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Abstract Carnivores have key ecological roles in structuring and regulating ecosystems through their impacts
on prey populations. When apex- and meso-predators co-occur in ecosystems, there is the potential for complex
interspecific interactions and trophic dynamics that can affect the composition and functioning of ecological
communities. Investigating the diet of sympatric carnivores can allow us to better understand their ecological
roles (e.g. potential suppression of herbivores) or impacts (e.g. predation of threatened species). Australia’s
alpine region provides an ideal system in which to explore spatial and temporal variation in predator and prey
interactions, using the dingo (Canis dingo) and invasive red fox (Vulpes vulpes) diet. We examined the diet of din-
goes and foxes across three different mountains and seasons in Victoria’s alpine region, using macroscopic scat
analysis. There was little diet overlap between the two carnivores, with foxes having a broader diet than dingoes.
Dingoes primarily consumed larger mammal species, including invasive sambar deer (Cervus unicolor, 44%), and
the native common wombat (Vombatus ursinus, 34%), whereas foxes typically consumed smaller mammals,
including the native bush rat (Rattus fuscipes, 55%), and the invasive European rabbit (Oryctolagus cuniculus,
15%). Dingoes consumed more than thirty times the volume of large invasive mammals (predominantly sambar
deer) than did foxes. Foxes consumed close to 15 times as many critical weight range individuals per scat than
dingoes. Only one threatened critical weight range mammal species was identified within scats, the broad-
toothed rat (Mastacomys fuscus), found within five fox scats. Our results suggest that the introduction of novel
prey may alter predator–predator interactions by causing a reduction in the dietary overlap. Therefore, in the
context of integrated wildlife management and biodiversity conservation, any control of novel, invasive prey pop-
ulations needs to consider possible flow on effects to apex- and meso-predator diets and potential secondary
impacts on native prey.

Key words: Canis dingo, critical weight range mammal, dietary variation, foraging ecology, interspecific
competition, invasive species, pest and wildlife management, Vulpes vulpes.

INTRODUCTION

Carnivores have key functional roles in regulating
ecosystems through predation and intraguild competi-
tion (Roemer et al. 2009; Ripple et al. 2014). They not
only play a role in the suppression of native prey popu-
lations but can also potentially regulate the spread and
increase of invasive prey populations (Parkes
et al. 1996; Bell 2015). However, carnivores also regu-
larly come into conflict with humans and are often
lethally controlled in an attempt to reduce their per-
ceived or actual impacts (Treves & Karanth 2003; Van
Eeden et al. 2018). In addition, introduced and inva-
sive carnivores can decimate native prey populations
(Medina et al. 2011; Doherty et al. 2016; Doherty
et al. 2017). To guide effective conservation actions, it
is important to understand potential interactions within
and across carnivore and prey communities.

Dietary analyses are a non-invasive and cost-
effective means of assessing the potential for carni-
vore populations to have impacts on other species. In
particular, dietary analyses can identify species that
are most vulnerable to predation and help forecast
the impacts on prey species of a change in resource
availability (e.g. due to the introduction or eradica-
tion of alternate prey species) (Davis et al. 2015;
Doherty et al. 2018). Carnivore diet can vary spatially
and temporally with changes in prey community com-
position (Dı́az-Ruiz et al. 2013; Newsome et al. 2016;
Soe et al. 2017; Fleming et al. 2021). In Europe, Soe
et al. (2017) found that red fox dietary breadth
reduced during cold periods, but not during warm
periods at higher latitudes. In a global study of grey
wolf (Canis lupus) food habits, Newsome et al. (2016)
found that diet varied considerably between and
within continents. Facultative foraging behaviours and
diet can allow carnivores to live in a wide range of
ecosystems but also respond rapidly to unpredictable
changes in prey composition (Newsome et al. 2016;
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Soe et al. 2017; Spencer et al. 2017). In the Simpson
Desert in central Australia, Spencer et al. (2017) found
that foxes and dingoes altered their feeding behaviour
during non-cyclic irruptions of small mammalian prey,
increasing their consumption as numbers peaked and
then shifting to a broader diet as they declined. The
diets of predators that exhibit these behaviours tend to
reflect prey availability in ecosystems, particularly when
prey is limited (Roubinet et al. 2017).
Since colonizing Australia ~3000–5000 years ago

