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Abstract 39 

 40 

Predation by cats (Felis catus) is implicated in the decline and extinction of many Australian mammal 41 

species. We estimate the number of mammals killed by cats across Australia through meta-analysis 42 

of data on the frequency of mammals in cat diet samples from 107 studies. For feral cats in largely 43 

natural landscapes, the spatially-weighted mean frequency of mammals in diet samples was 70% 44 

(44% for native species, 34% for introduced species). Frequency was significantly higher on the 45 

mainland, and in areas of low temperature and topographic ruggedness. Geographic patterns varied 46 

markedly between native and introduced mammals, with native mammals most frequent in 47 

northern Australia. We estimate that: (i) 815 million individuals yr-1 are killed by feral cats in natural 48 

landscapes, 56% of which are native species; (ii) 149 million individuals yr-1 are killed by unowned 49 

cats in highly modified landscapes; and (iii) 180 million individuals yr-1 are killed by pet cats. For the 50 

latter two components, mainly introduced species are killed. Collectively, across the three 51 

components of the cat population, 1 144 million individuals yr-1 are killed by cats, of which, at least 52 

40% (459 million individuals yr-1) are native species. It remains challenging to interpret this tally in 53 

terms of its impact on population viability for Australian mammals, because demographic 54 

information is not available for most species. However, our estimate of annual mammal mortality 55 

due to cat predation is substantially higher than that due to another key threatening process, land 56 

clearing. 57 

 58 

Running head: Predation by cats on Australian mammals 59 

 60 

Keywords: conservation; diet; feral cat; introduced predator; mortality; predation 61 

 62 

 63 

1. Introduction 64 

 65 

Globally, mammals constitute the dominant component of the diet of free-roaming cats (Felis catus) 66 

in most environments and locations (Fitzgerald 1988; Fitzgerald and Turner 2000), including 67 

mainland Australia (Doherty et al. 2015). Since their first introduction to Australia following British 68 

colonisation in 1788 (Abbott 2008), cats have spread to occupy the entire continent and most larger 69 

islands (Abbott et al. 2014; Legge et al. 2017). During this time, the Australian mammal fauna has 70 

suffered an unprecedented rate of extinction and decline: 10% of 273 endemic terrestrial species are 71 

now extinct, and a further 21% are threatened with extinction (Johnson 2006; Woinarski et al. 2015). 72 

Cats have been strongly implicated in many of these mammal declines (Johnson 2006; Woinarski et 73 

al. 2015), and are now known to prey upon most Australian mammal species (Woolley et al. 74 

submitted). However, there has been no previous quantitative review of the extent of cat predation 75 

on Australian mammals and its variation across the continent. Here we extend a previous study by 76 

Doherty et al. (2015) that considered continental-scale variation in the frequency of occurrence of 77 

mammals (and other groups) in cat diet samples. We follow an approach used to assess the extent 78 

of predation by cats on Australian birds (Woinarski et al. 2017) and reptiles (Woinarski et al. 2018a), 79 

by combining information on the spatially-modelled density of feral cats, the frequency of 80 
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occurrence of mammals reported in a large compilation of local studies of cat diet, and the number 81 

of individual mammals reported in individual cat samples from a subset of those studies. 82 

 83 

There are several interpretational caveats in our assessment. In Australia, the density of feral cats 84 

varies markedly over time, with increases evident in arid and semi-arid areas after periods of high 85 

rainfall and the subsequent irruption of key mammalian prey (Dickman et al. 2014; Legge et al. 2017; 86 

Read and Bowen 2001), such that rates of predation by feral cats on mammals may show high 87 

temporal variability. The conservation and broader ecological impacts of predation by cats on 88 

mammals may also vary widely between areas and times in response to variation in the abundance 89 

of introduced mammalian prey species, especially the European rabbit (Oryctolagus cuniculus) and 90 

house mouse (Mus musculus) (Read and Bowen 2001). Feral cats are also highly flexible foragers, 91 

switching prey types according to relative abundance. For example, reptiles feature more 92 

prominently in the diet of feral cats in Australia during warmer months when reptiles are most active 93 

(Woinarski et al. 2018b; Yip et al. 2015). Conversely, in some situations feral cats selectively hunt 94 

particular prey even if it is rare. For example, Spencer et al. (2014) reported that feral cats consumed 95 

Forrest's mouse (Leggadina forresti) at a disproportionately high rate relative to its abundance in a 96 

study in central Australia. There may also be substantial differences in the hunting behaviour and 97 

prey selectivity among individual co-occurring cats (Dickman and Newsome 2015; Molsher et al. 98 

1999) and some differences in diet associated with size of individual cats (Kutt 2012; Moseby et al. 99 

2015; Yip et al. 2014). 100 

 101 

Although our primary interest here is in the numbers of Australian mammals killed by feral cats in 102 

largely natural environments, we note that pet cats can also have detrimental impacts on mammals 103 

in urban and peri-urban areas, even when well-fed by humans (Adamec 1976; Legge et al. 2017; 104 

Paton 1993). Therefore, additional to our assessment of the toll of mammals taken by feral cats in 105 

largely natural environments, we also estimated the numbers of mammals killed by unowned cats in 106 

highly modified environments (such as around rubbish dumps and in urban areas) and by pet cats. 107 

These three segments of the Australian cat population have different characteristics that merit their 108 

separate consideration: (i) feral cats in largely natural landscapes generally occur at lower densities 109 

but, given that they must hunt their own food, their per capita intake of mammals is likely to be far 110 

higher than for the other two categories; (ii) unowned cats in highly modified landscapes typically 111 

occur at high densities, but derive much of their diet from food sources provided intentionally or 112 

unintentionally by humans (e.g. Hutchings 2003) and hence may have lower per capita kill rates of 113 

mammals than cats without access to human-provided food sources; and (iii) the diet of pet cats is 114 

largely provided by their owners, so the pet cat per capita kill rate on mammals is likely to be much 115 

lower than that for feral cats. 116 

 117 

Our study seeks to estimate the numbers of mammals preyed upon by cats in Australia. We 118 

recognise that this figure does not necessarily provide a reliable indication of impact, for example 119 

upon the population viability or conservation status of Australian mammal species. However, some 120 

studies have incorporated rates of feral cat predation into population viability analyses for particular 121 

