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Abstract 14 
 15 
Feral cats (Felis catus) have devastated wildlife globally. In Australia, feral cats are implicated in most 16 
recent mammal extinctions and continue to threaten native species. Cat control is a high-profile 17 
priority for Australian policy, research and management. To develop the evidence-base to support 18 
this priority, we first review information on cat presence/absence on Australian islands and 19 
mainland cat-proof exclosures, finding that cats occur across >>99.8% of Australia’s land area. Next, 20 
we collate all (n=91) site-based feral cat density estimates in Australia and examine the influence of 21 
environmental and geographic influences on density. We extrapolate from this analysis to estimate 22 
that the feral cat population in natural environments fluctuates between 1.4 million (95% confidence 23 
interval: 1.0-2.3 million) after continent-wide droughts, to 5.6 million (95% CI: 2.5-11 million) after 24 
extensive wet periods. We estimate another 0.7 million feral cats occur in Australia’s highly modified 25 
environments (urban areas, rubbish dumps, intensive farms). Feral cat densities are higher on small 26 
islands than the mainland, but similar inside and outside conservation land. Mainland cats reach 27 
highest densities in arid/semi-arid areas after wet periods. Regional variation in cat densities 28 
corresponds closely with attrition rates for native mammal fauna. The overall population estimate 29 
for Australia’s feral cats (in natural and highly modified environments), fluctuating between 2.1-6.3 30 
million, is lower than previous estimates, and Australian feral cat densities are lower than reported 31 
for North America and Europe. Nevertheless, cats inflict severe impacts on Australian fauna, 32 
reflecting the sensitivity of Australia’s native species to cats and reinforcing that policy, research and 33 
management to reduce their impacts is critical.  34 
 35 
 36 
Running head: Population of feral cats in Australia 37 
 38 
Key words:  feral cat, density, introduced predator, island, pest management, invasive species 39 
 40 
 41 
Highlights 42 
 43 

• A collation of 91 studies was used to estimate Australia’s feral cat population. 44 
• Feral cats are present on >> 99.8% of Australia’s land area. 45 
• Feral cat numbers in Australia fluctuate (2.1-6.3 million) with antecedent rainfall. 46 
• Feral cat density is higher on small islands, and in arid/semi-arid areas after rain. 47 
• Feral cat impacts on Australian biodiversity have been particularly severe.  48 
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1. Introduction 49 
 50 
Feral domestic cats Felis catus are one of the world’s most damaging invasive species. They have 51 
contributed to the extinction of at least 33 species of birds, mammals and reptiles on islands alone, 52 
representing 14% of modern extinctions in these vertebrate groups (Medina et al., 2011). Since their 53 
introduction to Australia at or soon after European settlement in 1788 (Abbott, 2002; Abbott,  2008), 54 
cats have spread across the continent and many of its islands (Abbott and Burbidge, 1995; Burbidge 55 
and Manly, 2002), inflicting severe impacts on Australia’s biodiversity. Recent reviews indicate that 56 
they were a causal factor in the extinction of most of the 30 Australian native mammal species lost 57 
since European settlement (Woinarski et al., 2014; Woinarski et al., 2015a), and they continue to 58 
subvert many recovery efforts (Hardman et al., 2016; Short, 2016). There is no effective broad-scale 59 
control method for feral cats, so they remain a major cause of decline of many Australian mammal 60 
species (and probably of some bird, reptile and frog species) (Department of the Environment, 2015; 61 
Woinarski et al., 2011; Ziembicki et al., 2014). 62 
 63 
The Australian Government has recently implemented high-profile public policy focused on the 64 
recovery of threatened species, including through enhanced control of feral cats (Commonwealth of 65 
Australia, 2015; Department of the Environment, 2015). Good policy should rest on a robust 66 
evidence base, especially if it is likely to involve contentious issues with significant public interest 67 
and concern. The priority accorded to the control of feral cats has attracted public attention related 68 
to perceived animal welfare issues associated with control mechanisms, concerns about the 69 
implications of the policy focus on rights of pet-owners, and disagreement about the magnitude of 70 
impacts of feral cats and hence the need to control them (Wallach and Ramp, 2015).  71 
 72 
One factor that has attracted considerable public attention is the number of feral cats in Australia. 73 
The focus on this issue stems partly from estimates such as that presented in (e.g.Department of the 74 
Environment Water Heritage and the Arts, 2008) of 18 million feral cats in Australia. This led to 75 
scenarios such as that presented in Anon (2012) of feral cats killing 75 million native animals in 76 
Australia per day. These large estimates have galvanised public interest and have been influential in 77 
