
Biol. Rev. (2012), 87, pp. 390–413. 390
doi: 10.1111/j.1469-185X.2011.00203.x

Top predators as biodiversity regulators:
the dingo Canis lupus dingo as a case study

Mike Letnic1,2,∗, Euan G. Ritchie3 and Christopher R. Dickman2

1 Hawkesbury Institute for the Environment, University of Western Sydney, Locked Bag 1797, Penrith, NSW, Australia, 2751
2 Institute of Wildlife Research, School of Biological Sciences, University of Sydney, NSW 2006, Australia
3 School of Life and Environmental Sciences, Deakin University, Burwood, Victoria, 3125, Australia

ABSTRACT

Top-order predators often have positive effects on biological diversity owing to their key functional roles in regulating
trophic cascades and other ecological processes. Their loss has been identified as a major factor contributing to the
decline of biodiversity in both aquatic and terrestrial systems. Consequently, restoring and maintaining the ecological
function of top predators is a critical global imperative. Here we review studies of the ecological effects of the dingo
Canis lupus dingo, Australia’s largest land predator, using this as a case study to explore the influence of a top predator on
biodiversity at a continental scale. The dingo was introduced to Australia by people at least 3500 years ago and has an
ambiguous status owing to its brief history on the continent, its adverse impacts on livestock production and its role as
an ecosystem architect. A large body of research now indicates that dingoes regulate ecological cascades, particularly in
arid Australia, and that the removal of dingoes results in an increase in the abundances and impacts of herbivores and
invasive mesopredators, most notably the red fox Vulpes vulpes. The loss of dingoes has been linked to widespread losses
of small and medium-sized native mammals, the depletion of plant biomass due to the effects of irrupting herbivore
populations and increased predation rates by red foxes. We outline a suite of conceptual models to describe the effects
of dingoes on vertebrate populations across different Australian environments. Finally, we discuss key issues that require
consideration or warrant research before the ecological effects of dingoes can be incorporated formally into biodiversity
conservation programs.
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I. INTRODUCTION

The loss of top-order predators has been identified as a
key factor contributing to continuing species extinctions and
the global biodiversity-loss crisis (Duffy, 2003; Ray, 2005).
Consequently, restoring and maintaining the ecological
function of top predators is a critical goal in many systems
(Heithaus et al., 2008; Hayward & Somers, 2009). Top
predators typically exert top–down control on ecosystems
through their direct predatory and competitive interactions
with herbivores and smaller predators (Frank et al., 2005;
Frank, 2008; Ritchie & Johnson, 2009). The disruption or
cessation of these interactions can have cascading effects on
lower trophic groups, and result in declines in small species
of animal prey (Crooks & Soulé, 1999) and the depletion
of plant species diversity and biomass (Estes & Duggins,
1995; Terborgh et al., 2001). The dramatic reorganisation of
ecosystems and losses of biodiversity that frequently follow
the loss of top predators have provided insight into the
pivotal role they can play in maintaining healthy ecosystems
in marine, aquatic and terrestrial environments (Soulé
et al., 2003). Increasingly, ecologists are realising that top
predators shape the ecosystems around them and that their
effects have the potential to be harnessed to manipulate
ecological processes and species abundances for the benefit
of biodiversity conservation (Soulé et al., 2003).

Due to the widespread loss of top-order predators, frequent
opposition to their reintroduction and sometimes even
indifference about maintaining existing populations (Coman
& Evans, 2007), there are relatively few opportunities to
evaluate the role that true top predators have in structuring
ecosystems, particularly at large geographical scales. This is
especially so in terrestrial ecosystems where top predators
can conflict strongly with livestock production and endanger
human life (Musiani et al., 2004; Frump, 2006). With a
few exceptions (Caughley et al., 1980; Pople et al., 2000;
Sinclair, Mduma & Brashares, 2003; Ripple & Beschta,
2006; Letnic et al., 2009b; Wallach et al., 2010), most studies
investigating the ecological roles of true top predators in
terrestrial ecosystems have been conducted at relatively
small (i.e. <2000 km2) spatial scales (Sinclair et al., 2000;
Fortin et al., 2005; Beyer et al., 2007; Kauffman et al., 2007;
Berger, Gese & Berger, 2008; Trewby et al., 2008) or in
fragmented landscapes and island ecosystems (McLaren &
Peterson, 1994; Crooks & Soulé, 1999; Terborgh et al., 2001).

While these studies demonstrate that top predators can exert
strong effects on ecosystems (Beyer et al., 2007; Ripple &
Beschta, 2007; Berger & Conner, 2008; Berger et al., 2008),
we still have a poor understanding of the extent to which these
predators can structure ecosystems at larger spatial scales and
how their effects filter through trophic webs (Schmidt, 2003).
This is particularly true in human-modified systems, where
the return of a top predator can threaten native species with
which they coexisted in the pre-disturbance state (Lovari
et al., 2009). Hence, understanding predator function is of
fundamental importance for biodiversity conservation and
pest control at regional, national and even continental scales
as it considers the ecological role that top predators have in
maintaining functional and biodiverse ecosystems.

In Australia, the role and historical importance of top
terrestrial predators has been controversial. Flannery (1994)
proposed that large reptilian predators may have dominated
terrestrial systems over much of the Quaternary, but there
were also many species of large carnivorous marsupials
over this period (Wroe, Argot & Dickman, 2004). The
largest carnivorous marsupial of recent times, the thylacine
Thylacinus cynocephalus (∼30 kg), became extinct in Tasmania
in the early twentieth century (Paddle, 2000), leaving the
Tasmanian devil Sarcophilus harrisii (10 kg) as the largest living
predatory marsupial. On the Australian mainland the largest
of the extant marsupial predators, the spotted-tailed quoll
Dasyurus maculatus, is smaller still and seldom achieves a mass
of more than 5 kg. However, the continent’s largest, most
widespread and important terrestrial predator is no longer a
marsupial, but a canid—the dingo Canis lupus dingo. As for
Canis spp. generally (Vanak & Gompper, 2009), the dingo
appears to be a strongly interactive species with pervasive
effects on trophic cascades and other ecological processes
(Johnson, 2006).

There has been long-standing debate over the status and
ecological role of the dingo in Australia (Etheridge, 1916;
Wood Jones, 1921; Marlow, 1962; Rolls, 1969; Newsome,
1990; Catling & Burt, 1995; Dawson, 1995; Smith, 1999;
Newsome et al., 2001; Elledge et al., 2006; Coman & Evans,
2007; Glen et al., 2007; Claridge et al., 2009). Dingoes were
probably introduced to Australia by people 3500–5000 years
before present (y BP) (Barker & Macintosh, 1979; Gollan,
1984; Savolainen et al., 2004) and currently have ambiguous
status in most areas where they occur (Coman & Evans,
2007; Claridge & Hunt, 2008; Hytten, 2009). They have
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been a major pest to pastoralists for the last two centuries
because they prey upon livestock (Parker, 2007), and thus
are subject to ongoing extermination programs across much
of the continent. Dingoes are culled in specific areas also
where they are considered to pose risks to human health and
safety (Healy, 2007). Due to their relatively recent arrival on
the continent they are considered as an invasive species by
some authors and classified as a noxious pest that landholders
are legally obliged to destroy in some jurisdictions (Fleming
et al., 2006).

In contrast to these perceptions, dingoes were mainland
Australia’s largest extant terrestrial predator at the time of
European settlement in 1788 when they existed both as
free-ranging wild and commensal animals and were valued
highly by Aboriginal people (Trigger et al., 2008; Smith &
Litchfield, 2009). Consequently, dingoes are considered by
some laws and many people to be a native species worthy
of protection in their own right (Corbett, 1995b; Dickman &
Lunney, 2001b; Hytten, 2009). In addition, because the dingo
is Australia’s largest terrestrial predator some authors have
suggested that the species likely has a positive ecological role
by regulating trophic pathways (Glen et al., 2007). Indeed,
dramatic differences in kangaroo abundance and in the
composition of mammal assemblages in the presence and
absence of dingoes have been known for a long time and
many authors have speculated as to whether these differences
were linked to the predatory effects of dingoes (Krefft, 1871;
Marlow, 1962; Rolls, 1969; Jarman, 1986; Newsome, 1990).

The status of the dingo is also clouded by the issue
of hybridisation between it and domestic dogs Canis lupus

familiaris and the fact that ‘‘pure-bred’’ dingoes are now
rare in some regions such as the south-eastern portion of
the continent (Wood Jones, 1921; Corbett, 1995b; Daniels
& Corbett, 2003; Elledge et al., 2006; Claridge & Hunt,
2008). In evidence of this, wild canids in Australia are
referred to euphemistically as ‘wild dogs’ rather than
dingoes in most legislation and policy documents concerning
management strategies that aim to reduce wild canid
numbers. Presumably, this is because the term ‘dingo’ is
derived from an indigenous Australian language (Tench,
1788) and is likely to invoke more positive sentiment
among the public than the phrase ‘wild dog’ (Hytten, 2009).
Hybridisation occurs commonly between other wild forms
of Canis lupus and domestic dogs in other parts of the world
(Wayne & Jenks, 1991; Vilà et al., 2003; Verardi, Lucchini &
Randi, 2006; Iacolina et al., 2010), causing concern for the
retention of local genotypes of wild Canis lupus.