(Savolainen et al. 2004; Cairns & Wilton 2016; Balme
et al. 2018), the dingo (Canis dingo) has been the top
terrestrial, non-human predator. It plays an important
role in regulating the abundance and distribution of
large native and invasive mammal species (Pople
et al. 2000; Letnic & Crowther 2013; Bell 2015; Letnic
et al. 2018) and other evidence suggests it might also
suppress the behaviour and/or abundance of popula-
tions of invasive mesopredators (Johnson & VanDer-
Wal 2009; Letnic et al. 2011; Moseby et al. 2012). As
dingoes prey on domestic livestock, they are lethally
controlled across most of Australia’s pastoral regions
(Fleming et al. 2001; McLeod & Norris 2004).
The red fox (Vulpes vulpes) was introduced to Aus-

tralia in the 1870s (Rolls 1969). It preys on a wide
range of medium to small sized fauna (Fleming
et al. 2021) and has been linked to the decline and
extinction of small native mammals within the critical
weight range (CWR: 35–5500 g) (Burbidge &
McKenzie 1989; Short & Smith 1994; John-
son 2006). As with the dingo, foxes are subject to
lethal control over much of Australia, due to their
impacts on native wildlife (Woinarski et al. 2021;
Stobo-Wilson et al. 2021; Stobo-Wilson et al. 2021)
and livestock, particularly sheep, goats and poultry
(Saunders et al. 2010; Fleming et al. 2016).
In Australia’s Greater Alpine National Park, dingoes

and foxes co-occur along with a suite of native and
invasive fauna species. The red fox is lethally controlled
to reduce its impacts on the small native mammals that
inhabit this region, including the endangered mountain
pygmy possum (Burramys parvus). Dingoes are for the
most part not lethally controlled (aside from within a
3 km strip (‘buffer zone’) along the park boundary), is
legally protected, but can ingest and die from baits
intended for foxes. There are several large invasive
mammal species in the region, including feral horses
(Equus caballus) (Driscoll et al. 2019), feral pigs (Sus
scrofa) (Parks Victoria 2016) and an increasing sambar
deer (Cervus unicolor) population (Forsyth et al. 2015).
Sambar deer are capable of significantly altering vegeta-
tion structure through herbivory, trampling, wallowing
and antler rubbing (Peel et al. 2005; Bennett & Coul-
son 2010; Forsyth & Davis 2011).
It is possible that dingoes could help regulate the

distribution and/or abundance of sambar deer
through predation and/or fear induced changes to

deer behaviour and habitat use. Dingoes have
demonstrated a stronger functional response than
foxes to increasing sambar populations within
south-east Australia, with the percentage of sambar
deer in dingo and fox scats increasing from nil to
8.2% and 0.5%, respectively, in the last 30 years
(Forsyth et al. 2018). Both dingoes and foxes are
‘generalist’ predators and will select prey items
based on availability (Spencer et al. 2017). As sam-
bar deer densities increase, it is, therefore, possible
that both predators will increase their consumption
of deer (foxes primarily through scavenging) and
decrease their consumption of other prey, including
invertebrates.
The aim of our study was to compare the diet of

dingoes and foxes within subalpine and alpine vege-
tation across three mountains. We predicted:

1. Due to body-size differences between dingoes
(~15–20 kg) and foxes (~5–6 kg), there will be lim-
ited overlap in diets, and that the dietary breadth
of foxes will be greater (Owen-Smith &
Mills 2008; Davis et al. 2015; Fleming et al. 2021).

2. Dingo diet will consist primarily of larger mam-
mal species, while fox diet will consist predomi-
nantly of small mammal species and other prey
types (Davis et al. 2015; Doherty et al. 2018;
Fleming et al. 2021).

3. Dingo diet will consist of a higher percentage of
large invasive mammals, particularly deer, than
fox diet (Davis et al. 2015; Doherty et al. 2018;
Fleming et al. 2021).

4. As generalist predators, dingo and fox diet will
vary based on location and season of scat collec-
tion in response to temporal and spatial variation
in prey availability (Davis et al. 2015; Doherty
et al. 2018; Fleming et al. 2021).

