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Abstract
The spotted-tailed quoll (Dasyurus maculatus) is an endangered mesopredator endemic to Australia. It is generally consid-
ered a forest-dependent species associated with large, intact forested habitats. In Australia’s mainland, quoll research has 
typically been conducted in contiguous forest, and consequently, the species’ presumed forest-dependency might reflect 
sampling bias rather than preferred habitat niche. Recent studies have revealed that quolls also persist in fragmented agri-
cultural landscapes, raising questions about their true habitat requirements and preferences. In this study, we investigated 
quoll habitat use within a fragmented agricultural landscape in mainland Australia. We deployed 42 lured camera traps to 
determine quoll habitat preferences across four broad vegetation types (open grassland, grassy woodland, dry sclerophyll for-
est, and wet sclerophyll forest) based on quoll activity and occupancy. Quolls were detected in all vegetation types, and quoll 
activity indicated a preference for dry sclerophyll forest and grassy woodlands, although this preference varied depending on 
the time of year. Our results suggest that quoll habitat use in mainland Australia is more flexible than previously assumed, 
and we recommend further research on factors that may influence habitat preference such as prey availability and seasonal 
behavior. Understanding the factors that drive habitat use by quolls outside of contiguous forested landscapes will inform 
and improve conservation and management strategies to ensure critical habitat for the species is protected and retained in 
an increasingly fragmented landscape.
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Introduction

Habitat loss is one of the main causes of biodiversity loss 
around the world as humans continue to modify and destroy 
natural habitats (Rands et al. 2010). Approximately a third of 

the world’s forests have been cleared, with around 5 million 
ha cleared annually (Ritchie and Roser 2021). Habitat loss 
generally causes fragmentation, whereby habitat becomes 
divided into smaller and more isolated fragments surrounded 
by a matrix of human-modified land. Species within these 
habitat fragments are typically vulnerable to isolation and 
exposed to anthropogenic impacts (Lindenmayer and Fischer 
2013).

Mammalian predators are particularly susceptible to habi-
tat fragmentation as they often require relatively large home 
ranges, occur at naturally low population densities, and have 
specialized niche requirements (Crooks et al. 2011; Gittle-
man et al. 2001). Globally, native predator populations are 
declining as a result of the associated impacts of habitat loss 
and fragmentation (Chapron et al. 2014; Crooks et al. 2011; 
Crooks 2002) and subsequent increased conflict with other 
predators and humans (Farris et al. 2015; Remonti et al. 
2012; Ripple et al. 2014). For example, habitat fragmenta-
tion has altered habitat use by long-tailed weasels (Mustela 
frenata) in America (Gehring and Swihart 2003, 2004) as 
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well as the güiña (Leopardus guigna) in Chile (Schüttler 
et al. 2017). As landscapes continue to be modified and 
degraded, survival of predators will depend on their abil-
ity to persist in human-modified landscapes (Kremen and 
Merenlender 2018). Some native predator species are able 
to persist within or even benefit from modified habitats, par-
ticularly where resource availability is increased or supple-
mented (Bateman and Fleming 2012; Crooks 2002; Swihart 
et al. 2003). For example, pine martens (Martes martes) can 
exist in agricultural landscapes in Europe (Mergey et al. 
2012; Pereboom et al. 2008; Weber et al. 2018) utilizing 
supplemental prey and den resources (Caryl et al. 2012). 
Similarly, raccoons (Procyon lotor) in North America are 
well adapted to human-modified landscapes, utilizing crop-
lands and urban habitats for foraging and denning (Beasley 
et al. 2007b; Henner et al. 2004).

The spotted-tailed quoll (Dasyurus maculatus, hereaf-
ter referred to as “quoll”) is a medium-sized (1.2–4.2 kg, 
Belcher 2003) marsupial carnivore which occurs through-
out eastern Australia, including the island state of Tasmania 
(Jones et al. 2001). It is known to occur in a range of habitats 
including wet and dry sclerophyll forests, woodlands, and 
rainforests (Belcher and Darrant 2004; Claridge et al. 2005; 
Glen and Dickman 2006b). Quolls are generally considered 
a forest-dependent species (Belcher 2004), typically associ-
ated with structurally complex contiguous forests that offer 
an abundance of hollow-bearing trees, logs, and burrows, 
which provide suitable den sites and support high densities 
of prey (Belcher and Darrant 2006; Claridge et al. 2005; 
Glen et al. 2011).