In this paper we begin by outlining the origins and natural
history of the dingo. We then review studies that have
investigated the effects of dingoes on different elements of
ecosystems across Australia, paying particular attention to
the considerable body of research that has been published
since the beginning of this century. We then introduce and
outline conceptual models to explain the trophic interactions
of dingoes. The basic model is built upon observations of
dingoes interacting with other species, which we believe
are fundamental to understanding the roles of the dingo in

structuring Australian ecosystems. There is a strong focus on
arid regions because this is where the trophic effects of dingoes
are best understood. The arid biome comprises 70% of
Australia’s landmass and represents one of the world’s largest
desert regions, occupying approximately 7.5 million square
kilometres (Byrne et al., 2008). We conclude by discussing
the potential benefits and problems that could arise from
incorporating the ecological interactions of dingoes into
biodiversity conservation programs. Throughout this paper
we use the term dingo to refer to Canis lupus dingo, C. l. dingo ×
C. l. familiaris hybrids, and feral dogs. The reasons for this are
that hybrids between dingoes and dogs are rare through most
of the continent (Elledge et al., 2006), and that this uniquely
Australian word precedes the term wild dog.

II. NATURAL HISTORY OF THE DINGO

(1) Taxonomic status

Molecular studies indicate that the dingo (body mass
15–25 kg) is a primitive form of the domestic dog descended
from the Asian wolf (Canis lupus chanco; Savolainen et al., 2002;
Savolainen et al., 2004; vonHoldt et al., 2010). Although the
dingo was first described on the basis of a description given by
the first Governor of Australia in his journal (Meyer, 1793),
and has since been subject to various reclassifications and
changes in nomenclature, no type specimen of the dingo has
ever been lodged (ABRS, 2009). The absence of a definitive
type specimen compounds taxonomic confusion regarding
the identity of the dingo.

(2) Diet

Dingoes are generalist predators as, although they prey
primarily upon mammals, they will readily switch their diet
according to prey availability (Newsome, Catling & Corbett,
1983; Robertshaw & Harden, 1986; Corbett & Newsome,
1987; Thomson, 1992). Thus the predominant prey taxa
of dingoes vary both spatially and temporally (Newsome &
Coman, 1989; Corbett, 1995b; Pavey, Eldridge & Heywood,
2008; Cupples et al., 2011). Where they are abundant,
rabbits, macropodids and vombatids are important prey
items (Whitehouse, 1977; Triggs, Brunner & Cullen, 1984;
Robertshaw & Harden, 1985, 1986; Lunney et al., 1990;
Lunney, Law & Rummery, 1996; Brook & Kutt, 2011),
but dingoes have also been observed to prey heavily on
rodents, water birds and sea-turtle nests, and will kill and eat
foxes, cats, lizards, birds and livestock (Newsome et al., 1983;
Marsack & Campbell, 1990; Vernes, Dennis & Winter, 2001;
Paltridge, 2002; Allen & Fleming, 2004; Whiting et al., 2007;
Claridge, Mills & Barry, 2010; Glen et al., 2011). During
drought dingoes frequently consume carrion (Corbett, 1995b;
Allen, 2010b) and in coastal areas they often scavenge on
strand lines (Newsome et al., 1983). Like other Canis spp.
dingoes are social and frequently occur in packs. Packs
facilitate the cooperative capture of large prey (Thomson,
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1992; Webb, 1996), and some authors have suggested that
such groups may also facilitate the competitive exclusion of
mesopredators such as the red fox (Glen et al., 2007). In arid
areas, sources of water serve as focal areas for dingo social
interactions (Wallach et al., 2009) and dingoes frequently
congregate and hunt near sources of water (Corbett, 1995b;
Shepherd, 1981).

III. IMPACTS OF THE DINGO ON OTHER
ANIMALS AND PLANTS

(1) Early impacts

The arrival of the dingo in mainland Australia coincided
with an increase in human population size, the adoption of
new technologies by Aboriginal people and the extinction
of both the thylacine and Tasmanian devil as well as the
flightless native hen Gallinula mortierii (Gollan, 1984; Baird,
1991; Mulvaney & Kamminga, 1999). The timing of these
extinctions, being coincident with the arrival of the dingo, has
led to speculation that dingoes contributed to the extinctions
(Gollan, 1984; Baird, 1991; Corbett 1995b). This argument
is strengthened by the fact that the thylacine and Tasmanian
devil persisted on the island of Tasmania which dingoes never
reached. However, other authors have suggested that these
extinctions were more likely the product of climate change
and improved hunting efficiency due to the adoption by
people of new technologies such as edge-ground and hafted
stone tools and perhaps the use of hunting dogs (Mulvaney
& Kamminga, 1999; Johnson & Wroe, 2003; Brown, 2006;
Johnson, 2006).

(2) Effects of dingoes on large prey (>10 kg)

Much of the debate over the ecological role of dingoes has
stemmed from early anecdotal observations that kangaroo
populations irrupt in the absence of dingoes (Krefft, 1871;
Rolls, 1969). However, more recent field observations have
been made of dingo predation on macropods (Macropus spp.
and Wallabia bicolor, body mass 10–90 kg; Shepherd, 1981;
Newsome et al., 1983; Robertshaw & Harden, 1986; Marsack
& Campbell, 1990), while longitudinal tracking of population
dynamics has shown declines in kangaroo populations with
increased frequency of dingo predation (Corbett & Newsome,
1987; Thomson, 1992). In addition, population studies have
shown macropods to be abundant in areas where dingoes are
uncommon but comparatively rare in areas where dingoes
are common (Table 1; Caughley et al., 1980; Robertshaw &
Harden, 1986).

Some of the best evidence for the effects of dingoes on
large prey comes from observations made either side of
the dingo fence (Table 1). This fence is dingo-proof, over
5000 km in length (the longest man-made structure on earth)
and was constructed to exclude dingoes from the predomi-
nantly sheep-grazing lands of south-eastern Australia (Fig.1;
Bauer, 1964; McKnight, 1969). Dingoes are rare on the

sheep-grazing or ‘‘inside’’ side of the fence due both to the
fence itself and intensive control of animals that manage to
cross through (Wilson & Delahay, 2001), and are relatively
common in the cattle grazing areas ‘‘outside’’ the fence
where their numbers are controlled only sporadically (Flem-
ing et al., 2001). This difference in dingo numbers on either
side of the fence has created a natural experiment that has in
turn permitted much investigation of the ecological effects of
dingoes. These studies have uncovered dramatic differences
in the composition and numbers of large mammals and birds
on either side of the fence.

Quantitative aerial surveys conducted by Caughley et al.
(1980) and Newsome et al. (2001) on either side of the dingo
fence in the Strzelecki Desert indicated that kangaroos and
emus (Dromaius novaehollandiae; body mass ∼40–50 kg) were
far more abundant in areas ‘‘inside’’ the fence where dingoes
were rare than they were ‘‘outside’’. Caughley et al. (1980)
suggested that the disparity in kangaroo and emu numbers
on either side of the dingo fence provided evidence that
dingoes regulate their populations. This was disputed by
Dawson (1995) and Newsome et al. (2001), who questioned
the generality of these results and contended that the
observed differences may have been due to differences in
land use and geomorphology on either side of the dingo
fence. However, studies conducted at larger scales indicate
that the disparity in red kangaroo Macropus rufus and emu
numbers on either side of the dingo fence exists throughout
the Australian arid zone and remains consistent regardless
of whether land is used for the purposes of sheep or cattle
grazing or conservation reserve (Caughley & Grigg, 1982;
Grice, Caughley & Short, 1985; Pople et al., 2000; Letnic
et al., 2009b). The disparity in kangaroo abundance also exists
despite the fact that commercial harvesting of mainly adult
kangaroos is limited to areas where dingoes are rare (Hale,
2004; Fillios et al., 2010). Collectively, these observations
provide compelling support for the argument that dingoes
limit recruitment and thus regulate macropod populations.
Regulation occurs most likely via preferential predation on
juveniles and females (Robertshaw & Harden, 1986). The
nature of the interaction between dingoes and emus has been
studied less intensively, but it is likely that dingoes suppress
emus through predation too (Seyfort, 2001).

A long-term study of kangaroo and emu population
dynamics in adjacent areas with and without dingoes
provides insight into how the effects of dingo predation
may interact with climate variability (Fig. 2; Pople et al.,
2000). Where dingoes were rare, kangaroo and emu
populations tended to increase following periods of high
rainfall and consequent increases in primary productivity,
and declined during periods of rainfall deficiency when food
availability was presumed to decrease. These fluctuations
were consistent with patterns observed in other studies
conducted in the absence of dingoes (Caughley, Bayliss &
Giles, 1984; Caughley, Grigg & Smith, 1985). Where dingoes
were common, by contrast, fluctuations in kangaroo and
emu populations were dampened, suggesting that dingoes
were suppressing herbivore populations and may also have
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(A)

(B)

Fig. 1. A map (A) showing the route of the dingo fence
(dashed line) through Australia and areas where dingoes
and wild dogs are common (dark grey), rare (light grey) and
absent (unshaded). Dingoes were never present on the island
of Tasmania but feral dogs now exist there. Distributions
are derived from maps published by the Australian Natural
Resources Atlas and the National and Water Resources Audit
(http://www.nlwra.gov.au/national-land-and-waterresources-
audit/atlas, viewed 11th May 2011). (B) The dingo fence in the
Strzelecki Desert on the border of New South Wales and South
Australia. The specifications of the fence vary along its length,
at this point the fence is approximately 2 m tall and is normally
impenetrable to dingoes, foxes, kangaroos, rabbits and small
mammals.

had stabilizing effects on their population dynamics (Pople
et al., 2000).