METHODS

Study site

Scat surveys were undertaken at three sites (≥11 km apart)
within the Alpine National Park, Victoria: Mt Hotham,
Bogong High Plains and Mt Buffalo (Fig. 1). Dominant veg-
etation communities include sub-alpine woodland, alpine
grassy heathland and alpine grassland. The Alpine National
Park is characterized by a cool montane climate with mild to
hot summers and cold winters. Annual mean rainfall is high-
est at Mt Buffalo (1645 mm), followed by Mt Hotham
(1471 mm), and Bogong High Plains (1308 mm), with most
of this precipitation falling as snow in the winter months.
The mean maximum temperature for the hottest month
(January) is 16.5°C at Mt Hotham, 19.7°C at Mt Buffalo,
and 17.9°C at Bogong High Plains. The mean minimum
temperature for the coldest month (July) is −3.7°C at Mt
Hotham, −0.6°C at Mt Buffalo, and −2.9°C at Bogong High
Plains (Bureau of Meterology 2021).
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Data collection

Scat surveys were conducted within each of our study areas
over 2 days in spring, summer, and autumn. Scats were col-
lected from walking tracks and management vehicle tracks
along which dingoes and foxes often defecate. A scat was
defined as one or more faecal pellets of equal age deposited
together. In the field, scats were collected and stored in
paper bags and labelled for GPS location, and as either
dingo, fox, or unknown. Scats were identified as either fox
or dingo using distinguishing characteristics, including
shape, size and smell (Triggs 2004). After collection, scats
were oven-dried at 60°C for 3 days to kill any parasites
before being sent to a specialist laboratory for macroscopic
dietary analysis (http://www.scatsabout.com.au). At the labo-
ratory, scats were washed and sieved to remove any indi-
gestible remains, including teeth, hair and bone fragments
(Brunner & Triggs 2002; Triggs 2004). These remains were
then identified to the lowest possible taxonomic level by
comparing them to known reference material and by con-
sulting the literature (Brunner & Triggs 2002; Triggs 2004).

Data analysis

For dietary analyses, prey types were broken up into 11 diet
categories modified from those in Doherty et al. (2018) and
Brook and Kutt (2011): (i) large (>7 kg), (ii) medium (0.5–
6.9 kg) and (iii) small (<0.5 kg) native mammals; (iv) large

(>7 kg); (v) small (<0.5 kg) invasive mammals; (vi) reptiles;
(vii) birds; (viii) invertebrates; (ix) Felis catus; (x) Vulpes
vulpes and (xi) vegetation. In order to determine whether our
sampling effort was adequate, we calculated the diversity of
each predator’s diet using Brillouin’s index of diversity (Bril-
louin 1956). We randomized the order of the samples and
then plotted a mean cumulative diversity index based on 100
iterations of the sampling order for sites and seasons.

We used percentage frequency occurrence to analyse and
compare the variation in diet between dingoes and foxes.
Percentage frequency occurrence of a prey type is the total
number of scats that the prey type can be found in divided
by the total number of scats sampled, expressed as a per-
centage. We did not include trace amounts (<1%). Due to
its simplicity, percentage frequency of occurrence of dietary
items has been commonly used in diet studies (Klare
et al. 2011); however, it can overestimate the contribution
of some prey types (Paltridge 2002). To counteract any
potential biases of percentage frequency occurrence, we
also calculated percentage volume of each food type. Per-
centage volume is the volume of a certain prey type in the
scats expressed as a percentage of the total volume of all
the prey types in the scats. Percentage volume is a measure
of the indigestible remains of prey and can, thus, underesti-
mate the consumption of prey that are easily digestible.

For native animals in the critical weight range, we also
estimated the relative number of individuals consumed by
foxes and dingoes per scat. We used the linear regression
model developed by Floyd et al. (1978) with adaptions by
Weaver (1993) for the grey wolf:

Mount Buffalo

Mount Hotham

Bogong High Plains

N

km

0    5  10  15

Fig. 1. Locations of the scat
survey sites within the Alpine
National Park, Victoria.
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Y ¼ 0:439þ 0:008X

where Y is the mass of the mammalian prey type per scat
and X is the mammalian prey type’s mean body mass. We
standardized the measure by dividing the relative number
of individuals consumed by the number of scats collected
to get relative number of individuals per scat (Davis
et al. 2015). The mean body masses of prey species were
obtained from Menkhorst and Knight (2001). Where a
mean body mass was not identified, we used the midpoint
of the range provided by Menkhorst and Knight (2001).
Following Davis et al. (2015), we used the grey wolf model
(Floyd et al. 1978; Weaver 1993) for both dingoes and
foxes and did not use correction factors for foxes (Goszc-
zyński 1974). Using separate models for the two species
could mask interspecific differences, as each model has its
own biases (Davis et al. 2015).