Currently, quolls are listed as “near threatened” on the 
IUCN Red List of Threatened Species, and Australia’s main-
land population is listed as endangered under the Common-
wealth Environment Protection and Biodiversity Conser-
vation Act 1999. Since European colonization in the late 
eighteenth century, quolls have suffered a 50–90% decline 
in their range (Maxwell et al. 1996), with habitat loss being 
considered the greatest threat to quoll survival (Long and 
Nelson 2010). Additionally, introduced predators such as 
feral cats (Felis catus) and red foxes (Vulpes vulpes) threaten 
quolls through resource competition and predation (Jones 
et al. 2014). Foxes, in particular, are known to exhibit strong 
dietary overlap with quolls (Glen and Dickman 2008; Glen 
et al. 2011), and there is some evidence of interspecific kill-
ing of quolls by foxes (Körtner et al. 2004). In southeast-
ern mainland Australia, potential competitive interactions 
between sympatric quolls and foxes (Henderson et al., 2021) 
may exacerbate the impacts of habitat loss on quoll popula-
tions in fragmented landscapes, potentially restricting quolls 
to more protected intact forested habitats.

Recent studies in Tasmania (Andersen et al. 2017; Hamer 
et al. 2021; Jones et al. 2021), as well as in New South Wales 
(Henderson et al. 2022; Henderson et al. 2021), indicate that 

quolls are able to persist in fragmented landscapes. However, 
information on how quolls use these fragmented landscapes 
is limited to research in Tasmania. Troy (2014) suggested that 
habitat preferences of quolls in Tasmania are more flexible than 
in mainland Australia likely due to the absence of interspecific 
competition with foxes. In mainland Australia, quoll research 
has predominately been conducted in contiguous forested 
landscapes. Consequently, their dependence on intact forests 
is only assumed and could instead reflect sampling bias. Hen-
derson et al. (2021) recently found that quolls and foxes coex-
isted spatially and temporally within a fragmented landscape 
in mainland Australia, which was possibly facilitated by low 
fox density. Therefore, mainland quolls living in some frag-
mented landscapes could demonstrate similar habitat flexibility 
to quolls in Tasmania, although this is currently unknown.

In our study, we investigated the habitat use by quolls 
in mainland Australia in a landscape comprising forested 
habitat fragments interspersed with open grassland habitat. 
By identifying essential habitat features to be retained and 
protected at the landscape level, information on how quolls 
use fragmented landscapes can help inform relevant conser-
vation and management strategies. We specifically sought 
to determine whether quoll habitat use within a fragmented 
landscape was similar across four broad vegetation types 
(open grassland, grassy woodland, dry sclerophyll forest, 
and wet sclerophyll forest) or whether quolls demonstrated 
a preference for forested vegetation types and avoided open 
grassland. We hypothesized that quolls would prefer dry 
and wet sclerophyll forests, as mainland quoll occurrence is 
typically associated with these forest types (Belcher 2004; 
Catling et al. 2002; McLean et al. 2015) and avoid open 
grasslands due to the increased risk of interspecific competi-
tion and exposure to predators.

Materials and methods

Study site and design

The study was conducted in a biodiversity offset area and 
adjacent private land (approximately 30  km2) located in 
the Hunter Valley region of New South Wales, Australia 
(Fig. 1). The study site was defined by private property 
and biodiversity site boundaries, and comprised a mix 
of sclerophyll forests and grassy eucalypt woodlands 
fragmented by mining and agriculture, and interspersed 
with open grassland paddocks (Fig. 1). The study site was 
divided into four broad vegetation types (open grassland, 
grassy woodland, dry sclerophyll forest, and wet scle-
rophyll forest; Table 1). The proportion of each vegeta-
tion type available within the study site was calculated 
using ArcGIS version 10.4.1 (ESRI 2015). The study site 
was then divided into 2  km2 hexagonal cells (with some 
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cells excluded due to access constraints), resulting in 
42 accessible cells. Each accessible cell was systemati-
cally assigned a vegetation type based on the dominant 
vegetation within that cell while also ensuring that the 
proportion of cells per vegetation type was similar to the 
proportion of available vegetation within the study site 
(Table 1).