The contrasting dynamics of kangaroo and emu
populations on either side of the dingo fence provide
evidence that, in the presence of dingoes, predation as
an additive source of mortality may be more important
in regulating populations than the availability of food
(Pople et al., 2000). The view that kangaroo populations
are regulated by the availability of food in the absence
of dingoes is also supported by studies conducted in areas
where dingoes are rare; these have reported mass deaths of
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Fig. 2. The density of (A) red kangaroos, (B) emus and
(C) dingoes at sites on either side of the dingo fence during aerial
surveys conducted in north-eastern South Australia between
1983 and 1992. The symbols denote sites where dingoes were
common (shaded symbols) and rare (open symbols). Fluctuations
in kangaroo and emu abundances appeared to be dampened in
the presence of dingoes, suggesting the existence of top-down
regulation by dingoes. (Adapted from Fig. 3, Pople et al., 2000).

kangaroos due to food shortages, often in combination with
extreme temperatures (Ealey, 1967; Newsome & Corbett,
1975; Robertson, 1984; Holden & Mutze, 2002; Read &
Wilson, 2004; Fillios et al., 2010; Morgan & Pedler, 2010).
Although mortality of kangaroos during drought also occurs
in areas with dingoes, we are aware of only one report in
the literature of mass mortality in an area where dingoes
were moderately abundant (Newsome, 1965). The ability
of dingoes to moderate the effects of drought on kangaroo
populations is supported by the results of an eight year
experimental simulation of natural predation of western grey
kangaroos (Macropus fuliginosus) in semi-arid Victoria. In this

study, simulated predation improved vegetation condition
and reduced the extent of starvation-related mortality of
kangaroos (Morgan & Pedler, 2010).

Feral livestock exist in many regions of Australia and
are frequently identified as a major threat to biodiversity
and agricultural enterprises. Field surveys and mapping
indicate that the distributional ranges of goats (Capra hircus,
body mass 15–40 kg) and feral pigs (Sus scrofa, body mass
25–175 kg) show little overlap with that of dingoes in the
arid regions of the continent, except in areas where dingoes
are scarce (Newsome, 1990; Wilson et al., 1992). This lack
of spatial overlap suggests that dingoes may regulate their
populations and limit their distributions (Newsome, 1990;
Newsome et al., 2001). There is also some evidence of the
capacity for dingoes to suppress pig populations where the
two species coexist in northern Australia (Corbett, 1995a).
Indeed, analyses of bounty records show that increased dingo
numbers coincide with decreased pig numbers (Woodall,
1983).

By contrast, studies of the population dynamics, and
distribution maps showing extensive overlap with dingoes,
suggest that predation by dingoes has little influence on
populations of larger feral animals (>100 kg), namely camels
(body mass 600–1000 kg), horses (Equus callabus; body mass
>300 kg), cattle (Bos taurus/indicus; body mass 500–900 kg)
and donkeys (Equus asinus; body mass 300–350 kg) (Freeland
& Choquenot, 1990; Wilson et al., 1992; Dobbie, Berman &
Braysher, 1993; Edwards et al., 2000). This is not to say that
dingoes do not prey on large species, as there are observations
of groups of dingoes attacking and successfully killing cattle
and horses (Newsome et al., 1983; Thomson, 1992). In the
case of cattle, groups of dingoes have been observed to
prey successfully on calves (Thomson, 1992). However, large
mammals are presumably riskier and more difficult to hunt
than smaller prey, and most dietary studies of dingoes suggest
that very large feral mammals are not taken frequently (e.g.
Whitehouse, 1977; Newsome et al., 1983; Corbett, 1995b;
Brook & Kutt, 2011; Glen et al., 2011).

(3) Effects of dingoes on mesopredators (1–7 kg)

The mesopredator release hypothesis (MRH) has been
invoked to explain the decline of some small prey species by
suggesting that the elimination of large carnivores results in
an increase in the abundance and consequently impact of
smaller predators (Ritchie & Johnson, 2009). According to
the MRH large predators will be able to suppress populations
of smaller predators via several mechanisms including direct
killing, interference competition, competition for food and
shelter, and fear-mediated changes in habitat use and activity
patterns (Crooks & Soulé, 1999; Switalski, 2003; Berger &
Gese, 2007; Thompson & Gese, 2007). The fundamental
criterion for a prey species to benefit from the presence
of a larger predator is that the prey species’ intrinsic rate
of increase should exceed the sum of the per capita rate of
predation by both the large predator and mesopredator.
This criterion is likely to be met if the prey species is
more vulnerable to predation by the mesopredator, and
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the top predator limits the per capita rate of killing by the
mesopredator (Courchamp, Langlais & Sugihara, 1999). In
simple terms, this is the familiar concept that my enemy’s
enemy is my friend.

Since European settlement of Australia in 1788, two
introduced eutherian carnivores, the red fox Vulpes vulpes

and feral cat Felis catus have largely supplanted the similar-
sized endemic marsupial predators of the genus Dasyurus

from temperate, arid, subtropical and tropical regions of the
continent. The eastern quoll Dasyurus viverrinus has become
extinct from the mesic areas of continental eastern Australia,
although the larger spotted-tailed quoll D. maculatus remains
common in some of the more heavily forested areas along
the Great Dividing Range (Glen & Dickman, 2011). The
formerly extensive geographical range of the western quoll
Dasyurus geoffroii has been reduced by about 98% and the
species now occupies a small area in south-western Australia
(Jones et al., 2003). For most of the period of European
settlement of Australia, the northern quoll, D. hallucatus

remained quite common outside of the range of the fox. The
range of the northern quoll began to decline towards the
end of the 20th Century. In some parts of its range their
decline has been linked to the invasion of cane toads (Bufo

marinus), but in other areas northern quolls declined prior
to the arrival of cane toads suggesting that other factors,
perhaps interactions with feral cats may have contributed to
their decline (Braithwaite & Griffiths, 1994; Oakwood, 2000;
Johnson, 2006; O’Donnell, Webb & Shine 2010).

Red foxes and feral cats have been identified as major
threats to biodiversity in Australia and their presence has
been linked to the extinction or endangerment of many
species of Australian vertebrates (Smith & Quin, 1996;
McKenzie et al., 2007), including the four species of quoll
(Jones et al., 2003; Morris et al., 2003; Glen & Dickman,
2008). The MRH predicts that the abundance of both
red foxes (mean body mass 5–7 kg) and cats (body mass
3–5 kg) should increase in the absence of the dingo (Glen &
Dickman, 2005).

In support of the MRH, several studies have speculated
on or reported negative relationships between indices of
dingo and fox abundance (Table 1, Fig. 3; Jarman, 1986;
Newsome,1990, 2001; Lundie-Jenkins, Corbett & Phillips,
1993; Catling & Burt, 1995; Saunders et al., 1995; Letnic
et al., 2009b, 2011b; Wallach et al., 2010; Brawata & Neeman,
in press). The MRH is supported also by dietary studies
showing that foxes prefer smaller prey than dingoes

Fig. 3. Bounty returns for (A) dingoes and (B) foxes in Queensland for the 1951–52 financial year (source: Queensland Parliamentary
Papers 1951–52). Each dot represents five dingoes or five foxes. The distribution of fox bounties shows an inverse spatial relationship
with that of dingo bounties, suggesting that dingoes may have suppressed fox numbers over large geographical areas. (Adapted from
Letnic et al., 2011b).
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(Letnic et al., 2009b; Claridge et al., 2010; Glen et al., 2011),
observations of dingoes killing foxes (Moseby et al., in press),
observations of foxes occurring in the diets of dingoes
(Newsome & Coman, 1989; Marsack & Campbell, 1990)
and studies reporting extensive dietary overlap and thus
potential for competition between sympatric dingoes and
foxes (Paltridge, 2002; Mitchell & Banks, 2005; Pavey et al.,
2008; Glen et al., 2011; Cupples et al., 2011). However,
unequivocal evidence for an inverse relationship between
dingo and fox numbers is lacking, as none of the above
studies manipulated dingo abundance, and studies conducted
in mesic regions have found mixed support for the hypothesis
that dingoes suppress the abundance of foxes.

In eastern Australia, several studies have reported a
negative relationship between the abundances of dingoes
and foxes at a landscape scale (Catling & Burt, 1995;
Newsome et al., 2001; Johnson & VanDerWal, 2009; Letnic
et al., 2011b). However, Catling & Burt (1995) found that
land use was a better predictor of fox activity than dingo
activity, while Mitchell & Banks (2005) showed that foxes
appeared to avoid dingoes at a small scale, but found no
evidence of an inverse relationship between indices of their
abundance at a landscape scale.

One reason for the uncertainty regarding the numerical
relationships between dingoes and foxes may be the use
of inappropriate statistical approaches that assume normal
error distributions to describe the relationship between the
abundances of these species (Johnson & VanDerWal, 2009;
Letnic et al., 2011b). The ecological literature is replete
with examples of non-linear, threshold-type relationships
between the abundances of strongly interactive species (Estes
& Duggins, 1995). Such strong interactions may be difficult
to detect using traditional parametric statistical approaches.
The potential shortcomings of parametric approaches to
describe the numerical relationships between dingoes and
foxes are exemplified by the non-linear relationship between
indices of dingo and fox abundances evident from field
studies and other data sources such as bounty records
(Johnson & VanDerWal, 2009; Letnic et al., 2011b). Johnson
& VanDerWal (2009) explored the numerical association
between the abundances of dingoes and foxes using semi-
parametric and parametric techniques. Linear regression
provided a poor fit to the data, but semi-parametric
techniques suggested that dingoes may place an upper
limit on the abundance of foxes, and that dingoes may
not be the only factor influencing fox numbers (Johnson
& VanDerWal, 2009). Similarly, Letnic et al. (2011b)
found consistently negative relationships between indices
of dingo and fox abundance using non-parametric and semi-
parametric analyses at a near-continental scale.

