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ABSTRACT

Australia was isolated for approximately 40 million years from the presence of eutherian predation
until the introduction of the dingo (Canis familiaris; 4000 years ago), foxes (Vulpes vulpes; 1871) and
feral cats (Felis catus; post-1788). The arrival of these invasive species coincides with the decline and
extinction of many native mammals, specifically within the critical weight range (35–5500 g). These
extinctions are likely a result of competition and predation, where locomotor performance and the
associated behaviours contribute largely to overall fitness. We used the population responses of
native fauna in the presence of introduced predators to establish a research framework.
Introduction/extinction timelines, predator diets, and prey occurrence were used to identify
invasive/native relationships where predation may define the population outcome. We then
examined the locomotor performance of these species using current data (maximum speeds).
Consumption of prey items does not seem to be associated with the probability of the predator
encountering the prey. Dingoes had the most variable mammalian prey of all invasive predators,
likely due to higher maximal speeds. Feral cats favour Dasyuridae and smaller species, preying
upon these prey groups more than dingoes and foxes. The role of locomotor performance in
invasive ecology is not well understood; we identified relationships for further exploration.

Keywords: Australian natives, diet, eutherian predation, invasive ecology, mammals, marsupials,
maximum speeds, paired comparisons.

Introduction

Every continent is currently experiencing the threat of invasive species through 
anthropogenic vectors (Elton 2000). These invaders cannot wholly create a novel niche 
within this new ecosystem and must establish themselves within the food web (Elton 
2000; Pimentel et al. 2001). The invaders’ presence increases the pressure within 
established trophic levels; horizontally, as they compete with species for resources, and 
vertically, by either increasing predation pressure on lower trophic levels or increasing 
mortality rates of species that prey upon them (e.g. poisoning via consumption of cane 
toads, Rhinella marina) (Phillips and Shine 2006; Clout and Russell 2008). The novelty 
of the invader in their new environment can aid in their success, especially in island 
populations (Duffy and Capece 2012). Successful invaders can benefit from being absent 
throughout the evolutionary processes that have formed their new ecosystem; for 
example, evolving in ecosystems with stronger evolutionary drivers can afford an 
advantage over native species (Elton 2000; Flannery 2002; Wilson et al. 2018). The 
advantage invasive species have is evident in Australian ecosystems, particularly when 
exploring the impact these have on native species that lie within the critical weight 
range (35–5500 g) (Burbidge and McKenzie 1989). Feral cats (Felis catus) alone are 
implicated in the extinction and decline of 97 species of mammals but are also predicted 
to kill 182.9 million reptiles and almost 400 million birds annually (Woinarski et al. 2015, 
2017, 2018). The predation pressure in Australia has not been limited to cats, with foxes 
(Vulpes vulpes) and dingoes (Canis familiaris) playing a role in the mass extinction and 
decline of Australian native fauna (Allen and Fleming 2012; Allen and Leung 2012; 
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Doherty et al. 2019; Fairfax 2019). The success of these three 
introduced predators over native species reveals some level of 
advantage that has permitted their establishment; however, 
the nature of their advantage is unclear. 

The advantage these invasive predators possess could 
result from a performance difference in locomotory ability 
between predator and the native prey (Arnold 1983; Garland 
and Losos 1994; Irschick and Garland 2001). Locomotion is a 
function of morphology and physiology, which influences 
many species’ traits directly: the inability to move 
effectively in a specific habitat will result in a decrease in 
fitness (Clemente et al. 2019). Behavioural choices behind 
locomotion can also affect performance and overall fitness 
in an environment, for example, choosing to run faster at 
the cost of increasing the chance of slipping on substrate 
(Wilson et al. 2014; Wynn et al. 2015; Wheatley et al. 2018). 
Thus, the role of locomotor performance in predation is likely 
to be central, as prey and predator engage in pursuits that 
usually require close to maximal performance for survival. 
Within pursuit dynamics, speed and acceleration benefit the 
predator (closing the gap), whereas the ability to manoeuvre 
unpredictably without sacrificing speed is important for the 
prey (making the predator miss) (Wilson et al. 2017, 2018). 
This creates an evolutionary arms race that results in prey 
and predator increasing in overall athleticism (Wilson et al. 
2018). Without tandem evolution, an introduced predator 
could either be outmatched (lesser athletic ability) or 
overpowering (greater athletic ability) in comparison to 
native fauna (Zenni and Nu ̃  2013). A native speciesnez 
being overpowered (or outgunned) has previously been 
described as a level of prey naivety, the other two being 
inability to perceive the predation risk and inappropriate 
antipredator responses (both behavioural) (Banks and 
Dickman 2007). The physical aspect of prey naivety has not 
been explored within Australian invasive/native relation-
ships and it is unknown whether a performance gap exists. 

