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Summary
1. Management of apex predators is among the most controversial wildlife management
issues globally. In Australia, some ecologists have advocated using the dingo, Canis dingo,
as a tool for conservation management, due to evidence that they suppress invasive
mesopredators.
2. Hayward & Marlow (Journal of Applied Ecology, 51, 2014 and 835) questioned the capacity of dingoes to provide benefits to native biodiversity due to their inability to eradicate foxes
and cats. They also argued that indices of abundance commonly used in studies of mesopredator release by dingoes (namely, track-based indices) invalidate the conclusions of the studies. Hayward & Marlow caution conservation practitioners against incorporating dingoes into
conservation programmes.
3. Counter to their claims, we summarise research showing that the suppression of invasive
mesopredators (cf. eradication) can enhance populations of native species and is therefore a
meaningful conservation objective. We highlight literature supporting the hypothesis that
dingoes suppress mesopredator abundance and activity, which in turn benefits native
biodiversity.
4. We show that Hayward & Marlow overlook many studies of carnivores that show track
indices capture a large amount of the variation in the density of medium- and large-sized carnivores.
5. Synthesis and applications. Practitioners cannot afford to wait to act given the perilous
state of Australia’s mammal species, and we argue that the evidence is sufficiently strong to
justify managing dingoes for biodiversity conservation.
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Introduction
The importance of apex predators for biodiversity conservation has become increasingly apparent over the last
few decades (Ritchie & Johnson 2009). Apart from Homo
sapiens, Australia has only one remaining terrestrial apex
predator: the dingo Canis dingo. There is mounting evidence that dingoes can have positive effects on small-
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and medium-sized native Australian mammals (<55 kg)
through reducing predation by suppressing mesopredators (red fox Vulpes vulpes and feral cat Felis catus)
(reviewed in Letnic, Ritchie & Dickman 2012). These
findings have led ecologists and conservation managers
to advocate the cessation of lethal control of dingoes for
biodiversity conservation (Ritchie et al. 2012; Colman
et al. 2014). However, dingoes also impart economic and
social costs through the predation of domestic livestock
(Fleming & Korn 1989), and some researchers have questioned their benefits for biodiversity (Allen et al. 2013;
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Hayward & Marlow 2014). Consequently, as for many
other apex predators around the world, dingo management in Australia is highly contentious (Letnic, Ritchie
& Dickman 2012).
Hayward & Marlow (2014) dismiss the putative benefits
of dingoes for native biodiversity, particularly mediumand small-sized mammals, due to their inability to eradicate (as opposed to suppress) invasive mesopredators.
They then question the ability of practitioners and
researchers to evaluate the benefits of using dingoes, due
to limitations with common monitoring methods (namely,
track surveys). Here, we respond to both conceptual and
methodological issues raised by Hayward & Marlow
(2014). Our intention is to provide evidence for an alternative perspective – (i) that suppression of mesopredators
is a worthwhile conservation objective, (ii) that dingoes
can help achieve this objective and (iii) that track indices
can still play an important role in assessing whether this
objective is being met.

principally, predation by dingoes of native species (Allen
& Fleming 2012). When considering the suppression of
mesopredators in the context of ceasing active dingo control (or reintroducing dingoes into their former ranges),
the aim should be for a net benefit. The hypothesis to test
is that a reduction in mesopredator predation on native
mammals (due to suppression of dingo density) is sufficient at least to offset any direct predation by dingoes,
resulting in higher abundances of native species in the
presence of dingoes. Studies conducted in different
regions, using a variety of sampling techniques (i.e. live
trapping, spotlighting, in addition to track indices), have
repeatedly demonstrated that many native species are
more common where dingoes are present or abundant
compared to where they are absent or rare (Letnic et al.
2009; Wallach et al. 2010; Letnic & Dworjanyn 2011;
Colman et al. 2014).
OVERLOOKED BENEFITS: DINGOES ALSO LIMIT LARGE
HERBIVORE ABUNDANCE

Conceptual issues
SUPPRESSING MESOPREDATORS BENEFITS NATIVE
BIODIVERSITY

Critical weight-range mammals are those species between
35 g and 55 kg that are thought to be most negatively
affected by Australia’s invasive mesopredators – red foxes
and feral cats (Burbidge & McKenzie 1989). Hayward &
Marlow (2014) argue that because dingoes cannot eradicate foxes and cats, their benefits to critical weight-range
mammals are limited. By contrast, there are clear examples where fox suppression (cf. eradication) has led to
increases in the abundance, survival and activity of critical weight-range mammals. For example, Dexter &
Murray (2009) showed that the total abundance of all
mammals, including the critical weight-range southern
brown bandicoot Isoodon obesulus and long-nosed potoroo Potorous tridactylus, was higher in areas where foxes
had been suppressed (but not eradicated). Likewise,
Claridge et al. (2010) showed that the activity of southern
brown bandicoots increased following suppression of
foxes, and Kovacs et al. (2012) showed that the survival
of the bushrat Rattus fuscipes was twice as high when fox
activity was low. Robley et al. (2014) showed that largescale and long-term fox suppression increased occupancy
rates of common brushtail possums Trichosurus vulpecula,
long-nosed potoroos and southern brown bandicoots.
Hayward & Marlow (2014) themselves acknowledge the
positive effects of dingoes on hopping mice Notomys spp.,
a genus that has lost four of its 10 species since European
colonization (Van Dyck & Strahan 2008).
These studies indicate that mesopredator suppression
can cause substantial, and positive, changes to the abundance of native mammal species. There are additional
considerations when using dingoes rather than lethal control (e.g. 1080 poison baiting) to suppress mesopredators:

Hayward & Marlow (2014) focus solely on the effects of
dingoes on mesopredators, overlooking the well-studied
effects of dingoes on large, native herbivores (Caughley
et al. 1980; Pople et al. 2000; Choquenot & Forsyth 2013;
Letnic & Crowther 2013). Recent theoretical (Choquenot
& Forsyth 2013) and empirical (Letnic & Crowther 2013)
studies have shown that dingoes place an upper limit on
the abundance of kangaroos. Over-abundant herbivore
populations have resulted in the decline of many native
animal species globally, primarily by reducing vegetation
biomass and simplifying the structure of plant communities (Foster, Barton & Lindenmayer 2014).

Methodological issues
TRACK INDICES OF CARNIVORES OFTEN PERFORM
WELL

Hayward & Marlow (2014) draw on examples of two
rodent species, an insect and one carnivore to support
their claim that track indices do not closely reflect true
abundances of carnivores. We agree that validating track
indices for carnivores is important (as is validating population estimates), and there remains a need for this in the
context of mesopredator release due to dingo control.
However, in contrast to the examples cited by Hayward &
Marlow, there are many validated counter-examples
showing that tracks provide a good index of variation in
the absolute abundance of carnivores. For example, Funston et al. (2010) found that tracks on trails explained
96% of the variance in the true density of large carnivores
(lions Panthera leo, leopards Panthera pardus, cheetahs
Acinonyx jubatus and spotted hyaenas Crocuta crocuta).
Stander (1998) found that spoor density was strongly and
linearly related to known densities of leopards P. pardus
(R2 = 098), as well as combined densities of lions P. leo
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and wild dogs Lycaon pictus (R2 = 098). Similarly,
Houser, Somers & Boast (2009) found that spoor density
was positively and linearly correlated (97% of variance
explained) with known densities of cheetahs A. jubatus,
and Jhala, Qureshi & Gopal (2011) found that pugmarks
(paw prints) explained 84% of the variation in the density
of tigers Panthera tigris.
Hayward & Marlow (2014) also raise concerns that
track indices vary considerably over days or seasons.
Many studies of mesopredator release have reduced this
variability by using reporting rates (e.g. number of detections/total number of surveys – Letnic et al. 2009, 2011;
Colman et al. 2014) instead of continuous indices that
sum incursion events over the sampling period (i.e. counting multiple incursions within a single night).
ESTIMATION OR INDEXATION IS A QUESTION OF
CONTEXT AND FEASIBILITY

Hayward & Marlow (2014) advocate other measures of
abundance or occurrence when quantifying dingo–mesopredator interactions, such as those derived from distance
sampling, mark–recapture and occupancy modelling. We
agree that in most cases, population estimates are preferable to indices of abundance. However, the decision to estimate or index true abundance is often driven by
feasibility. We question how feasible the methods proposed by Hayward & Marlow (2014) are in the context of
studying the trophic role of dingoes.
For example, there is doubt regarding the cost-effectiveness of distance sampling for estimating the density of
cryptic and typically low-abundance carnivore populations across large, remote regions. Edwards et al. (2000)
encountered densities as low as 07 cats 100 km 1 using
spotlighting transects in Australia’s semi-arid rangelands.
Distance sampling requires a recommended minimum of
60 observations to estimate a robust detection function
(Buckland et al. 2001). Thus, to meet this requirement
would require >8500 km of transects. By contrast, the
minimum number of cats recorded km 1 for track surveys
were 5–55 times higher (Edwards et al. 2000). Similar
results were obtained for dingo monitoring, with the maximum number of dingoes recorded km 1 being 10–125
times greater for track surveys than spotlighting, and
spotlight surveys failed to detect animals in areas that
were known to be occupied from track surveys (Edwards
et al. 2000).
Other simple and inexpensive survey methods, such as
scat counts, can also outperform more costly measures
when surveying carnivores. For example, in the northeastern USA, scat surveys out-performed camera traps for
detecting occupancy by coyotes Canis latrans, as camera
traps frequently (i.e. in 57% of cases) failed to record
coyotes where scat surveys confirmed their presence
(Gompper et al. 2006; Kays, Gompper & Ray 2008).
Gompper et al. (2006) found scat counts could be used to
census coyote abundance, because the number of scats
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was strongly related to the number of individuals at a site
(R2 = 093). Similarly, Jhala, Qureshi & Gopal (2011)
found that a simple model combining tracks and scats of
tigers that explained 94% of variance in tiger densities
could be built at 7% of the cost of population estimates
derived from camera-trap mark–recapture methods. These
simple, inexpensive measures will continue to be an integral tool for practitioners monitoring the trophic outcomes of predator-management interventions on tightly
constrained budgets.
Hayward & Marlow (2014) also promote occupancy
modelling to study mesopredator interactions. However,
many studies of dingo–mesopredator interactions show
that dingoes and mesopredators often co-occur; it is the
upper limit of abundance indices where the effects of dingoes on mesopredators are commonly observed (Johnson
& VanDerWal 2009; Letnic et al. 2011; Brook, Johnson &
Ritchie 2012). Thus, while occupancy modelling can
answer some questions about mesopredator release (e.g.
changes in site occupancy following predator manipulation), the method would overlook important relationships
that require data beyond occupancy. We would be concerned if researchers changed their ecological questions
merely to satisfy the requirements of their preferred statistical models (Banks-Leite et al. 2014).
WHAT ARE RELATIVE ABUNDANCE INDICES REALLY
MEASURING?