shaping government commitment, policy and investment. However, such scenarios have been based 78 
on estimates of the feral cat population size in Australia that have not been tested or qualified by 79 
peer review (Hone and Buckmaster, 2014). Simple estimates of total population size also ignore 80 
spatial and temporal variation in the density of cats according to environmental factors, which may 81 
be more relevant to management and impact of cats than a simple continental total. 82 
 83 
One particular component of recent public policy involves a numerical target (two million) for the 84 
number of feral cats to be killed by managers over the period 2015-2020 (Commonwealth of 85 
Australia, 2015). This particular target may not provide a useful measure of conservation benefit, nor 86 
may it be readily measurable (Woinarski et al., 2015b), and it may become an example of Goodhart’s 87 
Law - that once a target is set, management effort becomes focussed on achieving the target in the 88 
most efficient way rather than solving the problem to which the target relates (Newton, 2011). For 89 
the culling of two million cats to be a defendable target, it must be contextualised with reference to 90 
the total number of feral cats in Australia. 91 
 92 
Precise population estimates exist for only a very small proportion of animal species in Australia, 93 
mostly large native (such as some kangaroos, Macropus spp.) and feral vertebrates that can be 94 
detected and accurately counted through aerial surveys, and for which reliable monitoring is 95 
mandated or prioritised because the species have commercial value, or are economic pests with 96 
substantial public investment in management control (Caughley and Grigg, 1981). At the other 97 
extreme, there are also reasonably precise population estimates for a few highly imperilled species 98 
reduced to extremely small populations in very localised areas – essentially where almost every 99 
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individual can be marked and counted (e.g. northern hairy-nosed wombat Lasiorhinus krefftii Banks 100 
et al., 2003).  101 
 102 
In contrast, there are severe constraints on the estimation of the feral cat population. Feral cats are 103 
cryptic, mostly nocturnal, and trap-shy (hence not amenable to mark-recapture population 104 
estimates). They occur across the continent, in varying densities, and in almost all environments. 105 
This makes it challenging to extrapolate national population size estimates from a set of site density 106 
estimates. Furthermore, the number of feral cats in Australia is likely to vary depending upon 107 
climatic and other conditions. Studies have demonstrated marked (> 10-fold) fluctuations in local or 108 
regional abundance of feral cats, in response to changing seasonal conditions, to oscillations in the 109 
abundance of native prey species, and to varying levels of control of introduced prey species, 110 
notably rabbits Oryctolagus cuniculus (Dickman, 2014; Jones and Coman, 1982; Read and Bowen, 111 
2001). 112 
 113 
Further complicating the problem is that some localised sites providing artificial food subsidies (such 114 
as rubbish dumps, grain silos, intensive farm operations, abandoned infrastructure in urban areas) 115 
may support extremely high densities of feral cats (e.g. >500 individuals km-2: Denny et al., 2002; 116 
Denny, 2005; Short et al., 2013). Collectively, these relatively small areas may contribute 117 
disproportionately to the total national feral cat population. Similarly, in some situations, islands 118 
support densities of feral cats that are appreciably higher than mainland areas of similar habitat (e.g. 119 
Copley, 1991; Domm and Messersmith, 1990; Hayde, 1992), although the extent of their leverage on 120 
a national population estimate will depend on the proportion of Australian islands on which cats are 121 
present. 122 
 123 
In a recent review, Hone and Buckmaster (2014) cautioned against the acceptance of popularly-used 124 
estimates of the population size of feral cats in Australia, because these estimates were poorly 125 
substantiated. In this paper, we aim to derive fundamental statistics on cat presence, density and 126 
population size across the Australian continent. We calculate the area of Australia in which feral cats 127 
are known, or presumed, to be absent. We assemble an extensive evidence base (including much 128 
previously unpublished data) of site-based cat density estimates, and characterise relationships 129 
between feral cat density and environmental and geographic variables. We use these relationships 130 
to develop a plausible estimate of the total number of feral cats in Australia. We relate our modelled 131 
spatial variation in feral cat densities to previously published accounts of regional variation in the 132 
extinction and decline in the Australian mammal fauna (Burbidge et al., 2008; McKenzie et al., 2007). 133 
Finally, we use our population estimate to provide a context for the recent national target to cull 134 
feral cats and we highlight priorities for further research. 135 