Another factor that may influence the ability reliably to
detect numerical relationships between coexisting dingoes
and foxes is that both species occur commonly at low
population densities and occupy large home ranges. In arid
regions of Australia estimates of predator population densities
range from 0.025–0.034 km−2 for dingoes (Thomson, Rose
& Kok, 1992; Corbett, 1995b) and 0.9–2 km−2 for foxes

in the absence of dingoes (Saunders et al., 1995). No studies
have reported population densities of foxes in the presence of
dingoes but, as indicated above, several have noted that fox
numbers tend to be suppressed in the presence of dingoes. At
such low densities, obtaining reliable population estimates is
problematic and predator abundances are frequently gauged
using indices calculated from counts of tracks or scats or by
quantifying visitation to lures (Allen, Engeman & Krupa,
1996; Mahon, Banks & Dickman, 1998; Edwards et al.,
2000; Sharp et al., 2001). Because these predators typically
occur at such low densities it is conceivable that the act of a
dingo killing one fox could have a marked effect on a local fox
population, and such effects would be magnified if dingoes
killed or attempted to kill foxes whenever they encountered
them (Moseby et al., in press). Understanding the ecological
interaction of dingoes and foxes may require studies to be
conducted at large spatial scales so that abundance indices
can be calculated across the home ranges of many individuals.

Studies investigating the numerical relationship between
dingoes and feral cats generally have produced equivocal
results (Table 1). Cats are likely to be killed in close encoun-
ters with dingoes (Moseby et al., in press) and are reported as
dietary items of dingoes throughout the continent (Newsome
& Coman, 1989; Corbett, 1995b; Cupples et al., 2011). Din-
goes appear to suppress cat numbers in northern Australia
(Kennedy et al., 2011). However, correlations between dingo
and cat activity in the arid zone are less clear, reporting
negative associations (Pettigrew, 1993; Wallach et al., 2010;
Brawata & Neeman, 2011), positive associations (Letnic et al.
2009b) or no association (Newsome, 2001; Letnic et al., 2009b)
between the two predators. Few studies have reported on
the numerical relationships between dingoes and cats in the
mesic forests of eastern Australia where they coexist (May &
Norton, 1996; Purcell, 2010). Given that dingoes and foxes
are predators of cats it is likely that interactions with both
predators influence cat abundance (Risbey, Calver & Short,
1999; Paltridge, 2002). As an example, it is not inconceivable
in some circumstances that cats may experience a net benefit
of dingo predation on foxes, as the latter species may interact
more strongly with cats due to its greater overlap in body
size and diet (Ritchie & Johnson, 2009). Another mechanism
by which dingoes, and perhaps foxes, may affect cats is by
causing fear-induced changes to their activity and habitat
use (i.e. changes in behaviour or movements in relation to
cover/protection). This could explain in part why cats are
particularly nocturnal in the presence of the more crepuscular
dingo. An alternative explanation for the weak and inconsis-
tent relationship between dingo and cat abundances is that
cat populations may be determined by other factors, partic-
ularly the abundance of their primary rodent prey (Letnic,
Tamayo & Dickman, 2005). In addition, habitat probably
plays an important role. For example, cats may be more likely
to show an inverse numerical or spatial relationship with
dingoes in treeless areas or other structurally simple habitats
where it is difficult for cats to avoid the larger predator than
in forested or rocky environments that offer structurally more
complex habitat with refuges (Pettigrew, 1993).
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Cats are secretive by nature and can be difficult to detect
and census. Few techniques are available that can be used
effectively to census cat populations, particularly when they
occur at low population densities or in structurally dense
habitats (Catling, Burt & Kooyman, 1997; Mahon et al.,
1998; Read & Eldridge, 2010). The difficulty in obtaining
reliable abundance indices and/or population estimates for
cats has hampered our ability to understand the numerical
relationships between dingoes and cats in many parts of
the continent. Also it is possible that indices of cat and
dingo abundance could display a non-linear relationship
similar to that reported for dingoes and foxes and hence
may require investigation with non-parametric statistical
techniques (Johnson & VanDerWal, 2009).

(4) Effects of dingoes on small and medium-sized
prey (<10 kg)

Since British colonisation of Australia in 1788, there have
been mass extinctions and range reductions of native
mammals weighing less than 10 kg, particularly in the semi-
arid and arid regions of the continent (Burbidge & McKenzie,
1989; Morton, 1990; Dickman et al., 1993; McKenzie et al.,
2007; Johnson & Isaac, 2009). Many ground-nesting birds
have also undergone major range declines (Reid & Fleming,
1992; Smith, Pressey & Smith, 1994). In the arid and
temperate regions of the continent the mammal fauna is
now dominated by invasive species and relict assemblages of
large (>15 kg) and small (<0.1 kg) native species (Letnic &
Dickman, 2006). The mammal species that have undergone
the greatest declines in range and abundance are indigenous
rodents and ‘medium-sized’ marsupials weighing between
0.1 kg and 5.5 kg (Burbidge & McKenzie, 1989; Johnson,
Isaac & Fisher, 2007; McKenzie et al., 2007). Predation by
red foxes and feral cats has been identified as a key factor
contributing to the decline of native mammals and ground-
nesting birds (Dickman et al., 1993; Smith et al., 1994; Smith
& Quin, 1996; Kinnear, Sumner & Onus, 2002; Short,
Kinnear & Robley, 2002).

Macroecological studies of the continental distributions of
extant indigenous rodents and marsupials suggest that their
persistence is associated with the presence of dingoes and the
absence or low abundance of foxes (Smith & Quin, 1996;
Johnson et al., 2007). These continental-scale patterns are
consistent with predictions made by the MRH and provide
evidence that dingoes may facilitate the conservation of
native mammals by suppressing fox populations (Johnson
et al., 2007).

The MRH is supported further by field surveys in arid
regions of the continent showing that the abundances and
persistence of native species vulnerable to predation by red
foxes, including small mammals and threatened species such
as the bilby (Macrotis lagotis, body mass 0.8–2.5 kg), dusky
hopping mouse (Notomys fuscus, body mass 0.03–0.045 kg),
yellow-footed rock-wallaby (Petrogale xanthopus, body mass
5 kg–10 kg), malleefowl (Leipoa ocellata; body mass 1.3 kg)
and kowari (Dasyuroides byrnei, body mass 0.07–0.17 kg),
were associated positively with the abundance of dingoes

and negatively with the abundance of red foxes (Table 1;
Southgate et al., 2007a; Letnic, Crowther & Koch, 2009a;
Wallach & O’Neill, 2009a; Wallach et al., 2010). The notion
that dingoes provide prey with refuge from predation by
foxes is given mechanistic support by findings that the lethal
and non-lethal impacts of foxes on dusky hopping mice are
alleviated in presence of dingoes (Letnic & Dworjanyn, 2011).
In this case, both the abundance of foxes and the frequency of
dusky hopping mouse remains in predator scats were lower
in the presence of dingoes; correspondingly, dusky hopping
mice were more abundant and foraged less apprehensively in
the presence of dingoes (Fig. 4; Letnic & Dworjanyn, 2011).

Large-scale natural experiments created by the dingo
fence and natural barriers elsewhere provide compelling
evidence that dingoes benefit small mammals by suppressing
the impacts of foxes. Letnic et al. (2009b) contrasted 16 sites
on each side of the dingo fence, and found widespread and
consistent differences in the abundances and species richness
of small mammals depending on which side of the fence
was sampled (Table 1). The abundances of native rodents
(<0.05 kg), the introduced house mouse (Mus musculus; body
mass 0.015 kg) and dasyurid marsupials (<0.02 kg) were
on average greater in the presence than in the absence
of dingoes. The species richness of native small mammals
(body mass <50 g) was also greater in the presence of

Fig. 4. Indices of the abundance of (A) red foxes Vulpes vulpes
and (B) dusky hopping mice Notomys fuscus at three locations
(north, central, south) in the Strzelecki Desert, central Australia.
Data are means + 1 standard error. Open bars represent sites
where dingoes were absent, shaded bars indicate sites where
dingoes were present, and 0 indicates no activity recorded
(source, Letnic et al., 2009a). Foxes were less abundant and
hopping mice were more abundant in the presence of dingoes.
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Fig. 5. The species richness of native small mammals (mean
+ 1 standard error) on study grids set on either side of the
dingo fence at eight paired locations in arid Australia (source
Letnic et al., 2009b). The species richness of small mammals was
generally greater where dingoes were common compared to
where they were rare.

dingoes (Fig. 5) and, consistent with the MRH, was correlated
negatively with the abundance of foxes. Other evidence that
dingoes may benefit species preyed upon by mesopredators
comes from fauna surveys of ephemeral islands within the
arid Lake Eyre salt-pan in central Australia where dingoes
were present and cats and foxes were absent (Table 1). On
islands where dingoes were present, house mice, the dasyurid
marsupial Planigale gilesi (body mass 0.007–0.012 kg) and an
agamid lizard, the painted dragon (Ctenophorus pictus; body
mass 0.008–0.016 kg) were more abundant than on adjacent
mainland areas where dingoes were comparatively rare and
cats and foxes were present (Read, 1997).

In southern Australia nest predation by foxes has been
identified as a major threat to freshwater turtles (Thompson,
1983; Spencer & Thompson, 2005). In a comparative
study of nest survival in short-necked turtles (Emydura spp.),
Thompson (1983) found that at sites on the Murray River
where dingoes were absent, foxes preyed upon 93% of nests
and that the overall nest predation rate was 97%. By contrast,
no nest predation was observed at a site on Cooper Creek
where dingoes were present. An explanation put forward to
explain reduced nest predation in the presence of dingoes
was that dingoes suppressed fox numbers through direct
killing (Thompson, 1983).