Australian ecosystems have undergone significant 
changes through the arrival of both indigenous Australian 
and European settlements, including the introduction of 
associated species (Flannery 2002; Prowse et al. 2014). The 
purpose of this paper is to explore these relationships, 
identifying the presence of predator/prey interactions, the 
outcome of these interactions at a population level, and the 
locomotor abilities of the involved species. These findings 
will allow us to determine whether athleticism plays a role 
in species decline in Australia. Firstly, we explore the 
historical dynamics of invasive/native interactions. We 
examine the timing of introductions and extinctions and 
whether these introductions are associated with the direct 
decline or extinction of individual species. Next, we explore 
the present-day dynamics of predator/prey relationships 
using the dietary data of three invasive predators (cats, 
foxes, dingoes) and compare these to the occurrence data of 
prey species to understand predation relative to prey 
availability. This will reveal whether consumption of prey 

is based on the probability of encounter. Thirdly, we will 
characterise and identify predator/prey pairs based on 
dietary data and the persistence of the prey. Lastly, we 
explore the potential of locomotor capacity to explain the 
persistence of prey items in these predator/prey pairs. 

Invasion timeline

Within the Pleistocene, humans were the first alien mammals 
whose arrival in Australia resulted in an observable effect on 
the ecosystem (Fig. 1) (Saltré et al. 2016). The next significant 
introduction was the dingo, arriving as camp dogs with Asiatic 
seafarers approximately 4000 years ago (Prowse et al. 2014). 
It is suggested that the dingo was never truly domesticated 
by the Indigenous Australians but formed loose relation-
ships, and this permitted the dingo to disperse over the 
entire Australian mainland in 100–500 years (Tindale 1974; 
Gollan 1984). Dingoes were the first introduced placental 
carnivores, and their arrival has been linked to direct 
competition and extinction of the similarly sized thylacine 
(Thylacinus cynocephalus) and the smaller Tasmanian devil 
(Sarcophilus harrisii) from mainland Australia (Letnic et al. 
2012; Prowse et al. 2014). The disappearance of both 
Dasyuromorphia from mainland Australia occurred at least 
25 000 years after the Pleistocene megafaunal extinction and 
approximately two millennia before European settlement 
(Fig. 1a). Despite the climate and human intensification 
foreshadowing the dingo’s arrival, the competition presented 
by them would have likely impacted the population levels for 
both these carnivorous native species (Brown 2006; Allen and 
Fleming 2012; Allen and Leung 2012; Prowse et al. 2014). 
While still a contentious topic, the survival of these two 
native species in Tasmania (thylacine until human culling), 
where dingoes were never introduced, support theories of 
the dingo’s involvement (Letnic et al. 2012). 

Another major invasion event followed the European 
settlement of Australia in 1788, along with which came a 
myriad of invaders (Woinarski et al. 2015). Some were 
domestic animals (ungulates), others occupied niches alongside 
human development (rodents and felids), and others were 
introduced for sport (canids and lagomorphs) (Fig. 1b) 
(Dickman 1996). The red fox and domestic cat were some of 
the more impactful introductions on the Australian ecosystems 
(Chisholm and Taylor 2010). These two species have been 
implicated in multiple extinctions where they have been 
introduced (Woinarski et al. 2019). Cats arrived with European 
settlement in 1788; however, they were not initially released, 
making the timing of their introduction and dispersal into 
Australian ecosystems unclear (Dickman 1996). Some have 
argued that cats were introduced when Dutch sailors became 
shipwrecked on the shores of Australia; however, there is 
evidence to suggest that feral populations of cats did not 
exist in Australia for many years after European settlement 
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Fig. 1. The introduction and extinction of mammalian species and megafauna in Australia. (a) The mass extinction of Australian
megafauna and (b) the mass extinction surrounding European settlement. Circles represent the most probable time of introduction of
the species or actual timing in cases that are known. The bars represent the most probable window of time of introduction. Blue
diamonds and bars represent native Australian fauna that have gone extinct (some bars in Years BP represent a genus, not individual
species). Orange triangles and bars represent the introduction of invasive mammals, brown triangles and bars represent the arrival of
humans. An asterisk indicates extinctions from mainland Australia, still present in Tasmania. More detail on the methods can be found
in the Supplementary material Appendix 1.

