
ORIGINAL RESEARCH

Received: 5 August 2022 / Revised: 27 January 2023 / Accepted: 23 February 2023 /  
Published online: 13 March 2023
© The Author(s) 2023

Communicated by Stephen Garnett.

  Elizabeth L. Sheldon
elizabeth-louise.sheldon@students.mq.edu.au

1 Evolution & Ecology Research Centre, University of New South Wales, Sydney, Australia
2 Department of Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden
3 Centre for Ecosystem Science, University of New South Wales, Sydney, Australia

Negative frequency dependent prey selection by two canid 
predators and its implications for the conservation of a 
threatened rodent in arid Australia

Elizabeth L. Sheldon1 · Benjamin Feit2 · Anna Feit1 · Mike Letnic1,3

Biodiversity and Conservation (2023) 32:1671–1686
https://doi.org/10.1007/s10531-023-02570-6

Abstract
Unprecedented anthropogenic changes to biodiversity and biogeography demand a greater 
understanding of the consequences of altered faunal composition for ecosystem function-
ing. Selective predation has important, yet poorly understood effects on ecosystem stabil-
ity, and can be strongly influenced by the relative frequencies of different prey types in the 
environment. Yet, how predators adjust their selection for prey according to their environ-
mental frequency is often overlooked. Here, we assessed frequency dependent selection of 
prey by dingoes and foxes in the Australian desert, biannually, across a nine-year period 
(2007–2016). Both predators exhibited potentially destabilizing, negative frequency de-
pendent selection for prey. Foxes persisted to preferentially consume a threatened, native 
rodent (Notomys fuscus) when it was environmentally scarce. Bolstered by the observation 
that N.fuscus occurs at low densities in areas where foxes are common, our results suggest 
that N.fuscus is particularly vulnerable to predation by this predator; possibly because it 
is naïve and/or lacks adaptations to avoid or escape predation by the relatively recently 
introduced fox. Dingoes tended to consume reptiles when they were scarce; potentially 
constituting a conservation concern if selected reptilian taxa are threatened. Foxes avoid-
ed, thus were unlikely to control populations of overabundant kangaroos, while both foxes 
and dingoes showed a preference for, and may therefore control populations of invasive 
rabbits. The integration of our results into the relative suites of (de)stabilizing influences 
exerted by dingoes and foxes is important to provide a more dynamic insight into how 
each predator impacts their naturally fluctuating ecosystems.
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Introduction

Unprecedented anthropogenic changes to biodiversity and biogeography demand a greater 
understanding of the consequences of altered faunal composition for ecosystem function-
ing. Selective predation- the utilization of a nonrandom subset of available prey types –has 
strong, yet poorly understood influences on community level dynamics and ecosystem sta-
bility (Hoy et al. 2021). A prey type is considered ‘selected for’ when its relative frequency 
in the predator’s diet exceeds its frequency in the environment, and ‘avoided’ when its 
dietary frequency is lower than that in the environment. Selective foraging is a dynamic pro-
cess that can be strongly influenced by changes in the relative frequency of prey types in the 
environment (Murdoch 1969; Oaten and Murdoch 1975). Yet, the majority of studies on this 
topic quantify selective foraging at a single point in time (Paltridge, 2002; Cupples et al., 
2011). While such quantifications may reveal a predator’s preference of one prey type over 
the suite of others available at the time of sampling, they are unlikely to capture the true pre-
dation risk to a prey type, should a preferred type become unavailable (Allen et al., 2012).

How predators adjust their prey preferences according to the relative frequency of prey 
types in the environment has important, yet often overlooked implications for ecosystem 
stability. For example, positive, frequency-dependent predation (when the strength of selec-
tion for a prey type increases with its relative availability in the environment) may regulate 
the abundance of common prey while providing refuge for rare prey types, and often pro-
motes ecosystem stability (Oaten and Murdoch 1975). Positive frequency dependent selec-
tion is also associated with another stabilizing foraging behaviour - prey switching (when a 
predator’s selection for abundant, unpreferred prey increases when preferred prey types are 
relatively rare) (Murdoch 1969). Negative frequency dependent predation (when predators 
persist in eating a preferred prey type even when it is scarce) on the other hand, can disfavor 
the coexistence of different prey types if the selection of rare prey makes them more likely 
to become (locally) extinct. Negative frequency dependent predation consequently tends to 
be associated with destabilizing ecosystem effects (O’Donoghue et al., 1998).

