at the non-treatment site. The probability of feral cat occupancy for both 

models decreased significantly in the post-bait monitoring session on Red Hill in 

2019 (t-test, p<0.00001). This was also the case for this site in 2016. 
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a) Random effects 

 

b) Spatial component 

 

Figure 8. Modelled proportion of sites occupied (mean ± SD) by feral cats before and 

after baiting in treatment (Yarraloola) and reference (Red Hill) sites for 2016 to 2019 

with (a) random effects and (b) spatial component. 
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3.2.2 Detection rates of feral cats and northern quolls 

The detection rates of feral cats prior to baiting in 2019 across both sites were 

almost identical to those recorded following the baiting program in the previous year 

(Figure 9). The decline in the detection rate following baiting was relatively low at 

34% (0.71 to 0.47 feral cats per 100 CTN) on Yarraloola. However, this trend was 

also matched (35% decline) on Red Hill without baiting (1.59 to 1.03 feral cats per 

100 CTN between the two monitoring sessions). 

For 2019, detection rates of quolls were particularly high and variable on Yarraloola 

prior to the baiting, as opposed to Red Hill where the rate was significantly lower. 

This year both populations suffered a sharp decline in detection rates in the 

monitoring session following the baiting (Figure 9). The overall trends in the 

detection rates of northern quolls were broadly similar to previous years across both 

study areas, whereby they were consistently higher on Yarraloola following the initial 

baiting program in July 2016 (Figure 9). The magnitude of the decline in quoll 

detections on Red Hill in the post-bait monitoring sessions were always greater. The 

onset of the post-breeding die-off in male quolls provides a partial explanation for 

this decline each year, particularly on Red Hill. Baiting of feral cats on Yarraloola 

could potentially be reducing the predation risk faced by male quolls seeking out 

mating opportunities and/or prolong their lifespan during the die-off phase every 

though they may be in poor health.  

3.2.3 Feral cat and northern quoll detections at the camera trap site level from 

2016 to 2019 

The cat camera trap dataset compiled over the past four years is now approximating 

24,000 camera trap nights (25 camera trap nights across eight sessions for all 120 

sites). At the camera site level on Yarraloola, quolls have been recorded at more 

sites than feral cats for seven out of the eight sessions, all of which follow the first 

broad-scale baiting program in July 2016 (Figure 10). In contrast, quolls were never 

detected at more camera sites than feral cats for any of the sessions on Red Hill.  

The number of new camera sites on which quolls were detected increased every 

year on Yarraloola. They have now been recorded at 63% of the camera trap sites 

(38 of 60). On Red Hill, the cumulative number of camera sites at which quolls were 

detected plateaued in 2018, with only three sites being added in the four subsequent 

monitoring sessions (28 camera sites; Figure 10). The cumulative number of camera 

sites on which feral cats were detected has continued to rise across both stations 

(Figure 10). 

3.2.4 Opportunistic detections of dingoes on camera traps for 2019 

Dingoes on were detected at comparatively few camera trap sites on Yarraloola, with 

three detections before baiting and seven detections at five different cameras after 

baiting (T45, T53, T6 pre-baiting and T35, T49, T25, T6 and T29 post-baiting). There 

was a noticeable increase in the detection of dingoes on Red Hill in 2019, with seven 

detections across seven different cameras in the pre-bait session (C5, C54, C74, 

C77, C49, C48, C63), increasing to 15 detections on 12 cameras (C37, C49, C75, 
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C48, C61, C76, C77, C40, C47, C2, C26, C45) in the post-bait session. No foxes 

were recorded. 

 

 

Figure 9. Mean detection rate (mean number of events per 100 camera trap nights 

per camera trap site) of feral cats and northern quolls on Yarraloola (a) and Red Hill 

(b) prior to and after the winter baiting program on Yarraloola from 2016 to 2019. 
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Figure 10. Number and cumulative number of cat camera sites with feral cat and 

northern quoll detections on Yarraloola (a) and Red Hill (b) for each pre- and post- 

bait monitoring session from 2016 to 2019. 

3.3 Feral cat trapping and collaring 

3.3.1 Trapping and radio-collaring 

A total of 697 trap nights were conducted on Yarraloola in 2019. Five feral cats (2 F, 

3 M) were trapped giving a capture success rate of 0.7%. The mean mass (± SE) of 

females was 3485 ± 555 g and males 4267 ± 138 g (Table 2). All five feral cats were 

fitted with GPS/VHF radio-collars.  
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3.3.2 Fate of surviving feral cats collared in 2018 

Nine collared feral cats were detected alive during the post-bait helicopter tracking 

session on 7 September 2018 on Yarraloola and three were present on Red Hill. One 

of the males on Yarraloola (YM04) was subsequently found in mortality mode in 

2019. The cause of death was unclear as there were few remains left. The GPS data 

downloaded from its collar showed that it died on 9 September 2018. The remaining 

eight collared feral cats on Yarraloola and the three on Red Hill were all alive leading 

into the baiting program in July 2019 (Table 2).  

3.3.3 Monitoring and mortality of collared feral cats 

During the pre-bait helicopter flight on 2 July over Yarraloola, four (2 F, 2 M) of the 

five newly collared cats were detected, along with the eight (3 F, 5 M) collared in the 

previous year (Table 2). A male cat (YM12) collared in late May 2019 not located.  

Following baiting, a sub-adult female (YF06, collared 2019) was found dead on 31 

July via ground tracking. Her carcass and collar were retrieved. This female passed 

through a bait cluster two days after baiting in the early hours of the 11 July and 

stopped moving around midday. A further three cats were found in mortality mode 

from the helicopter on the 3 September. The male cat (YM10, collared 2019) passed 

through a bait cluster during the early morning on 16 July and died in the mid-

morning, seven days after baiting. An adult female cat (YF04, collared 2018) moved 

through a bait cluster at night on 15 July, dying early the following morning on 16 

July, seven days after baiting. The other female cat (YF03, collared 2018) was within 

range of a bait cluster early in the morning on 26 July and died around midday, 17 

days after baiting (Table 2). 

The other eight collared feral cats (2 F, 6 M) known to be present inside the bait cell 

just prior to baiting were all alive in September 2019. As were the three collared feral 

cats on Red Hill. The fate of the missing collared cat remains unknown.  

In total, four out of 12 collared feral cats died from baiting (33.3% mortality rate). 

Only two of the eight collared feral cats that survived baiting in 2018 died following 

baiting in 2019 (25%), both were females. The survivors were five large males and 

one female. Of the four feral cats collared in 2019, the two lighter individuals died 

(50%; 1 F, 1 M) and the two larger animals survived (1 F, 1 M). Analysis of the 

movement patterns of these survivors suggests they all had multiple opportunities to 

encounter bait clusters. 