(Abbott 2002). While there is no reliable estimate for the 
dispersal of cats across Australia, records propose there were 
feral populations in Western Australia by 1907 (Shortridge 
1936). Their current distribution, success, and ability to revert 
to a feral nature could mean a similar dispersal timeline to foxes 
(Dickman 1996). The red fox was introduced in 1871, at 
roughly the same time as the rabbits and hares, taking only 
100 years to appear on the western side of Arnhem Land 
(Dickman 1996; Fairfax 2019). 

Diets of invasive predators

Diet compositions for three invasive predators (dingoes, 
foxes, and feral cats) were collated from research examin-
ing the stomach or scat contents of these species from 
around Australia (see Supplementary material Appendix 3). 
A search was performed on both Web of Science and Scopus 
for each species, and it resulted in 117, 140 and 104 unique 
studies for dingoes, foxes, and cats, respectively. Resulting 
searches were refined based on the availability of data, collec-
tion methods, and location of study. Overall, the frequency of 
prey-occurrence data from 105 studies resulted in 90 735 
prey-occurrences from 177 different mammalian species in 
the stomachs or scats of all three invasive predators. Diet 

data were divided into four bioregions (Arid, Tropical, 
Temperate/Mediterranean, and Temperate – lighter to darker 
shades respectively in Figs 2, 3, 4) and were based on the 
Interim Biogeographical Regionalisation for Australia, ver. 7 
(IBRA 2020), configured akin to Kittel and Austin (2016). 
The data from Mediterranean Forests, Woodland and Scrub 
were collated with Temperate Grasslands, Savannas and 
Shrublands because of the minimal dietary studies undertaken 
in these areas across all species. Tropical/Subtropical areas 
were also combined for this reason. Prey species were divided 
into groups Bandicoots and Allies, Dasyuridae, Invasive 
predators, Lagomorphs, Native Rodents, Invasive Rodents, 
Kangaroos, Wallabies and Allies, Possums and Allies, 
Ungulates, and Others (more detail on species inclusion can 
be found in Table S1). Groups were assigned based on the 
phylogeny, size, and ecology of the species. Observational 
occurrence data of all species were obtained from the Atlas 
of Living Australia in January 2022. Only the observational 
occurrence data of species that were identified in the diet of 
cats, foxes, and dingoes were obtained. Data were organised 
into the same bioregions as the dietary-occurrence data 
using the decimal longitude and latitude of the sighting. The 
percentage observational occurrence in each region was 
calculated for each group (Figs 2, 3, 4). The consumption to 
encounter factor was calculated by dividing the dietary 
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Fig. 2. The composition of mammalian prey in dingo and wild dog (Canis familiaris) diets across four
bioregions in Australia: Arid, Tropical, Temperate/Mediterranean, and Temperate (lightest to darkest,
respectively). The positive y-axis represents the number of occurrences each group has been recorded in
either scats or stomachs of dingoes, and the negative y-axis represents the number of occurrences of each
group based on data from Atlas of Living Australia (ALA) and represents an abundance score. Dietary data
were compiled from papers listed in Table S1 and Occurrence data were collated from ALA (January
2022). The Cons./Enc. Factor represents how much more likely the predator is to consume the prey
group per chance of encounter compared to other groups; the top three in each bioregion are
represented. More detailed information regarding how the species were categorised and what species are
represented in each group can be found in Table S1.

occurrence by the bioregion occurrence of an individual group, 
then dividing by the average of all groups in each bioregion. 
This provides a factor of how much more likely the predator 
is to consume the prey group per chance of encounter 
(the Cons./Enc. factor for all groups, invasive predators, and 
bioregions can be found in Table S2). The numbers 
represented as ungulates in occurrence data do not include 
animals from farms. 

Bioregion occurrence

The Kangaroo group was the most prominent in Arid 
bioregions and accounted for 39.9% of all occurrence data 
(Figs 2, 3, 4). Ungulates and Native Rodent groups showed 
occurrence percentages of 13.3% and 11.5% respectively, 
whereas Dasyurids, Lagomorphs, and Invasive Rodents 
represented between 7 and 9% of occurrences. All other 
groups were under-represented in Arid zones (<5%). In 
Tropical bioregions, the Wallaby group represented the 
most, with 22.6% of all occurrences. Bandicoot, Ungulate 
and Kangaroo groups were well represented (17.5%, 12.4%, 

and 12.1%, respectively). Invasive rodents and Lagomorphs 
seemed to be severely under-represented (1.6%, 0.7%), and all 
other groups ranged between 4.7 and 8.4%. In Mediterranean 
bioregions, the Others group was the highest represented 
(19.4%), with the Bandicoot group a close second (18.9%). 
Kangaroo and Native Rodent groups were the only other 
groups significantly represented (>10%); all other groups 
ranged between 3 and 7% occurrence. Lastly, in Temperate 
bioregions, Wallaby, Possum and Others groups made up for 
over 65% of occurrence data (26.5%, 21.5%, and 19%, 
respectively). All other groups in Temperate bioregions were 
represented with between 2 and 7% of occurrences. 
Lagomorphs were not well represented in the occurrence 
data; whether this was an accurate representation of their 
occurrence in these ecosystems, or whether there is a bias 
against reporting their presence is unknown. 