The Strzelecki and Simpson deserts in central Australia provide excellent arenas to exam-
ine how selective predation can be influenced by fluctuations in the frequency of prey types. 
The region experiences wildly fluctuating, non-cyclic variation in prey frequencies, which 
are largely driven by irregular rain events (Pavey et al., 2008; Spencer et al., 2017, Figs. 4 
and 7). The region also contains two canid predators; the dingo (Canis dingo: 12 − 20 kg) 
and the recently introduced red fox (Vulpes vulpes; 3–14 kg). The foraging behaviours and 
interactions between these predators are of great ecological and economic significance due 
to their heavily debated impacts on vulnerable native mammal populations and farming 
practices (Moseby et al. 2012; Cooke and Soriguer 2017). The dingo is Australia’s largest 
terrestrial predator and has coexisted with extant native prey species since its arrival on the 
continent ~ 5000 years ago (Fleming et al. 2001; Savolainen et al. 2004). Since European 
colonization in 1788, dingoes have been exterminated from much of the mainland Australia 
because they attack livestock (Fleming et al. 2001; Philip 2021). Along with numerous other 
placental mammals, Europeans introduced the red fox; an efficient mesopredator consid-

1 3

1672



Biodiversity and Conservation (2023) 32:1671–1686

ered a significant threat to the long-term survival of many endemic Australian mammals, 
especially small, desert-dwelling mammals weighing between 50 and 5500 g (Letnic and 
Dickman 2006; McKenzie et al. 2007)).

The mesopredator release hypothesis posits that the presence of dingoes in Australia 
reduces predation pressures on small mammals in Australia, by suppressing and/or chang-
ing the foraging behaviours of foxes (and other mesopredators); however, this is debated 
(reviewed in: Letnic et al., 2012; Allen et al., 2013; Cooke and Soriguer, 2017). The compo-
sition of dingo and fox diets is well documented (Vernes et al. 2001; Brooke and Kutt, 2011; 
Cupples et al., 2011; Doherty et al., 2019), yet the dietary responses of dingoes and foxes 
to fluctuating prey remain largely unexplored (however, see Spencer et al., 2017; Corbett 
and Newsome, 1987). Dingoes exhibit considerable dietary overlap with foxes; thus, the 
presence of dingoes would only yield biodiversity benefits if their direct predation risk to 
vulnerable small mammals is less than their indirect ability to reduce fox predation on the 
same prey (Holt and Lawton 1994). Developing research into frequency dependent prey 
selection is important to provide a more comprehensive and dynamic understanding of the 
predation risks imposed by dingoes and foxes in their naturally fluctuating environments.

The ‘dingo fence’ (a 5500 km structure excluding dingoes from the south-east part of 
Australia) runs through the Strzelecki and Simpson deserts, and provides an excellent 
opportunity to compare the large-scale effects of prey frequency on fox and dingo foraging 
preferences in their respective ecosystems (McKnight 1969). This is because the relative 
abundance of dingoes and foxes is reversed on each side of the fence due to the suppression 
of dingoes by pastoralists and the subsequent competitive release of foxes on the NSW side 
of the fence (Letnic and Dworjanyn 2011). In addition, the suppression of dingoes in NSW 
has been accompanied by a shift in the Strzelecki Desert ecosystem, evidenced by the irrup-
tion of kangaroo and emu populations, an increase in woody shrub cover, decrease in grass 
cover and suppression of small prey species that are frequently consumed by foxes (Gordon 
et al. 2017; Morris and Letnic 2017; Wijas and Letnic 2021).

In the present study, we quantified frequency dependent selection of six important prey 
species of dingoes and foxes (outside and inside the dingo fence, respectively), biannually, 
across a nine-year period (2007–2016). We quantified the strength of selection for different 
prey using the Manly Chesson selection index (α), which reflects the relative frequency of 
prey in the environment and the predator’s diet, and examined whether values of α were 
dependent on the frequency of prey in the environment. We also assessed whether values of 
α covaried with predator density (as predators may become less selective as their density, 
and hence competition for food, increases (Barnard and Brown 1981)).