 136 
2. Methods 137 
 138 
2.1 Data collation 139 

 140 
2.1.1 Areas from which feral cats are known, or presumed, to be absent 141 
 142 
Cats are known to be absent from a small set of sites in Australia at which they have been removed 143 
and deliberately excluded by fencing in order to protect populations of threatened mammals. We 144 
compiled a list of such sites and tallied their total extent. In addition, cats are also known, or 145 
presumed, to be absent from many Australian islands. Using a number of data sources, we 146 
estimated the number and cumulative area of cat-free islands (methods and compilation provided in 147 
Appendix A). 148 
 149 
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Cats may also be absent or at extremely low densities in some habitats on the Australian mainland, 150 
including some wetlands and mangroves, areas with very dense ground vegetation (e.g. some 151 
rainforests and dense heathlands), and possibly some very rugged areas. These habitats are of 152 
limited extent in Australia, and reports indicate that feral cats do occur in closed forests and rugged 153 
areas (e.g. Gordon, 1991; Hohnen et al., 2016). We could not locate any site-based estimates of cat 154 
density in wetlands, mangroves, rainforests and dense heaths (data on cat density from these 155 
habitats in other countries are similarly rare Doherty et al., 2015a) but our collation of site-based 156 
estimates includes at least three areas with extremely rugged topography. 157 
 158 
2.1.2 Feral cats in natural environments 159 
 160 
We collated all available estimates of densities of feral cats in relatively natural habitats (i.e. those 161 
still largely dominated by native vegetation) in Australia (Appendix B). This collation included sites 162 
spaced reasonably comprehensively across the country. It builds on, but extends  by more than 163 
three-fold, previous collations (Denny and Dickman, 2010; Dickman, 1996). Partly because of the 164 
increasing interest in the impacts of feral cats on Australian wildlife, and in their management, there 165 
is an increasing body of contemporary field research on feral cat ecology. Although some recent 166 
publications report this research (e.g.Bengsen et al., 2012; Kutt, 2012; McGregor et al., 2014; 167 
McGregor et al., 2015a; McGregor et al., 2016; Yip et al., 2014), many density estimates used here 168 
have not been previously published. The number of available density estimates has also proliferated 169 
due to methodological progress, notably the use of camera traps with the identification of individual 170 
cats in the resulting images enabling a type of mark-recapture analysis (McGregor et al., 2015b; 171 
Stokeld et al., 2015). The oldest estimate of local density included in our analysis was from the late 172 
1970s, but most estimates were much more recent, with the median year of study being 2011. We 173 
included older estimates because there is no reason for cat densities to have changed over the past 174 
30 or so years (except in cases where cats were eradicated from islands). Nevertheless, we checked 175 
this assumption by regressing density estimates against the year of study, and confirmed no 176 
relationship.  177 
 178 
For every site-based density estimate, we noted source, site location, the estimation method (see 179 
next paragraph), land-use (conservation reservation or otherwise, as noted by the data contributors, 180 
with conservation including various types of relatively low-intensity pastoralism, defence land, some 181 
types of Crown land, etc), and whether the site was on an island or the Australian mainland. From 182 
the locational data, we also subsequently determined mean annual rainfall (spatial resolution: 0.05 183 
degrees) (Australian Bureau of Meteorology, 2016b), mean annual temperature (spatial resolution: 184 
0.025 degrees) (Australian Bureau of Meteorology, 2016a), mean tree cover (spatial resolution: 500 185 
m) within a 5-km radius (Hansen et al., 2003) (available at http://glcf.umd.edu/data/vcf/), 186 
topographic ruggedness (standard deviation of elevation [spatial resolution: 90 m] within a 5-km 187 
radius) (Jarvis et al., 2008), and for density estimates from islands, island area. We also noted 188 
whether the introduced red fox Vulpes vulpes, a potential competitor and mediator of cat density 189 
(Glen and Dickman, 2005), was present at the site. We did not consider whether the site was also 190 
within the range of the dingo or wild dog Canis familiaris, because this species occurs almost 191 
ubiquitously across the Australian mainland.  192 
 193 
The quality and precision of the individual density estimates that we collated vary. Some density 194 
estimates were based on very intensive and rigorous studies undertaken over several years, and 195 
corrected for potential biases; but others were derived from shorter studies over smaller areas, and 196 
may not have considered potential biases. Only some studies included measures of variability 197 
around the site-based density estimate. We excluded only one published estimate, where that 198 
estimate was reported incidentally to the main focus of the paper, and for which no methodological 199 
basis was described (Ridpath, 1991). Estimation methods included partial or complete removal of 200 
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cats from a bounded area; spatially and temporally replicated spotlight transects; intensive 201 
observation studies based on radio-tracking, tracking and capture-mark-recapture from live 202 
trapping; and analyses based on camera trapping with various trap array designs and replication. 203 
Given the heterogeneity of data sources, we note the potential for commensurate heterogeneity in 204 
reliability, and we therefore examined the influence of estimation method (i.e. Removal, Camera 205 
traps, Spotlighting, Capture-based) on the density estimates (see section 2.2.1). 206 
 207 
Typically, each study supplied a single density estimate for our analysis, with some exceptions: in 208 
one study, two adjacent sites exposed to contrasting management (i.e. foxes controlled in one site, 209 
but not the other) were sampled simultaneously, and we used the site information as independent 210 
estimates because we considered them to be sufficiently distinct. In seven studies, we used 211 
estimates from the same site when they were sampled in contrasting climatic conditions (i.e. wet 212 
and dry periods in the arid and semi-arid zones). However, to avoid excessive leverage from 213 
individual sites, we capped the number of estimates used in our analysis from a single site at two; if 214 
data were available from a site over many years we averaged the density estimates over the periods 215 
of time with similar climatic conditions (e.g. Mahon et al., 1998). The median duration of studies was 216 
1 year; most estimates were based on a single year of sampling, but 27 estimates were based on 2-9 217 
years of sampling (Table B1). 218 
 219 
2.1.3 Feral cats in highly modified environments 220 
 221 