Australian mammal species, finding that observed or inferred rates of predation by cats can be a 122 

major driver of population decline (Clark et al. 1995; Dufty 1994; Lacy and Clark 1990; Whitehead et 123 
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al. 2018). Furthermore, many studies have demonstrated that predation by feral cats is the main 124 

cause of ongoing mammal declines (Marlow et al. 2015; Moseby et al. 2011; Short 2016). High rates 125 

of mortality due to predation have marked impacts in Australian mammals, because many native 126 

rodent and marsupial species have low reproductive rates (Yom-Tov 1985), and thus, predation is 127 

less likely to be compensatory (i.e. to skim off only the doomed surplus) than is characteristically the 128 

case for many mammal species with high reproductive rates on other continents (and introduced 129 

mammals in Australia). 130 

 131 

Our objectives in this study are to: (i) assess the extent of variation in the frequency of occurrence of 132 

mammals in cat diet, and the factors associated with such variation; (ii) derive estimates of the 133 

number of mammals (and major groupings of mammals) killed in Australia by cats per year, and its 134 

spatial variation; and (iii) interpret the conservation significance of such predation rates. 135 

 136 

 137 

2. Methods 138 

 139 

2.1 Numbers of mammals killed by feral cats in largely natural environments 140 

 141 

Our analytical pathway follows that used in parallel estimates of the numbers of birds and reptiles 142 

killed by cats in Australia (Woinarski et al. 2017; Woinarski et al. 2018a). To estimate the number of 143 

mammals killed by cats per km2 per day, we took the product of: (i) modelled cat density, projected 144 

across Australia (from Legge et al. 2017); (ii) modelled frequency of occurrence of mammals in cat 145 

diet samples, projected across Australia; and (iii) the predicted number of individual mammals in 146 

those cat samples that contained mammals. 147 

 148 

For the frequency of occurrence of mammals in cat diet samples (i.e. the proportion of samples that 149 

contained mammals), we collated information from 107 studies, conducted over the period 1969–150 

2018. All of the studies considered included a quantitative assessment of the frequency of mammals 151 

in cat stomachs or scats (12 293 scats or stomachs in total). These studies (Appendix A) were widely 152 

spread (Fig. 1) and included a broad representation of Australia’s natural environments, with 153 

sampling taking place both in times of drought and in high rainfall years.  154 

 155 

The classifications of mammals in cat dietary studies varied, with a range of categories used. For 156 

example, some report frequency for: (i) each mammal species; (ii) major taxonomic groups; (iii) all 157 

mammals combined; (iv) different size classes of mammals; and (v) native vs. introduced mammals. 158 

Where publications only included data summaries, we sought primary data (i.e. records of mammal 159 

occurrence in individual scats or stomach samples) from the data custodians. In some cases, where 160 

the raw data were unavailable, we used combinatorial probability to group frequency values 161 

reported for individual species or groups into higher taxonomic units, given that frequency values 162 

are not additive. For example, if a dietary study reported frequency for possum species A 163 

(frequencypossum A) as 0.3, possum species B (frequencypossum B) as 0.2, and possum species C 164 

(frequencypossum C) as 0.1, we estimated the overall frequency for possums (frequencypossum) as: 165 

 166 
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frequencypossum = 1 – (1 – frequencypossum A) × (1 – frequencypossum B) × (1 – frequencypossum C), 167 

 168 

in this case 0.496. 169 

 170 

We acknowledge that using combinatorial probability to estimate frequency of broad taxonomic 171 

groups is imperfect. The primary limitation is that this approach assumes that taxa are distributed 172 

randomly across stomach or scat samples. In reality, they could also be either: (i) overdispersed (i.e. 173 

each stomach or scat tends to only contain one taxon), and hence the combinatorial probability will 174 

be an underestimate; or (ii) underdispersed or clustered (i.e. multiple taxa tend to occur in the same 175 

stomachs or scats, with an overabundance of stomachs and scats with no mammals), and hence the 176 

combinatorial probability will be an overestimate. We consider that the use of combinatorial 177 

probabilities is unlikely to bias our results in any particular direction, given that scenarios (i) and (ii), 178 

above, would introduce bias in opposite directions. 179 

 180 

Most of the collated studies report only frequency rather than the number of individual mammals in 181 

those samples. However, in 32 studies that analysed stomachs only (Appendix A), tallies were given 182 

for the number of individual mammals in those samples that contained mammals. The number of 183 

individual mammals in a cat stomach sample containing mammals is likely to be influenced by the 184 

size of the mammalian prey. For example, if available over a 24-h period, a cat may be more likely to 185 

take many small rodents (weight <50 g) than many bilbies (weight ca. 1 400 g); however, such prey 186 

species-specific tallies were not generally available in the source datasets. We identified a 187 

relationship between the number of individual mammals (in those samples that contained 188 

mammals), and the frequency of occurrence of mammals in all the stomach samples (Fig. 2). We 189 

modelled this relationship using a linear least-squares regression model of the form: 190 

 191 

log10 (N – 0.99) ~ log10 (frequency), 192 

 193 

where N is the mean number of individual mammals in those stomach samples that contained 194 

mammals (i.e. values of 0 were excluded), and frequency is the frequency of occurrence of mammals 195 

in those samples. 196 

 197 

We assume that one stomach sample represents the prey eaten by an individual cat in a 24-h period 198 

(Krauze‐Gryz et al. 2012; Liberg 1982). This is likely to be a conservative underestimate of the 199 

number of prey killed per day because cats may kill some individual mammals but not necessarily 200 

consume them, or at least not consume identifiable pieces of them (McGregor et al. 2015). 201 

Conversely, cats may also scavenge, so some mammals included in cat dietary studies are not 202 

necessarily killed by the cat that consumed them (Hayde 1992; Molsher et al. 2017). 203 

 204 

We used a set of six environmental attributes of each study site to assess and model the extent of 205 

variation in the frequency of mammals in cat diet. One attribute was whether the study was from an 206 

island or the mainlands of Australia and Tasmania (64 519 km2) and, if on an island, the size of the 207 

island. We derived a composite variable expressing whether the site was an island, and the size of 208 

the island: 209 
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 210 

𝑖𝑠𝑙𝑎𝑛𝑑 𝑠𝑖𝑧𝑒 𝑖𝑛𝑑𝑒𝑥 = log10 (minimum {1,
𝑎𝑟𝑒𝑎

10000
}), 211 

 212 

where area is island area in km2. Hence, any land mass or island with an area ≥10 000 km2 (i.e. the 213 