Methods

Study area

To counter the threat posed to livestock by dingoes and prevent the incursion of dingoes into 
sheep grazing lands in arid Australia, an existing rabbit fence was heightened and converted 
into a ‘dingo fence’ during the early to mid-20th century. To date, the dingo fence extends 
over 5,500 km between New South Wales (NSW), Queensland (QLD) and South Australia 
(SA), (McKnight 1969) (Fig. 1). We conducted our study between May 2007 and July 2016 
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on each side of a section of the dingo fence that delineates the borders of the states of New 
South Wales and South Australia (following the meridian 141°E through the sand dunes 
of the Strzelecki Desert, Fig. 1). Dingoes were common and foxes were rare at two of our 
study sites; Quinyambie and Strzelecki Regional Reserve, that were located outside (on the 
SA side of) the dingo fence (Fig. 1). Foxes are thought to be rare at sites where dingoes are 
common due to top-down regulation of their populations by dingoes (Letnic et al. 2011). 
Due to intensive population control, dingoes were rare at our other two study sites; Sturt 
National Park and Winnathee, located inside (on the NSW side of) the dingo fence. Foxes 
are abundant at these sites due to release from top-down regulation of their populations by 
dingoes (Letnic et al. 2011). To account for livestock grazing, one site on either side of the 
fence was grazed (Quinyambie and Winnathee) and one site on either side of the fence was 
in a conservation area with no grazing (Strzelecki Regional Reserve and Sturt National 
Park) (Fig. 1).

Species abundance

We indexed the abundance of foxes, dingoes and six prey types categorized as; rabbits 
(Oryctolagus cuniculus), hopping mice (Notomys fuscus), long-haired rats (Rattus villosis-
simus), reptiles, kangaroos, and small rodents (< 30 g, excluding hopping mice)). These prey 
types were included in our analyses as they were present in > 5% of scats over our nine-year 
sampling period. Foxes, dingoes, kangaroos and rabbits are crepuscular; thus, we indexed 
the abundance of these mammals through spotlight surveys conducted after sunset. Spot-
light surveys were conducted in March, June/July, and November of each year on unpaved, 
private roads which all have infrequent traffic. An observer sat on the roof of a four-wheel-
drive vehicle moving at 15 km/h and a 50 W spotlight was used to equally scan the two 
sides of the vehicle. We conducted 2–3 spotlight surveys during each trip. On each sampling 
occasion the abundance of foxes, dingoes, kangaroos and rabbits was indexed over 30 km of 
road at each of the four study sites (on the same roads at each site on each trip). The detect-

Fig. 1 Map of Australia showing the study sites (grey points) with the dingo fence (bold black line). SRR 
stands for Strzelecki regional reserve, NP stands for national park, SA stands for South Australia, NSW 
stands for New South Wales, QLD stands for Queensland (Wijas and Letnic 2021)
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ability of kangaroos was limited by the range of the spotlight beam to 100 m on either side 
of the vehicle. Rabbits were more difficult to detect than the larger mammals because of 
their smaller body size. Overall, 95% of the rabbits we observed were within a 60 m belt on 
either side of the vehicle (Mills et al. 2020). Consequently, for rabbit density estimates we 
truncated the transect belt width to 60 m either side of the vehicle. The abundance of each 
prey was expressed as the number of individuals sighted per hectare. This number was then 
multiplied by 100, giving the number of individuals spotted per km2.

We conducted trapping to index the abundance of hopping mice, long-haired rats, other 
small mammals, and reptiles. Hopping mice, long-haired rats, and other small mammals, 
were routinely caught in both Sherman traps and pitfall traps while reptiles were captured 
exclusively in pitfall traps. At each site on each survey occasion, we deployed 160 Sher-
man box traps (H. B. Sherman Traps, Inc., 7.5 × 9 × 23 cm) and 72 pitfall traps (PVC pipe 
16 × 60 cm) across eight one-hectare trapping grids located on sand dunes. Trapping grids 
were at least 1 km apart. Twenty Sherman box traps were placed on each of the eight one-
hectare trapping grids and baited using a mixture of oats, peanut butter, and sugar syrup. 
Each of the eight trapping grids also had nine pitfall traps, fitted with a 10 m drift fence 
extending out on either side of the trap. On each sampling occasion trapping was carried out 
for two to three consecutive nights and the bait was replenished each day. The abundances 
of hopping mice, long-haired rats and other small mammals were expressed as number per 
hectare, reptile abundance was expressed as the number of captures per km2.