3.3.4 Home range analysis 

Sufficient data was available from 15 collared feral cats from 2018 to 2019 (5 F, 7 M, 

Yarraloola; 2 F, 1 M, Red Hill) to calculate the 95% MCP home range size (Table 2; 

Figure 11a & b). On Yarraloola, male home ranges varied in area from 986 ha 

(YM10 – died from baiting) to 20,897 ha (YM08) (Table 2). Female home ranges 

varied from 624 ha (YF06 – died from baiting) to 5351 ha (YF03– died from baiting) 

(Table 2). One female (YF04) was considered an outlier as she undertook numerous 

exploratory walks before she settled in one general area along the Drum Road on 

Yarraloola. Her resulting home range was enormous (22,904 ha; Figure 11a). 
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Mean home range size of males was 6153 ± 742 ha and females 1962 ± 1134 ha on 

Yarraloola (excludes YF04). Mean home range size for females on Red Hill was 395 

± 55 ha and the sole male collared has a range size of 2007 ha (Table 2, Figure 11).  

a) Yarraloola 

 

b) Red Hill 

 

Figure 11. Feral cat minimum convex polygons (MCP) showing 95% home range 

area on a) Yarraloola and b) Red Hill. Each cat was assigned a code name/number, 

‘M’ indicates male and ‘F’ female. 
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Table 2. Capture date, demographics, home range size and status of feral cats trapped on Yarraloola and Red Hill 2018-19. Grey 

highlights indicate cats captured in 2019. Underlining highlights the feral cats present in the bait cell during the 2019 aerial baiting 

operation. 

Identif
ier 

Site Capture date Sex Mass (g) Coat colour Age Total No of fixes MCP95 
(ha) 

Status 

YF01 Yarraloola 25-Apr-18 ♀ 2400 Tabby Adult No data - Missing 

YF02 Yarraloola 26-Apr-18 ♀ 1700 Tabby Juvenile 657 557 Died from baiting (0300 hrs 12/07/18) 

YF03 Yarraloola 26-Apr-18 ♀ 3390 Tabby Adult 3413 5351 Died from baiting (1300 hrs on 26/07/19) 

YM01 Yarraloola 27-Apr-18 ♂ 3200 Ginger Sub-adult 1 - Killed by Wedge-tailed Eagle 27/04/18 

YM02 Yarraloola 27-Apr-18 ♂ 4170 Tabby Adult 2636 2860 Alive on 3/09/19 

YM03 Yarraloola 28-Apr-18 ♂ 4200 Tabby Adult 2429 3361 Alive on 3/09/19 

YM04 Yarraloola 28-Apr-18 ♂ 5000 Tabby Adult 2063 3329 Died on 9/09/18, cause unknown 

YF04 Yarraloola 28-Apr-18 ♀ 3120 Tabby Adult 3489 22904 Died from baiting (0800 hrs 16/07/19) 

YF05 Yarraloola 30-Apr-18 ♀ 2630 Tortoiseshell Adult 2514 750 Alive on 3/09/19 

YF06 Yarraloola 23-May-19 ♀ 2930 Tabby Adult 406 624 Died from baiting (1300 hrs, 11/07/19) 

YF07 Yarraloola 28-May-19 ♀ 4040 Tabby Adult 1671 1125 Alive on 3/09/19 

YM05 Yarraloola 01-May-18 ♂ 2050 Tabby Juvenile 289 10449 Died before baiting (1300 hrs 28/06/18) 

YM06 Yarraloola 01-May-18 ♂ 4630 Black Adult 2540 4203 Alive on 3/09/19 

YM07 Yarraloola 01-May-18 ♂ 5620 Tabby Adult 2312 5658 Alive on 3/09/19 

YM08 Yarraloola 02-May-18 ♂ 3080 Tabby Sub-adult 2298 20897 Alive on 3/09/19 

YM09 Yarraloola 04-May-18 ♂ 4400 Tabby Adult 1013 2000 Died from baiting (0800 hrs 28/07/18) 

YM10 Yarraloola 25-May-19 ♂ 4075 Tabby Adult 515 986 Died from baiting (1000 hrs, 16/07/19) 

YM11 Yarraloola 28-May-19 ♂ 4535 Black Adult 1675 5105 Alive on 3/09/19 

YM12 Yarraloola 29-May-19 ♂ 4190 Black Adult No data - Missing since collaring 

RM01 Red Hill 13-May-18 ♂ 5100 Tabby Adult 1880 2007 Alive on 10/09/19 

RF01 Red Hill 14-May-18 ♀ 3000 Tabby Adult 2834 340 Alive on 10/09/19 

RF02 Red Hill 16-May-18 ♀ 2900 Tabby Adult 4679 451 Alive on 4/09/19 
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3.4 Northern quoll monitoring (trapping) 

3.4.1 Quoll trapping, number of individuals captured and survivorship 

Trapping effort for the annual September northern quoll monitoring program was 

consistent with the previous three years for Red Hill (1440 trap nights at 18 sites). 

For Yarraloola, the trapping effort was 1360 trap nights at 17 sites. Trap site R was 

abandoned after the setting of eight traps on the first night. There was not enough 

cover present for trapping as the area had been severely burnt. It is notable 

however, two quolls were captured in these eight traps (data not included in 

abundance estimates; Appendix 2).  

There was an overall decrease in the total number of individual northern quolls 

captured on Yarraloola and Red Hill, with fewer captured on Red Hill compared to 

Yarraloola (36 quolls compared to 59 quolls; Appendix 2). Slightly more males were 

caught than females on both Yarraloola (31 M, 27 F) and Red Hill (21 M, 15 F). 

Capture data for individual sites and other capture rate metrics can be found in 

Appendix 2).  

The survival rate of tagged females from September 2018 to this year’s trapping 

session was 29% for Yarraloola (11 of 38; adjusted for Site R not being trapped) and 

15% for Red Hill (5 of 33; Figure 12a). The proportion of unmarked female northern 

quolls captured across the stations each year from 2017 (Year 2) to 2019 (year 4) 

were relatively consistent, ranging from 67% to 75% in most cases. There was a 

slight deviation from this trend during the last year on Yarraloola, where marked 

females comprised 40% of trapped animals. Further detailed analysis of the survival 

rates of female quolls is required but this suggests that cat control may promote 

increased survival of adult females. Interestingly, one of the females (PIT 918017) 

recaptured at Site K on the edge of Mesa G along the Robe River was first captured 

in 2016, which means she was probably born in 2015. This female was at least four 

years old. None of the 89 marked males across both sites from the previous year 

were recaptured in 2019 (Figure 12b).  

Long distance movements of several males were evident. One male on Yarraloola 

moved ~1 km each night for four nights as it travelled back and forth from Line M to 

N twice. Another male on Red Hill was caught at three different trap lines. It moved 

9.13 km over five nights, starting at Line L, moving to PP and it was finally caught at 

Line J (Appendix 2). 

3.4.2 Capture rates of northern quolls 

To enable the comparison of quoll captures between all trapping sessions, data was 

converted to the mean number of individuals captured per trap line (Figure 13). 