We compared the consumption of different prey type
between dingoes and foxes by calculating niche breadth
and diet overlap. Niche breadth was calculated using
Levin’s standardized measure that compares the proportion
of diet categories exploited by each predator (Hurl-
bert 1978; Krebs 1999):

BA ¼ 1=∑p2i
� ��1

n�1

where pi = the proportion of occurrence of each prey type
in the species diet and n is the number of possible prey
types. Values of BA range from 0 to 1, with values
approaching 1 indicating a wide niche and values approach-
ing 0 a narrow niche. Diet overlap was calculated using
Pianka’s index (Pianka 1973):

Ojk ¼
∑n

i pijpikffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑n

i p
2
ij∑

n
i p

2
ik

q

where j and k are the two species being compared; pij is the
proportion prey type i is of the total prey types consumed
by species j (same for pik and species k); n is the total num-
ber of prey types. Values for the index also range from 0 to
1, with 1 indicating complete overlap between niches and 0
indicating no overlap.

We used a redundancy analysis (RDA) ordination to visu-
alize and interpret diet overlap using the function ‘rda’ in
the package vegan (Oksanen et al. 2013) within R (R Core
Team 2014). We created two matrices of percent volume of
prey in dingo and fox diet, one based on our 11 diet cate-
gories and the second for our 25 prey types and ran a redun-
dancy analysis on both. Predator species, location and
season were included as explanatory variables. We then
tested whether each explanatory variable had a stastically sig-
nificant influence on diet overlap between foxes and dingoes
using a permutation test (ANOVA) with 1000 permutations.

RESULTS

A total of 148 dingo scats and 197 fox scats were col-
lected during the study period. Of the 148 dingo
scats, 71 (48%) were collected at Mt Buffalo, 50

(34%) at Bogong High Plains and 27 (18%) at Mt
Hotham. Respectively, for foxes, we collected 83
(42%), 69 (35%) and 45 (23%) at the three loca-
tions. The Brillouin diversity index reached an
asymptote for dingoes at ~30 scats (Appendix S1a)
and for foxes at ~25 scats (Appendix S2a), suggesting
our sampling effort was sufficient to describe dingo
and fox diet across locations and seasons.
Large invasive mammals were the most common

prey item in dingo scats (45%), with large native
mammals the second most common (40%), and
medium native mammals the third (20%) (Fig. 2).
These three prey items also contributed the most to
the volume of the scats (large invasive mammals
35%; large native mammals 33%; medium native
mammals 13%) (Fig. 2). Within these diet cate-
gories, sambar deer (44%) was present in the most
scats, followed by the common wombat (Vombatus
ursinus, 34%) and the European rabbit (Orictolagus
cuniculus, 17%) (Table 1). For foxes, the most com-
mon prey items were small native mammals (63%),
followed by invertebrates (30%) (Fig. 2). Small
native mammals also contributed the most to the vol-
ume of the scats (50%), followed by medium native
mammals (17%) (Fig. 2). The two most commonly
identified species within fox scats were the native
bush rat (Rattus fuscipes, 55%) and the introduced
European rabbit (15%) (Table 1).
Diet overlap was low between dingoes and foxes

(Ojk = 0.30), and foxes had a greater niche breadth
(BA = 0.46) than dingoes (BA = 0.33). Redundancy
analysis confirmed the low degree of dietary overlap
between dingoes and foxes. There was limited over-
lap in ordination space when using our 11 prey cate-
gories (P = 0.001) and when analyses were rerun and
all prey types were considered (P = 0.001) (Fig. 3).
Foxes consumed close to 15 times as many critical
weight range individuals per scat than dingoes
(Fig. 4). The species with most individuals consumed
per scat were the bush rat (fox: 1.95; dingo: 0.12)
and the agile antechinus (fox: 1.56; dingo: 0.10).
The only threatened species identified within the
scats was the broad-toothed rat (Mastacomys fuscus),
which was present in five fox scats. Remains of the
broad-toothed rat were found at all locations but only
in Spring and Summer.
Diet overlap was high for foxes between locations