Dingo diets

Dingo dietary studies were distributed across all four 
bioregions, with a large focus on Arid and Temperate 
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Fig. 3. The composition of mammalian prey in fox (Vulpes vulpes) diets across four bioregions in Australia:
Arid, Tropical, Temperate/Mediterranean, and Temperate (lightest to darkest, respectively). The positive
y-axis represents the number of occurrences in the diet of foxes, and the negative y-axis represents the
number of occurrences in the bioregion. The Cons./Enc. Factor represents howmuchmore likely the predator
is to consume the prey group per chance of encounter; the top three in each bioregion are represented. More
detail can be found in Table S1.

zones. Lagomorphs were the most represented in Arid zone 
dingo diets (39.9%; Fig. 2), with Native Rodents, Ungulates, 
and Kangaroos contributing significant proportions (16.4%, 
15.5%, 13.6%, respectively). The Kangaroo group seemed 
to be under-represented in dingo diets compared with 
the occurrence in Arid bioregions, and Lagomorphs were 
3.8 times more likely to be consumed relative to their 
observational occurrence. In Tropical bioregions, the Native 
rodents group (34.9%) was the most common in dingo 
diets, but this was closely followed by the Wallaby group 
(22.9%). Wallabies were greatly represented in the occur-
rence data, thus their representation in the dietary data is 
possibly due to a greater availability. The consumption/ 
encounter factor for Native rodents was 5.2 in Tropical 
bioregions, which suggests that dingoes more often success-
fully consume rodents after encountering them. Dingoes 
consumed more wallabies (34.9%) in Temperate bioregions; 
however, the Bandicoot group (12.8%) had the greatest 
consumption to encounter factor (3.0). In the Mediterranean 
bioregion, the Kangaroo group contributed 40.9% to dingo 
diets whereas Lagomorphs (18.6%) and Ungulates (12.1%) 
represented the next two most consumed groups. These 
three groups were also the three most likely to be consumed 
once encountered in this bioregion. Although solitary dingoes 

can survive by feeding on rabbits, rodents, carrion, and small 
marsupials, they are also capable of hunting in small packs to 
bring down larger prey items like kangaroos and ungulates. 
Dingo diet and occurrence data reflect the variability in 
ecology and social/hunting behaviour (Thomson 1992). 

Fox diets

The diets of foxes have rarely been studied in Tropical 
bioregions (n = 77 diet occurrences), which is likely due to 
their scarcity in these regions; however, they have been 
heavily studied in Temperate climates (n = 29 546) and so 
the data in tropical regions might not be an accurate 
representation (Fig. 3). Native Rodents occurred 61.2% of 
the time in fox diet studies in Arid bioregions despite them 
contributing only 11.5% of observational occurrence data 
in this region. Thus, foxes were 5.9 times more likely to 
consume Native Rodents when encountering them than the 
average of that region. In Mediterranean bioregions, 28.7% 
of all fox stomachs and scats contained animals from 
the Ungulates group. Lagomorphs, Invasive Rodent, and 
Kangaroo groups also contributed large proportions to their 
diet (25.8%, 19.5%, 15.0%, respectively). Consumption of 
Ungulate and Kangaroo by foxes in this area is probably 
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Fig. 4. The composition of mammalian prey in feral cat (Felis catus) diets across four bioregions in Australia:
Arid, Tropical, Temperate/Mediterranean, and Temperate (lightest to darkest, respectively). The positive
y-axis represents the number of occurrences in the diet of cats, and the negative y-axis represents the
number of occurrences in the bioregion. The Cons./Enc. Factor represents how much more likely the
predator is to consume the prey group per chance of encounter; the top three in each bioregion are
represented. More detail can be found in Table S1.

linked to predation of young, and scavenging (Moore et al. 
1966; Lugton 1993; Greentree et al. 2000). As for dingo 
diets, the diets of foxes were much more variable in 
Temperate bioregions; the Possum group (29.5%; arboreal) 
represented the largest proportion of diets in that region; 
however, their occurrence was also quite high. This group 
represents arboreal specialists, where morphology that 
increases stability in arboreal environments likely results in 
their reduced locomotor ability along the ground (Gaschk 
et al. 2019). The predator/prey relationship that foxes 
share with these arboreal species likely represents a 
common target that is relatively easy to catch than 
terrestrial specialists like wallabies and bandicoots. 