Capture rates of both males and females declined on Yarraloola from their previous 

peaks in 2018. The magnitude of the decline for females was not as great as that 

experienced on Red Hill, where capture rate fell by 55%. The capture rate of males 

on Red Hill remained lower than Yarraloola but unchanged from the previous two 

years. Male capture rates at the trap site level were highly variable across both areas 
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ranging from none to seven individuals. Although no males were caught at over half 

the trapping sites on Red Hill (Figure 13; Appendix 2). 

a) Female quolls 

 

b) Male quolls 

 

Figure 12. Total number and capture history of individual female (a) and male (b) 

northern quolls captured per 18 trap sites (1440 trap nights) on Yarraloola (baited) 

and Red Hill (reference) from 2016 to 2019. * For 2019, Site R on Yarraloola was not 

trapped (17 trap sites and 1360 trap nights). 
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Figure 13. Mean (+ SE) number of individual female (a) and male (b) northern quolls 

captured per trap site (20 traps set for 4 consecutive nights) at Yarraloola and Red 

Hill from 2015 to 2019. For 2016-19 there were 18 sites trapped at each site in 

September, apart from Yarraloola 2019 when there were 17 sites trapped. For 2015, 

trapping was spread from August to October (Yarraloola 11 trap sites, Red Hill 10 

trap sites). * Males for 2015 were excluded as some sites were trapped in early 

August before the male die-off. 

 

3.4.3 Northern quoll body mass and litter size 

The mean body mass of captured females and males across the sites remained 

largely unchanged from 2018 (Figure 14). The two-way ANOVA revealed no 

significant effect for site or a site by year interaction but there was a significant year 

effect (F3,222 = 8.99, p = 0.000) on female body mass. Females were heaviest in 

2017 when there was above average rainfall and lighter in years of average or below 

average rainfall (2016, 2018, 2019). The mean body mass for males was relatively 

low for 2019 (dry conditions). For males, there was no significant site effect alone but 

a significant year effect (F3,187 = 25.12, p = 0.000) and site by year interaction (F3,187 

= 4.47, p = 0.005) effect. Like females, the males were also heaviest in 2017 when it 

was wetter. The site by year interaction resulted from the significant difference 

between the body masses of quolls captured in 2016. The onset of male die-off was 

potentially earlier that year and there were relatively few males captured at either 

site. Only twelve males were captured on Red Hill, most of which were in a 

particularly poor state. In contrast, several the ten males captured on Yarraloola 

were surprisingly healthy.   

Births were delayed this year as only one female from each site was recorded to 

have pouch young (n = 28 Yarraloola; n = 15 Red Hill). Both females had eight 

pouch young, no larger than 8 mm. In previous years, the average litter size on 

Yarraloola was highest in 2018 with 7.4 ± 0.3 pouch young (PY) per litter (range 6–8, 

n = 8), similar to 2017 (7.2 ± 0.2 PY, range 3–8, n = 32) and 2015 (7.2 + 0.3 PY, 
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range 5–8, n = 10), but greater than 2016 (6.8 ± 0.4 PY, range 2–8, n = 16). Mean 

litter sizes were consistently lower on Red Hill, 2017 (6.4 ± 0.3 PY, range 3–8, n = 

22), 2016 (6.6 ± 0.4 PY, range 3–8, n = 11) and 2015 (5.3 ± 0.6 PY, range 3–8, n = 

8). No pouch young were recorded on Red Hill in 2018 but trapping started a week 

earlier due to logistical reasons. Overall, the number of pouch young was 

significantly lower on Red Hill than Yarraloola for all years combined (t80 = 3.20, P = 
0.001).  

 

Figure 14. Body mass (g) of female and male northern quolls captured at monitoring 

sites from 2016 to 2019 at Yarraloola and Red Hill. Band inside the box represents 

the median value, box boundaries the 25th and 75th percentiles, whiskers the 10th 

and 90th percentiles and filled circles represent outliers. 

 

3.4.4 Non-target captures in quoll traps 

Capture rates of non-target species were low in 2019. Common rock-rats (Zyzomys 

argurus) were the most frequently encountered species, with 58 captures at 

Yarraloola and 77 captures at Red Hill. The mean number of common rock-rats 

captured per trap line across both sites collapsed following the peak reached in 

September 2018 (Figure 15).  

The other species of by-catch included four Pseudantechinus sp., two Dasykaluta 

rosamondae, a sub-adult Rothschild’s rock wallaby (Petrogale rothschildi), several 

skinks (Egernia sp. and Ctenotus sp.) and a juvenile goanna (Varanus sp.). 
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Figure 15. Mean (+ SE) number of common rock-rats captured per quoll monitoring 

site at Yarraloola and Red Hill for 2015 to 2019. 

3.5 Predator diets 

3.5.1 Overall dietary comparison for dingoes, feral cats and northern quolls 

In total, 322 northern quoll, 50 feral cat and 135 dingo scats were collected during 

2019. These results were combined with previous data and the relative volume of 

food groups is shown in Figure 16.  

The diets of the three predators show strong separation according to their body 

mass. Dingoes ate mostly kangaroos, which were largely euros and a smaller 

proportion of red kangaroos. Cattle were the other important source of food. Minor 

prey items were echidnas, emus and grasshoppers (Figure 16).  

Common rock-rats comprised almost 44% of the diet of feral cats by volume. Other 

prey were mostly small vertebrates including other rodent species, dasyurids and 

birds. Northern quolls had the most varied diet, consuming mostly arthropods and to 

a lesser degree fruits, rodents and other small vertebrates. 

Evidence for dingoes preying on subordinate predators was relatively weak across 

the entire collection of 395 scats from across the four-year study. Only seven scats 

contained feral cat remains (1.8% frequency of occurrence; FOO) and three quoll 

remains (0.8% FOO). Four of the feral cat detections were from Yarraloola in 2019 

(6.2% FOO; n=65 scats). In contrast, 17 of the 135 feral cat scats collected across 

the entire study contained quoll remains (12.6% FOO), indicating feral cats were a 

more important predator of quolls. One of the feral cat scats collected at Quoll trap 

Line M on Red Hill in September 2019 contained a northern quoll PIT tag. There 

were several accounts of cannibalism in both dingoes and northern quolls. 
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Figure 16. Relative volume of food groups in the diets of dingoes, feral cats and 

northern quolls for 2015 to 2019. Parentheses show sample sizes. 

3.5.2 Feral cat diets 

The use of a quad bike on Yarraloola aided the collection of feral cat scats, with 47 

found compared with only three for Red Hill (no quad bike surveys). Many of the feral 

cat scats were from the drill pad lines on Mesa G. The common rock-rat remained 

the most important prey on Yarraloola in 2019 (Figure 17). The frequency at which 

quolls were detected increased to 21.3% FOO and the relative volume of this 

species was 14.8%. Most of the scats containing quoll remains (8 of 11) were 

collected from Mesa G. There was a previous event of high occurrence of quolls in 

feral cat scats in 2017, where five of eight cat scats found in two neighbouring 

gorges at Quoll trapline N and M on Yarraloola contained quoll remains (Palmer and 

Anderson 2018). Birds were also a common prey (53.2% FOO) of feral cats in 2019 

but they contributed less in terms of relative dietary volume (Figure 17). Two feral cat 

scats from Mesa G also contained Rothchild’s rock wallaby, which was the first 

record of this prey for the study. 
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Figure 17. Comparative diet of feral cats on Yarraloola from 2016 to 2019. Diets are 

shown in terms of relative volume of each food group in the scats. Parentheses show 

sample sizes.    