Studies comparing the abundance of the invasive
European rabbit in the presence and absence of dingoes
provide mixed support for the MRH (Table 1). In sand dune
habitats of the Strzelecki Desert foxes were less abundant and
rabbits were more abundant in the presence versus absence
of dingoes (Newsome et al., 2001; Letnic & Koch, 2010).
However, other studies in stony desert and mallee woodland
biomes have found the effects of dingo population control
on rabbit populations to be variable (Letnic et al., 2009b;
Wallach et al., 2010).

(5) Effects of dingoes on vegetation

Trophic cascades occur when a predator alters the abun-
dance of species across more than one link in a food
web and indirectly influences plant biomass (Polis, 1999).
An increasing body of evidence suggests that large mam-
malian predators can induce trophic cascades and influence
plant communities in terrestrial ecosystems either directly by
suppressing herbivore populations through predation or indi-
rectly by affecting herbivore foraging behaviour (McLaren
& Peterson, 1995; Fortin et al., 2005; Frank, 2008; Fey
et al., 2009).

Because the availability of food appears to be the princi-
pal factor regulating herbivore populations in the absence
of dingoes, some authors have suggested that in the arid
regions of the continent there is an inherent risk of over-
grazing in areas where dingoes have been exterminated
(Ludwig et al., 1997). Evidence that the removal of din-
goes induces a trophic cascade was provided by Letnic et al.
(2009b) and Wallach et al. (2010) who found that grazing
activity by herbivores, particularly kangaroos, was greater
in the absence of dingoes. In turn, grass cover (Letnic
et al., 2009b) and overall vegetation cover (Wallach et al.,
2010) tended to be greater where dingoes were present
(Fig. 6).

(6) Trophic effects of dingoes and the human
economy

In arid regions of Australia, differences in land use in areas
with and without dingoes demonstrate that people alter their
economic activities owing to the predatory impacts of dingoes
(Fennessy, 1962; Rowley, 1970). To reduce the impact of
dingo predation on sheep (Ovis aries), government agencies
and private landholders have ‘controlled’ dingo populations
using a combination of methods including fencing, poisoning,
trapping and shooting (Figs 1, 2; Bauer, 1964; McKnight,
1969; Fleming et al., 2001). Sheep are grazed primarily in
areas where dingoes have been exterminated or are rare.

Fig. 6. Percentage grass cover (mean + 1 standard error) on
study grids set on either side of the dingo fence at eight paired
locations in arid Australia (source Letnic et al., 2009b). Grass
cover was greater in the presence of dingoes.
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Few sheep are grazed in areas where dingoes are common
due to the risk of predation (Rowley, 1970; Fleming et al.,
2001), unless guardian animals or intensive poison baiting
are used as protective measures (Van Bommel, 2010). Cattle
are less vulnerable to dingo predation than sheep (Thomson,
1992) and are grazed in areas where dingoes are both rare
and common.

Commercial kangaroo harvesting also is restricted largely
to places where dingoes are rare, as kangaroos are often
too scarce in areas where dingoes are common to make
harvesting economically viable (Fillios et al., 2010). The
underlying reason for the disparity in kangaroo numbers
in the presence/absence of dingoes may be that human
hunters and dingoes remove different components of the
kangaroo population and thus have different effects on
the reproductive potential of kangaroo populations. For
economic reasons, harvests are biased towards larger animals
which are predominantly males (Hale, 2004). As smaller
males are usually available to compensate for the loss of large
and dominant animals, male-biased harvests have less impact
on the reproductive potential of kangaroo populations than
female-biased harvests (McLeod, Hacker & Druhan, 2004);
dingoes, by contrast, are more likely to kill juveniles and
females than large males (Shepherd, 1981).

The strong linkage between sheep grazing, kangaroo
harvesting and dingo exclusion indicates that the structuring
effects of dingo predation extend to the human economy.
Indeed this shift in land use in the presence/absence
of dingoes provides evidence that, in the case of sheep
husbandry, humans modify their use of the landscape to
avoid economic losses incurred by dingoes, and in the
case of kangaroo harvesting, conduct less harvesting in the
presence of dingoes due to direct competition for the same
resource: kangaroos.

(7) Experimental considerations

One problem affecting studies investigating the effects of
dingoes is that of sampling and experimental design (Glen
et al., 2007; Allen, 2010a; Allen, Engeman & Allen, 2011).
No published studies investigating the ecological effects of
dingoes have used planned experimental manipulations,
and those that have compared abundances or response
variables in a mensurative manner on either side of the
dingo fence or in areas with and without dingo control are
by necessity spatially segregated or unreplicated (Caughley
et al., 1980; Pople et al., 2000; Newsome et al., 2001; Letnic
et al., 2009a, b; Wallach & O’Neil, 2009b; Wallach et al.,
2010; Letnic & Koch, 2010; Letnic & Dworjayn, 2011).
They can thus be considered pseudoreplicated (Hurlbert,
1984) or confounded (Letnic et al., 2009b). Indeed, few
studies investigating the ecological effects of dingoes or other
large predators have met the requirements for experimental
design stipulated by Hurlbert (1984). Does this mean that
the trends in abundance and distribution of species with
regard to taxon and body size that we have described
in preceding sections could be due to other sources of
variation than just the trophic effects of dingoes? Oksanen

(2001) has argued that Hurlbert’s (1984) strict approach
to experimental design should not be applied to large-
scale studies where it is not feasible or even possible to
have replication, and that where replication is not possible,
experiments should aim to test predictions generated by
theory and use inferential statistics to guide the interpretation
of the results. In this vein, we contend that studies of the
effects of dingoes show clearly that this predator has marked
and consistent effects on ecological communities that accord
with the theories of animal population regulation, trophic
cascades and foraging theory (Caughley et al., 1980; Pople
et al., 2000; Newsome et al., 2001; Johnson et al., 2007; Letnic
et al., 2009b; Wallach et al., 2010; Letnic & Dworjanyn, 2011;
Letnic et al., 2011a, b). To assist in directing future research
to further clarify the role of the dingo in Australian systems,
in the section below we construct models of dingo impact
that should allow researchers to design comparative and
experimental studies to test explicit predictions that the
models generate.

IV. THE ECOLOGICAL INTERACTIONS
OF DINGOES: A CONCEPTUAL MODEL

(1) Element 1: the effects of dingoes on other
species scale with body size

The effects of dingoes on the abundances of other animals
appear to scale with body size (Fig. 7; Johnson et al., 2007;
Letnic et al., 2009b). These effects are consistent among
studies and at spatial scales ranging from local to continental
(Table 1). Species weighing 5–100 kg such as kangaroos,
emus and foxes typically decrease in abundance in the
presence of dingoes (Caughley et al., 1980; Newsome et al.,
2001; Pople et al., 2000; Letnic et al., 2009b). Presumably
the suppressive effects of dingoes on these taxa are due to

Fig. 7. The natural logarithm (Ln) of the body mass (g) of
mammal species plotted against the mean effect size (Hedge’s d )
of dingo exclusion at eight paired sites in arid Australia (adapted
from Letnic et al., 2009b). A quadratic function was fitted to the
data (r2 = 0.338, F = 18.361 P < 0.001). Positive effect sizes
indicate species whose abundance increased where dingoes were
absent. Negative effect sizes indicate species whose abundance
decreased where dingoes were absent.
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direct interactions such as predation and, in the case of foxes,
interference competition also. Conversely, populations of
species weighing less than 1 kg generally appear to increase
in the presence of dingoes (Smith & Quin, 1996; Newsome
et al., 2001; Johnson et al., 2007; Letnic et al., 2009b; Letnic
& Koch, 2010; Wallach et al., 2010). Such small species
most likely benefit indirectly from the suppressive effects of
dingoes on herbivores and mesopredators, especially foxes
and, in the tropical north of Australia, feral cats. This
is probably because they are released from predation by
foxes and from competition for food with large herbivores;
alternatively, in the absence of dingoes, they may be
affected detrimentally by herbivores grazing down the
cover of vegetation that is required both as food but
also as shelter from predators. Species weighing 1–10 kg
show mixed responses to the presence/absence of dingoes
(Newsome et al., 2001; Letnic et al., 2009b; Wallach et al.,
2010), perhaps indicating that they have strong context-
dependent interactions with herbivores, foxes and dingoes.
Species with adults weighing more than 100 kg are subject
to only occasional predation by dingoes and do not appear
to be regulated by them (Newsome & Coman, 1989).

(2) Element 2: the influence of resource pulses
and prey switching on dingo interactions

Throughout Australia, and particularly in the arid regions
of the continent, temporal fluctuations in plant and animal
populations in relation to rainfall have strong effects on
the flux of energy through communities and food-web
architecture (Nicholls, 1991; Letnic & Dickman, 2010). Such
temporal and spatial variation in ecosystem productivity
is likely to moderate the strength of the interactions that
large predators have with other taxa (Oksanen et al., 2001;
Elmhagen & Rushton, 2007; Ritchie & Johnson, 2009).
Indeed, studies that have monitored temporal variation
in the diets of dingoes and the abundance of their prey
provide evidence that the direct and indirect interactions
between dingoes and other animal species scale with the
energy state of ecosystems, which in turn is dictated by
the amount of rainfall. These interactions between rainfall
and the ecological effects of dingoes are best understood
in the arid regions of the continent (Corbett & Newsome,
1987; Lundie-Jenkins et al., 1993; Paltridge, 2002; Pavey
et al., 2008; Letnic et al., in press; Letnic & Dworjanyn, 2011)
but are also supported by studies from the northern tropics
(Corbett, 1995a) and the forests of south-eastern Australia
(Newsome et al., 1983; Robertshaw & Harden, 1985, 1986).
We address the effects of dingoes in these regions in detail
below.