We separately estimated the number of cats living in areas with highly modified environments 222 
(urban environments, intensive farm sites, rubbish dumps).  We define these as unowned cats that 223 
rely largely on food resulting from human activity. Estimating the number of feral cats in highly 224 
modified landscapes is important for two reasons. First, there is evidence of genetic exchange 225 
between feral cats in natural and highly modified environments (Denny et al., 2002; Denny, 2005), 226 
suggesting a division between feral cats living in these two environments is artificial. Second, a 227 
recent analysis showed that urban areas in Australia support a disproportionately high number of 228 
threatened animal species (Ives et al., 2016); feral cats living in these modified environments may 229 
therefore impose substantial impacts on threatened species, even if much of their diet is 230 
anthropogenic in origin. Note that by definition, and in analyses here, the extent of highly modified 231 
environments and the extent of natural environments sum to the total land area of Australia. 232 
 233 
The density and grouping behaviour of feral cats in highly modified environments is hyper-variable, 234 
and related to the extent of food subsidy (Liberg et al., 2000). Urban areas can support a moderate 235 
background density of solitary cats. However, at localised sites with rich food subsidies (such as 236 
rubbish dumps, intensive farm sites) cats shift from being solitary to living in groups, or ‘colonies’ 237 
(Kerby and MacDonald, 1988; Macdonald et al., 1987). Accordingly, we considered that feral cats 238 
living in highly modified environments comprised two components: (i) solitary cats living in urban 239 
areas and other extensive modified environments without localised rich sources of ‘supplied’ food, 240 
and (ii) groups of cats closely associated with small discrete areas offering particularly rich food 241 
sources. Our analyses considered these two components separately. There are relatively few 242 
estimates of cat density or abundance in highly modified environments in Australia, so we 243 
augmented these records with information on density and colony size from similar environments in 244 
Europe, north America and South Africa (see Appendix C for details). 245 
 246 
We used the Catchment Scale Land Use of Australia Data (ABARES, 2015) to derive the total area of 247 
highly modified environments, as well as the number and area of intensive farm sites across the 248 
country that potentially offer rich anthropogenic food subsidies large enough to support feral cat 249 
colonies. We sourced data on the number of rubbish dumps across the country from the National 250 
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Waste Management Database (Geoscience Australia, 2012). Further information on methods is 251 
provided in Appendix C. 252 
 253 
2.2 Analysis 254 
 255 
2.2.1 Feral cats in natural environments 256 
 257 
We analysed cat density data separately for islands and the mainland (including Tasmania: see Fig. 258 
4a for justification for including the Tasmanian mainland with the Australian mainland). Starting with 259 
the mainland, we developed a model of cat density as a function of six explanatory variables: mean 260 
annual rainfall; mean annual temperature; tree cover; ruggedness; fox presence; land-use 261 
(conservation or not). We constructed least-squares linear regression models incorporating all 262 
combinations of the variables, as well as an interaction between rainfall and temperature, giving a 263 
total of 40 models. Cat density was log-transformed prior to analysis, to ensure normality of model 264 
residuals. Models were evaluated using the second-order form of Akaike's Information Criterion 265 
(AICc), which is appropriate for small sample sizes. The final model was based on multi-model 266 
averaging of the entire candidate set, with each model weighted according to w i, the Akaike weight, 267 
equivalent to the probability of a particular model being the best in the candidate set (Burnham and 268 
Anderson, 2003). Because of multi-collinearity among some of the explanatory variables, and the 269 
problems this presents for multi-model averaging, we standardized each explanatory variable prior 270 
to analysis by dividing by its standard deviation (Cade, 2015). The final model was used to predict cat 271 
density across the Australian mainland and Tasmania (excluding areas of intensive land use). We 272 
checked whether different estimation methods (Removal, Camera traps, Spotlighting, Capture-273 
based) affected site estimates for cat density by comparing the model residuals for each method 274 
after fittingthe best model of cat density from all periods (dry to wet; see below). 275 
 276 
To estimate cat densities on islands smaller than Tasmania (i.e. < 64 519 km2), we used predictions 277 
of the mainland model, but also added a term representing island size (the natural logarithm of 278 
island area [km2]). After Tasmania, Australia’s next largest island is 5 786 km2 (Melville Island). 279 
However, it was necessary to correct for the absence of cats from some islands. Islands known to be 280 
free of cats were allocated a density of zero. Islands known to have cats present were allocated 281 
densities according to the island density model. For the remaining islands, where cat presence was 282 
uncertain, we developed a model of the probability of cats being present as a function of island area 283 
(log-transformed) as there was a clear positive relationship between island size and cat presence, 284 
using a generalized linear model with binomial errors. To correct density for uncertain cat presence 285 
on islands, we multiplied predicted density on islands by the predicted probability of cat presence. 286 
 287 
To estimate the total population of feral cats in Australia, we predicted density (and hence cat 288 
population size) for every 1 × 1 km cell across the mainland, Tasmania and islands (excluding heavily 289 
modified areas), then calculated the sum of the population estimates across all cells. We 290 
characterised the uncertainty of the total cat population by bootstrapping the dataset 10 000 times, 291 
and recalculating the population based on each random selection of the data. We report the 2.5% 292 
and 97.5% quantiles for the 10 000 values of the total population. 293 
 294 
Marked variation in the local and regional abundance of feral cats - associated with rainfall - is a 295 
feature of arid and semi-arid Australia (Burrows and Christensen, 1994; Dickman, 2014; Read and 296 
Bowen, 2001; Rich et al., 2014). To characterise the variation in feral cat density and total population 297 
size driven by inter-annual rainfall variability in the arid and semi-arid zone, the modelling process 298 
was repeated using three sets of cat density data: (1) using all density observations, with those from 299 
the same site averaged; (2) excluding density observations following average to dry periods in the 300 
arid and semi-arid zone (where interannual variation in rainfall is very high); and (3) excluding 301 