Dietary frequency

Dingo and fox scats were collected by observers walking during the daytime along the same 
vehicle tracks that the spotlight surveys were conducted on. Collected scats were air-dried in 
paper bags before being oven-dried in the laboratory for 12 h at 100 °C. After drying, indi-
vidual scats were placed in nylon bags and then washed in a washing machine (Cupples et 
al. 2011). After washing, remains in the scats were examined under a microscope and iden-
tified by comparing diagnostic material (that is, hair cross-sections, teeth, claws) against 
known reference specimens (Cupples et al. 2011). The percentage frequency of occurrence 
of dietary items (that is, species of prey) in the scats was calculated as the number of scats in 
which the dietary item was identified, divided by the total number of scats sorted.

Statistical analysis

We estimated fox and dingo selection for each prey type using the Manly Chesson selection 
index (α), for each prey type i. α quantifies dietary frequency in relationship to environmen-
tal frequency (Cuthbert et al. 2018; Hoy et al. 2021; Chesson 1978; Manly 1974). Specifi-
cally, α is a relative measure of selection calculated as:

 
αi =

ri/ei∑m
i=1ri/ei

where ri is the proportion of prey item i in the diet, ei is the proportion of prey item i 
in the environment and m represents the number of prey types in the environment (m = 6 
in our analyses). Following Hoy et al. (2021, 2019), the response variable αi was logit-
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transformed. A logit-transformation was necessary because α is constrained between 0 and 
1, thus has a binomial distribution where the variance is a function of the mean - reach-
ing a maximum value at a proportion of 0.5 and declining to zero at proportions of zero 
(total avoidance) and one (total selection). The logit transformation is used to linearize the 
sigmoid relationship between the binary response variable (α) and explanatory variables 
by ‘expanding the ends of the scale towards zero and one’, making its distribution more 
suitable for a linear mixed model (Armitage and Berry, 1994). Logit-transformed αi values 
ranged from − 3.2 (complete avoidance, untransformed value = 0) to 3.2 (strongest possible 
selection, untransformed value = 1). If αi = 1/m, the predator is feeding randomly on this 
prey type, and the prey is consumed in proportion to its abundance in the environment 
(because m = 6 in our analyses this equates to: αi = 0.17, or -0.6 when logit transformed). 
This approach requires the probability of detecting different prey in traps to be consistent 
among prey types. In our system, prior work has indicated that the relative ‘trap-ability’ of 
the prey species in our study accurately reflects their abundances and is not an artefact of 
changes in animal behaviour or susceptibility to capture (Mills et al. 2021; Letnic and Koch 
2010; Gordon et al. 2017).

Linear mixed models were conducted in R v.4.0.1 (R Core Development Team, 2021) to 
assess the association between selection for a prey type (αi) (included as a dependent vari-
able), the environmental abundances of each prey type and the environmental abundance of 
the respective predator (i.e., dingo or fox) (included as fixed effects). Prey type was included 
as a random factor to explore whether frequency dependent selection by predators varied 
among prey. When ‘site’ (grazed or ungrazed) was included into the linear mixed models as 
an additional random effect, it did not change the effect size or statistical significance of any 
fixed effects. ‘Site’ was therefore removed from our final models to reduce model complex-
ity and the risk of overfitting the model (i.e., describing the random error in the data rather 
than the relationships between variables).

Results

In total, 995 scats were collected between May 2007 and July 2016 (632 dingo scats and 
363 fox scats).

Dingo foraging behaviours

Kangaroos were omitted from the dietary analyses of dingoes since, due to the relative 
scarcity of this prey in the environment (Fig. 2), we were unable to calculate values of α 
for kangaroos by dingoes. Nevertheless, while kangaroos were extremely rare outside the 
dingo fence (making up an average of only 0.13% of the prey in the environment over our 
seven-year sampling period) they were found in 3.16% of scats, possibly suggesting that 
kangaroos are highly selected for by dingoes, which may contribute to why kangaroos are 
so rare outside the dingo fence. Hopping mice and rabbits were the most abundant taxa 
outside the dingo fence (where dingoes are common) (Fig. 2), and these taxa also made up 
the majority of the dingoes’ diet (Fig. 2). Across our study sample, dingoes had a neutral 
preference for long-haired rats, a preference for rabbits and reptiles and avoided hopping 
mice and small rodents (Figs. 3 and 4). In 2007, small rodents made up more than 60% of 
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the available prey in the environment compared to an average of 7% across all following 
years (Fig. 4). This ‘outlier’ did not affect our estimations of average dingo selection (α) for 
small rodents, as this metric could not be calculated in 2007 as we did not detect any small 
rodents in dingoes’ diet.