3.5.3 Northern quoll diets 

Northern quolls on Yarraloola appear to have changed their dietary niche since feral 

cat control commenced (Figure 18). Prior to broad-scale baiting and during the first 

year of the baiting program, fruits featured as the second most eaten food group. 

The prevalence of fruit in their diet subsequently declined as quolls increased their 

intake of rodents in 2017 and 2018. Under the dry conditions in 2019, the frequency 

of rodents in the diet of quolls across the two stations declined, but it remained 

higher for quolls on Yarraloola (17.3% FOO) compared to Red Hill (6.2% FOO). The 

frequency of fruits eaten by quolls on Red Hill was higher in 2018-19, whereas quolls 

on Yarraloola preyed more heavily on invertebrates in these years.  

The orange fur of a microbat, probably the threatened Pilbara leaf-nosed bat 

(Rhinonicteris aurantia) was recovered from a quoll scat collected in the Cane River 

gorge on Red Hill.  
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a) Yarraloola 

 

b) Red Hill 

 

Figure 18. Comparative diets of northern quolls for (a) Red Hill and (b) Yarraloola 

(2015-2019). Diets are shown in terms of frequency of occurrence of each food 

group in the scats. Parentheses show sample sizes. 
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3.5.4 Dingo diets 

From 2016 to 2018, dingoes on Yarraloola largely preyed on kangaroos (euros and 

red kangaroos), with relatively little change between years in their dietary 

composition (Figure 19). Likewise, dingo diets on Red Hill from 2017 to 2018 were 

reasonably consistent between these years. Compared with Yarraloola, kangaroos 

were eaten in lesser quantities, and cattle and grasshoppers (2017) were consumed 

in greater volumes. 

There was a major shift in dingo diets on Yarraloola in 2019, with cattle becoming 

the main food source and kangaroos the second most important prey. There was an 

increase in the amount of cattle eaten on Red Hill in 2019 but kangaroos remained 

the primary prey.  

 

Figure 19. Relative volume of food groups in the diets of dingoes for Yarraloola 

(2016-2019) and Red Hill (2017-2019). Parentheses show sample sizes. Reptiles 

and Fruits/Grasses were excluded as these groups were rarely eaten. 

3.6 Other incidental/opportunistic records 

Two Pilbara olive pythons (Liasis olivaceus barroni) were found in 2019, both on Red 

Hill. The first was detected in early August under a cattle watering trough commonly 

used by the pythons, situated near Cardo Camp. The second was seen during 

September at Cardo camp itself (Appendix 3).  

No common brush-tail possums (Trichosurus vulpecula) were recorded Cat Camera 

49 this year. One was recorded in new location on Mesa C, appearing on two quoll 

camera traps set for the first time (Appendix 3). 
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4 Discussion 

4.1 Winter baiting program 

As no rain fell following the baiting program on the 8-9 July 2019, there were no 

issues related to baits getting wet, which can impact on bait toxicity or palatability 

(Algar et al. 2013). In total, 70,850 Eradicat® feral cat baits were delivered by air over 

the 142,036 ha bait cell at the rate of 49.9 baits km-2, which is consistent with the 

baiting protocol. No carcasses of non-target species were observed after the baiting 

program. 

The timing of the deaths of the four collared feral cats indicate baits were taken on 

day two, seven (two cats) and seventeen following the baiting. These results are 

consistent with the 2018 Yarraloola baiting program (Palmer et al. 2019) and those 

from Fortescue Marsh (Comer et al. 2018), indicating surface laid baits in the Pilbara 

remain available and palatable to feral cats for at least three weeks.  

4.2 Effectiveness of Eradicat® baiting 

4.2.1 Feral cat numbers leading into the 2019 baiting program 

The relative abundance of feral cats prior to the baiting program remained similar to 

that recorded after the winter baiting program in the previous year on Yarraloola. 

Hence, there was little evidence of a recovery in this population over the summer 

due to natal recruitment and/or immigration of animals from outside the baited cell. 

There was evidence that breeding did occur in spring 2018 with some obvious 

younger cats detected on camera traps across both stations in June 2019. The lack 

of any substantial recovery in the feral cat population within the bait cell up to 11 

months following the previous baiting program contrasts with other similar broad-

scale cat baiting projects at Fortescue Marsh in the eastern Pilbara and Matuwa 

Indigenous Protected Area (IPA) in the southern rangelands (Algar et al. 2013; 

Comer et al. 2018; Lohr and Algar 2020). This finding is discussed further below. 

4.2.2 Baiting efficacy  

Two independent approaches, camera trap monitoring and the tracking of mortality 

rates of radio-collared feral cats exposed to baits, were used to monitor baiting 

efficacy in 2019. Two measures of the relative abundance of feral cats were 

generated from the camera trapping data (site occupancy and detection rate) 

immediately prior to and immediately following the baiting program. Previously, there 

was general agreement between these two metrics, albeit the mortality rate of 

collared feral cats exposed to baits was lower in 2018 (Palmer et al. 2019). For 2019, 

the probability of site occupancy of feral cats according to both models (random and 

spatial effects) in the baited cell increased after the baiting program but fell by a 

significant magnitude in the reference site over the same period. In contrast, the 

detection rate of feral cats declined following baiting on Yarraloola (34%), but it also 

fell on Red Hill (35%) where there was no baiting.  
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There was no mortality amongst the three collared feral cats present on Red Hill. 

Whereas, four of the twelve (33%) collared feral cats present within the bait cell died 

within 17 days of the bait drop. Hence, the mortality rate of feral cats was reflected in 

the decline in detections on Yarraloola following baiting, but site occupancy 

increased. The reason for this inconsistency is not clear. It is possible that the low 

number of feral cat detections pre- and post-baiting meant that the power to detect a 

change in occupancy was compromised. Repeat feral cat detections at individual 

camera sites was also low on Yarraloola, with only one camera site occupied by cats 

during both monitoring sessions. Site fidelity was stronger on Red Hill with most (6 of 

7) of the camera sites with feral cats in the post-bait session also recording them 

during the pre-bait session. 