Tasmanian and Australian mainlands) has an index of zero. Islands <10 000 km2 have negative 214 

values, which become increasingly negative with decreasing island area. From the location of each 215 

study, we also determined mean annual temperature (Australian Bureau of Meteorology 2016a), 216 

mean annual rainfall (Australian Bureau of Meteorology 2016b), mean tree cover within a 5-km 217 

radius (Hansen et al. 2003) and topographic ruggedness (standard deviation of elevation within a 5-218 

km radius) (Jarvis et al. 2008). We also obtained a modelled score of contemporary rabbit 219 

abundance across Australia (S.C. Brown and D.A. Fordham, unpublished), with three abundance 220 

classes (high, low, absent), and extracted the abundance score for each study location. 221 

 222 

We used generalized linear models (GLMs), in the statistical package R (ver. 3.4.2; R Core Team 223 

2017), to examine variation in the frequency of mammals (and of taxonomic and other subsets of 224 

mammals) in feral cat stomach and scat samples. The response variable was the proportion of 225 

samples (scats or stomachs) containing mammals, and hence was analysed using the binomial error 226 

family. By using this error family, the GLMs accounted for the lower precision of the studies that had 227 

smaller numbers of cat diet samples. 228 

 229 

As candidate models, we examined all combinations of: (i) the six explanatory variables described 230 

above (island size index, temperature, rainfall, tree cover, ruggedness, rabbit abundance); (ii) plus an 231 

interaction between temperature and rainfall (to account for a possible negative effect of 232 

temperature on water availability), and (iii) a term representing the proportion of observations in 233 

each study that were from scats. The proportion scats term was necessary as exploratory analysis 234 

showed that frequency of mammals was higher in scats than stomachs, suggesting that mammal 235 

remains are detectable for longer in scats than stomachs. Other than the island size index, variables 236 

were left untransformed, as there was no theoretical rationale for transforming them and no 237 

evidence that transformation improved model fit. The island size index incorporated a log-238 

transformation (see equation earlier) as exploratory analysis showed that this improved model fit. 239 

 240 

We compared the 160 models using QAICc, a second-order form of Akaike’s Information Criterion 241 

(Burnham and Anderson 2003). QAICc, rather than simply AICc, was necessary because the data were 242 

over-dispersed. The model with the lowest value of QAICc was used for inference about the 243 

relationships between frequency of mammals in cat diets and the explanatory variables. Multi-244 

model averaging of the entire set of models, weighted by Akaike weight (wi) (Burnham and 245 

Anderson 2003) was used to predict the frequency of mammals in cat stomachs across Australia's 246 

largely natural landscapes (i.e. excluding areas of highly modified landscapes). These spatial 247 

predictions were made for stomach samples only, as these are more likely to reflect the diet of the 248 

cat in the previous 24 h. 249 

 250 

The predicted frequency of mammals in cat stomachs was used to estimate the number of individual 251 

mammals in those diet samples that contained mammals, using the linear least-squares regression 252 
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model described earlier (log10 [individuals – 0.99] ~ log10 [frequency]) (Fig. 2). Multiplying the 253 

predicted frequency of mammals in cat stomachs across Australia by the predicted number of 254 

individual mammals in those stomach samples with mammals provided a spatial representation of 255 

the estimated number of mammals killed per feral cat per day. We multiplied this by the modelled 256 

density of cats in largely natural landscapes across Australia (Legge et al. 2017), and then by 365.25 257 

(days in a year), to provide a spatial representation of the estimated number of mammals killed by 258 

cats per km2 per year. We summed this rate across the largely natural landscapes of Australia to 259 

derive the total number of mammals killed by feral cats each year. 260 

 261 

We followed the approach of Loss et al. (2013) and Woinarski et al. (2017; 2018a), and characterised 262 

the uncertainty of the estimated total number of mammals killed by feral cats using bootstrapping. 263 

We simultaneously bootstrapped (10 000 times) the three underlying datasets: (i) cat density; (ii) 264 

frequency of mammals in cat stomach samples; and (iii) the number of individual mammals in cat 265 

stomach samples containing mammals. For each random selection of these underlying data, we 266 

recalculated the total number of mammals killed. We report the 2.5% and 97.5% quantiles for the 267 

10 000 values of the total number of mammals killed. 268 

 269 

The same analytical pathway was repeated for major subsets of mammals: all native mammals, all 270 

introduced mammals, rabbits and the much more spatially restricted European brown hare (Lepus 271 

europaeus), introduced rodents (mostly house mouse and black rat [Rattus rattus]), native rodents, 272 

dasyurids (Family Dasyuridae), possums and gliders (Suborder Phalangerida), macropods and 273 

potoroids (Suborder Macropodiformes) and bandicoots and bilbies (Order Peramelemorphia). 274 

 275 

2.2 Unowned cats in highly modified landscapes 276 

 277 

Legge et al. (2017) estimated that 0.72 million unowned cats occur in the ca. 57 000 km2 of Australia 278 

that comprise highly modified landscapes (such as rubbish dumps, intensive piggeries, urban areas) 279 

where food supplementation for unowned cats is unintentionally provided by humans. In urban 280 

areas, cats such as these are sometimes called ‘stray cats’, but we have avoided that term because it 281 

potentially implies that these are individuals that were once pets. There were only eight Australian 282 

studies that reported frequency of mammals in the diet of unowned cats occurring in highly 283 

modified environments, namely rural rubbish dumps (Appendix A). This small number provides little 284 

scope for assessing variability, so we simply use the average frequency of mammals in samples 285 

across these eight studies and multiply this mean by an estimate of the number of individual 286 

mammals in those cat samples that contained mammals and by the population size of unowned cats 287 

in modified environments, as estimated by Legge et al. (2017). We also compare the frequency of 288 

mammals in these diet samples with those from feral cats in largely natural landscapes using Mann-289 

Whitney U-tests, but interpret the results with caution because the small sample size constrains such 290 

a comparison. 291 

 292 

2.3 Pet cats 293 

 294 
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From national surveys of pet ownership, the population of pet cats in Australia is estimated at 3.88 295 

million (Animal Medicines Australia 2016). The average number of mammals killed by pet cats in 296 