Cat diets

Native rodents were prominent in cat diets in Arid, Tropical 
and Mediterranean bioregions (40.5%, 39.5%, and 27.1%; 
Fig. 4), but accounted for only 4.0% of their diet in 
Temperate areas. In Arid and Tropical bioregions, they also 
had increased consumption per encounter (3.3 and 3.0, 
respectively). Dasyurids also featured in the diets of cats 
in Arid, Tropical and Mediterranean bioregions, showing 
an increased consumption/encounter in Tropical and 

Mediterranean bioregions (2.7 and 2.2). Cat dietary data 
supported the theory that they prefer prey less than 200 g, 
focusing mainly on the groups comprising smaller-sized 
species (rodents and dasyurids) (Dickman 1996). However, 
cats also seemed to be good at consuming Lagomorphs and 
Invasive rodents. Lagomorphs (49.4%) were the most 
prominent dietary item in Temperate regions, followed 
by Invasive Rodents (30.6%), whereas both Dasyurids and 
Native Rodents were under-represented (2.36%, 1.93%). 
Lagomorphs were also more prominent in cat diets 
from Arid and Mediterranean bioregions (24.8%, 29.5%). 
Interestingly, the highest rate of consumption of Lagomorphs 
occurred in Temperate forests, where, presumably, the groups 
with smaller body sizes (native rodents and dasyurids) would 
benefit from well-developed shrub coverage for protection 
from predators (McElhinny et al. 2006). The density of 
shrubs that would increase the protection of Melomys and 
Antechinus would be less of an advantage to the much 
larger lagomorph. However, in arid zones where native 
rodents were much more favoured to lagomorphs, the open 
spaces between the sparse shrubs may benefit the speeds of 
lagomorphs and disadvantage native rodents and small 
dasyurids. 
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Native responses

Predation and competition are important in food webs; the 
response of native species to invaders can reflect this 
(David et al. 2017). We surveyed the literature and identified 
Australian native faunal responses in three categories. Range 
extirpation, literary evidence, IUCN status and predator 
susceptibility from Radford et al. (2018) were used to deter-
mine population responses to invaders. Native populations 
have been categorised into critical, decline or persist (Fig. 5). 
‘Critical’ species held an Extinct or Critical IUCN classifi-
cation, were severely extirpated, or had been recorded with 
high susceptibility to a predator. ‘Decline’ species held an 
Endangered or Vulnerable IUCN status, showed moderate 
range extirpation, or had a moderate susceptibility to a 
predator. ‘Persist’ species held a Near Threatened or Least 
Concern IUCN status, showed minimal range extirpation, and 
minimal susceptibility despite being a common prey item. 
Native species were then divided between the three 
introduced predators (cats, foxes, and dingoes), based on range 
overlap, diet, invasion/extinction timeline, and records in the 
literature (i.e. hunting behaviour, predator/prey ecology). 

Response to dingoes

Critical
Because of the protracted presence of dingoes in Australian 

ecosystems, it can seem difficult to implicate them in the 
decline of current species (since 1788); however, the impact 
of dingoes on native fauna has been explored (Allen and 
Fleming 2012; Allen and Leung 2012). Species such as the 
pig-footed bandicoot (Chaeropus ecaudatus) were  recorded  
as rare and in decline by indigenous Australians before 
European settlement (Seebeck 1990). As discussed previously, 
the timing of the arrival of C. familiaris implicates it in the 
extinction of the Tasmanian devil and the thylacine from 
mainland Australia, its presence increasing competitive 
pressures on the two large carnivorous marsupials of the 
time (Guiler 1970; Johnson and Wroe 2003; Fillios et al. 
2012; Letnic et al. 2012; White et al. 2018). And the 
prevalence of wallaby-like prey items in temperate and 
tropical region dingo diets suggests that the bridled nailtail 
wallaby (Onychogalea fraenata) could have been a frequent 
prey item for dingoes. Despite the contention, their effect on 
native Australian mammals is supported. 

Fig. 5. The invasive eutherian predators and their relationship with native fauna that are defining Australian
ecosystems. Native fauna were divided into Critical, Decline, or Persist based on their IUCN status, timing and
magnitude of extirpation, and predation susceptibility (Radford et al. 2018). The relationships between native
and invasive fauna were defined by predator diet within native distribution, distribution overlaps, timing of
introduction (invasive) and extinction (native), and reports in the literature of interactions.
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Decline
Petrogale species are more common in dingo diets than in 

those of other invasive predators, with most of these species 
currently restricted to rocky outcrops due to predation (Lavery 
et al. 2021). The historical ranges of species such as the golden 
bandicoot (Isoodon auratus) and the greater bilby (Macrotis 
lagotis) have also reduced significantly (Zenger et al. 2005; 
Southgate 2007). Both species inhabited ranges that extended 
into the Arid bioregions of Australia, where dingoes have some 
success consuming this prey group (Fig. 2). 