12 
 

density observations following wet periods in the arid and semi-arid zone. Hence, the three sets of 302 
cat density data differ only for the semi-arid and arid sites; the same observations from the 303 
temperate and monsoon tropical sites (where interannual variation in rainfall is relatively low) 304 
appear in all three sets. These provided approximations of the long-term average feral cat density, 305 
and the rainfall-driven lower and upper bounds, respectively. 306 
 307 
2.2.2 Feral cats in highly modified environments 308 
 309 
To estimate the population size of solitary feral cats living in highly modified environments within a 310 
plausible range, we multiplied the total area of such modified environments in Australia with the 311 
mean, minimum and maximum densities of cats (from the collated studies; Table C1) living in 312 
comparable environments in other countries. To estimate the additional number of cats living 313 
colonially at discrete sites with rich food subsidies, we multiplied the number of such sites across 314 
Australia by the mean, minimum and maximum colony size determined from the collated studies 315 
carried out in Australia and other countries (Table C1). We combined the statistics of the colonial 316 
cats with those of the solitary cats to generate a population size estimate for feral cats in highly 317 
modified environments, with a range based on the minimum and maximum reported densities and 318 
colony sizes. 319 
 320 
2.2.3 Relating modelled spatial variation in cat density with extent of decline in the Australian 321 
mammal fauna 322 
 323 
Previous studies have provided estimates of the extent of loss in the Australian mammal fauna 324 
assemblages (‘fauna attrition index’) for every Australian bioregion (Burbidge et al., 2008; McKenzie 325 
et al., 2007). We used our modelled variation in cat density after wet periods to derive a mean 326 
estimate of density in each of these bioregions, and then correlated, across all bioregions, this mean 327 
with the corresponding index of regional decline in Australia’s non-flying, native mammal fauna. We 328 
repeated the analysis using all available observed site-based densities, rather than predicted density. 329 
 330 
3. Results 331 
 332 
3.1   Cat-free areas 333 
 334 
3.1.1 Predator exclosures 335 
 336 
There are 19 predator exclosures in Australia designed to protect self-sustaining mammal 337 
populations, although three of these are currently compromised (i.e. with many feral predators 338 
inside the fenced area). The 16 areas from which feral cats (and other introduced predators) are 339 
effectively excluded range in size from 0.5 to 78 km2, with a total area of 274 km2 (i.e. 0.0036% of 340 
the Australian land area) (Table A1). 341 
 342 
3.1.2 Islands 343 
 344 
Feral cats are known to be present on 98 Australian islands including Tasmania (1.8% of all Australian 345 
islands), with a total area of 90 042 km2 (92.4% of the total area of Australian islands). Excluding 346 
Tasmania, cats are present on islands with a total area of 25 523 km2 (77.4% of the area of all other 347 
islands) (Tables A2, A3). Cats are known to be absent from 592 islands (10.9% of the island tally) with 348 
a total area of 4 911 km2 (5.0% of the total island area, including Tasmania, or 14.9% of the total area 349 
of islands excluding Tasmania) (Table A4). Cats presence/absence is unknown for an additional 4 758 350 
islands of size >1 ha, totalling 2 535 km2. Because of uncertainty due to lack of sampling, the number 351 
of islands without feral cats is therefore between 592 and 5 350 islands, covering 4 911 km2 to 7 446 352 
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km2, and representing 0.06 to 0.1% of the total Australian land area (7.69 million km2, including all 353 
islands). 354 
 355 
Feral cats are much more likely to be present on larger islands. Only ten (of the 40) Australian islands 356 
larger than 100 km2 (and none larger than 1 000 km2) are likely or assumed to be without feral cats. 357 
Australia’s largest cat-free island is the sub-Antarctic Heard Island (at 365 km2) (Table A4). 358 
 359 
3.2   Feral cats in natural environments 360 
 361 
Using density observations from all periods (dry–wet) at 78 sites on the mainland and Tasmania and 362 
13 sites on smaller islands (Fig. 1; Table B1), and extrapolating our statistical model of cat density 363 
across the areas of Australia with relatively natural environments (7.63 million km2), we estimate the 364 
total Australian (mainland and islands) feral cat population in natural environments to be 2.07 365 
million (95% CI: 1.40 – 3.45 million) (Fig. 2a). This is equivalent to a mean density of 0.27 cats km–2 366 
(95% confidence interval [CI]: 0.18 – 0.45 cats km–2) (Fig. 2b). Following periods of average to low 367 
rainfall in the arid and semi-arid zone, the total population is lower at 1.39 million (95% CI: 0.98 – 368 
2.17 million) (Fig. 2a), equivalent to 0.18 cats km–2 (95% CI: 0.13 – 0.28 cats km–2) (Fig. 2b). Following 369 
periods of high rainfall in the arid and semi-arid zone, the total populations is considerably higher at 370 
5.56 million (95% CI: 2.51 – 10.91 million) (Fig. 2a), equivalent to 0.73 cats km–2 (95% CI: 0.33 – 371 
1.43 cats km–2) (Fig. 2b). Finally, we estimate that feral cats on islands smaller than Tasmania 372 
contribute only 0.5% of Australia's feral cat population in natural environments. 373 
 374 
The models of cat densities showed that there was a clear negative relationship between mean 375 
annual rainfall and cat density on the mainland and Tasmania, when using observations from 376 
arid/semi-arid areas during wet periods only (Table 1b; Fig. 3b). However, when observations from 377 
arid/semi-arid areas during dry periods only were included, or modelled separately, there was little 378 
evidence of this relationship (Table 1a, c; Fig. 3a, c). The negative relationship between a site’s mean 379 
annual rainfall and cat density was relatively weak (R2 = 0.21 for observations from wet periods 380 
only), though it suggested an order of magnitude difference in density between the most arid and 381 
most mesic sites in some years (Fig. 3b). We found little support for other predictors of cat density, 382 
i.e. no other predictors consistently appeared in the best models (Table 1). Of particular 383 
conservation implication, we found no consistent difference in cat density inside and outside 384 
conservation reserves. Adding a binary variable representing 'conservation reserve vs. unreserved' 385 
to the best model of cat density (density ~ log[rainfall] * temperature) decreased support for that 386 
model (using all available observations from the mainland and Tasmania). There was very clear 387 
evidence of an island area effect, with the smallest islands tending to have two orders of magnitude 388 
greater density of cats than mainland and Tasmanian sites (Fig. 4a, b). There was no evidence that 389 
estimation method (Removal, Camera traps, Spotlighting, Capture-based; see Table B1) was 390 
important: there were no significant differences between the model residuals (i.e. residuals of the 391 
best model of cat density from all periods [dry–wet]) associated with each estimation method. The 392 
spatial variation in the modelled density of feral cats across Australia is shown in Fig. 5. 393 
 394 
3.3   Feral cats in highly modified environments 395 
 396 
The mean cat density in highly modified landscapes was 8.2 cats km-2 (range: 0.8–32; n = 10; Table 397 
C1). The mean colony size was 26 (range: 3–81; n = 35) (Table C1). Note that the mean colony sizes 398 