Australia has been estimated in several Australian studies that have involved cat-owners regularly 297 

tallying the number of prey items brought to their home by their pet cats. Here, we restrict 298 

consideration to only those studies that were based on a near-random set of pet cats (Barratt 1997, 299 

1998; Paton 1990; Paton 1991; Paton 1993; Trueman 1991); we omitted several studies that 300 

excluded from their data analysis cats that apparently took no prey. 301 

 302 

The actual number of kills (of vertebrate prey) by pet cats is appreciably higher than these owner-303 

reported tallies, given that studies on other continents (no such studies have been undertaken in 304 

Australia) indicate that pet cats typically return home with only a proportion of the prey they have 305 

killed (Blancher 2013): reported estimates are 8.8% (Krauze‐Gryz et al. 2012), 12.5% (Maclean 2007), 306 

23% (Loyd et al. 2013), and 30% (Kays and DeWan 2004). Here, we average across Australian studies 307 

the number of individual mammals reported by pet owners to be killed by their pet cats per year, 308 

and scale this up to account for the number of mammals killed but not returned to the cat’s home, 309 

using the mean (18.6% of mammals killed are brought home) from the four studies of pet cats that 310 

provide robust estimates of this proportion. 311 

 312 

2.4 Comparison of frequency of mammals in the diet of feral cats with that of other co-occurring 313 

mammalian predators 314 

 315 

Australian mammals face many introduced and native predators in addition to cats. A subset of the 316 

feral cat diet studies collated here also included comparable and contemporaneous sampling of the 317 

diet of other co-occurring mammalian predators, the introduced European red fox (Vulpes vulpes) 318 

and wild dogs including dingoes (Canis familiaris and C. dingo, respectively) (Appendix B). For studies 319 

that included at least 10 samples of feral cats and at least 10 samples of one or both of these two 320 

other mammalian predator species at the same location, we compared the frequency of mammals in 321 

samples between these predator species, using Wilcoxon matched-pairs tests.  322 

 323 

In addition to comparing the frequency of mammals in the diet of co-occurring mammalian 324 

predators, we also use this set of studies to compare the size range of mammals taken by these 325 

three predators. For each predator species in each study, we calculated the median size of 326 

mammalian prey (using adult body weight) recorded in the diet samples, and then compared this 327 

value between cats and foxes, and between cats and dogs/dingoes, across all studies where this 328 

information was available for these pairings of predators, again using Wilcoxon matched-pairs tests.  329 

 330 

 331 

3. Results 332 

 333 

3.1 Feral cats in largely natural landscapes 334 

 335 

Across 107 studies in largely natural landscapes in Australia, the mean frequency of mammals in cat 336 

diet samples was 68% for stomachs and 70% for scats. The mean frequency of native mammals was 337 
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35% for stomachs and 37% for scats, and for introduced mammals it was 37% for stomachs and 36% 338 

for scats. 339 

 340 

Generalised linear modelling suggested that three environmental variables were correlated with the 341 

frequency of mammals in feral cat diet samples: (i) island size (p<0.001); (ii) mean annual 342 

temperature (p<0.01); and (iii) ruggedness (p<0.05). The best model had R2 of 0.39. Mammal 343 

frequency in cat diet samples increased with increasing island size (Fig. 3a). Frequency was higher in 344 

areas with low temperature (Fig. 3b) and ruggedness (Fig. 3c). There was also a clear pattern of scats 345 

having higher frequency of mammals than stomach samples (p<0.05); on average this difference was 346 

about 12%. 347 

 348 

When native and introduced mammals were modelled separately, the environmental correlates of 349 

frequency in cat diet samples differed markedly. For native mammals, there was a dramatic increase 350 

in frequency with increasing temperature, and to a lesser extent rainfall and tree cover (Fig. 4b–d), 351 

such that in warm, mesic climate zones most cat diet samples are expected to contain native 352 

mammals. Conversely, for introduced mammals, there was a dramatic decrease in frequency with 353 

increasing temperature, and to a lesser extent rainfall and tree cover (Fig. 5b–d), such that in cool, 354 

arid climate zones most cat diet samples are expected to contain introduced mammals. The best 355 

models of frequency for native and introduced mammals had R2 of 0.64 and 0.56, respectively. 356 

 357 

The modelled relationships were used to predict the frequency of mammals in cat stomach samples 358 

across Australia (Fig. 6a–c). The spatially-weighted mean frequency of mammals in cat stomach 359 

samples across the Australian mainland and islands was 70% (44% for native mammals, 34% for 360 

introduced mammals), i.e. at any instant 70% of feral cats would be expected to have the remains of 361 

one or more individual mammals in their stomachs. 362 

 363 

The contrasting spatial patterns for native and introduced mammals are clearly seen in the mapped 364 

frequencies (Fig. 6b, c). Native mammals are predicted to be most frequent in cat diet samples in the 365 

warm, mesic northern half of the continent, while introduced mammals are most frequent in the 366 

drier parts of the southern half of the continent. Modelling the relative frequency of native 367 

mammals (compared to introduced mammals) in cat diet samples reinforces this pattern (Fig. 7b–c, 368 

Fig. 8).  369 

 370 

The estimated number of mammals killed by feral cats across largely natural landscapes in Australia 371 

in a typical year is 815 million (95% confidence interval [CI]: 530–1 414 million) (Appendix C: Fig. C1). 372 

Of these individuals, 459 million (95% CI: 252–756) are native (i.e. 56%). On average, a feral cat kills 373 

393 mammals per year (95% CI: 316–470), 221 of which are native (95% CI: 136–263) (Fig. C2). The 374 

number of mammals killed by cats averages 107 km-2 yr-1; for native mammals this figure is 60 km-2 375 

yr-1. 376 

 377 

The mammal group that contributes most to the diet of feral cats in natural landscapes is native 378 

rodents (268 million yr-1; 33% of the total number of mammals killed, and 58% of native mammals 379 

killed) (Fig. 9). This offtake is strongly concentrated in northern Australia (Appendix D: Fig. C8a). This 380 



10 
 

is followed by rabbits and hares (both introduced) (202 million yr-1; 25% of the total number of 381 

mammals killed) (Fig. 9). Unsurprisingly, spatial variation in the numbers of rabbits killed by cats is 382 

largely concordant with the known distribution of rabbits, mainly in the drier parts of southern 383 