The reasons to why feral cat occupancy/detection rates fell sharply between the 

monitoring sessions on Red Hill in both 2016 and 2019 in the absence of any control 

action is unknown. This highlights the importance of long-term monitoring to better 

understand natural variation in abundance over time. Factors that influence the 

mobility and activity levels of feral cats have the potential to impact site occupancy 

rates. For instance, the increasing day length after the winter solstice usually triggers 

the onset of breeding in female cats. Activity levels and movement may therefore 

decline after baiting as females give birth to kittens. Decreased movements due to 

the maternal care of kittens may have been responsible for the pattern observed in 

August 2016 (Palmer et al. 2017). Although it does not explain the decline in 2019 as 

most females probably did not breed due to the dry conditions.  

The development of more advanced analytical techniques for camera-trap data 

suggests that it is now feasible to derive robust population density estimates for 

cryptic and wide-ranging species based on individual identification (Forsyth et al. 

2019; Rees et al. 2019). Camera traps can be placed in grid formation in a 

landscape to systematically sample areas of interest, then the resulting history of 

detections can be used to estimate the abundance of a species using a spatially 

explicit capture-recapture (SECR) framework. These models consider both the 

distribution and movement of individuals across the landscape in relation to the 

placement of detection devices, and account for imperfect detection (Royle et al. 

2013).  

A Masters student from the University of Western Australia is currently exploring the 

potential to use the SECR framework for deriving feral cat densities in future camera 

trapping programs in the Pilbara. This project will make use of current camera 

trapping data to investigate the likelihood of individually identifying feral cats from 

unique coat markings. A shift to this approach may avoid some of the issues 

surrounding the use of the current camera trap abundance metrics. Other changes 

may include using white-flash camera traps to improve the quality of images of feral 

cats and manipulating lures (olfactory, visual, audio, food cues) to maintain curiosity 

levels of individual feral cats so that they continue visiting camera trap sites.  

While some of the apparent anomalies in the camera monitoring over the past four 

years are not easily explained, the trends in feral cat abundances between the baited 

and unbaited sites were clear. Following the first large-scale bait drop in 2016, feral 
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cat abundance (detection rates in Figure 9) and camera sites with cat detections 

(Figure 10) were all lower on Yarraloola compared with Red Hill apart from June 

2018 (pre-bait) when there was a re-invasion of the bait cell. The winter baiting 

greatly reduced (2016 and 2018) or lowered (2017 and 2019) feral cat abundance on 

Yarraloola to very low detection rates. In three of the four years, the detection rate of 

feral cats on Yarraloola following baiting was below 0.5 cats per 100 CTN, which is 

the equivalent of one cat detected in 250 camera trap nights. Such levels are very 

low compared to other camera trapping studies from arid and northern regions of 

Australia (Brook et al. 2012; Hernandez-Santin et al. 2016; Read et al. 2015; Stokeld 

et al. 2016). The only period where the post-bait level was greater (0.73 cats per 100 

CTN) was in 2018. In that year, there was a feral cat re-invasion of Yarraloola 

between September 2017 and May 2018. The detection rate of feral cats prior to 

baiting in June 2018 peaked at 1.7 cats per 100 CTN. 

The recent addition of camera trap monitoring to the 16-year long feral cat control 

program on the Matuwa IPA suggested that aerial baiting alone no longer 

suppressed the feral cat population to the levels currently achieved in this ‘early 

stage’ Yarraloola study. A decline in efficacy of baiting had resulted from the long-

term control approach selectively altering the demographics of the feral cat 

population towards one dominated by older and larger sized males that avoid taking 

baits. An intensive large-scale leg-hold trapping program was implemented with 159 

feral cats trapped from September 2018 to May 2019. This removal process 

essentially had the effect of re-setting the feral cat population to one that was now 

largely bait naïve. The subsequent aerial baiting program in winter 2019 reduced the 

detection rate of feral cats to levels well below that achieved at Yarraloola (Lohr and 

Algar 2020). 

Although annual aerial baiting remains effective at Yarraloola, there is evidence that 

individual adult male cats (radio-collared males YM02-03 and YM06-08; Table 2) 

have survived multiple winter baiting programs. Other uncollared large males were 

also identified from camera trap images from inside the bait cell recorded over 

multiple years. The resulting male bias in the adult feral cat population will eventually 

reduce the efficacy of baiting (Lohr and Algar 2020). An integrated feral cat 

management approach is recommended for arid zone systems with the 

implementation of intensive trapping programs at least every 10 years.  

A key factor in the efficacy of the baiting program in 2019 was the dry conditions. It is 

well documented that baiting is more effective when prey supplies are low during dry 

times (Algar and Burrows 2004; Algar et al. 2013). In this study, when common rock-

rat numbers were at their highest in 2018, only two of the eleven feral cats with 

collars exposed to baiting died (18.2% mortality cf. 33.3% mortality in 2019 under dry 

conditions). However, while none of the five large radio-collared males exposed to 

baiting in 2018 when prey supplies were plentiful took baits, they also survived 

following the baiting in 2019. Although, two (YF03-04) of the three surviving females 

from 2018 were killed during the baiting program in 2019 under changed conditions. 

The surviving adult males may have learnt to avoid baits from their previous 

encounters, or they had become proficient hunters of preferred live-prey and were 

not interested in eating baits (Algar et al. 2007). 
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Another factor to note is that survival rates of adult feral cats in the study area were 

high. Of the 17 collared adults that remained in the study sites, only one large male 

(YM04, 5.0 kg) died from unknown causes (Table 2). This death occurred two 

months following the baiting in 2019, which suggests it was unlikely to have taken a 

bait. The other five deaths of collared adult feral cats were attributed to baiting. The 

remaining eleven collared adults were still alive in September 2019. Only two of the 

juvenile cats captured were large enough to collar. Both died in 2018, one from 

baiting and the other from natural causes. 

Limiting re-invasion of cat-managed areas surrounded by open-system populations 

of feral cats remains an ongoing challenge for landscape scale control programs 

(Comer et al. 2018). The Fortescue Marsh site was re-invaded each year from 2013 

to 2016. Furthermore, in relation to the long-term Matuwa IPA cat control program, 

Lohr and Algar (2020) indicate that reinvasion following feral cat control is inevitable. 

Yet our monitoring has only identified a single reinvasion event of Yarraloola in the 

three years that followed the initial baiting program in 2016. Breeding and 

recruitment patterns of cats in the Pilbara are unknown, making it difficult to 

speculate why there was no recovery in the cat population on Yarraloola in 2017 and 

2019. Cat reinvasion is believed to occur in the summer and autumn periods 

preceding baiting, driven by both natal recruitment and immigration of younger 

animals from outside the baited area (Algar et al. 2013). The recovery of the feral cat 

population on Yarraloola in 2018 was probably triggered by high recruitment 

following the increases in prey populations driven by the tropical low that delivered 

widespread summer rainfall in February 2017 (Palmer et al. 2019). Populations of 

invertebrates and nomadic birds were high in 2017, followed by common rock-rats in 

2018.  

The more topographically rich landscapes of the west Pilbara may be more 

restrictive on feral cat movement compared with these other studies (Fortescue 

Marsh and Matuwa IPA) done in largely flat landscapes (Hohnen et al. 2016). 