Camera trapping

To assess quoll habitat preferences, we deployed Reconyx 
HC600 camera traps (Reconyx, Holmen, USA) across all 
accessible sampling units (n = 42, Fig. 1), and camera place-
ment targeted suitable habitat features required for instal-
lation (e.g., a fallen log or rock pile). Each camera was 

Fig. 1  Location of 42 camera 
traps and the associated vegeta-
tion types within the study site. 
Insert shows the location of the 
site within New South Wales, 
Australia

Table 1  Description of each vegetation type, its available proportion (%) within the study site, and associated number of camera traps allocated 
to each vegetation type (total cameras = 42)

Vegetation type Description % available within 
site boundary

No. of camera 
traps allocated
(% of total 
cameras)

Open grassland Grassland with little to no canopy cover. Camera site relied on a habitat feature (pad-
dock tree, log, or boulder) for camera deployment. Sites were located at least 100 m 
from the nearest forest or woodland edge

24.2% 10 (23.8%)

Grassy woodland Habitat consisted of open eucalypt woodlands with a grassy understory 21.2% 9 (21.4%)
Dry sclerophyll Dry sclerophyll forest predominately consisted of tall, closely growing eucalypt trees 31.1% 13 (31.0%)
Wet sclerophyll Combination of wet sclerophyll forest and associated dry rainforest. These two habitat 

types were combined due to the low presence of dry rainforest, which was also 
consistently associated with wet sclerophyll (i.e., pockets of dry rainforest occurred 
between wet sclerophyll patches)

23.5% 10 (23.8%)
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positioned ~ 1.0 m above the ground and attached to a metal 
post, which faced a large horizontal log (or an equivalent 
rock pile) located between 1.5 and 3.0 m away from the cam-
era. A lure canister containing ~ 500 g of raw chicken necks 
was pegged into the ground in front of the log. Cameras were 
aligned so that the camera’s upper detection zone covered 
the top of the log and the lower detection zone covered the 
lure canister as described in Henderson et al. (2021). Camera 
traps were deployed continuously from May to December 
2020, and were serviced twice (August and November) to 
replace camera batteries, SD cards, and lures. The study was 
separated into three survey periods (May–June, August–Sep-
tember, and November–December), with each period com-
mencing on the day that camera traps were serviced and 
lures refreshed, thus ensuring that the potential effect of 
declining lure age on quoll detectability remained consist-
ent across survey periods (Henderson et al. 2022). To ensure 
temporal independence between survey periods and account 
for declining lure age, only the first 28 camera trap nights 
were included in data analysis.

Data analysis

All statistical analyses were performed in R version 4.2.0 
(R Core Team 2022).

Naive occupancy

Raw detection data was used to determine naive occupancy 
for each vegetation type in each survey period. Naive occu-
pancy expresses the proportion of camera sites where at least 
one quoll was detected, stratified by vegetation type. As not 
all the cameras operated for the full four weeks (due to bat-
tery depletion or camera malfunction), we only included 
detection data from cameras that were operational for at 
least 2 weeks.

Quoll activity across vegetation types

For each survey period, we used quoll activity (the number 
of independent quoll detections) in each vegetation type to 
infer habitat preference. Consecutive quoll detections on the 
same camera were considered independent detection events 
if image sequences were separated by more than 10 min, as 
described in Henderson et al. (2021). We used a chi-square 
goodness-of-fit test to compare the observed and expected 
a number of independent quoll detections across the four 
vegetation types. We then calculated the number of avail-
able camera nights for each vegetation type as a proportion 
of the total available camera nights across all vegetation 
types to determine the expected number of detections for 
each vegetation type. Available camera trap nights varied 
slightly between survey periods due to battery depletion or 

camera malfunction. Habitat preference was inferred where 
quolls were detected in vegetation types more frequently 
than expected.