Australia (Van Dyck and Strahan 2008) (Fig. C8a), despite our rabbit abundance variable being 384 

uncorrelated with frequency of rabbits in cat diet samples. Mammals other than rodents make up 385 

42% of the native mammal offtake by feral cats in natural landscapes (191 million yr-1), including 386 

dasyurids (18%), possums and gliders (5%), macropods and potoroids (4%) and bandicoots and 387 

bilbies (1%) (Fig. 9). 388 

 389 

3.2 Unowned cats in highly modified landscapes 390 

 391 

The mean frequency of mammals in diet samples from the eight studies of unowned cats in highly 392 

modified environments was 43.2% ±9.9 (SE) (range: 10.0–91.6). This is significantly lower (Mann-393 

Whitney U-test: z = 2.53, p = 0.011) than for feral cats in largely natural landscapes (68.0%, n = 105). 394 

Six of these studies in highly modified environments included frequency of native and introduced 395 

mammal species: across these studies, cats at such sites consumed a far higher proportion of 396 

introduced mammals (mean frequency: 45.5%) than of native mammals (mean frequency: 5.8%) 397 

(Wilcoxon matched-pair test: z = 1.99, p = 0.046). 398 

 399 

Unfortunately, only one of the studies of cat diet in modified environments noted the number of 400 

individual mammals in cat samples that had mammals (mean of 1.2 individual mammals from 152 401 

samples that contained mammals). The most conservative assumption is that only one individual 402 

mammal was in a cat stomach or scat that contained mammals; an alternative assumption is to 403 

apply the mean number of 1.62 individual mammals reported in cat samples containing mammals 404 

from the large collation of studies of feral cats in largely natural landscapes. Hence, using these 405 

values as lower and upper bounds, individual cats in highly modified landscapes kill, on average, 406 

between 158 and 255 individuals yr-1: henceforth we use the midpoint of these tallies (207 407 

individuals cat-1 yr-1). 408 

 409 

Multiplying the total population size of unowned cats in highly modified landscapes (0.72 million: 410 

Legge et al. 2017) by this per capita annual take produces an estimate of 149 million individuals yr-1 411 

killed by unowned cats in modified environments. 412 

 413 

3.3 Pet cats 414 

 415 

Pet owners observed their cats bringing home a mean of 15.7 mammals cat-1 yr-1 from a sample of 416 

700 cats from mainly around Adelaide (Table 4 in Paton 1990), 6.9 mammals cat-1 yr-1 from a sample 417 

of 138 cats in Canberra (Barratt 1998) and 2.9 mammals cat-1 yr-1 from a sample of 166 cats in 418 

Hobart (Trueman 1991). The mean across these three studies is 8.6 individuals cat-1 yr-1. Scaling this 419 

mean by the mean proportion of all kills that are returned home (mean of four non-Australian 420 

studies: 18.6%), the estimated number of mammals killed by individual pet cats is 46.4 individuals 421 

cat-1 yr-1. Hence, with a total Australian population of 3.88 million pet cats, the estimated annual 422 

tally of mammals killed by pet cats is 180 million yr-1. 423 
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 424 

Unsurprisingly, given the typically high abundance of introduced mammals in urban areas, 425 

introduced mammal species comprised a higher proportion of the mammals killed by pet cats than 426 

by feral cats in largely natural landscapes – introduced mammals comprised >98% of the identifiable 427 

mammals killed by pet cats in Canberra (Barratt 1998). In Trueman’s (1991) study in Hobart, 30.5–428 

93.3% of mammals killed by pet cats were native; the uncertainty reflects that the authors did not 429 

provide a breakdown of native vs. introduced rodents. Paton (1990) did not provide a breakdown of 430 

native vs. introduced mammals in his Adelaide study. 431 

 432 

3.4 Comparison of frequency of mammals in the diet of feral cats with that of other co-occurring 433 

mammalian predators 434 

 435 

Comparative data on the frequency of mammals in samples of feral cats and other co-occurring 436 

mammalian predators are summarised in Appendix B. Across 20 studies where the diet of co-437 

occurring cats and foxes was reported, the mean frequency of mammals in cat diets (72.6% ±4.7 438 

[SE]) was not significantly different than in fox diets (70.8% ±5.9 [SE]; Wilcoxon-matched pairs test: 439 

z = 0.30, p = 0.77). Across 15 studies in which the diet of co-occurring cats and dogs/dingoes was 440 

reported, the frequency of mammals in cat diets (77.2% ±5.1 [SE]) was not significantly different 441 

than in dog diets (84.9% ±4.0 [SE]; Wilcoxon-matched pairs test: z = 0.91, p = 0.36) 442 

 443 

Although there was no significant difference in the frequency of mammals in cat diets relative to 444 

that in fox or dog/dingo diets across this set of studies, there were significant differences among 445 

predators in mammalian prey size. Across the set of studies that considered the diets of co-occurring 446 

cats and foxes, cats took smaller mammal species than did foxes (mean of medians for cats 544 g 447 

±193 [SE] cf. for foxes 3 686 g ±2 800 [SE]; Wilcoxon-matched pairs test: z = 2.4, p = 0.016, N = 14). 448 

Across the set of studies that considered the diets of co-occurring cats and dogs/dingoes, cats took 449 

smaller mammalian prey than did dogs/dingoes (mean of medians for cats 323 g ±206 [SE] cf. for 450 

dogs/dingoes 16 529 g ±5 383 [SE]; Wilcoxon-matched pairs test: z = 2.4, p = 0.018, N = 8). 451 

 452 

 453 

4. Discussion 454 

 455 

The most striking feature of the results presented here is the marked spatial contrast in the 456 

proportions of introduced and native mammals in the diet of feral cats in Australia: introduced 457 

species (particularly rabbits and house mice) dominate the mammal component of cat diets across 458 

lower rainfall areas and most of southern Australia, but native mammals dominate in northern 459 

Australia (and also in higher rainfall and forested areas of southeastern and southwestern Australia) 460 

(Fig. 6, 8). This disjunction largely matches the pattern of historic and ongoing loss of native 461 

mammals across Australia, with many native mammals, especially those in the preferred dietary size 462 

range for cats, already lost from, or persisting only in small numbers in, the continent’s low rainfall 463 

areas (Burbidge and McKenzie 1989; Burbidge et al. 2008; McKenzie et al. 2007). Native mammals 464 

have persisted better in northern Australia and in some higher rainfall areas of southern temperate 465 