In arid areas of Australia the availability of water typically
limits primary productivity (Ludwig et al., 1997), and rainfall-
driven pulses in primary productivity can have an overriding
effect on the population dynamics of vertebrates (Letnic &
Dickman, 2010). In evidence of this, populations of rodents
and kangaroos fluctuate in response to rainfall with time
lags of approximately six months to a year (Caughley et al.,
1984; Pople et al., 2000; Morgan & Pedler, 2010; Letnic &

Dickman, 2010), while predators such as dingoes, red foxes
and feral cats show numerical responses to resource pulses
with time lags of about a year (Letnic et al., 2005; Pavey
et al., 2008).

Following rainfall-driven booms in primary productivity,
the suppressive effects of dingoes on kangaroos and
mesopredators are likely to diminish due to several factors
(Fig. 8A). Firstly, dingoes typically exhibit prey-switching and
are likely to increase their consumption of irruptive prey such
as rodents, rabbits and locusts, and reduce their consumption
of large prey (Corbett & Newsome, 1987; Paltridge, 2002).
Secondly, populations of mesopredators and kangaroos are
likely to disperse from drought-refugia into the broader
landscape after rain, hence reducing their per capita risk of
encounter with dingoes. Thirdly, populations of these species
are less likely to be limited by food resources in the aftermath
of flooding rains. Competition for prey between dingoes and
sympatric mesopredators also may be reduced when prey
such as rodents and locusts are abundant (Lundie-Jenkins
et al., 1993). Indeed, Donadio & Buskirk (2006) argued that
competition for food resources may be a factor that motivates
interspecific killing in carnivores, and thus according to this
argument, the motivation for dingoes to kill competitors may
be reduced during periods of prey surfeit.

As a consequence of reduced predation and competition
with dingoes, and an increase in recruitment, the numbers
of kangaroos and mesopredators are expected to increase
in the wake of resource pulses (Corbett & Newsome, 1987;
Pople et al., 2000; Letnic et al., 2005). Following flooding
rains the beneficial effects that dingoes have on small and
medium-sized mammal species may be expected to diminish
due to an increase in mesopredator populations and impact
(Fig. 8A). In evidence of this, small mammal populations
which are typically regulated by food availability undergo
catastrophic declines in numbers coincident with an increase
in fox and feral cat populations after flooding rains (Letnic
et al., 2005; Letnic & Dickman, 2006; Pavey et al., 2008;
Letnic et al., in press). These dramatic declines have been
attributed in part to the onset of top-down population control
when mesopredators become abundant and the relaxation
of interactions between dingoes and mesopredators due to
the ready availability of food resources (Letnic et al., 2005).

In the tropics, water also limits primary productivity but
this limitation occurs seasonally as part of a wet/dry cycle
and therefore is largely predictable with a gradual drying
out of the landscape each year following monsoonal rains,
and arid-like conditions occurring towards the end of the
dry season in most years (Woinarski et al., 2007). This means
that species interactions in the tropics can be expected to be
less prone to the large extremes that are associated with the
unpredictable ‘boom and bust’ prey cycles that characterise
arid ecosystems, but rather will vary during the course of the
year due to intra-annual variability in resource availability.
The effects of dingoes on the abundances of other animal
species are predicted to be similar to those observed in the
arid zone (Fig. 8B), although in this case their effects on
prey and competitors are expected to be greatest during
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(A)

(B)

Fig. 8. Conceptual models of the dietary functional responses
of dingoes in response to climate variability and hence resource
availability in (A) arid Australia, and (B) the tropical savannas
of northern Australia. Large prey are defined as animals
weighing >10 kg. (A) The dynamics of arid systems are driven
by unpredictable rainfall events that drive pulses of primary
productivity. In these environments, the suppression of large
herbivores (e.g. kangaroos and emus) by dingoes will often
be sustained for periods of several years between rains. This
suppression may be temporarily relaxed for periods of 1–2 years
following resource pulses that are linked to irregular large rainfall
events that prompt irruptions of small prey (e.g. grasshoppers
and small mammals). Dingoes typically switch their diets to
irrupting prey. As numbers of irruptive prey decline, dingoes
switch their diets back to larger prey. (B) Tropical systems:
These systems are driven primarily by seasonal rainfall, with
abundant small prey (e.g. grasshoppers, rodents) peaking in
abundance shortly after the cessation of the wet season
(December–February), but then declining steadily in their
availability during an extended dry season (March–November)
when little to no rain falls. Resources (prey) are most depleted
at the end of the dry season (September–November). It is
during the late-dry season that we predict dingoes to have
comparatively larger effects on large herbivore prey such as
pigs and kangaroos. This is firstly because smaller/alternate
prey are less available, and secondly herbivores are forced to
drink more often (due to high temperatures) at increasingly
patchily distributed and smaller waterholes, thereby increasing
their susceptibility to attack by dingoes.

the late dry season when water and food resources become
limiting for herbivores (Freeland & Boulton, 1990; Corbett,
1995a; Ritchie et al., 2008, 2009) and presumably also for
mesopredators.

In the mesic forests of south-eastern Australia, periodic
droughts precipitate collapses in small and medium sized
prey populations and are linked to devastating wildfires
(Newsome et al. 1983). During droughts, dingoes increase
their consumption of large prey such as macropods (body size
>10 kg) and wombats (Vombatus ursinus, body size 22–39 kg)
and appear to have a greater effect on their populations
during these periods (Newsome et al., 1983; Robertshaw &
Harden, 1985, 1986). However, in these forested environ-
ments subject to year-round rainfall, limitation of moisture
during dry periods is not as extreme as in the arid zone or the
wet-dry tropics, and it is possible the effects of dingoes on the
abundance of prey are not as great because surface waters
tend not to be a focal point for activity by dingoes or prey
species. The relatively high species diversity and complexity
of vegetation in productive forested environments may also
attenuate the predatory impacts of dingoes by diffusing their
impacts across a larger number of interaction pathways and
by providing prey and competitors with shelter, respectively
(Duffy, 2003; Duffy et al., 2007).

If the effects of environmental resource pulsing and prey
switching by dingoes are generalised, we can derive a model
that predicts stronger suppressive effects by dingoes on
medium-sized mammals and stronger beneficial effects on
small species when resources are scarce compared to when
they are more abundant (Fig. 9). In this model, which is an
extension of the empirical findings presented in Fig. 7 and
the conceptual syntheses in Fig. 8, the effects of dingoes are
predicted to scale with increasing prey body size in the form
of a sine wave (Fig. 9). Our conceptual model predicts that
both the amplitude of the wave and the body size intercept
at which the effect of dingoes switches from positive to
negative, and vice versa, can be expected to vary according
to resource conditions and the distribution of prey body
sizes that is available. However, effect sizes for very small
(<0.01 kg) and very large prey animals (>100 kg) are likely
to remain negligible under all conditions; very small animals
are probably little affected by increases or decreases in the
activity of mesopredators, while very large prey are seldom
hunted or killed by dingoes.

(3) Element 3: large predators induce trophic
cascades

Trophic cascade theory predicts that removing a top predator
will have alternating positive and negative effects on lower
trophic levels and will indirectly depress plant biomass (Polis,
1999). These effects on plant biomass may stem from changes
in both the population density and behaviour of herbivores
following the cessation of interactions with the predator
(Fortin et al., 2005; Frank, 2008; Beschta & Ripple, 2009).
Lower total grazing pressure and increased grass cover and
density in the presence of dingoes are consistent with the
predictions made by trophic cascade theory. The consistent
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Fig. 9. Conceptual model of mammalian body size versus effect
size arising from the presence of dingoes under periods of low
resource availability (solid line) and high resource availability
(dashed line). Positive effect sizes indicate species whose
abundance is expected to be suppressed due to predation by
dingoes. Negative effect sizes indicate species whose abundance
is expected to increase in the presence of dingoes due to
the suppression by dingoes of red foxes, feral cats and large
herbivores. The suppressive effects of dingoes on medium-
sized mammals (1–10 kg) are moderated during periods of high
resource availability due to prey switching by dingoes to eruptive
small prey such as rodents and locusts. The beneficial effects of
dingoes on small mammal prey are diminished during periods
of high resource availability due to increased predation pressure
from foxes, cats and dingoes, owing in part to the breakdown
of competitive and predatory interactions between dingoes and
mesopredators and increases in mesopredator populations.

effects that dingoes have on the abundances of taxa at several
trophic levels suggest that they may induce community-
wide cascades (Polis, 1999; Letnic et al., 2009b; Wallach
et al., 2010).

The regulatory effects of dingoes on herbivore populations
have further implications for ecosystem function. In the
absence of dingoes, herbivore populations will irrupt due
to the absence of predation and are likely to deplete the
biomass of palatable plants, particularly during periods of
drought when forage becomes limiting (Oksanen et al., 2001).
These effects of herbivory have the potential to limit the
magnitude of rainfall-driven resource pulses by reducing the
production of seeds and consequently the abundance of seeds
available for germination (Ludwig et al., 1997). In addition,
soil erosion resulting from overgrazing can lead to the loss of
essential mineral resources and reduce the capacity of soil to
absorb and retain moisture, further limiting the capacity of
ecosystems to respond to rainfall events (Ludwig et al., 1997).

The shift in plant community structure and seed bank
characteristics associated with the irruption of herbivore
populations is likely to have repercussions for animal species.
Firstly, large herbivores can directly limit the production
of herbage and seeds (Letnic, 2004) and consequently
remove food resources that would otherwise be available
for granivores. This is likely to impose constraints on
food resources throughout all stages of the pulse-resource
cycle and could potentially dampen the responses of
granivore populations to rainfall events. Secondly, herbivores
often simplify or degrade understorey habitat structure by
defoliation and trampling (Short, 1985; Eccard, Walther

& Milton, 2000; Read, 2002; Letnic, 2004). Thus grazers
and browsers may increase the exposure of ground-dwelling
species to their predators by reducing the amount of available
cover.