Probability of occupancy across vegetation types

As raw detection data does not account for imperfect detec-
tion (MacKenzie et al. 2002), we also sought to infer habitat 
preference during each survey period using the probability of 
occupancy for each vegetation type. Occupancy probability 
was estimated using the single-species, single-season occu-
pancy model in the “unmarked” package version 1.1.0 (Fiske 
and Chandler 2011). We created camera-specific detection 
histories by determining quoll presence (1) or absence (0) 
for each camera night using the package “camtrapR” ver-
sion 2.0.3 (Niedballa et al. 2016). We defined a sampling 
“occasion” as a one-night period (24-h duration beginning 
at 12:00). Nights when cameras were inoperable (due to bat-
tery depletion or camera malfunction) for part or all of the 
24-h period were recorded as “NA” in the detection his-
tory. We included vegetation type as a covariate on occu-
pancy and lure age as a covariate on detection probability to 
account for the potential impact of lure efficiency over time 
(Henderson et al. 2022).

Temporal activity across vegetation types

To determine if habitat use differed temporally, we compared 
quoll temporal activity across vegetation types for each sur-
vey using the “overlap” package Version 0.3.2 (Ridout and 
Linkie 2009). To determine the extent of temporal activity 
overlap, we calculated the coefficient of overlap (Δ) whereby 
values range from 0 (no overlap) to 1 (complete overlap). 
Following Meredith and Ridout (2018), we used the Δ1 esti-
mator because all sample sizes had < 5 detection events. We 
obtained 95% confidence intervals using 10,000 smoothed 
bootstrap samples (Rovero and Zimmermann 2016). We then 
used nonparametric kernel density curves to plot temporal 
activity profiles and tested for differences in temporal activ-
ity peaks using the nonparametric Mardia–Watson–Wheeler 
test for homogeneity within the ‘circular’ package Version 
0.4–93 (Lund et al. 2017).

Results

Quoll activity across vegetation types

We recorded a total of 267 independent quoll detections 
from 3384 camera nights across the three survey periods. 
There was clear habitat flexibility, with quolls detected in 
all four vegetation types during each of the three survey 
periods. Naïve occupancy remained consistent between the 
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May–June and August–September survey periods for all 
vegetation types, ranging from 50% in open grassland up to 
89% in grassy woodland (Table 2a). However, naïve occu-
pancy was low across all vegetation types during Novem-
ber–December, ranging from 20% in open grassland and up 
to 50% in both grassy woodland and wet sclerophyll forest 
(Table 2a).

Quoll activity differed significantly between vegetation 
types in all the three survey periods (all P < 0.05), although 
different habitats were preferred in different survey periods. 
During May–June, quolls were detected in dry sclerophyll 
forest more frequently than expected (X2 = 16.61, df = 3, 
P < 0.01) while grassy woodlands were preferred in both 
the August–September (X2 = 8.28, df = 3, P < 0.05) and 
November–December (X2 = 18.82, df = 3, P < 0.01) survey 
periods (Table 2b). In contrast, quolls were detected in wet 
sclerophyll forest less frequently than expected during both 
the May–June and November–December surveys while use 
of open grasslands was lower than expected in both the 
August–September and November–December survey peri-
ods (Table 2b).

Probability of occupancy across vegetation types

The probability of quoll occupancy did not reveal any sig-
nificant difference in habitat use across vegetation types or 
between surveys as indicated by wide, overlapping confi-
dence intervals (Fig. 2).

Temporal activity

There were no significant differences in activity peaks 
between each of the three forested vegetation types (grassy 
woodland, dry sclerophyll, and wet sclerophyll) for each sur-
vey (all P > 0.05). Therefore, we subsequently pooled these 
three vegetation types into a combined “Forest” category 

to compare temporal activity across the vegetation types. 
The quolls were primarily nocturnal (1800–0600 h) and 
exhibited a similar temporal activity between forest and 
open grassland during both May–June (Δ1 = 0.74, 95% 
CI: 0.53–0.83, Fig. 3a) and August–September (Δ1 = 0.83, 
95% CI: 0.73–0.97, Fig.  3b). The nonparametric Mar-
dia–Watson–Wheeler tests also showed no significant 
difference in activity peaks between the forest and open 
grassland habitats for both May–June (W = 4.30, P = 0.12) 
and August–September (W = 2.61, P = 0.27). The Novem-
ber–December survey was not compared due to the low 
number of quoll detections (n = 5) in the open grassland.