Australia; however, many are now exhibiting marked and ongoing declines (Woinarski et al. 2010; 466 
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Woinarski et al. 2001; Ziembicki et al. 2013; Ziembicki et al. 2015), especially those in the preferred 467 

dietary size range for cats, which our analysis suggests is 300–550 g. The pattern we observed is also 468 

consistent with that previously described at a local scale by Read and Bowen (2001) and at a national 469 

scale by Doherty et al. (2015), who reported an inverse relationship between the frequency of 470 

rabbits and of native mammals in the diet of feral cats across Australia. However, our present study 471 

provides far more spatial acuity to this pattern, and provides explicit estimates of the numbers of 472 

mammals killed. 473 

 474 

Our results highlight two markedly different ecological universes in Australia: a half-continent in 475 

which one introduced predator species feeds mainly on one introduced prey species (the European 476 

rabbit), and a half-continent in which introduced prey species are largely absent and feral cats 477 

instead consume mainly native mammals (Fig. 6, 8). The importance of rabbits in the diet of feral 478 

cats in the natural landscapes of southern Australia has been long recognised (Catling 1988; Coman 479 

and Brunner 1972; Jones and Coman 1981; Read and Bowen 2001). Likewise, many previous studies 480 

have recognised the importance of house mice in the diet of feral cats in some arid and semi-arid 481 

areas (Jones and Coman 1981; Martin et al. 1996), and of introduced rodents generally in the diet of 482 

cats in more densely settled and modified areas of temperate Australia (Barratt 1997; Dickman 483 

2009; Matthews et al. 1999). However, our study provides a comprehensive national context and 484 

spatial circumscription for this feature. To some extent, this spatial patterning reflects the cat’s 485 

relatively non-selective diet: the groups that are most common in the landscape, and in the 486 

preferred weight range, tend to dominate cat diets (e.g. rabbits in southern Australia, native 487 

mammals in northern Australia). However, the spatial patterning in our results does not mean that 488 

the impacts of cats on native mammals are mostly confined to northern Australia, or that cats may 489 

be having a net conservation benefit by preying upon introduced mammals – especially rabbits – in 490 

southern Australia. This is because high densities of introduced mammals may support high densities 491 

of cats, such that even when native mammals comprise only a small proportion of cat diets, the 492 

impact of cat predation on the population viability of native mammals may be substantial. Indeed, 493 

where rabbit densities are reduced by management intervention, the density of cats tends to 494 

decrease over time and the density of native mammal species (especially those preferred by cats) 495 

can increase as a result (Pedler et al. 2016). Conversely, sudden and severe reductions in rabbit 496 

densities can lead to a short-term, though intense, increase in predation of native mammals by cats, 497 

due to prey-switching (Lurgi et al. 2018). Furthermore, at most times and places in Australia, 498 

predation by cats does not generally constrain the population size of rabbits and introduced rodents 499 

(Newsome et al. 1989; Norbury and Jones 2015; Pech et al. 1992). 500 

 501 

Our modelling demonstrates that mammals occur more frequently in the diet of cats on mainland 502 

areas than on islands. This is consistent with the prevalence of abundant nesting seabirds (rather 503 

than mammals) in the diets of cats on many islands (Jones 1977; Woinarski et al. 2017), the natural 504 

lack of land mammals on many islands, especially smaller ones (Abbott and Burbidge 1995), and/or 505 

the rapid historic loss of native mammals (mostly due to predation by cats) on many other Australian 506 

islands (Algar et al. 2011; Burbidge and Manly 2002), such that mammals are no longer available to 507 

be a major component of the diet of cats on these islands. Some previous studies have noted that 508 

topographic relief may also be a major influence on cat abundance and impact in Australia, with 509 
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native mammal species tending to persist better in more rugged rocky areas (Burbidge and 510 

McKenzie 1989; McDonald et al. 2017) either due to lower abundance of cats (Hohnen et al. 2016), 511 

or greater ability of mammals to avoid predation in rocky areas. Our finding that mammals occur less 512 

frequently in the diet of cats in rugged areas (Fig. 4e) is more consistent with the latter explanation. 513 

 514 

We estimate that a feral cat in a largely natural landscape kills, on average, 431 individuals cat-1 yr-1 515 

(57% of which are native), summing across the feral cat population occurring in natural 516 

environments to 894 million mammals yr-1. From a much smaller dataset, we estimate that unowned 517 

cats in highly modified environments have a lower per capita take, of 207 mammals cat-1 yr-1 (most 518 

of which are introduced), summing across that component of the feral cat population to 149 million 519 

mammals yr-1. The per capita take by pet cats is lower still, at 46 mammals cat-1 yr-1 (most of which 520 

are introduced), summing across the pet cat population to 180 million mammals yr-1. Hence, 521 

collectively, cats in Australia take about 1 223 million mammals yr-1 (>42%, or >509 million, of which 522 

are native). There are few studies in Australia against which our results can be compared directly. 523 

However, one detailed local study at Roxby Downs in semi-arid South Australia provided an estimate 524 

of feral cats killing 50 native mammals km-2 yr-1 (Read and Bowen 2001). This tally is similar to our 525 

predicted value for this area (32 native mammals km-2 yr-1), as well as our national average (67 526 

native mammals km-2 yr-1). We note that the actual impact of this level of predation is difficult to 527 

evaluate given that we have very limited demographic information (e.g. population sizes, maximum 528 

rates of population increase, carrying capacity in the absence of cat predation) for most Australian 529 

mammal species. 530 

 531 

Our results indicate that at sites of co-occurrence, the proportion of mammals in the diet of 532 

individual cats is similar to that of individual foxes and dogs/dingoes, although there are significant 533 

differences between these predator species in the size of mammalian prey. There are no comparable 534 

estimates of the national tallies of mammals taken by foxes and dogs/dingoes, but these are likely to 535 

be considerably less than the tally reported here for cats, given that cats have a wider distribution 536 

across Australia and often occur at similar or even higher densities (Read and Bowen 2001; Read et 537 

al. 2019). 538 

 539 

As context for our estimate of the number of mammals killed by cats each year across Australia, we 540 

can compare it to mortality due another main threatening process, land clearing. Cogger et al. (2003) 541 

provided an estimate for the number of individual mammals killed by land clearing across Australia. 542 