(Hotham vs. Buffalo: Ojk = 0.93; Hotham vs. Bogong
High Plains: Ojk = 0.82; Buffalo vs. Bogong High
Plains: Ojk = 0.94) and across seasons (Summer vs.
Spring: Ojk = 0.96; Summer vs. Autumn: Ojk = 0.94;
Spring vs. Autumn: Ojk = 0.96). This high degree of
overlap was confirmed using redundancy analysis
with no clear separation in space for either explana-
tory variable (location: P = 0.10, season: P = 0.47).
There was high overlap for dingoes between locations
(Hotham vs. Buffalo: Ojk = 0.93; Hotham vs. Bogong

© 2022 The Authors. Austral Ecology published by John Wiley & Sons Australia, Ltd
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High Plains: Ojk = 0.82; Buffalo vs. Bogong High
Plains: Ojk = 0.94) and across seasons (Summer vs.
Spring: Ojk = 0.96; Summer vs. Autumn: Ojk = 0.94;
Spring vs. Autumn: Ojk = 0.96). Redundancy analy-
sis suggested there was some separation in space
when comparing dingo diet by location (P = 0.001)
and season (P = 0. 03).

DISCUSSION

Understanding the diets of sympatric predators can
help illuminate their ecological functional roles,
potential impacts on prey communities, and hence,
inform pest and wildlife management. We found that
there is limited dietary overlap between a native apex
predator (dingo) and a sympatric, invasive meso-
predator (European red fox) across alpine and sub-
alpine sites in Victoria. Dietary breadth was greater
for foxes than dingoes, and size-based dietary niche
partitioning was apparent with dingoes predomi-
nantly eating large mammals while foxes consumed
higher numbers of small mammals, reptiles, birds
and invertebrates. More specifically, dingoes con-
sumed a much higher proportion of large invasive
mammals than did foxes, and foxes consumed a
higher proportion of small native (critical weight
range) mammals. Fox diet did not differ by season or
location, whereas dingo diet was more variable.
Dietary overlap between the dingo and red fox

(0.30) was much lower than has been reported in this
region previously (0.71) (Davis et al. 2015), in mesic
forests (0.94; 0.91) (Mitchell & Banks 2005; Glen &
Dickman 2008) and in arid regions (0.85–0.97; 0.63)

(Paltridge 2002; Cupples et al. 2011). Our study was
undertaken at three sites with similar vegetation com-
munities and in close proximity to each other. In
comparison, Davis et al. (2015) grouped scats over
wide geographical regions encompassing multiple
vegetation communities. This could explain the dif-
ference in overlap between our study and theirs. We
found that fox diet was broader (BA = 0.46) than
that of dingoes: (BA = 0.33), with foxes consuming a
high proportion of non-mammalian food items,
including invertebrates, reptiles and birds.
Large mammals, specifically wombats and sambar

deer dominated dingo diet. This is consistent with
previous studies showing that dingoes tend to con-
sume large to medium sized mammalian prey (Brook
& Kutt 2011) unless they are unavailable (Vernes
et al. 2001). Foxes consumed large mammalian prey
at low frequencies, instead exhibiting a preference for
small mammals, specifically agile antechinus and
bush rats. This supports the hypothesis that niche
partioning occurs between the two species based on
prey size (Mitchell & Banks 2005; Glen & Dick-
man 2008). Unlike the much smaller-bodied and less
social foxes, larger-bodied and more social dingoes
have the ability to hunt, subdue and eat prey much
larger than themselves (Thomson 1992).
There was limited seasonal and geographic varia-

tion in dingo and fox diet. Large invasive mammals
were the predominant prey item for dingoes at the
three study sites and across the seasons, while small
mammals were the predominant prey item for foxes.
Seasonal variation in dingo and fox diet is usually
attributed to fluctuations in prey availability and prey
activity periods (Corbett & Newsome 1987; Fleming

%
 fr

eq
ue

nc
y 

oc
cu

re
nc

e

%
 v

ol
um

e

Diet category Diet category

(a) (b)