Discussion

Our study is the first to investigate habitat use by quolls in a 
fragmented landscape in mainland Australia. The raw detec-
tion data revealed some seasonal variations in habitat pref-
erences, although quolls generally avoided open grassland 
and wet sclerophyll forest in preference for grassy woodland 
and dry sclerophyll forest. In contrast, occupancy modelling 
revealed broad habitat flexibility by quolls, with no specific 
habitat preference. Furthermore, quoll temporal activity 
remained similar between vegetation types and survey peri-
ods. Our results suggest that quoll habitat use in mainland 
Australia is likely more flexible than previously assumed and 
highlights the potential value of human-modified landscapes 
for quoll conservation. However, the conflicting results also 
highlight the inherent difficulties of reliably determining 
the habitat preference of cryptic carnivorous species such 
as quolls.

Our findings are consistent with those reported by Troy 
(2014) in Tasmania where quoll habitat use was flexible 
within fragmented agricultural landscapes. Troy (2014) 
suggested that an absence of foxes in Tasmania potentially 

Table 2  Summary of spotted-
tailed quoll (Dasyurus 
maculatus): (a) naive occupancy 
and (b) observed and expected 
independent detections with 
percentage difference for each 
vegetation type during each 
survey

Vegetation type Naive occupancy (%)
May–June 2020 Aug–Sept 2020 Nov–Dec 2020

(a)
Open grassland 5/10 (50%) 5/10 (50%) 2/10 (20%)
Grassy woodland 8/9 (89%) 7/8 (88%) 4/8 (50%)
Dry sclerophyll 10/13 (77%) 9/12 (75%) 5/12 (42%)
Wet sclerophyll 7/10 (70%) 7/10 (70%) 5/10 (50%)

Detections: observed|expected (% difference)
May–June 2020 Aug–Sept 2020 Nov–Dec 2020

(b)
Open grassland 28|25 (+ 12%) 17|28 (− 39%) 5|12 (− 59%)
Grassy woodland 16|24 (− 32%) 29|21 (+ 38%) 20|10 (+ 100%)
Dry sclerophyll 51|34 (+ 49%) 32|33 (− 3%) 17|14 (+ 21%)
Wet sclerophyll 14|26 (− 46%) 32|28 (+ 14%) 6|12 (− 51%)
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explains the wide habitat tolerances of quolls observed in 
their study. In contrast, the quoll research in mainland Aus-
tralia has predominately been conducted in intact forested 

landscapes, leading to an established notion that quolls are 
dependent on large, complex contiguous forests (Belcher 
2000; Belcher and Darrant 2006; Mansergh 1983) because 

Fig. 2  Probability of occupancy of spotted-tailed quolls (Dasyurus 
maculatus) for each vegetation type (OG, open grassland; GW, grassy 
woodland; DS, dry sclerophyll; WS, wet sclerophyll) during a May–

June 2020, b August–September 2020, and c November–December 
2020. Error bars show 95% confidence intervals

Fig. 3  Spotted–tailed quoll (Dasyurus maculatus) temporal activity overlap between forest (solid line) and open grassland (dashed line) for a 
May–June 2020 and b August–September 2020. The shaded areas denote the extent of temporal activity overlap across vegetation types
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of the threat posed by foxes in more open landscapes (Long 
and Nelson 2010). However, Henderson et al. (2021) found 
that the presence of foxes at our study site did not appear to 
influence quoll activity, possibly due to low fox density. The 
broad habitat use by quolls observed in our current study 
possibly reflects a flexibility in habitat use under low fox 
densities, similar to the flexibility observed in the absence 
of foxes (Troy 2014). This suggests that quoll habitat use 
where foxes are absent or rare (e.g., in Tasmania and in our 
current study) might reflect the species’ preferred niche, 
while higher fox densities might restrict quoll habitat use to 
a realized niche of intact contiguous forest where the prob-
ability of survival is increased (Troy 2014). Further research 
is required to compare quoll habitat use in fragmented land-
scapes under different fox densities.