Topographic barriers surrounding the Yarraloola LMA, such as the rugged 

Hamersley range that line the eastern margin of the bait cell and other mesa 

formations that mark parts of the northern and southern boundaries may form natural 

obstacles, slowing feral cat re-invasion rates (Recio et al. 2015).  

4.3 Response by northern quolls to feral cat control 

4.3.1 Population response by northern quolls to feral cat control 

The overall capture rate of northern quolls during the September 2019 trapping 

session declined for the first time since large-scale baiting commenced in 2016. 

These declines were ~30% lower from the peaks reached in the previous year 

across both sites. Quoll capture rates remained higher on Yarraloola, with 4.26 

individuals captured per 100 trap nights (TN) down from 6.04 individuals 100 TN-1 in 

2018. The tally for Red Hill was ~40% lower than Yarraloola at 2.50 individuals 100 

TN-1 (cf. 3.75 individuals 100 TN -1 in 2018).   

Captures of females remained higher within the feral cat baited treatment compared 

with the reference site. They also suffered a lower rate of decline (28%) from the 
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previous year, with the female capture rate falling by 55% from September 2018 to 

2019 on Red Hill. The number of individual males captured on Yarraloola declined by 

16% but remained higher than on Red Hill where there was no change from the 

2017-18 capture rates. 

Summer rainfall patterns are a key driver of population fluctuations in northern quolls 

as this short-lived species is highly dependent on annual juvenile recruitment (Moro 

et al 2019). For this four-year study there was only one year of high summer rainfall, 

which was in 2017. Hence, there was a strong population increase detected from 

2016 to 2017, particularly on Yarraloola where quoll captures doubled (Figure 12 & 

13). Quoll body masses were also heavier in this wetter year. There were good late 

autumn and early winter falls of rain in 2016 and 2018 but this was well after the 

period critical for newly weaned quolls in early summer.  

Rainfall for 2019 was well below average and the wet season was poor, particularly 

on Red Hill. Poor juvenile recruitment across both sites was likely to be a factor in 

the general decline in northern quoll populations. Disentangling the influences of 

feral cat control and differing rainfall patterns on quoll populations across the study 

areas is not straightforward. For instance, the dry conditions experienced in 2019 

lead to a considerable delay in the birth of young, with only 2 of the 43 females 

examined having pouch young. In fact, some of the small females were yet to mate. 

This delay may have also caused a lag in male die-off in 2019, which could explain 

why the capture rates of males remained seemingly high despite the dry conditions. 

However, even with the well below average rainfall in 2019, quoll numbers were still 

higher on Yarraloola compared to Red Hill, indicating that they did benefit from feral 

cat control. 

Recaptures of marked quolls (PIT tags) also indicate that survival rates of adult 

females were higher with feral cat control for two of the three annual periods 

between trapping sessions. The annual survival rate of females on Yarraloola was 

higher for 2016-17 (50% cf. RH 35%) and 2018-19 (29% cf. RH 15%). For 2017-18 it 

was 30% for both sites (Figure 12). Additionally, we captured the oldest known wild 

female quoll at Site K on the Robe River on Yarraloola in 2019. This female was 

captured 12 times from September 2016 to 2019 (maximum opportunity to be 

trapped was 16 times). She was most likely four years of age when last captured. 

Given how ‘trap happy’ this female was and the fact that Site K was trapped on a 

number of occasions in 2015, we believe she was born in September 2015. Three-

years is the previous maximum reported survivorship for a female (Moro et al. 2019). 

Also, of note is that Site K was burnt in January 2017 (Figure 4). As per previous 

years, none of the marked males from former trapping sessions were captured 

again. 

Wildfire is another factor that potentially dampened the response by northern quolls 

to feral cat baiting in 2019. Fire mapping for 2019 is yet to be completed but it is 

estimated that ~32% of northern quoll habitat was burnt on Yarraloola by hot 

summer fires between the 2018 and 2019 quoll trapping sessions. Up to six quoll 

trapping sites on Yarraloola were impacted by fire. Trapping at Site R was 

abandoned due to the lack of cover. In contrast, there were few summer wildfires on 
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Red Hill that impacted on quoll habitat and only one site was burnt. Further 

analysis/research is required on the effects of fire on quoll populations as it is widely 

reported that feral cats respond to fire scars in northern Australia, where they can 

take a heavy toll on fauna populations in burnt sites that lack adequate cover to 

protect them from predation (Leahy et al. 2016). Interestingly, Site P on the southern 

side of the Pannawonica road was severely burnt in late December 2018, but then 

four female and four male quolls were captured there in September 2019. Likewise, 

only eight traps were set at Site R for a single night and two quolls were captured. 

Clearly this species is well adapted to fire. 

4.3.2 Northern quoll abundance before and after Eradicat® baiting  

Laboratory testing showed northern quolls have a moderate tolerance to compound 

1080 (LD50 7.5 mg/kg; King et al. 1989). Previously, it was speculated that their 

relatively small body mass in the Pilbara (360-600 g) may place northern quolls at 

risk if they ingested a single toxic feral cat bait containing 4.5 mg of 1080. Yet King 

(1989) and this project (Cowan et al. in press) show that aerial baiting programs 

targeting wild dogs or feral cats do not pose a hazard to co-occurring free ranging 

northern quolls in the Pilbara. These studies confirm that the estimated bait toxicity 

derived from laboratory settings applying 1080 in a liquid dosage form and actual 

poisoning of quolls under field conditions when the 1080 is presented in a meat bait 

are not comparable (Jones et al. 2014).  

Here, we extend this evidence by presenting data on the relative abundance of 

northern quolls immediately prior to and immediately following four winter Eradicat® 

baiting programs (Figure 9). If northern quolls were susceptible to 1080 poisoning 

from meat baits, we would expect to detect a collapse in quoll numbers following 

each baiting program. Quoll detection rates only declined by a significant level 

following the baiting on one occasion on Yarraloola, which was in 2019. In contrast, 

quoll detection rates declined significantly in the post-bait monitoring session in all 

years on Red Hill in the absence of baiting.   

It was not possible to sex the northern quolls visiting these camera traps, although 

many appeared larger. Given the cameras were also set in the lead-up to and during 

the quoll breeding season and there was an olfactory lure present, we suspect most 

individuals detected were males. The sharp decline in quoll detections in the post-

bait session each year on Red Hill is likely to be due to a combination of decreased 

mating activity in the second half of August and the onset of male die-off. Higher 

feral cat densities on Red Hill may also mean a greater proportion of these 

weakened male quolls were taken by cats. In 2019, the dry conditions delayed the 

onset of breeding and the subsequent male die-off process. However, there were 

significant declines in the detection rates of northern quolls on both Yarraloola and 

Red Hill during the post-bait monitoring session. Both quoll populations were likely to 

have been heavily impacted by feral cat predation in this period as ~20% of cat scats 

collected at this time contained quoll remains. 
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4.4 Predator interactions and potential indirect benefits to quolls 
from feral cat control 

Top down processes exerted by higher order predators, such as feral cats, can 

strongly influence the abundance, spatial distribution and behaviour of smaller 

terrestrial predators like northern quolls through both competition and intraguild 

predation (Molsher et al. 2017). Radio-telemetry demonstrated that northern quolls 

suffered high levels of mortality due to intraguild predation by feral cats and to a 

lesser degree, canid predators (either dingoes or foxes) in 2015 (Morris et al. 2015, 

Cowan et al in press). Effective control of feral cats should therefore enhance the 

fitness of the northern quoll population on Yarraloola.  