Fig. 2. Comparison of prey types in dingo (Canis dingo; N = 148) and fox scats (Vulpes vulpes; N = 197) from the Victorian
alps, Australia, by (a) percentage frequency occurrence (presence−absence percentage) and (b) percentage volume (mean �
SE).
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et al. 2021). In our study locations, populations of
our main prey species for dingoes (sambar deer) and
foxes (bush rat) are unlikely to fluctuate significantly
during our sampling period (i.e. Spring-Autumn), so
there is less requirement for them to alter their feed-
ing behaviour. Likewise, because our three study sites
have similar vegetation, we expect similar prey com-
munities. Evidence of geographic diet variation has
been found for both species, when comparing regions
with different climates and vegetation types (Davis
et al. 2015; Doherty et al. 2018).

Conservation consequences of consumption

Foxes consumed 15 times as many native mammals
(per scat) in the critical weight range than dingoes.
The most commonly consumed critical weight range
mammal for the fox was the native bush rat, with
1.95 individuals consumed per scat followed by the
agile antechinus at 1.6. This is consistent with

previous studies, which have found that foxes pose a
much higher risk to critical weight range mammals
than dingoes (Johnson 2006; Claridge et al. 2010;
Davis et al. 2015). Only one threatened critical
weight range mammal, the broad-toothed rat, was
found within our samples and only in fox scats. The
broad-toothed rat has declined substantially within its
range, with climate change being linked as a causal
factor, but questions remain as to how climate
change may be compounding other threats, such as
predation (Shipway et al. 2020). In the Snowy
Mountains to the NE of our study region,
Green (2002) found that foxes were selectively prey-
ing on the broad-toothed rat over the native bush rat.
Feral horses have been linked to reduced broad-
toothed rat populations, with a loss of vegetation
cover due to trampling and grazing likely making
them more susceptible to predation (Schulz
et al. 2019). There is a critical need for research into
the impact of invasive species predation on the
broad-toothed rat and how this threat is being

Table 1. Contents of dingo (Canis dingo) and fox (Vulpes vulpes) scats from the Victorian alps, Australia, including species
identification, number of records (n), percent frequency occurrence (%PFO) and percent volume (%V) of the prey items
within the samples

Common name Species

Dingo total Fox total

n %PFO %V n %PFO %V

Large native mammal
Common wombat Vombatus ursinus 50 33.8 26.4 7 3.6 2.3
Eastern grey kangaroo Macropus giganteus 4 2.7 1.9 3 1.5 1.2
Swamp wallaby Wallabia bicolor 9 6.1 4.8 3 1.5 1.3

Medium native mammal
Mountain brushtail possum Trichosurus caninus 3 2.0 0.4 10 5.1 3.2
Common brushtail possum Trichosurus vulpecula 17 11.5 8.7 9 4.6 3.7
Common ringtail possum Pseudocheirus peregrinus 3 2.0 0.8 26 13.2 9.1
Echidna Tachyglossus aculeatus 7 4.7 3.0 5 2.5 1.3

Small native mammal
Bush rat Rattus fuscipes 5 3.4 1.9 109 55.3 42.6
Broad-toothed rat Mastacomys fuscus 0 0 0 5 2.5 2.1
Agile antechinus Antechinus agilis 1 0.7 0.2 21 10.7 3.7
Dusky antechinus Antechinus swainsonii 0 0 0 3 1.5 1.2
Sugar glider Petaurus breviceps 0 0 0 1 0.5 0.3

Large invasive mammal
Sambar deer Cervus unicolor 65 43.9 34.2 8 4.1 1.1
Feral horse Equus caballus 2 1.4 1.0 0 0 0

Small invasive mammal
Black rat Rattus rattus 0 0 0 5 2.5 1.3
European rabbit Orictolagus cuniculus 25 16.9 13.1 30 15.2 10.8

Invasive predator
Feral cat Felis catus 3 2.0 1.6 1 0.5 0.5
Fox Vulpes vulpes 3 2.0 1.7 0 0 0

Other taxa
Birds 4 2.7 0.2 26 13.2 3.7
Reptiles 2 1.4 0.1 36 18.3 4.0
Invertebrates 4 2.7 >0.1 59 30.0 6.3
Vegetation 1 0.7 0.1 7 3.6 0.3

Any prey items composing more than 10% of frequency of occurrence and/or volume are shown in bold.