The observed habitat flexibility of quolls in our study 
might reflect prey availability across vegetation types as sug-
gested by studies on other mesocarnivores in fragmented 
landscapes. For example, pine martens can benefit from 
supplemental food resources in fragmented habitats, and 
this can likely facilitate the tolerance of habitat loss up to a 
certain threshold (Caryl et al. 2012; Mortelliti and Boitani 
2008). Similarly, forest-dependent leopard cats are able to 
utilize open agricultural plantations in Southeast Asia (Chua 
et al. 2016) due to the better prey catchability of abundant 
rodent pests (Lorica and Heaney 2013; Rajaratnam et al. 
2007; Silmi et al. 2013). This could be similar for quolls in 
the open grassland, because the abundant prey species such 
as hares (Lepus europaeus) and northern brown bandicoots 
(Isoodon macrourus) (Glen and Dickman 2006a; Jarman 
et al. 2007) at our site were not limited to forested habitats 
but were also frequently detected on cameras in the open 
grassland where the catchability for these species might be 
greater than in forested areas. Further research is needed 
to investigate whether prey availability and catchability 
influence the habitat flexibility of quolls within fragmented 
landscapes.

The avoidance of open grasslands and preference for 
forest fragments were also consistent with observations of 
quolls in Tasmania (Troy 2014). Troy (2014) found a posi-
tive correlation between female quoll home range size and 
the proportion of pasture, and a negative correlation between 
home range size and eucalypt forests, suggesting that pas-
tures contain insufficient resources to meet quoll resource 
demands while forests provide disproportionately more 
resources. In our study, the habitat preference might also 
reflect the resource availability for quolls within each veg-
etation type with the open grassland providing insufficient 
resources to induce preference. Within forested vegetation 
types, the strong preference for grassy woodland was sur-
prising considering quolls in mainland Australia are typi-
cally associated with structurally complex contiguous for-
ests such as sclerophyll forests or rainforests (Belcher 2000; 

Belcher and Darrant 2006; Mansergh 1983). At our site, the 
grassy woodlands support a mix of semi-arboreal prey such 
as brush-tailed possums (Trichosurus vulpecula) as well as 
ground-dwelling grassland species such as bandicoots and 
hares while also providing hollow-bearing trees or logs for 
shelter. These grassy woodlands could potentially act as a 
“buffer zone” between open grasslands and resource-rich 
sclerophyll forests to facilitate quoll foraging and movement 
while maintaining a low risk from predation. In contrast, 
quoll detections were less common in the wet sclerophyll 
forest, which includes a more structurally complex vegeta-
tion offering greater protective cover from other predators. 
It is possible that prey availability is lower in wet sclerophyll 
forest as it may provide prey with more cover from quolls 
compared to more open forests. Therefore, grassy woodlands 
and dry sclerophyll forests may provide a balance of suf-
ficient den sites, cover from other predators, and increased 
functional availability of prey. However, further research 
is needed to understand the specific features that influence 
quoll preference within these vegetation types.

The observed differences in habitat preference between 
the survey periods suggest that seasonal variations in habi-
tat use might be associated with the quoll's reproductive 
cycle. For example, the May–June survey coincides with 
the quoll’s annual breeding season (Belcher 2003) when 
transient males roam across large areas in search of females 
(Belcher and Darrant 2004). This possibly explains why 
quolls were detected more frequently than expected in the 
open grassland during this survey compared to the other sur-
vey periods when the open grassland was avoided. The aver-
sion for the open grassland during August–September could 
reflect the need for females to remain within the protection 
of forested habitats, where they are less vulnerable to preda-
tion while they are carrying pouch young during this time of 
the year (Körtner et al. 2019). A similar seasonal variation 
in habitat use has been observed for raccoons in Canada, 
which are known to forage in open agricultural environments 
but prefer forested habitats when rearing young (Beasley 
et al. 2007a). In addition, the November–December survey 
period coincides with juvenile quolls initially emerging 
from their natal dens and becoming independent (Andrew 
2005), potentially avoiding the open grassland where they 
are more exposed to other predators. Surprisingly, quolls did 
not prefer wet sclerophyll forest, which is likely to provide 
more cover from other predators. In fact, quoll activity was 
relatively lower in wet sclerophyll in both the May–June and 
November–December survey periods compared to the other 
forested vegetation types. This may instead reflect seasonal 
variations in prey availability or catchability within wet 
sclerophyll forests. Future studies should investigate quoll 
habitat use during different times of the year and across mul-
tiple years to determine if seasonal variation in habitat use 
is consistent with our findings and hypotheses.
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The broad habitat use of quolls and a strong preference 
for forest fragments suggest that quolls are likely traversing 
open grasslands to access these forest fragments. In Tasma-
nia, quolls used small, isolated vegetation patches as “step-
ping stones” between larger forest patches (Troy 2014). Our 
study site similarly comprised many small clusters of pad-
dock trees or isolated exotic shrubs, which potentially act as 
refugia within the open grasslands that stretch between the 
larger forested vegetation types. These vegetation patches 
may be important for facilitating connectivity within the 
landscape and provide additional resources for quolls such 
as den sites or prey. Further research is needed to ascertain 
fine-scale movements of quolls throughout this fragmented 
landscape to understand the importance of these isolated 
vegetation patches so that conservation strategies can ensure 
the protection of critical vegetation within the fragmented 
matrix.