Based on their estimates of the density of native mammals (excluding bats), with this value ranging 543 

widely between bioregions from 200 to 5,200 individuals km-2, and a then rate of vegetation 544 

clearance of ca. 4 500 km2 yr-1 in Queensland (the Australian state with the highest rate of loss of 545 

native vegetation), they concluded that land clearing resulted in the death of at least 2.1 million 546 

native mammals yr-1. The national rate of land clearing has declined, unevenly, since then, and in 547 

2013–2014 was ca. 2 000 km2 yr-1 (Evans 2016). However, land clearing in Queensland increased 548 

again in 2015–2016, with 0.9 million native mammals estimated to be killed there in each of those 549 

years (Cogger et al. 2017). These annual rates of loss of mammals due to habitat clearance are far 550 

less than our estimates of the numbers of native mammals lost annually to cat predation (cf. 509 551 

million native mammals killed each year by feral cats in largely natural landscapes). However, we 552 
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recognise that such comparisons have interpretational constraints: clearing typically results in 553 

permanent loss of habitat, potentially leading to the extinction of local populations, whereas a larger 554 

annual tally of mammals killed due to cat predation may have a far less acute impacts on the long-555 

term population viability of individual mammal species or communities,  provided that populations 556 

can persist at reduced densities. 557 

 558 

The mean number of 9 individuals cat-1 yr-1 known to be brought home by pet cats in the three 559 

Australian studies (uncorrected for the proportion killed but not returned) is within the range 560 

reported in studies elsewhere, e.g. 0.7 in an urban area in Auckland, New Zealand (Gillies and Clout 561 

2003), ca. 5 in urban Dunedin, New Zealand (van Heezik et al. 2010), ca. 14 in a suburb bordering 562 

native vegetation in Auckland (Gillies and Clout 2003), ca. 15 in Britain (Woods et al. 2003), ca. 17 in 563 

an area adjacent to a nature reserve in Albany, USA (Kays and DeWan 2004), cf. 21 in rural and 564 

urban environments in Poland (Krauze‐Gryz et al. 2012), ca. 22 in a village in Switzerland (Tschanz et 565 

al. 2011), and 24 rodents for free-roaming pet cats in California, USA) (Crooks and Soulé 1999). So, 566 

although our database for the diet of pet cats in Australia is sparse, the reported values for their take 567 

of mammals appear to be consistent with many studies elsewhere. 568 

 569 

The nine million pet cats in Britain (which comprise about 90% of the total cat population: Harris et 570 

al. 1995) were estimated to kill ca. 57 million mammals in the 5-month ‘summer’ period (Woods et 571 

al. 2003). In the USA, cats are estimated to kill 6.9 to 20.7 billion mammals per year (Loss et al. 572 

2013). This tally, which includes both native and introduced species, is an order of magnitude 573 

greater than our estimates for Australia, despite being a similar land area, primarily because there 574 

are far more cats in America. Indeed, the estimated per capita take of mammals by cats in the USA is 575 

less than that we report here for Australia (Table 1). Woinarski et al. (2017) also reported a 576 

comparably higher per capita rate of predation by cats on birds in Australia relative to that reported 577 

by Loss et al. (2013) for the USA, and considered that this could be explained by our inclusion of a 578 

factor for the number of individual animals in cat diet samples: this factor is generally not considered 579 

in most other analyses, such that the number of animals killed by cats may be underestimated in 580 

many other studies. 581 

 582 

Although our tally of mammals killed by cats in Australia is an order of magnitude less than the 583 

comparable figure for the USA, it is still a large number. However, the ecological and conservation 584 

significance of our tally is difficult to assess, because (i) there is reliable demographic information for 585 

few native mammal species in Australia; (ii) predation may be more intense upon some mammal 586 

species or species-groups (Read et al. 2019; Woolley et al. submitted); (iii) some mammal species 587 

may be able to sustain high mortality rates and maintain viable populations but others may not; and 588 

(iv), as demonstrated here, there is substantial spatial variation in the numbers and proportion of 589 

native mammals killed across Australia. Nonetheless, there is substantial evidence that predation by 590 

cats contributed to or caused the widespread loss and extinction of many Australian mammal 591 

species (Radford et al. 2018; Woinarski et al. 2015), and continues to cause to the ongoing decline of 592 

many others (Clark et al. 1995; Dufty 1994; Lacy and Clark 1990; Marlow et al. 2015; Moseby et al. 593 

2011; Short 2016; Whitehead et al. 2018). The evidence of ongoing impact of predation by cats on 594 

the Australian native mammal fauna suggests that the annual tally of 508 million native mammals 595 
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killed by cats per year is ecologically significant: such continuing rates of predation are exceeding the 596 

level at which at least some native mammal species can sustain viable populations. 597 

 598 

The extent and impact of cat predation on mammals may also be magnified by interactions with 599 

other factors, such as habitat fragmentation, fire regimes and habitat degradation due to over-600 

grazing (Graham et al. 2013; McGregor et al. 2017; McGregor et al. 2014; McGregor et al. 2016). Cat 601 

predation may also subvert the assumed conservation security provided to native mammals by the 602 

conservation reserve system, given that feral cats occur in similar density within and outside 603 

Australia’s reserve system (Legge et al. 2017). Partly in response to the major role of feral cats in the 604 

ongoing decline of the Australian mammal fauna, the recently released Threatened Species Strategy 605 

for Australia (Commonwealth of Australia 2015) placed considerable emphasis on the control of feral 606 

cats. Substantial conservation benefits to Australia’s native mammal species can be provided by: (i) 607 

eradicating cats from more, and larger, islands; (ii) increasing the number of predator-proof 608 

exclosures; and (iii) increasing the number and extent of areas subject to intensive cat control (Legge 609 

et al. 2018). 610 

 611 

 612 

 613 

 614 

 615 

 616 

 617 

 618 
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 620 
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Table 1. Comparison between Australia (the current study) and the contiguous USA (Loss et al. 2013) 887 

in cat population size and predation rates on mammals. Note that in our assessment, we segregate 888 