from Australian and non-Australian studies were similar (25 and 26 respectively). The area of highly 399 
modified environments in Australia was assessed as 53 768 km2; the constituent areas ranged in size 400 
from 0.02 to 2 543 km2 (with this latter area being Melbourne) (Table C2). In addition, there were 10 401 
370 sites with the potential to provide large food subsidies to feral cats (mean area of each site: 0.22 402 
km2; Table C3). Applying the spatial extent of heavily modified environments to the cat density and 403 
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colony size estimates, gives the total number of feral cats in highly modified environments in 404 
Australia as 0.71 million, with a plausible minimum to maximum range of 0.07–2.56 million (Table 2).  405 
 406 
3.4 Relationship between regional-level cat density and attrition of Australian mammals 407 
 408 
There was a very strong positive relationship (R2 = 0.63) between modelled cat density following wet 409 
periods and the attrition rate reported for native non-flying mammals (Fig. 6a). The relationship 410 
between observed cat density and the mammal faunal attrition rate was weaker (R2 = 0.22; Fig. 6b). 411 
 412 
4. Discussion 413 
  414 
In little over 200 years, the feral cat has colonised all of mainland Australia and most of its large 415 
islands. We estimate that it is now absent from only some, mostly small, islands (with a total area of 416 
4 911  km2 to 7 446 km2, or 0.06–0.1% of the total Australian land area), and that it has been 417 
removed and excluded (through fencing) from a further 274 km2 (or 0.004%) of the total Australian 418 
land area. Thus, feral cats are likely present across >> 99.8% of Australia’s land area. Cats may also 419 
be absent or at very low densities in a small range of unsuitable habitats, of very limited extent. A 420 
priority for management is to ensure, through appropriate biosecurity mechanisms,  that this very 421 
small proportion of the Australian land mass that is currently without cats (mostly small islands) 422 
remains without cats.  423 
 424 
By extrapolating modelled density (based on 91 field studies from across the continent) we estimate 425 
the population of feral cats in natural environments in Australia to fluctuate from 1.4 million (CI: 1.0 426 
– 2.2 million) following broadscale drought, to 5.6 million (CI: 2.5 – 11 million) following periods of 427 
widespread, high rainfall (Fig. 2). Combining these estimates with the estimate for feral cats in highly 428 
modified environments (0.7 million), gives an overall feral cat population size for Australia that 429 
fluctuates between 2.1 to 6.3 million, depending on the rainfall conditions. This population estimate 430 
is notably lower than the widely-used figures of 15-20 million (Anon, 2012; Department of the 431 
Environment Water Heritage and the Arts, 2008; McLeod, 2004; Pimentel et al., 2001). However, we 432 
consider our estimate to be more robust: the estimate for feral cats in natural environments is based 433 
on a large and representative set of site-based estimates. The estimate for feral cats in highly 434 
modified environments is less well-evidenced, however it aligns with other information. For 435 
example, RSPCA shelters take in 65 000 cats each year (RSPCA, 2011) which is about 9% of our 436 
estimate for the population of feral cats in highly modified environments; there have been no 437 
attempts to estimate the percentage of the unowned cat population that is rescued each year, but 438 
9% is plausible.  439 
 440 
We found that feral cat density across Australia varies widely, from 0 to 100 cats km-2. Cat densities 441 
were higher on islands than on the mainland, and much higher on smaller rather than larger islands. 442 
This is most likely due to relatively abundant food resources on some islands (notably those with 443 
colonially-nesting seabirds) plus ongoing inputs of food from washed-up marine life (typically with 444 
higher perimeter:area ratio on smaller islands), and, in many cases,  the absence of other 445 
mammalian predators. On the Australian mainland and Tasmania, density variation was associated 446 
mostly with annual rainfall (with higher density at sites with lower average annual rainfall), although 447 
this relationship was episodic, being evident only during wet periods. The increase in feral cat 448 
density in arid and semi-arid areas during extensive rainfall events is probably driven by the rapid 449 
(and transitory) pulse in prey species, including of introduced rodents and rabbits, following rain 450 
(Letnic and Dickman, 2010; Pavey et al., 2008). Other environmental and locational variables had 451 
little influence on cat density, including tenure (conservation versus other land uses), habitat type 452 
(tree cover), ruggedness, and the presence or absence of foxes. However, we note this analysis was 453 
conducted at a continental scale, and these variables may well be influential at local scales.  Of 454 
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particular note, the similarity of cat densities between reserved and unreserved areas indicates that 455 
for cat-susceptible wildlife, the Australian reserve system is unlikely to provide sufficient 456 
conservation security, and that they will continue to disappear from reserves (e.g. Woinarski et al., 457 
2010) unless those reserves are managed with intensive control of feral cats.  458 
 459 
Although our estimate of the national population size of feral cats is considerably lower than 460 
formerly proposed, this does not mean that the impacts of feral cats on Australian wildlife are any 461 
less profound than previously suggested. The evidence of marked detrimental impacts of feral cats is 462 
irrefutable, with a large and increasing number of compelling cases of positive responses of 463 
threatened mammal species to exclusion (or effective control) of feral cats and to translocation to 464 
islands without cats (see references in Moseby et al., 2015; Moseby et al., 2011; Short, 2009). The 465 
strong positive correlation described here across Australian bioregions between the modelled and 466 
observed density of feral cats and the extent of decline in native mammal fauna (Fig. 6) provides 467 
some further evidence of the potential impacts of feral cats, but we recognise that this observed 468 
relationship does not necessarily demonstrate causality, and that many factors may be implicated in 469 
the extinction and decline of Australian mammal fauna.   470 
 471 
Notwithstanding the observed strong correlation between modelled cat density and native mammal 472 
decline, we note that cat population size or density per se does not necessarily relate to impacts. 473 
There is now substantial evidence that even very small numbers of feral cats can have significant 474 
negative impacts upon threatened species (Moseby et al., 2015; Short, 2016; Vázquez-Domínguez et 475 
al., 2004), because cats may continue to target favoured prey irrespective of their density, and 476 
because cats respond more strongly to hunting stimuli than satiation cues, leading them to surplus 477 
kill at times (Adamec, 1976; Peck et al., 2008; Woods et al., 2003). Moreover, the high reproductive 478 
capacity of cats means that cat densities can rapidly increase in the event of brief irruptions of more 479 
common prey. The higher cat density may cause extra pressure on rare species, especially via prey-480 
switching when densities of common prey fall (Rich et al., 2014). These episodic pulses of elevated 481 