Across all prey types, dingoes tended to exhibit negative frequency dependent selec-
tion, i.e., dingoes’ preference for a given prey was generally negatively associated with 
the abundance of that prey type in the environment (Table 1; Figs. 4 and 5). This trend was 
primarily driven by dingoes’ negative frequency dependent selection for hopping mice (esti-
mate =-0.027 (SE = 0.010), t= -2.608 p = 0.023 *), reptiles (estimate =-0.071 (SE = 0.026), 
t= -2.647, p = 0.023 *), and rats (estimate=-0.074 (SE = 0.033), t= -2.221, p = 0.051) (Fig. 5). 
Dingoes showed no frequency dependent selection for rabbits (estimate= -0.013 (SE = 0.017), 
t= -0.789, p = 0.447) or small rodents (estimate= -0.053 (SE = 0.034), t= -1.548, p = 0.1561). 
Selective foraging of different prey types was not related to dingo density (Table 1).

Fox foraging behaviours

Long-haired rats were omitted from the dietary analyses for foxes due to the relative scar-
city this prey type in the predators’ diet and environment (Fig. 2). Kangaroos were the most 
abundant taxa inside the dingo fence (where dingoes were rare and foxes were common) 
(Figs. 2 and 7), while hopping mice made up the majority of the foxes’ diet (Fig. 2). Rabbits, 
reptiles, kangaroos and small rodents made up between 17 and 25% of the fox’s diet, while 
long-haired rats made up < 5% of the foxes’ diet (Fig. 2). Foxes tended to avoid kangaroos, 

Fig. 2 Differences in the relative abundance and consumption of different prey for dingoes (outside the 
fence) and foxes (inside the dingo fence) between 2007–2016. Grey bars indicate the proportion of dingo/
fox-consumed prey types, averaged across years. Black bars indicate the proportion of prey types in the 
environment, averaged across years
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reptiles and small rodents, show a neutral preference for hopping mice, and a preference for 
rabbits (Fig. 6).

Across all prey types, foxes tended to exhibit negative frequency dependent selection (i.e., 
foxes’ preference for its prey was generally negatively associated with the abundance of that 
prey type in the environment) (Table 2; Fig. 5). This trend was primarily driven by foxes’ 
negative frequency dependent selection for hopping mice (estimate =-0.037(SE = 0.009), t= 
-3.679 p = 0.014 *) and small rodents (estimate =-0.044 (SE = 0.019), t= -2.327, p = 0.067) 
(Fig. 5). Foxes showed no frequency dependent selection for kangaroos (estimate= -0.009 
(SE = 0.015), t= -0.583, p = 0.573), reptiles (estimate= -0.016 (SE = 0.008), t= -1.743, 
p = 0.120) or rabbits (estimate=-0.004 (SE = 0.013), t= -0.329, p = 0.749). Selective foraging 
of different prey types was generally not related to fox density (Table 2).

Fig. 3 Dingo preference for different prey types using the logit transformed values of the Manly Chesson 
selection index (αi). The dashed, red horizonal line (at -0.6 on the y-axis) indicates that the dingo is feed-
ing randomly, αi > -0.6 indicates a preference for the prey and αi < -0.6 indicates avoidance. Vertical lines 
indicate 25th, 50th and 75th percentiles, blue ‘x’ represent mean values
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Discussion

In our study, both dingoes and foxes tended to exhibit negative frequency dependent selec-
tion for prey, such that the strength of each predator’s selection for a prey type tended to 
decrease with that prey’s abundance in the environment. This trend was primarily driven 
by negative frequency dependent selection for a vulnerable species; the hopping mouse; 
(Letnic and Dworjanyn 2011), by both predators. Importantly, however, only foxes persisted 
to preferentially select hopping mice when they were scarce in the environment. Dingoes’ 
consumption of hopping mice was not ‘preferential’ (i.e., dingoes generally avoided hop-