The monitoring of northern quoll diets from 2015 to 2019 across both sites has 

demonstrated a dietary shift by quolls on Yarraloola away from fruits to rodent prey 

(Figure 18). In contrast, quoll diets were stable across years on Red Hill regardless 

of the differing rainfall patterns and changes in common rock-rat numbers. Dunlop et 

al. (2017) hypothesised that small vertebrates were the high-value and preferred 

prey of northern quolls, but diet-switching to fruits common in rocky habitat, was a 

sign that feral cats were excluding quolls from the spinifex grasslands where 

availability of small vertebrate prey was higher. The above evidence provides strong 

support that baiting of feral cats on Yarraloola benefits quoll populations indirectly by 

improving their access to richer prey sources in high-risk open habitats. The 

occurrence of rodent prey in the diet of quolls at both sites did fall under the dry 

conditions in 2019, coinciding with the collapse in the capture rates of common rock-

rats. Capture rates of this key prey species were at their lowest across both sites in 

2019. 

According to Hernandez-Santin et al. (2016) introduced predators influence the use 

of landscapes by northern quolls at both local and larger scales in the northern 

Pilbara, with quolls avoiding the flat and open habitats more frequently used by feral 

cats. They suggest that predator avoidance was a key reason for the contraction of 

the distribution of northern quolls to rocky areas across northern Australia. Over the 

past four years in this study, feral cats and quolls have occasionally been detected at 

the same camera sites on both study areas in a range of different habitat types. The 

most compelling images captured that demonstrate the risk to northern quolls 

moving through lowland habitats was that of a northern quoll being followed by a 

feral cat at 11 pm on the 7 July 2019 at Camera Site 57 on Red Hill.  

We are yet to investigate how landscape/habitat differences across camera trap sites 

influences levels of spatial overlap/segregation between feral cats and quolls. On 

Yarraloola where feral cat baiting has reduced their numbers, northern quolls should 

be less likely to encounter feral cats compared with those in the unbaited reference 

site of Red Hill. Visits by quolls to camera traps located in lowland sites on 

Yarraloola has increased every year since baiting commenced (Figure 10). Northern 

quolls are now known to have visited 38 of the 60 cat cameras on Yarraloola, 

although not all of these camera sites were in lowland habitats. In contrast, northern 

quolls have been detected at 28 camera sites on Red Hill, with few new sites added 

since 2017. Furthermore, after the initial baiting program, northern quolls have been 
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detected at more camera sites than feral cats during all seven monitoring sessions, 

whilst this has never occurred on Red Hill.    

4.4.1 Intraguild predation 

Evidence of intraguild predation based on the analysis of predator scat collections 

was mixed. Dingoes rarely ate northern quolls (<1% frequency in diet) and feral cats 

were infrequent prey (7 in 395 scats). An increase in consumption of feral cats by 

dingoes (6.2% FOO) was detected under the drier conditions for Yarraloola in 2019 

but not on Red Hill. Increased levels of intraguild predation were expected under the 

harsher conditions but it is unclear why no feral cat remains were found in the 71 

dingo scats examined from Red Hill. Whether this increase related to dingoes 

scavenging the carcasses of poisoned feral cats or if they were using the large fire 

scars as hunting grounds on Yarraloola. Pilbara olive pythons were also confirmed to 

prey on northern quolls, with two of eight scats examined containing quolls and a 

further two Rothchild’s rock wallaby. 

Feral cats were the predominate predator of northern quolls in this region, but 

predation was patchy between years. In 2017, we detected a localised predation 

event whereby an individual feral cat/s were targeting quolls in two neighbouring 

gorges connected by drainage lines to the south of Mesa J (Quoll Traplines M and 

N). Five of eight feral cat scats collected in this area in September/October contained 

the remains of quolls. Only one other feral cat scat collected from 2016 and 2018 

(n=68) contained northern quoll remains. Northern quolls then became a significant 

prey item for feral cats under the dry conditions in 2019. One of the feral cat scats 

from Red Hill even contained the PIT of a previously trapped quoll, which 

unfortunately was damaged and could not be read by the scanner. The collapse of 

rodent populations due to the dry conditions in 2019 was the key driver of this dietary 

shift by feral cats. Even though feral cat densities on Yarraloola were reduced by the 

baiting program, those feral cats remaining placed heavy predation pressure on the 

northern quoll population. The extensive networks of drill pad tracks within the 

ranges/mesas on Yarraloola were likely to have facilitated access for feral cats to 

hunt prey in these rocky refuge sites. Many of the feral cat scats containing northern 

quoll remains were collected from Mesa G in 2019, which was recently subject to 

further exploration activity resulting in the addition of numerous tracks. 

4.5 Future directions: strategic feral cat management 

The future challenge is how to transition from the management of a bait naïve feral 

cat population to a feral cat population with an increasing number of bait smart adult 

males. A more strategic adaptive management approach that accounts for the 

unpredictable behaviour of feral cats is needed (Lohr and Algar 2020). A 

combination of aerial and targeted ground-baiting by hand may be more effective 

than uniform aerial baiting across the entire LMA. Creating feral cat “sinks” in areas 

less critical to threatened species, and in areas where feral cats prefer, such as 

lowland plains areas, could be achieved by targeted aerial baiting. Additionally, 

ground baiting in high density feral cat prey locations, such as along waterways, may 

increase exposure of feral cats to the baits. Complementing baiting with leg-hold 
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trapping is required to remove bait-shy individuals (Lohr and Algar 2020). A cost-

saving option may be to avoid baiting altogether after high-rainfall periods as prey 

abundance will be high (e.g. influx of nomadic ground nesting birds) and feral cats 

are less likely to take baits. New audio and other types of prey cues designed to 

attract feral cats from further distances into areas with control devices could also be 

tested.  
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Appendices 

Appendix 1 Field work program for 2019 

Trip   Date(s)  Field Activity  

1 18 - 20 Feb 

Yarra 

Helicopter radio-tracking for radio-collared cats. Alicia Whittington 

undertook the tracking. 