predation pressure may be a feature of much of arid and semi-arid Australia. 482 
 483 
Our estimate of the total feral cat population provides context for the high profile Australian 484 
Government conservation target to kill two million feral cats by 2020 (Commonwealth of Australia, 485 
2015). It makes this target more challenging, given that such a cull would represent a far higher 486 
proportion of the pre-cull cat population than originally envisaged. To some extent, focus on the cull 487 
target and even a population estimate is tangential to the main conservation issue of the role of 488 
feral cats as a key factor in the decline (and in some cases, extinction) of Australian animal species, 489 
and the mechanisms to manage that impact. For example, it may be more beneficial for Australian 490 
biodiversity if relatively few feral cats are eradicated from small areas of high conservation value 491 
while cats remain widespread and abundant elsewhere, than if the feral cat population was more 492 
substantially reduced overall but not eradicated from those important areas. Indeed, many 493 
Australian native mammal species occur now only in very small areas in which feral cats have been 494 
excluded, or on islands from which feral cats have been eradicated or not yet invaded. Hence, the 495 
national population size of feral cats, and the extent of its reduction, is not necessarily an important 496 
parameter for conservation management. 497 
 498 
There have been few attempts to estimate the total population size of feral cats across entire 499 
countries and these have been carried out using less well-evidenced approaches. Harris et al. (1995) 500 
derived a figure of 813 000 feral cats in Great Britain by extrapolating from questionnaire-based 501 
surveys of farmers and field surveys of feral cats in samples of just four urban areas. In the United 502 
States, feral cat population estimates (in both natural and modified environments) range from 30 503 
million (Loss et al., 2013) to 60-100 million (Jessup, 2004). The most evidenced estimate (Loss et al., 504 
2013) was based on probability distributions for the cat population size, based on input data from 505 
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just five studies. Another recent estimate, of 1.4 to 4.2 million feral cats for southern Canada 506 
(Blancher, 2013) was derived by modelling of regional estimates in media reports and then 507 
modelling of these reports against human population densities. In contrast, estimates for the 508 
population size of pet cats across entire countries are more accurate, based on extensive 509 
questionnaire surveys of households, and usually carried out by the pet food or veterinary industry. 510 
The most recent pet cat population estimate in Australia is 3.3 million (Animal Health Alliance, 511 
2013); the analogous figure for the UK is 7.4 million (Pet Food Manufacturers Association, 2015); and 512 
for the USA it is 74 million (American Veterinary Medical Foundation, 2016). 513 
 514 
Feral cats occur, and are a conservation problem, across much of the world. The densities in natural 515 
environments reported here for Australia (0.2-0.7 cats km-2) are lower than those reported 516 
elsewhere (e.g. 2.3-10.1 cats km-2 in Great Britain, Europe, New Zealand, United States; 0.6-1.9 for 517 
southern Canada) (Langham and Porter, 1991; Liberg, 1980; Macdonald et al., 1987; Warner, 1985). 518 
To some extent, this comparison is constrained by marked variation in the methods used for density 519 
estimation. However, our study suggests that this influence of estimation method is probably 520 
relatively modest. The inter-continental difference in cat densities is probably due to the relatively 521 
low human population density (and hence availability of supplementary food) in rural and remote 522 
areas of Australia and/or to Australia’s typically lower productivity (Orians and Milewski, 2007). Our 523 
results indicate that the severe losses of Australia’s native mammals are not due to exceptionally 524 
high densities of feral cats. Instead, the relatively high impacts of cats on native wildlife in Australia 525 
may be because many Australian species have relatively low reproductive outputs (Geffen et al., 526 
2011; Sinclair, 1996; Yom-Tov, 1985) and/or may be unusually susceptible to novel predators (Salo et 527 
al., 2007), and also because much of the Australian landscape has been, and continues to be, 528 
subjected to a range of other pervasive landscape changes (notably predation from introduced red 529 
foxes, changed fire regimes and broad-scale habitat change due to introduced herbivores). These 530 
changes probably contribute to reduced shelter availability for terrestrial native mammals and 531 
consequently more efficient hunting by feral cats (reviewed in Doherty et al., 2015b). 532 
 533 
Priorities for further research 534 
 535 
Our modelling did not detect any significant influence of the estimation method involved in the site-536 
based density estimates that we collated. This was a surprising result; to better understand potential 537 
biases associated with estimation method, it would be useful for future studies to attempt to 538 
compare a range of density estimate approaches at individual sites. The estimate for the feral cat 539 
population in natural environments in Australia could be improved by additional site-based density 540 
estimates, particularly for habitats that have been little sampled to date, such as rainforests, 541 
heathlands, wetlands and rugged areas. Our estimate of feral cat population size in highly modified 542 
environments is based on limited evidence, and its precision could be substantially improved with 543 
further site-based estimates of densities, and information on the locations and frequencies of cat 544 
colonies in urban, peri-urban and rural areas. We also currently have very little understanding of the 545 
nature and extent of the impacts of feral cats in highly modified environments on threatened 546 
species, although there is potential for considerable impact (Ives et al., 2016). It would also be 547 
valuable to characterise the exchange between feral cats living in highly modified environments with 548 
those living in more natural environments.  549 
 550 
More broadly, a research focus directed towards understanding the relationship between cat 551 
density and their impacts in a range of different environments, and how this relationship is affected 552 
by other threats and environmental drivers (like climate), will help provide the evidence base 553 
needed to effectively manage feral cats (Department of the Environment, 2015; Doherty and Ritchie, 554 
2016; Norbury et al., 2015). Additional monitoring and research is also required into the extent to 555 
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which local, regional and national management actions lead to reductions in feral cat populations, 556 
and the duration of such responses.  557 
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Table 1. Highly ranked models explaining variation in feral cat density in natural environments on 
the mainland and Tasmania, and the results of the model selection procedure. The models are 
shown ranked in ascending order of the model selection criterion, AICc. ΔAICc is the difference 
between the model’s AICc value and the minimum AICc value in the candidate set. w i is the Akaike 
weight, or the probability of the model being the best in the candidate set. Models with limited 
support (ΔAICc > 2), or lower support than the null model, are not included in the table. 
 