(4) Synthesis and application of the model

Studies investigating the effects of dingoes suggest that this
predator has marked effects on Australian ecosystems that
accord with trophic cascade theory and the MRH. Our
conceptual model (Figs 8, 9) explicitly recognises that the
effects of dingoes on other animals scale with both body
size and rainfall-driven pulses in primary productivity. The
strong relationship between body size and the effect of
dingoes suggests that dingoes structure ecosystems through
two distinct interaction pathways: (1) predation by dingoes
reduces the abundance of herbivores weighing between 10
and 100 kg. In turn, in the absence of dingoes grazing
by abundant herbivores reduces grass cover and biomass.
(2) Dingoes reduce the abundance of invasive mesopredators
(foxes in southern Australia and cats in northern Australia)
through predation and competition. In turn, predation
by invasive mesopredators in the absence of dingoes can
suppress the abundance of smaller species. Both of these
interaction pathways appear to have profound effects on the
structure and function of arid ecosystems, and perhaps also
in other systems with more predictable climates (Visser et al.,
2009). These effects have led some authors to label the dingo
a keystone species, whose removal has far-reaching effects
on the architecture and functioning of ecosystems (Johnson
et al., 2007; Dickman, Glen & Letnic, 2009; Letnic et al.,
2009b; Wallach et al., 2010).

With increasing realisation that top predators are very
often strongly interactive, and even keystone species,
conservation biologists have expressed growing interest in
utilising their trophic and behavioural interactions with other
species as a means of managing ecological processes (Soulé
et al., 2003; Beschta & Ripple, 2009). Such ‘ecological process
management’ has been trialled following the reintroduction
of wolves into Yellowstone National Park, USA, and has been
hailed as a success due to the recovery of plant and animal
communities following the suppression of deer populations
by wolves (Beschta & Ripple, 2009). Could the keystone
effects of dingoes be used in a similar manner to achieve
biodiversity conservation goals in Australia?

The link between the presence of dingoes and ecosystem
attributes valued by conservation biologists suggests that
dingoes already benefit biodiversity conservation across the
large areas of the Australian continent where they currently
occur (Smith & Quin, 1996; Johnson et al., 2007). However,
continuation of these benefits into the future is likely to
require formal articulation and recognition of the dingo’s
ecological functions in legislation, policy and planning
documents to ensure that their trophic and behavioural
interactions with other species are maintained in the face
of political pressures to cull them (Soulé et al., 2005). Using
formal documents, land-management agencies could plan to
maintain existing dingo populations or reintroduce dingoes
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as a ‘passive’ tool to achieve explicit biodiversity conservation
goals such as mitigating the predatory impacts of red foxes, or
relieving overgrazing by kangaroos, feral pigs and feral goats.

While the presence of dingoes may afford some benefit
to animal species that are vulnerable to predation by foxes
and cats, the mass extinction of mammals from Australia’s
deserts that has occurred in the last 100 years (McKenzie
et al., 2007), despite the presence of dingoes, and the apparent
failure of dingoes to regulate populations of large feral
livestock, make it clear that dingoes are not a ‘silver bullet’
for biodiversity conservation. Dingo predation frequently
has adverse impacts on livestock producers and may
impact also on some native animal species of conservation
concern, particularly if the killing of breeding females by
dingoes significantly reduces the reproductive capacity of
the population concerned (Fisher, Hoyle & Blomberg, 2000;
Whiting et al., 2007; Claridge et al., 2010). These potentially
adverse impacts of dingoes make their reintroduction and
even the maintenance of existing populations a complex
issue that encompasses economic, social and ecological
considerations.

V. DINGO INTERACTIONS: FROM
CONCEPTUAL MODEL TO A PRACTICAL
CONSERVATION TOOL

Questions that must be considered before the ecological
interactions of dingoes can be incorporated formally into
biodiversity conservation programs are many, and include:
(1) will dingoes have adverse effects on native species, and
how will they affect exotic species (Fisher et al., 2000); (2)
at what population density will dingoes become ecologically
effective (Soule et al., 2003; Letnic et al., 2011b); (3) do artificial
waters facilitate the trophic effects of dingoes (Wallach &
O’Neil, 2009a); (4) what effects will dingoes have on livestock
producers and can these effects be mitigated (Dickman
et al., 2009; Van Bommel, 2010); and (5) what effect does
hybridisation with domestic dogs have on the ecological role
of dingoes in ecosystems? If dingoes cannot be integrated
effectively into programs of biodiversity conservation, it is of
interest, finally, to ask if their beneficial ecological effects can
be simulated in the absence of the species itself.

(1) Native species adversely affected by dingoes

Our body-size model of dingo-wildlife interactions explicitly
recognises that dingoes are likely to suppress populations of
animals weighing more than 7 kg through direct predation
or competition and may have context-dependent effects on
species weighing between 1 and 7 kg. Dingoes certainly
prey on threatened native species weighing less than 7 kg
(Lundie-Jenkins et al., 1993; Claridge et al., 2010; Letnic &
Dworjanyn, 2011) and thus may well have detrimental effects
on their populations. Nonetheless, the fact that dingoes
have coexisted with extant Australian animals for at least
3500 years suggests that dingo predation alone is unlikely

to pose a major threat to any extant species. However,
it is conceivable that dingo predation may interact with
other processes and could compound the threat posed
to species that are subject to additional threats such as
habitat modification and interactions with invasive species
(Fisher et al., 2000; Whiting et al., 2007). In the case of some
critically endangered species, such as the northern hairy-
nosed wombat Lasiorhinus latifrons or bridled nailtail wallaby
Onychogalea fraenata, predators including dingoes may need to
be excluded or culled to maximise the conservation potential
of threatened populations (McCallum, Timmers & Hoyle,
1995; Fisher et al., 2000).

(2) Functionally effective dingo populations

It is likely that the interactions of top-order predators only
become ecologically effective above a certain threshold
population density (Soulé et al., 2003; White & Garrott,
2005). However, if the fear of top predators by mesopredators
is a strong motivator of changes to their activity and
behaviour, perhaps even quite small numbers of top
predators may precipitate significant ecosystem-level effects
(Ritchie & Johnson, 2009). The effects of predators on their
prey/competitors will to a degree be determined by the
frequency of their encounters with a predator (Dickman,
1991). For example, if dingoes reduce the predatory impacts
of red foxes, presumably there is a threshold population
density of dingoes above which dingoes exert strong impacts
on fox populations with positive flow-on effects for fox
prey. Such threshold relationships are likely to be non-
linear and location-specific (Soulé et al., 2003). Determining
these thresholds will be a critical issue for conservation
managers aiming to maintain or restore ecosystems with
effective densities of top-order predators.

The suppressive effects of dingoes on foxes and possibly
cats in tropical northern regions have important implications
for the operation of wildlife conservation programs in
Australia (Newsome, 1990; Letnic et al., 2011b; Kennedy
et al., 2011). To protect threatened native mammals and
ground-nesting birds, conservation agencies frequently aim
to control fox and sometimes dingo populations by
distributing meat baits impregnated with poison from aircraft
or along vehicular tracks (Fleming et al., 2001; Burrows et al.,
2003; Saunders, Gentle & Dickman, 2010). Dingoes consume
these baits and are frequently killed. If we are correct in
contending that dingoes can have positive effects on small
and medium-sized native mammals and other vertebrate
species via mesopredator suppression, poisoning programs
that kill dingoes may actually be detrimental for biodiversity
conservation if they do not effectively suppress mesopredator
populations.

A poignant example of counter-productive predator
control was provided by Lundie-Jenkins et al. (1993) who
witnessed the extinction of a population of the critically
endangered mala (Lagorchestes hirsutus: body mass 1–3 kg)
following an increase in cat activity and the invasion of a
single fox into their study area. The invasion of the fox and an
increase in cat activity coincided with a poisoning program
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directed at dingoes. The authors suspected that suppression
of dingoes facilitated an increase in the activity and impacts
of mesopredators and indirectly led to the extinction of the
mala population.

(3) The effects of dingoes on livestock production

Winning the support of local communities and industries
that are affected adversely by large carnivores must be a
major consideration for biodiversity conservation programs
that aim to maintain or restore their populations (Treves
& Karanth, 2003; Bradley et al., 2005; Gusset et al., 2008).
In the case of the dingo, there is widespread opposition to
the predator’s existence across much of Australia due to
predation on livestock or its perceived threat to livestock
(Dickman & Lunney, 2001a; Allen & Fleming, 2004; Coman
& Evans, 2007). The widespread antagonism towards top
predators and the existence of formal control programs can
pose a major obstacle for wildlife agencies responsible for
their conservation (Dickman & Lunney, 2001a), let alone
management at ecologically functional densities. Indeed, it
is likely that the threshold population density required for
top-order predators to have an ecologically effective role
in ecosystems will be above the threshold density at which
predators have or are perceived to have an adverse impact
on livestock production or pose a direct threat to people
(Treves & Karanth, 2003; Bradley et al., 2005).