Australia’s unowned cats into two components: those in largely natural landscapes (i.e. feral cats) 889 

and those in highly modified landscapes. This distinction was not made by Loss et al. (2013), so we 890 

have included their estimates alongside our estimates for feral cats in largely natural landscapes, 891 

below, even though theirs include unowned cats in highly modified landscapes. The estimates of 892 

mammals killed per pet cat and per unowned cat in the USA (Loss et al. 2013) are based on seven 893 

studies from the USA and Europe for both of these classes of cat.  894 

 895 

Parameter Contiguous USA 

(Loss et al. 2013) 

Australia 

(this study) 

Land area 

 

8.08 million km2 7.69 million km2 

Pet cats   

 Cat population size 84 million 3.9 million 

 Mammals killed cat-1 yr-1 11.1-29.5 46.4 

 Mammals killed by cats yr-1 1 249 million 

(95% CI: 571–2 515 million) 

180 million 

 Proportion native NA Low 

    

Feral cats in largely natural landscapes   

 Cat population size 30–80 million 2.1 million 

 Cat density 3.7–9.9 cats km-2 0.27 cats km-2 

 Mammals killed cat-1 yr-1 139–329 393 (95% CI: 316–470) 

 Mammals killed yr-1 10 903 million 

(95% CI: 5,616–19,254 million) 

815 million 

(95% CI: 530–1 414 

million) 

 Proportion native NA 56% 

    

Unowned cats in highly modified 

landscapes 

  

 Cat population size NA 0.7 million 

 Mammals killed cat-1 yr-1 NA 207 

 Mammals killed yr-1 NA 149 million 

 Proportion native NA Low 

    

Total mammals killed by cats yr-1 12 269 million 

(95% CI: 6 902–20 712 million) 

1 144 million 

Proportion native NA >40% 

  896 
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 897 
 898 

Fig. 1. The occurrence of cat dietary studies used in this study, 107 of which occurred in largely 899 

natural landscapes, indicated by white circles (94 on the Australian mainland, 3 in Tasmania and 11 900 

on smaller islands, including Macquarie and Christmas Islands, not shown on map), and 8 of which 901 

occurred at rural rubbish dumps or other highly modified environments, indicated by black asterisks. 902 

The coloured shading indicates mean annual rainfall (Australian Bureau of Meteorology 2016b). The 903 

dashed line indicates the Tropic of Capricorn.  904 
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 905 
 906 

Fig. 2. The modelled relationship between the number of individual mammals in cat diet samples 907 

containing mammals and the frequency of occurrence of mammals in cat diet samples, according to 908 

a linear least-squares regression model of the form: log10 (individuals – 0.99) ~ log10 (frequency), with 909 

p<0.001 and R2 of 0.39. The bold line indicates the predictions of the regression mode, and the thin 910 

lines indicate 95% confidence intervals.  911 
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(a) 912 

 913 
(b) 914 

  915 
(c) 916 

 917 
 918 

Fig. 3. Variation in the frequency of occurrence of mammals (including both native and introduced 919 

species) in cat diet samples (stomachs and/or scats) in relation to significant predictor variables: (a) 920 

island size (p<0.001); (b) mean annual temperature (p<0.01);; and (c) ruggedness (p<0.05). The was 921 

no significant interaction between mean annual temperature and rainfall. Regression lines represent 922 

the predictions of a generalised linear model with 95% confidence intervals. R2 of the model was 923 

0.39.  924 

0

20

40

60

80

100

0 1 10 100 1000 10000

F
re

q
u

e
n

c
y
 (

%
)

Island size (km2)

0

20

40

60

80

100

0 5 10 15 20 25 30

F
re

q
u

e
n

c
y
 (

%
)

Mean annual temperature (°C)

0

20

40

60

80

100

0 50 100 150 200 250

F
re

q
u

e
n

c
y
 (

%
)

Ruggedness (SD of elevation [m])



26 
 

(a) (b) 925 

  926 
(c) (d) 927 

   928 
(e) 929 

 930 
 931 

Fig. 4. Variation in the frequency of occurrence of native mammals in cat diet samples (stomachs 932 

and/or scats) in relation to significant predictor variables: (a) island size (p<0.001); (b) mean annual 933 

temperature (p<0.001); (c) mean annual rainfall (p<0.001); (d) tree cover (p<0.05); and (e) 934 

ruggedness (p<0.05). There was also a significant interaction between mean annual temperature and 935 

rainfall (p<0.001). Regression lines represent the predictions of a generalised linear model with 95% 936 

confidence intervals. R2 of the model was 0.64.  937 
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(a) (b) 938 

  939 
(c) (d) 940 

   941 
 942 

Fig. 5. Variation in the frequency of occurrence of introduced mammals in cat diet samples 943 

(stomachs and/or scats) in relation to significant predictor variables: (a) island size (p<0.01); (b) 944 

mean annual temperature (p<0.001); (c) mean annual rainfall (p<0.001); and (d) tree cover (p<0.01). 945 

There was also a significant interaction between mean annual temperature and rainfall (p<0.001). 946 

Regression lines represent the predictions of a generalised linear model with 95% confidence 947 

intervals. R2 of the model was 0.56.  948 
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  949 
 950 

Fig. 6. Model projections of the frequency of occurrence of mammals in cat stomachs in largely 951 

natural landscapes throughout Australia. The dashed lines indicate the Tropic of Capricorn.  952 
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(a) (b) 953 

  954 
(c) (d) 955 

   956 
 957 

Fig. 7. Variation in the relative frequency of native mammals in cat diet samples (stomachs and/or 958 

scats), expressed as native frequency / (native frequency + introduced frequency), in relation to 959 

significant predictor variables: (a) island size (p<0.001); (b) mean annual temperature (p<0.001); (c) 960 

mean annual rainfall (p<0.001); and (d) ruggedness (p<0.05). There was also a significant interaction 961 

between mean annual temperature and rainfall (p<0.001). Regression lines represent the predictions 962 

of a generalised linear model with 95% confidence intervals. R2 of the model was 0.77.  963 
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 964 
 965 

Fig. 8. Model projections of the relative frequency of native vs. introduced mammals in cat diet 966 

samples, expressed as native frequency / (native frequency + introduced frequency), in largely 967 

natural landscapes throughout Australia. The solid black line indicates relative frequency of 50% (i.e. 968 

native mammals and introduced mammals occur at equal frequencies. The dashed line indicates the 969 

Tropic of Capricorn.  970 
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 971 
 972 

Fig. 9. The estimated total number of mammals killed by feral cats each year in largely natural 973 

landscapes across Australia. 974 
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