Table 1 Frequency dependent prey selection (αi) by dingoes; the effect of a prey’s abundance on dingoes’ 
selection for that prey. Significant effects are indicated by an asterisk (*). Prey type was modeled as a random 
term. SE = standard error, SD = standard deviation. R2 values are shown as percentages
Dependent variable: Prey selection (αi) by dingoes
Fixed effects estimate (SE) t-value p-value
Environmental Prey Abundance -0.026 (0.003) -6.560 < 0.001*
Dingo Abundance -0.298 (1.165) -0.256 0.799
Random effects variance SD
Prey type < 0.001 < 0.001

marginal R2 conditional R2

45.36 45.36

Fig. 4 Temporal changes in environmental prey abundance and occurrence in dingo diet. Dashed, vertical 
grey lines indicate sampling periods where rainfall was greater than the previous year. Note, for illustra-
tive purposes x-axis ticks are not scaled proportionately to the length of time between observations
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ping mice) and occurred exclusively when hopping mice were frequent in the environment 
(Fig. 5). Hopping mice occur at much lower densities inside the fence (where foxes are 
abundant and dingoes are rare), and occur within a clade of rodents that has undergone 
extensive declines since the introduction of foxes and cats (Letnic et al. 2012). Given that 
foxes continue to consume hopping mice at very low densities, our findings may suggest 
that hopping mice are particularly vulnerable to predation by foxes, and may be ‘easy prey’ 
for this predator (Smith and Quin 1996; Letnic and Dworjanyn 2011). A potential explana-
tion for this susceptibility is that these rodents are highly vulnerable to predation by rela-
tively recently introduced predators, such as foxes, because they are naïve (they have not 
co-evolved with these predators), and lack adaptions to avoid or escape them (Moseby et al. 
2016; Carthey and Banks 2014).

Dingoes did exhibit negative frequency dependent selection for long-haired rats and rep-
tiles when they were scarce, and foxes also exhibited negative frequency dependent selec-
tion for small rodents when they were scarce. It is beyond the scope of our analyses to 
determine why selection for many prey types tended to be negatively frequency dependent. 
However, one possibility is that it is beneficial for predators to continue searching for the 
more vulnerable and/or preferred prey, even when they are relatively rare, rather than to 
risk attacking the more abundant prey that may be more difficult to find, catch or con-
sume. Alternatively, both predators may have developed a ‘search image’ allowing them 
to become increasingly efficient at hunting particular prey, even when those prey become 
scarce, potentially representing the development of type-2 functional responses. The rela-
tive frequency of prey types in the environment may also influence prey behaviour and/or 

Fig. 5 Frequency dependent selection of foxes (left) and dingoes (right) for different prey types. Gener-
ally, both predators tended to exhibit negative frequency dependent selection, i.e., as a prey type becomes 
more abundant in the environment (x-axis) the predator’s preference for that prey type decreases (y-axis). 
Asterisk’s (*) indicate prey types for which the trend of negative frequency dependent selection ap-
proached the 5% level of statistical significance
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Table 2 Frequency dependent prey selection (αi) by foxes; the effect of a prey’s abundance on foxes’ selec-
tion for that prey. Significant effects are indicated by an asterisk (*). Prey type was modeled as a random term. 
SE = standard error, SD = standard deviation. R2 values are shown as percentages
Dependent variable: Prey selection (αi) by foxes
Fixed effects estimate (SE) t-value p-value
Environmental Prey Abundance -0.013 -2.200 0.034
Dingo Abundance 0.096 (0.865) 0.111 0.912
Random effects variance SD
Prey type 0.617 0.785

marginal R2 conditional R2

10.56 46.53

Fig. 6 Fox preference for different prey types using the logit transformed values of the Manly Chesson 
selection index (αi). Dashed, red horizonal line (at -0.6 on the y-axis) indicates that the fox is feeding 
randomly, αi > -0.6 indicates a preference for the prey and αi < -0.6 indicates avoidance. Vertical lines 
indicate 25th, 50th and 75th percentiles, blue ‘x’ represent mean values
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condition, and thus, where and how predators search for prey. Consequently, observances of 
negative frequency dependent selection in our study may alternatively/additionally suggest 
that at lower densities some prey types are easier to catch. Selective foraging by dingoes 
and foxes was not related to predator density in our study indicating that predators did 
not become less selective when intraspecific competition for food increased. However, this 
interpretation depends on whether predator abundances passed a threshold that would lead 
to competitive interactions, which we did not assess.