Model ΔAICc wi R2 

(a) All observations included    
log(rainfall) * temperature  0.0 0.10 0.09 
log(rainfall) 0.1 0.09 0.03 
null model 0.1 0.09 0.00 

(b) Observations from wet periods only 

   
log(rainfall) * temperature  0.0 0.35 0.21 
log(rainfall) * temperature + fox 1.6 0.16 0.21 
log(rainfall) * temperature + ruggedness 1.6 0.15 0.21 

(c) Observations from wet periods excluded 

   
log(rainfall) + fox 0.0 0.23 0.21 
log(rainfall) + cover 1.3 0.12 0.23 
log(rainfall) * temperature  1.5 0.11 0.23 
log(rainfall) + temperature + ruggedness 1.8 0.09 0.22 
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Table 2. Summary of the estimation for the number of feral cats living in highly modified 
environments, including estimates generated from the mean, minimum and maximum densities and 
colony sizes derived from a literature review. Source data are provided in Appendix C. 
 
 spatial 

extent 
mean 
(cats km–2) 

minimum 
(cats km–2) 

maximum 
(cats km–2) 

Highly modified landscapes 53 768 km2    
Feral cat density  8.2 0.8 32 
Population size estimate  440 898 43 014 1 720 576 
Sites with large food subsidies 10 370 sites    
Colony size  26 3 81 
Population size estimate  269 600 31 100 840 000 
Total cats in modified 
landscapes 

 
710 518 74 124 2 560 546 
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Fig. 1. Locations of feral cat density observations. There are 78 sites on the Australian and 
Tasmanian mainland in natural vegetation, and 13 sites on islands smaller than Tasmania (including 
Macquarie Island, not shown on map). The map background shows mean annual rainfall (Australian 
Bureau of Meteorology, 2016b). The dashed line indicates the Tropic of Capricorn. 
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(a) Total feral cat population 

   
(b) Feral cat density 

  
 
 
Fig. 2. Uncertainty in (a) the total feral cat population, and (b) feral cat density estimates, based on 
bootstrapping of the dataset 10,000 times. At the top of each panel is the mean (filled circle) and 
95% confidence bounds (lines), shown separately for analyses with observations from wet periods 
excluded, all observation, and observations from wet periods only. 
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(a) All observations included 

 
  
(b) Observations from wet periods only 

 
(c) Observations from dry periods only 

 
 
Fig. 3. Modelled relationships between cat densities and mean annual rainfall (mainland and 
Tasmanian sites only). The data and model shown in panel (a) relates to observations from all years. 
For semi-arid and arid sites, in panel (b) dry to average years have been excluded, and in panel (c) 
wet years have been excluded. The bold lines indicates the predicted relationships, and the thin lines 
indicate 95% confidence intervals. 
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(a) 

  
(b) 

  
 
Fig. 4. (a) Variation in site-based estimates of feral cat densities in largely natural environments for 
the Australian mainland, Tasmanian ‘mainland’ and islands smaller than Tasmania. Bars are means, 
and whiskers standard errors. The data were log-transformed prior to analysis. (b) Modelled 
relationship between cat density and island area (for islands smaller than Tasmania), using 
observations from all periods (dry–wet). The bold line indicates the predicted relationships, and the 
thin lines indicate 95% confidence intervals. 
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(a) Observations from wet periods only 

 
 
(b) Observations from dry periods only 

 
Fig. 5. The modelled density of cats throughout Australia, based on observations from (a) wet 
periods only, and (c) dry periods only. As predictors, the regression model includes mean annual 
rainfall, mean annual temperature, tree cover, ruggedness and fox presence/absence. For islands 
smaller than Tasmania, island area was also included as a predictor of density. The dashed lines 
indicates the Tropic of Capricorn.  
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(a) 

 
(b) 

 
 
Fig. 6. Relationships between the regional attrition of native, non-flying mammals (Burbidge et al., 
2008) and the (a) predicted and (b) observed feral cat densities in each bioregion following a wet 
period. The regression lines are linear regressions of the form: Faunal attrition index (FAI) ~ density, 
with FAI logit-transformed and density log-transformed prior to analysis. 
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