2 3 – 15 Apr 

Yarra 

 

Trials were undertaken to investigate methods to optimise the use of 

leg-hold traps for the capture of cats while excluding non-target species, 

particularly northern quolls. These experiments formed part of an 

Honours project for Hassan Abdi (Curtin University). Forty passive cat 

cameras were set and trialled as a possible alternative to lured cat 

cameras for monitoring in the future. RRK ranger involvement. (2 teams) 

3 29 Apr– 3 May 

Yarra/Red Hill 

Quoll cameras were set along trap lines and teams radio-tracked for 

collared cats. RRK rangers and a volunteer assisted. (2 teams) 

4 21 May – 2 

June Yarra 

Cat trapping and collaring using ~84 cat trap sets. Five cats were 

trapped and collared. No non-target species were accidently captured. 

DBCA expert cat trapper Jason Fletcher supervised the trapping. 

Honours student Hassan Abdi assisted. Quoll cameras were collected 

from trap lines and quoll scats collected for diet study. All passive cat 

cameras were collected charged. 

5 10 – 14 June 

Yarra/Red Hill 

 

Setting of 120 camera traps for the monitoring of feral cats prior to 

baiting. RRK rangers assisted. Radio-tracking and downloading data 

from collared cats. (2 teams) 

6 1 – 2 July Yarra Heli-tracking of collared cats with help from Alicia Whittington from 

DBCA Karratha. 

1 – 12 July 

Yarra/Red Hill 

Eradicat ® bait uptake experiment. Small radio transmitters were 

inserted into each bait. Baits laid in front of a camera. Individual baits 

were tracked each day to determine the fate of removed the baits and 

whether these baits were consumed. 120 cat cameras were collected 

and extra 1080 signage was installed. Predator scat surveys were 

undertaken on a quad bike on Yarraloola. 

8 – 9 July Yarra Aerial baiting of Eradicat ® on Yarraloola Station. Western Shield baiting 

team and Shine aviation from Mt. Minnie. Alicia Whittington coordinated 

the operation. 

7 29 July – 2 Aug 

Yarra/Red Hill 

 

Setting of 120 camera traps for the monitoring feral cats after the 

baiting. RRK rangers assisted. Radio-tracking feral cats and locating 

any dead cats. (2 teams) 

8 

 

1 - 16 Sept 

Yarra.  

Quoll monitoring at 18 sites, trapped for four nights each. Collected sixty 

cat cameras. Predator scat surveys conducted. RRK rangers involved. 

(3 teams) 

3 Sept  

Yarra 

Heli-tracking of collared cats with help from Alicia Whittington from 

DBCA Karratha. Dead cats retrieved. 

2 - 12 Sept 

Red Hill 

Quoll monitoring at 18 sites, trapped for four nights each. Collected sixty 

cat cameras. Cats radio tracked. Predator scat collection. (3 teams) 
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Appendix 2. Northern quoll capture results for 2019 

Capture data and capture metric summaries for northern quolls per trapping 

site on the Yarraloola LMA 

Trap 
site 

Females Males 

Total 
captures 
(includes 

recaptures) 

Overall trap 
success rate 

(%) 

Individuals 
captured per 100 

trap nights 

A 1 0 1 1.25 1.25 

B 4 1 9 11.25 6.25 

C 2 7 14 17.50 11.25 

D 3 1 7 8.75 5.00 

F 2 1 4 5.00 3.75 

G 0 0 0 0 0 

H 0 0 0 0 0 

I 2 1 5 6.25 3.75 

J 0 4 6 7.50 5.00 

K 4 0 7 8.75 5.00 

L 2 0 4 5.00 2.50 

M 2 4* 11 13.75 7.50 

N 1 3* 11 13.75 5.00 

O 0 5 8 10.00 6.25 

P 4 4 13 16.25 10.00 

Q 0 0 0 0 0 

R #(1) #(1) - - - 

T 0 0 0 0 0 

Totals 27 31 100  - - 

Means 1.59 1.82 5.88 7.35 4.26 

*Male (PIT 287571) was first captured at Line M Trap 12 (13/9), then moved to Line 

N Trap 1 (14/9), back to Line M Trap 6 (15/9) and then returned to Line N Trap 2 

(16/9).  

# Line R was burnt by a hot fire in late December 2018. Eight traps were set for a 

single night resulting in the capture of one unmarked female and one unmarked 

male. The site was abandoned due to the lack of protective shelter for which to place 

traps. These captures were not included in the analysis. 
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Capture data and capture metric summaries for northern quolls per trapping 

site on Red Hill.  

Trap 
site 

Females Males 
Total 

captures 
(includes 

recaptures) 

Overall trap 
success rate 

(%) 

Individuals 
captured per 100 

trap nights 

CL 0 0 0 0 0 

CW 0 0 0 0 0 

E 0 0 0 0 0 

F 2 1 9 11.25 3.75 

G 0 0 0 0 0 

H 0 0 0 0 0 

I 1 0 2 2.50 1.25 

J 2 2* 7 8.75 5.00 

KB 0 1 1 1.25 1.25 

L 0 1 1 1.25 1.25 

M 0 0 0 0 0 

N 2 7 18 22.50 11.25 

P 1 1 6 7.50 2.50 

PP 3 0* 9 11.25 3.75 

RL 0 0 0 0 0 

SW 1 0 1 1.25 1.25 

X 1 2 5 6.25 3.75 

Z 2 6 9 11.25 10.00 

Total 15 21 68 - - 

Means 0.83 1.17 3.78 4.72 2.50 

*Male (PIT 289748) was first captured at Line L Trap 16 (4/9), then moved to Line 

PP Trap 11 (5/9) and a few days later was caught at Line J Trap 2 (8/9). 
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Appendix 3 Incidental and opportunistic records 

 

  

From top then left to right for other panels: a) Pilbara olive python, b) Rothschild’s rock 

wallaby, c) Egernia formosa, d) Kaluta, e) Brush-tail possum 
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Appendix 4 Volunteer engagement 2019 

Name Dates Hours Description 

Amelia Catterick-Stoll 29 Apr – 3 May 54.5 Quoll camera trap setting, 

Yarraloola 

Arlen Hogan-West 8 – 12 July 53.5 Cat camera collection, Yarraloola 

Sam Edwards 2 – 12 Sept 94 Northern quoll cage trapping, Red 

Hill 

Kate Rick 2 – 12 Sept 90 Northern quoll cage trapping, Red 

Hill 

Ashleigh Johnson 2 – 16 Sept 130 Northern quoll cage trapping, 

Yarraloola 
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Appendix 5  TSOP outputs and engagement summary 

Robe River Kuruma engagement 

Table 3. Robe River Kuruma field staff involvement according to year and number of 

days worked during the TSOP. The number of field trips per year in parentheses. 

Name 

Year of TSOP Project 

Total 
2017 2018 2019 

Arnold Bobby 5 3 9 (2) 17 

Brendon Bobby 5 - - 5 

Eden Bobby - - 11 (2) 11 

Eugene Evans - - 15 (3) 15 

Joshua Evans - 26 (3) 5 31 

Nathan Evans - 7 (2) - 7 

Royce Evans - - 4 4 

Chaylean Sampi - 6 - 6 

John Shaw - 15 - 15 
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