Persist
Other species appear to have retained much of their 

historical range, despite their presence in the diet of dingoes. 
These include red-necked wallabies (Macropus rufogriseus), 
swamp wallabies (Wallabia bicolor), rufous bettongs 
(Aepyprymnus rufescens) and northern brown bandicoots 
(Isoodon macrourus) (Fig. 5). These species appear to be 
similar in form and function to species that have declined 
or are functionally/regionally extinct. 

Locomotor forms, hopping (macropods) and bounding 
(Perameles and dasyurids), are present in all three levels of 
population outcome. Therefore, it is likely to be intraspecific 
variation that would cause some species to decline while 
others remain largely untouched. Thus, the comparison of 
locomotor forms would be a great example of the limita-
tions of pursuit and escape in different morphologies, body 
size, and locomotor forms. 

Response to foxes

Critical
Foxes are mesopredators with a notoriety that rivals feral 

cats, particularly in urban, periurban and island habitats 
(White et al. 2006). They are opportunistic feeders, often 
responsible for hunting juvenile ungulates and raiding 
aviaries (Baker et al. 2006; Coman 1973). In addition, both 
introduced and native mammals still make up large 
proportions of their diets (Fig. 3). Since their introduction, 
the radiation of foxes in Australia has been well 
documented (Dickman 1996). Their dispersal westward was 
synchronised with extinctions and declines in species such 
as the toolache wallaby (Macropus greyi), the crescent 
nail-tail wallaby (Onychogalea lunata), and the numbat 
(Myrmecobius fasciatus) (Friend 1990; Flannery 2002; 
Scholtz and DeSantis 2020). The timing of fox dispersal 
also implicates them in extinctions of various other small– 
medium sized marsupials including the broad-faced potoroo 
(Potorous platyops), the eastern hare-wallaby (Lagorchestes 
leporides), and the desert bandicoot (Perameles eremiana) 
(Fig. 1) (Burbidge and Woinarski 2016). 

Decline
Previously reported relationships of foxes with species that 

have kept some of their former range, including quokkas 

(Setonix brachyurus), western quolls (Dasyurus geoffroii), or 
tammar wallabies (Notomacropus eugenii), help understand 
why foxes are so dominant in the Australian landscapes 
and whether habitat complexity could be altered to favour 
native species (Catling and Burt 1995). The relationship 
between fox, quokka and habitat has already been explored, 
finding that foxes are less effective at capturing quokkas in 
densely vegetated swamps (i.e. increased habitat complexity) 
(Hayward et al. 2005a, 2005b). Whether this is related to 
locomotor performance is yet to be determined. 

Persist
Several species are able to persist, despite the presence 

of foxes, including arboreal species. Foxes seem to be able 
to exploit arboreal species in temperate biomes more than 
any other group of prey, and more than cats and dingoes 
(Fig. 3). The arboreal species that are present in fox diets 
include species that utilise terrestrial environments 
(Phalangeridae), but also numerous gliders (Petauridae). 
This predation has been investigated further, finding a 
significant increase in possum abundance during targeted 
fox baiting in Victoria (Dexter and Murray 2009). 

The predation of arboreal species by foxes could represent 
an easier prey choice, as arboreal species can often be 
vulnerable on the ground (Gaschk et al. 2019). Thus, the 
distinction in locomotion performance between arboreal 
specialists (possums, more frequently caught by foxes) 
in comparison to terrestrial specialists (bandicoots, less 
frequently caught by foxes), could determine if arboreal 
species are vulnerable along the ground. Further, the 
addition of lagomorphs in this comparison could explain 
why they seem to be consumed more regularly despite being 
under-represented in the bioregion occurrence data. 

Response to cats

Critical
Although they are the smallest of the three invasive 

predators, feral cats have been implicated in the extinction 
of many species, to which they are a novel threat 
(Woinarski et al. 2019). Much of their diet is suggested to 
be due to chance encounters and prey abundance; however, 
the bioregion occurrence data do not support this theory 
(Fig. 4). While they are capable of hunting possums and 
bandicoots, they seem to be much more efficient at 
consuming smaller animals like dasyurids, lagomorphs, and 
rodents, as has already been reported (Fig. 4) (Dickman 
1996). Thus, Notomys species, both the Darling Downs and 
broad-cheeked hopping mice, would have been likely prey 
targets for feral cats when they were extant (Fig. 5). 