Before the potential ecosystem impacts of negative frequency dependent foraging are 
discussed, it may first be valuable to differentiate relative predation pressures on populous 
invasive and/or pest species versus vulnerable and/or native species. The Mammalia species 
composition of arid-zone Australia is largely dominated by invasive species (e.g., rabbits), 
overabundant macropods (e.g., kangaroos) and relict assemblages of other native species 
(Letnic & Dickman 2006), many of which are threatened, such as hopping mice and other 
‘small rodents’ (e.g., fawn hopping-mice (Notomys cervinus) and plains mice (Pseudomys 
australis) and others which are of less concern (e.g., long-haired rats) (Radford et al. 2018). 
Although both predators tended to exhibit negative frequency dependent prey selection in 
our study, the potentially destabilizing impacts of these behaviours by foxes may constitute 
a greater conservation concern than those imposed by dingoes, as foxes seem to be more 
likely to add pressure to threatened populations (hopping mice and small rodents). That 
said, our study, and others (Paltridge et al., 2002; Doherty et al., 2019), do indicate that 
dingoes are likely to exhibit selective preferences for reptiles, particularly during periods 

Fig. 7 Temporal changes of prey taxa abundance in the environment and occurrence in fox diet. Dashed, 
vertical grey lines indicate sampling periods where rainfall was greater than the previous year. Note, for 
illustrative purposes x-axis ticks are not proportionately scaled to the length of time between observations
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of dry climatic conditions. By showing that dingoes exhibit negative dependent frequency 
selection for reptiles in our sample, we highlight a need for future work on the potentially 
detrimental effects of dingo predation on reptile populations.

The most abundant prey type inside the dingo fence was kangaroos, an overabundant 
taxon which may contribute to the suppression of other taxa through overgrazing (Fisher et 
al. 2021)). Yet, foxes tended to avoid kangaroos (likely because adult kangaroos are too big 
to handle), thus are unlikely to control this populous macropod at our study sites. That said, 
foxes do kill juvenile kangaroos and have been shown to limit grey kangaroo (Macropus 
giganteus) populations in Namadgi National Park, Australia; a habitat primarily comprised 
of sub-alpine bushland (Banks et al., 2000). It is unclear why similar limitations were not 
observed in our study; however, this may be related to differences in primary productivity 
fluctuations between arid and more temperate habitats. While we were unable to calculate a 
Manly Chesson index for selection of kangaroos by dingoes (due to their relatively scarcity 
in the dingo’s environment), kangaroos were found in a considerably higher proportion of 
dingo scats, possibly suggesting that this prey are highly selected for by dingoes, and may 
explain why kangaroos are so rare outside the fence. Additionally, foxes and dingoes both 
showed a preference for introduced rabbits, highlighting the value of both predators in the 
regulation of this ‘pest’ prey species in the Australian desert (Newsome et al. 1989; Pech et 
al. 1992; Banks 2000). All in all, whether the patterns of frequency dependent selection in 
our study are ecologically relevant for predicting predator prey dynamics does require fur-
ther work, e.g., insight into kill rates and predation rates (the proportion of the prey killed) 
for each predator (Vucetich et al. 2011) and/or computer simulations of the resiliency of 
the prey population to different foraging strategies (such as those ran in Hoy et al., 2021)).

Australia has suffered the greatest loss of native mammal species globally (Loehle and 
Eschenbach 2012); 10% of 271 terrestrial species endemic to Australia have become extinct 
in the last 200 years, and a further 21% are considered threatened (Woinarski et al. 2015; 
Fleming and Bateman, 2016). Our findings suggest a tendency for both foxes and dingoes 
to exhibit negative frequency dependent selection. However, because foxes seem to direct 
such behaviours towards a vulnerable, native species (hopping mice), our results may sug-
gest that this predator has a more destabilizing effect on threatened prey communities than 
dingoes. This view is bolstered by the observation that foxes do not control kangaroos, 
whereas dingoes are likely to, and hopping mice are common on the dingo side of the fence. 
It is important to note that many other forces unaccounted for in our study may counter-
balance these (de)stabilizing effects, including functional response dynamics, emigration/
immigration, and the composition of invasive/native/economically valuable flora and fauna 
etc. Consequently, the integration of our results into the suite of processes that exert stabiliz-
ing or destabilizing influences on prey populations is key to understand the true ecosystem 
impacts of each predator.
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