© 2022 The Authors. Austral Ecology published by John Wiley & Sons Australia, Ltd
on behalf of Ecological Society of Australia.
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amplified by other concurrent threats (climate
change, feral herbivores and fire).
Large invasive herbivores, in particular sambar

deer, were found in both dingo and fox scats. Sam-
bar deer are a key prey item for dingoes in areas
where the deer are now common (Davis et al. 2015;
Forsyth et al. 2018). It is unknown, however, how

many of these remains are from scavenged or killed
carcasses. There are records of dingoes killing sam-
bar deer calves but not adults (Bentley 1998). As
dingoes have the ability to hunt in packs and adult
sambar deer are killed in their native range by a simi-
lar sized canid (dhole, Cuon alpinus) (Venkataraman
et al. 1995), it is likely that dingoes do have the abil-
ity to kill adult sambar deer (Forsyth et al. 2018),
especially the smaller-sized adult females. During our
sampling period, deer control was being undertaken,
with carcasses being left in situ due to the inaccessi-
bility of the terrain. It is, therefore, probable that a
portion of the remains found in the dingo and fox
scats are from scavenged carcasses. Spencer and
Newsome (2021) found that dingoes visited 44% of
monitored carcasses, scavenging at just 28% of car-
casses within their Alpine study site. Within Upper
Yarra Ranges, National Park dingoes fed on moni-
tored carcasses during 58% of visits; however, these
visits were often short and only had a small effect on
the loss of edible biomass (Forsyth et al. 2014).
Only 4% of fox scats contained sambar deer

remains, compared to 44% of dingo scats. Access to
carcasses can be risky for subordinate predators
(Ruprecht et al. 2021). Sambar deer can be a key
prey item for dingoes in areas where the deer are
now common (Davis et al. 2015). Dingoes can
reduce fox access to carcasses through interspecific
killing and aggressive behaviour (Moseby et al. 2012;
Forsyth et al. 2014), which could explain why sambar
remains feature more prominently in dingo scats.
Forsyth et al. (2014) found that foxes avoided din-
goes at deer carcasses, with fox activity peaking at
deer carcases in areas with low dingo density and at
hours outside of dingo peak activity.
The presence or absence of sambar deer is likely to

influence the consumption of other prey species by
dingoes. Invasive prey species can act as supplemen-
tal food sources to predators, increasing their popula-
tions and potentially facilitating the overexploitation
(‘hyper-predation’) of native prey species (Cour-
champ et al. 2000; Roemer et al. 2001). This can be
particularly damaging to prey populations that have
not been exposed to high predation pressures (Cour-
champ et al. 2000). In the Californian Channel
Islands, USA, the introduction of feral pigs has led
to an increase in breeding populations of golden
eagles and has indirectly caused a decline in popula-
tions of island foxes (Urocyon littoralis) to near extinc-
tion (Roemer et al. 2001). The eradication of
invasive prey species can also have potentially unex-
pected negative impacts on native prey species, espe-
cially over the short-term (Lurgi et al. 2018), as
predators switch their feeding behaviour (Zavaleta
et al. 2001). Sambar deer feature prominently in
dingo diet, so a reduction in deer populations could
lead to an increase in consumption of other preferred

p = 0.001 

p = 0.001 

Dingo (Canis dingo)

Fox (Vulpes vulpes)

Dingo (Canis dingo)

Fox (Vulpes vulpes)

(a)

(b)

Fig. 3. Redundancy analysis of dingo (Canis dingo) and
fox (Vulpes vulpes) scat samples with data grouped into prey
categories (a) and prey types (b). 15.69% of the variation is
explained by predator identity when data are grouped into
prey categories (a) and 12.19% of the variation is explained
by predator identity when using prey types (b). Separation
between dingoes and foxes is significant (P = 0.001, per-
mutation test). Ellipses encompass the standard deviation
of the points for each predator.