Decline
Species that have undergone significant range extirpation, 

like the crested mulgara (Dasycercus cristicauda) and the 
kowari (Dasyuroides byrnei), are present in feral cat diets 
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(Woolley et al. 2013; Zichy-Woinarski et al. 2014). Dasyurids 
were a significant part of cat diets in Arid and Mediterranean 
areas and had consumption to encounter factors greater 
than 1.0 within these species’ distributions (Fig. 5). The 
importance of habitat complexity for mulgaras has been 
previously explored, finding that they are more abundant in 
higher complexity (Masters 1993). The higher complexity 
would aid in escape from feral cats, thus the reduction in 
complexity could explain their reduced distribution. 

Persist
While feral cats have been implicated in many species 

declines, there are quite a number that, despite sharing 
similarities with the declined or extinct species, have 
persisted in their distributions. For example, the fat tailed 
dunnart (Sminthopsis crassicaudata) and the desert mouse 
(Pseudomys desertor) share similar distributions to species 
mentioned above but have not experienced a similar 
reduction in distribution. 

The locomotor relationship for cats, is not about how 
devastating they can be to smaller species (<200 g). Feral 
cats would likely have an athletic advantage over such 
species – a notion that is already significantly supported 
(Legge et al. 2017; Woinarski et al. 2017, 2018, 2019). 
However, the preference for smaller prey species means 
feral cats would compete with the native carnivorous 
marsupials for resources (likely interference competition) 
(Glen and Dickman 2008; Pascoe et al. 2012). Competition 
is shown to contribute to declines in species where novel 
animals are involved (Ruscoe et al. 2011). The spotted-tail 
quoll (D. maculatus) is still present in much of its historical 
distribution; however, all other quolls – northern quoll 
(Dasyurus hallucatus), western quoll (D. geoffroii), eastern 
quoll (D. viverrinus) – have experienced significant decline 
(Jones et al. 2001). The relationship between feral cats and 
quolls is a great example of how the presence of eutherian 
predators, with different performance capabilities and loco-
motor behaviours, can affect native predators. For example, 
are feral cats athletically better, or do they just make 
different behavioural choices in terms of foraging and pursuits? 

Predator/prey speeds

The extent to which locomotor performance can contribute to 
the outcome of predator/prey outcomes is of significance. 
Cats, foxes, and dogs (cf. dingoes) are all capable of speeds 
over 20 km h−1 (Fig. 6). Cats were, on average, much 
slower than foxes and dogs; this is likely because of the 
difficulty in making cats run at top speeds. The top speed 
recorded here was 22.9 km h−1 and was produced by an 
individual running between two known distances on a 
sporting field (see Supplementary material Appendix 1 for 
additional methods). The fox speeds of 72 km h−1 were 

obtained from Garland (1983), which seems to be an 
overestimate. We obtained a speed of 20.5 km h−1 for a fox 
running on a sporting field (see Supplementary material 
Appendix 1). This overestimation likely extended to 
lagomorphs also (estimated 40–72 km h−1: Garland 1983), 
with later studies suggesting that domestic rabbits were 
only able to reach speeds of 18 km h−1 running on a 
treadmill (Simons 1997), and European hares reached 
36 km h−1 while being chased by sighthounds (Kuznetsov 
et al. 2017). The Garland (1983) speed for Canis familiaris 
was likely from greyhounds, which are reported to reach 
speeds around 68.4 km h−1 (Hudson et al. 2012); however, 
greyhounds are much larger than dingoes. The dog speeds 
collated here report dogs between 14 and 22 kg running at 
top speeds of 24–32 km h−1 and were acquired from 
trained agility dogs and dogs pursuing balls (Haagensen 
et al., in press). The speeds for the spotted tail quoll and 
Tasmanian devil were recorded from released animals using 
video analysis to determine speed, and while this is likely 
close to maximal speeds for the spotted tail quoll, the 
Tasmanian devil was likely not stimulated to maximum 
performance during escapes, so its escape speeds could 
be slight underestimates (see Supplementary material 
Appendix 1). Cat speeds were significantly faster than those 
of northern quolls (t11 = 5.55, P < 0.001), but were not 
significantly different from those of spotted-tail quolls and 
Tasmanian devils (Fig. 6). Dog speeds were significantly 
faster than those of Dasyurids (t9 = 5.08, P < 0.001), 
Bandicoot and Allies (t10 = 3.48, P < 0.01), Native Rodents 
(t9 = 4.17, P < 0.01), and Wallabies and Allies (t9 = 2.88, 
P = 0.016) (Fig. 6). 