Programs that incorporate the ecological functions of din-
goes could be implemented most readily in areas that have
been set aside already as conservation reserves and, pend-
ing their success in biodiversity conservation and livestock
production terms, extended subsequently to the broader
landscape. Due to conflicts with livestock producers (Fleming
et al., 2001; Allen & Fleming, 2004), such expanded pro-
grams clearly would have to be balanced with the needs
of agriculture and would require the implementation of
diverse strategies to minimise the impacts of dingoes on live-
stock. Such strategies would need to be tailored for different
areas, but could include dingo-proof fencing around dingo-
conservation areas, compensation or insurance schemes for
the loss of livestock, livestock-aversion training for din-
goes, buffer zones, and the use of shepherds or shepherd
dogs (Wagner, Schmidt & Conover, 1997; Andelt et al.,
1999; O’Neill, 2002; Dickman et al., 2009). In recent work,
Marucco & McIntire (2010) identified a promising fur-
ther avenue to reduce carnivore-livestock conflict. These
authors successfully constructed models to explain the spatio-
temporal distribution of wolves moving through the Italian
Alps. By projecting movements into the future, these authors
were then able to predict areas where depredation on live-
stock was likely to be most intense, hence allowing tailored
local and regional management plans to be developed. Any
strategy that aims to maintain or reintroduce dingo popu-
lations would inevitably incur costs for livestock producers
and land management agencies. Budgeting for these costs
must be an essential component of any plan to restore the
ecological function of dingoes.

While much of the discussion of the economic impacts
of dingoes has focused on the costs of dingo predation on
livestock, dingoes could potentially provide indirect benefits
for some livestock producers by reducing the abundance and
hence impact of wild herbivores on pastures. At present, large
numbers of kangaroos are harvested primarily in the absence
of dingoes, in large part to reduce competition for forage
between kangaroos and livestock (McLeod et al., 2004).
Given the strong effects that dingoes have on populations of
kangaroos and feral goats, it is probable that dingoes help to
relieve total grazing pressure and thus contribute positively to
pasture and soil management strategies (Letnic et al., 2009b;
Wallach et al., 2010). Ecological studies coupled with cost-
benefit analyses are required to evaluate the economic effects
of dingoes, particularly with regard to the offset between
livestock losses and pasture gains.

(4) Hybridisation

Hybridisation between domestic dogs and dingoes is a key
problem influencing the management of dingoes in Australia
(Daniels & Corbett, 2003; Claridge & Hunt, 2008); it also
affects the management of other Canis spp. elsewhere (e.g.
Wayne & Jenks, 1991). In some parts of south-eastern
Australia wild canids consist mainly of dingo-feral dog
hybrids, and ‘pure-bred’ dingoes are rare (Elledge et al.,
2006). The existence of hybrids poses a major challenge
for conservation agencies charged with the responsibility of
conserving native species and biodiversity more generally.
Under some legislation the dingo is classified as, or is eligible
for classification as, a protected native species (Dickman &
Lunney, 2001b). Thus in some jurisdictions there are moves
to identify and conserve pure dingo populations, and manage
the genetics of dingo populations by removing dingo-feral
dog hybrids if they can be identified (Elledge et al., 2006).
However, confusion exists over how to disciminate dingoes
and their hybrids because there is no holotype specimen
against which the identities of putative hybrid and pure din-
goes can be assessed (ABRS, 2009). The lack of an adequate
species description hampers efforts to identify and conserve
populations of dingoes and prevents development of clear
policies for their management.

Another complexity posed by the existence of hybrids is
that dingoes/wild dogs appear to have positive effects on the
conservation of native mammals (Johnson et al., 2007; Letnic
et al., 2009a; Glen, 2010; Wallach et al., 2010). Here lies a
quandary for wildlife managers. How should they prioritise
their management of dingoes? Should they strive to conserve
pure dingoes or maintain the ecological function of the dingo
even if the animals are not pure-bred? There is emerging
evidence that the richness of predators, including genotypes,
can have broader cascading effects within ecological systems
than those of single predator species (Duffy et al., 2007; Bruno
& Cardinale, 2008), so it is possible that mixed populations
of hybrid and pure-bred animals have particularly strong
impacts. Evidence of this for dingoes/wild dogs is presently
lacking. However, because dingoes as top-order predators
provide a clear conservation benefit for Australian fauna and
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flora, we argue that the primary focus of dingo management
should be to maintain their ecological function while at the
same time reduce their impact on agricultural producers.
In our opinion, maintaining the genetic integrity of dingo
populations should be a secondary priority to be pursued
more fully once dingo populations become ecologically
effective. However, we are sure that others may not agree
with this viewpoint.

Clarification of these issues will require research to
determine if dingoes, dingo/dog hybrids and feral dogs fulfill
similar or different ecological functions. Further research is
also required to clarify the taxonomic identity of the dingo,
paying particular attention to the relationships between
modern dingoes and specimens obtained from pre-historic
and 19th Century sources when presumably hybridisation
with domestic dogs was less prevalent than it is today.

(5) The role of artificial water

Understanding how biotic and abiotic factors influence the
strength of interactions among species is a key knowledge gap
in population and community ecology (e.g. Noy-Meir, 1973;
Oksanen & Oksanen, 2000; Morton et al., 2011). Water is a
limiting resource for primary productivity and many animal
species, particularly in desert and seasonally dry tropical
environments, and its presence can influence the strength
of interspecific interactions (Noy-Meir, 1973; Huxman et al.,
2004; Woinarski, et al., 2007; Fensham & Fairfax, 2008).
Many animals require drinking water while others will drink
water if it is available (Florance et al., 2011). In the pastoral
regions of arid and tropical Australia, artificial sources of
water have been developed to provide drinking water for
livestock (James, Landsberg & Morton, 1999), and many
remain in conservation reserves that were used previously
for livestock grazing.

Although dingoes can live in waterless areas where they
presumably meet all their water requirements from their
prey, they frequently drink, particularly during the hot
summer months and droughts when prey are scarce, and
focus their activities around water sources (Green & Catling,
1977; Corbett, 1995b). If water becomes a limiting resource
for dingoes during periods of hot, dry weather or prey
shortage such that dingoes need to drink, the provision of
artificial waters is likely to represent a significant resource
subsidy and may allow dingo populations to occupy areas
that they would otherwise not be able to inhabit if
water was absent (Corbett, 1995b). Hence, the presence of
artificial water could amplify the strength of interactions
they have with other species and extend their role in
structuring communities (Wallach & O’Neill, 2009b;Brawata
& Neeman, 2011). The role that surface water has in
facilitating dingo populations and the interactions of this
predator with other species is poorly undertsood; however,
there is some field evidence which suggests that foxes and cats
avoid artificial water sources that are frequented by dingoes
(Brawata & Neeman, in press). Similarly, broadscale surveys
have found that dingoes are relatively rare in waterless desert
areas while foxes are relatively common suggesting that foxes

may be released from suppression by dingoes in waterless
areas (Southgate et al., 2007b). Thus decisions to establish,
maintain or remove artificial waters may be crucial for
managers of arid conservation reserves. Research is required
to understand the role that artificial waters may play in
facilitating the trophic and other effects of dingoes.

(6) Simulation of the effects of dingoes

Due to conflict with livestock producers it is unlikely that
dingo populations will be re-established or even maintained
in all areas of the continent, particularly in the heart of sheep-
grazing areas. However, it is in these areas where dingoes
have been exterminated that the populations and impacts
of red foxes and wild herbivores are greatest (Thompson,
1983; Smith & Quin, 1996; Johnson et al., 2007; Dickman
et al., 2009).

Given the extent of species losses in areas where dingoes
have been exterminated and the deep-rooted threats to
the remaining biodiversity in these areas (Smith & Quin,
1996; Johnson et al., 2007), an ecological triage approach
to conservation may be to consign deeply degraded areas
to the ‘‘biodiversity scrapheap’’ and reallocate resources
to areas where conservation goals are more likely to be
attained. However, an alternative approach to achieving
biodiversity conservation goals using our model of dingo
interactions and knowledge of dingo behaviour would be to
simulate the effects of dingoes. Such a strategy could entail
culling of red foxes and herbivores, with herbivore culling
focused specifically on limiting the reproductive potential
of herbivore populations through removal of juveniles and
females. Carcasses would have to be removed to prevent
the influx of facultative scavengers and thus reduce their
predatory impact on secondary species via hyper-predation
(Sinclair et al., 1998). In areas with critically endangered
populations of animals threatened by foxes, trained guard
dogs could be deployed in much the same way as shepherd
dogs, to alleviate the impacts of fox predation through
interference and direct killing.

VI. CONCLUSIONS

(1) Dingoes have pervasive effects on ecological com-
munities in Australia, especially in the arid regions of the
continent. In general, animal species weighing more than
100 kg appear to be unaffected by dingoes, species weigh-
ing 7–100 kg decline in the presence of dingoes, species
weighing 1–7 kg show context-dependent responses to din-
goes, and species weighing less than 1 kg typically benefit
from the presence of dingoes. There is evidence that dingoes
induce trophic cascades and influence plant communities by
regulating herbivore populations.

(2) The effectiveness of dingoes as ecosystem architects
appears to depend on the energy state of ecosystems. Follow-
ing rainfall-driven resource pulses when rates of plant growth
and biomass are high, there is likely to be a surfeit of resources
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for dingoes and other animal consumers. We predict that the
effect of dingoes on ecosystems will diminish during these
periods. Conversely, during dry conditions we expect that
the effects of dingoes on ecosystems will be magnified due to
reduced availability of food resources and increased reliance
on large prey such as macropods as food and intensifica-
tion of competitive and/or predatory relationships between
dingoes and mesopredators.

(3) The ecological interactions of dingoes have the poten-
tial to be utilised as a tool to manage ecological processes.
In particular, dingoes could be used in programs aimed at
reducing the predatory impacts of foxes and of herbivores
weighing 7–100 kg.

(4) Harnessing the positive ecological effects of dingoes
while at the same time minimising their impacts on agricul-
ture will present a major socio-political challenge. Further
research on the taxonomy and ecological function of dingoes
and wild dogs will help to resolve such contentious issues.
Research into dingo-management strategies that allow for
the preservation of dingoes and protection of livestock is
urgently required.
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