doi:10.1111/aec.13214 © 2022 The Authors. Austral Ecology published by John Wiley & Sons Australia, Ltd
on behalf of Ecological Society of Australia.
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prey species, including large- and medium-sized
native mammals. There is a need for research into the
interaction between these species, particularly whether
local dingo populations have increased with the sam-
bar deer incursion and if consumption of deer is pre-
dominantly through predation or scavenging. This will
help determine whether a change to sambar deer man-
agement practices, i.e. (increased deer culling, such as
that occurred in response to the 2019–20 bushfires
(Parks Victoria 2021)), could lead to unintended, neg-
ative secondary impacts to native species.
Fox and feral cat remains were present in three

dingo scats. No dingo remains were found in fox scats,
and only one fox scat had feral cat remains. Large car-
nivores are known to scavenge on carcasses of smaller
carnivores, but tend to avoid them, possibly due to the
risk of disease transmission (Selva et al. 2005). Carni-
vores that have a high overlap in diet can have more
intensified competitive encounters that can lead to
interspecific killing (Donadio & Buskirk 2006), but
often where the subordinate predator is not eaten. If
there is an intermediate body size difference between
the two carnivores (the larger carnivore is 2–5 times
bigger), these encounters are more likely to lead to
interspecific killing (Donadio & Buskirk 2006; Ritchie
& Johnson 2009; Moseby et al. 2012). In our case, the
dingo is on average three times larger than the red fox
and four times larger than the feral cat, so it is conceiv-
able that fox and cat remains in dingo scats are a result
of interspecific killing.

CONCLUSION

We show that dingoes and foxes have a low degree of
dietary overlap within alpine and subalpine regions of
southeastern Australia. Although there is little overlap

in diet, it is possible that dingoes might be affecting
fox behaviour. This is evidenced by the very low con-
sumption of sambar deer by foxes in a system where
hunter-shot deer carcasses are common and left in situ
and by the presence of fox remains in dingo scats. In
fact, the low degree of dietary overlap between these
two predators may be due to the presence of this novel,
invasive prey source, as sambar deer was the most
common prey item in dingo diet. The introduction of
novel prey can alter predator–predator dynamics with a
reduction in dietary overlap, potentially leading to
reduced competition and interspecific killing. The
influence of invasive prey on predator–predator interac-
tions is poorly understood and should be further
examined in ecosystems, including its relevance for
multi-species wildlife management.
This dominance of novel prey in top predator’s diets

does not just have implications for predator–predator
interactions but raises important questions about inva-
sive species (feral herbivore) control. The availability of
abundant novel prey may lead to increased top preda-
tor populations (Roemer et al. 2002). If such resources
were reduced—due to lethal control of invasive prey—
this could lead to increased consumption of native prey
via prey switching. Such a dietary shift might place
some species’ populations (particularly threatened spe-
cies) under pressure. To avoid such potentially adverse
impacts following the removal of novel prey, an assess-
ment of the risk of potential secondary impacts of that
removal should be undertaken (Lurgi et al. 2018) and,
where necessary, mitigated.
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Additional supporting information may/can be found
online in the supporting information tab for this arti-
cle.

Appendix S1. Cumulative Brillouin diversity
(mean � 95% CI) of dingo diet with increasing sam-
ple size for (a) total dataset, (b) summer, (c) spring,
(d) autumn, (e) Mt Hotham, (f) Mt Buffalo, and (g)
Bogong High Plains within the Alpine National Park,
Victoria.

Appendix S2. Cumulative Brillouin diversity
(mean � 95% CI) of fox diet with increasing sample
size for (a) total dataset, (b) summer, (c) spring, (d)
autumn, (e) Mt Hotham, (f) Mt Buffalo, and (g)
Bogong High Plains within the Alpine National Park,
Victoria.

doi:10.1111/aec.13214 © 2022 The Authors. Austral Ecology published by John Wiley & Sons Australia, Ltd
on behalf of Ecological Society of Australia.

1270 E. R. THOMPSON ET AL.

 14429993, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aec.13214 by N

H
M

R
C

 N
ational C

ochrane A
ustralia, W

iley O
nline L

ibrary on [27/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	 Abstract
	 Intro�duc�tion
	 METHODS
	 Study site
	 Data col�lec�tion
	 Data anal�y�sis
	aec13214-fig-0001

	 RESULTS
	 DISCUSSION
	aec13214-fig-0002
	 Con�ser�va�tion con�se�quences of con�sump�tion
	aec13214-fig-0003

	 CONCLUSION
	 ACKNOWLEDGEMENTS
	aec13214-fig-0004

	 AUTHOR CONTRIBUTIONS
	 REFERENCES