Speed affords the predator an advantage during 
interactions of pursuit and, as such, many predators have 
evolved to be more powerful and explosive in terms of 
acceleration and top speeds (Wilson et al. 2018). Dogs have a 
speed advantage over most Australian fauna, with only some 
of the larger wallabies and kangaroos showing comparable 
speeds (Fig. 7). For this reason, the speed advantage in 
dogs could explain why their mammalian diet is the most 
variable of the three introduced predators in Australia 
(Fig. 2). However, speed of dingoes may only partially contri-
bute to prey variability as size and sociality of the species may 
also be involved. Both eastern quolls and spotted-tail quolls 
persist only in Tasmania (absent from foxes and dingoes); 
however, the smaller and slower northern quoll, still 
present on mainland Australia, has declined across much of 
its former distribution. Although other effects are contribut-
ing to this decline, it has been reported that the population 
density of northern quolls is reduced in habitats with much 
less complexity (Oakwood 2000; Clemente et al. 2019). 
These less complex environments afford a greater advantage 
to a much faster predator because it is the agility, or turning 
ability, of the prey that increases the chance of a successful 
evasion (Wilson et al. 2018). If the predator does not have 
to weave through a complex environment, or the distance 
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Fig. 6. The available top speed (km h−1) and mass data (kg) for marsupials and eutherians that were present in
the diets of Felis catus, Vulpes vulpes and Canis familiaris, compared with speeds of the invasive predators. Data were
log-transformed. Centre colours of the dots represent the groups that were defined in Figs 2, 3. The outside
colour of the dots signifies different species or genera. Species were categorised into critical, decline and
persist based on their IUCN conservation status and local extinctions discussed in the invasion timeline
(Fig. 1). Species present in each predator pane were relevant to the dietary data and likelihood of predation
(e.g. cats aren’t likely to hunt the livestock found in their diets and are likely consumed via scavenging). A G
within dots denotes that the data are from Garland (1983). Other data were collated from Dawson and
Taylor (1973); Alexander and Vernon (1975); Baudinette et al. (1976, 1978, 1992, 1993); Baudinette (1977);
Cavagna et al. (1977); Thompson et al. (1980); Bennett (1987); Garland et al. (1988); Griffiths (1989);
Biewener and Baudinette (1995); Biewener (1998); Kram and Dawson (1998); Webster and Dawson
(2003); Biewener et al. (2004); McGowan et al. (2005, 2007, 2008); Kim et al. (2014); Clemente et al. (2019).

to a refuge is too great, the advantage afforded by speed is 
increased (Clarke et al. 1993; Wilson et al. 2018). This is 
evident with cats, and the smaller dasyurids (dunnarts, 
Antechinus) and native mice (Notomys, Pseudomys), which 
feature less often in cat diets in temperate biomes where 
the foliage and shrubbery are consistently more complex 
(McElhinny et al. 2006). Thus, while speed is important, it 
does not reveal the whole story of pursuit locomotion; 
other locomotor aspects of pursuit (e.g. cornering ability, 
acceleration) are also important; however, these are less 
commonly studied. 

Conclusion

By reviewing the temporal, diet, occurrence, and locomotor 
literature of invasive species C. familiaris, V. vulpes, and 

F. catus and their native prey items, we have highlighted 
relationships of significant interest to conservation with 
potential to further our understanding of Australian 
ecosystems. We have compiled data to detail relationships 
between species where an introduced predator has resulted 
in extinction, greatly reduced distributions, or moderately 
to no effect on native species. By combining dietary data of 
our invasive predators with the occurrence data of prey 
items across Australia, we have shown that diet is not 
always determined by the apparent occurrence of a prey 
item. Further, our research highlights that larger predators 
consume prey with more variable locomotor capacities, 
with the prey of dingoes being more variable than both 
foxes and cats. However, the current knowledge of animal 
speeds in the literature is precarious, highlighting the need 
for additional studies to determine the extent to which 
locomotor capacity can influence invasive species success. 
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Fig. 7. The available top speeds (km h−1) for native Australian fauna that were present in the diets
of Felis catus (purple), Vulpes vulpes (orange), and Canis familiaris (yellow), compared with speeds of
the invasive predators. The boxplot is the amalgamated speeds from the data presented in Fig. 5.
Invasive prey items were excluded.

A better understanding of the biomechanical relationships 
identified in this research (Fig. 5) might better inform 
conservation strategies for the protection of Australia’s 
native fauna. 

Supplementary material

Supplementary material is available online. 
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