Our occupancy modelling analysis was unable to discern 
any significant difference in habitat use across vegetation 
types. Estimates derived using an occupancy modelling 
approach are generally considered more robust as they 
account for imperfect detection data (MacKenzie et  al. 
2006). Accordingly, it is possible that our occupancy mod-
elling estimates accurately reflect the habitat use by quolls 
and that there is actually no habitat preference for the quolls 
at this site. The observed preference inferred from raw detec-
tion data might simply reflect a detection bias as a result of 
imperfect detection, although this is uncertain. Conversely, 
the large and overlapping confidence intervals around our 
occupancy estimates could suggest the study design or sam-
ple size was inadequate to determine any habitat preference 
using occupancy, which is typically a data-hungry analysis 
(Jha et al. 2022). This could be due to the cryptic nature 
of quolls, whereby the probability of occupancy may be 
high, but the probability of detection is very low, result-
ing in imprecise estimates. Greatly increasing the number 
of sampling occasions can better inform the probability of 
detection (MacKenzie 2005). Additionally, the precision 
of occupancy estimates can be improved by increasing the 
number of sites (MacKenzie et al. 2006). Such studies may, 
however, be limited by financial or logistical constraints. 
Therefore, a trade-off between sufficient spatial replicates 
and sampling occasions is needed to achieve a practical sur-
vey effort. This highlights the potential limitation of using 
occupancy to study low-density and wide-ranging carnivores 
such as quolls, which may require a much greater survey 
effort than what is feasible.

Information on quoll habitat use in fragmented landscapes 
can inform appropriate conservation and management strat-
egies by identifying important habitat to be retained and 
protected at the landscape level. The quolls in our study 
exhibited a strong preference for grassy woodlands and dry 
sclerophyll forests with varying degrees of preference at 

different times of the year. The quolls also demonstrated 
greater flexibility in habitat use than previously assumed 
in mainland Australia, indicating some adaptability to frag-
mented landscapes. However, due to the limitations of the 
analyses used, our interpretations should be treated cau-
tiously. Nevertheless, the ability for quolls to persist in this 
fragmented landscape highlights our incomplete understand-
ing of the importance of fragmented habitat for endangered 
predator species such as quolls. While habitat loss is often 
considered the greatest threat to biodiversity loss (Rands 
et al. 2010), the extent to which habitat fragmentation affects 
biodiversity remains contentious (Fahrig 2017; Fletcher 
et al. 2018). Quolls are generalist carnivores and may indeed 
benefit from habitat fragmentation, provided other larger 
carnivores such as foxes remain absent or at low densities. 
Future research should investigate specific factors that might 
influence quoll habitat preference such as predator densities, 
prey availability, and seasonal behavior. In addition, future 
quoll research should replicate our study in other fragmented 
landscapes and attempt to incorporate greater survey effort 
to ensure adequate data is obtained to infer habitat prefer-
ences. Continued research will improve our understanding of 
quoll ecology outside of contiguous forested areas and assist 
with quoll conservation in fragmented landscapes.
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