One argument against the use of indices is the uncertainty
associated with what is really being measured: abundance,
activity or some mix of both. In the context of the biodiversity benefits arising from dingoes suppressing mesopredators, this question is not as important as it might first
appear. We have provided case studies showing that track
indices closely reflect known abundances of medium- and
large-sized carnivores. However, it does not matter if dingoes suppress mesopredator abundance or activity; what
matters is that a reduction in the signs of mesopredators
(e.g. tracks) corresponds with an increase in native prey
species’ abundance.
There are plausible scenarios of how a reduction in
either the abundance or activity of invasive mesopredators
could affect native species as both can reduce predation
pressure (Ritchie & Johnson 2009). Even the mere presence of apex predators can alter the behaviour of lowerorder predators or other prey by creating ‘landscapes of
fear’ (Laundre, Hern
andez & Altendorf 2001): areas in
the landscape that mesopredators avoid in the presence of
apex predators (Sergio et al. 2007). Such changes in perceived risk can reduce predation pressure on prey species
(Ioannou, Payne & Krause 2008). There is strong evidence
that dingoes alter the behaviour of both cats (Brook,
Johnson & Ritchie 2012; Wang & Fisher 2012) and foxes
(Forsyth et al. 2014), and in doing so, dingoes can create
conditions favourable for native biodiversity without having a direct effect on mesopredator abundance. So long as
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the outcome of dingo management is to increase those
phenomena that practitioners value (in this case, the
abundance of native prey species), then the question of
the mechanism (abundance, activity, or both) underlying
that response is largely irrelevant. We are reassured by
many studies that have confirmed increased trapping success or sightings of native prey species in the presence of
dingoes (Letnic et al. 2009; Letnic & Koch 2010; Letnic &
Dworjanyn 2011; Colman et al. 2014).
ARE TRAIL-BASED SURVEYS PREDICTABLY BIASED?

Hayward & Marlow (2014) contend that it is ‘almost
ubiquitous’ that when apex and mesopredators co-occur,
trails are used primarily by apex predators, whereas
sympatric mesopredators largely avoid them. In the
absence of apex predators, they argue, mesopredators
will make greater use of trails. If this were true, then
changes in mesopredator track densities on trails in
dingo-free areas could simply reflect their greater use of
trails and would therefore be an artefact of sampling
rather than a meaningful change in the abundance or
activity of mesopredators. While we ultimately agree
that sampling on and off trails is preferable to avoid
sampling bias, the type of bias outlined by Hayward &
Marlow (2014) is far from ubiquitous. Brook (2013)
found no evidence of an interaction between road use
and effective dingo control on cats throughout northern
Australia. Read & Eldridge (2010) found that foxes
tended to follow roads for longer distances in the presence of dingoes, speculating that foxes might follow dingoes along roads to reduce the likelihood of ambush or
to locate carrion left behind by them. Similarly, Mahon,
Bates & Dickman (1998) found that both dingoes and
foxes selected roads for travel in sympatry. It is therefore inaccurate to claim that that mesopredators ubiquitously use trails more in the absence of apex predators,
and, therefore, it is incorrect to claim that the conclusions of mesopredator-release studies are an artefact of
their sampling methods.
Finally, it is wrong to imply that all studies of mesopredator release from dingoes rely solely on trail surveys.
Such studies have employed other measures – including
on- and off-trail camera traps, driven spotlight transects,
on- and off-trail track surveys, and off-trail transects –
and have arrived at similar conclusions to those studies
that use trail-based track surveys: that is, that dingoes
alter the activity or abundance of mesopredators (Wallach
et al. 2010; Brawata & Neeman 2011; Letnic et al. 2011;
Brook, Johnson & Ritchie 2012; Wang & Fisher 2012;
Forsyth et al. 2014).
PRACTITIONERS MUST ACT (AND MONITOR)

Practitioners seldom act with perfect knowledge of the
community or ecosystem they are managing (Kinnear,
Summer & Onus 2002). Unfortunately, the time and

resources required to plan and implement randomized and
replicated management-scale experiments together with the
most cutting-edge approaches for estimating populations
are rarely available in these situations (Parkes et al. 2006).
While such types of studies should remain the ultimate
goal of researchers and practitioners, in the absence of
these studies, practitioners must act based on available
information to prevent further decline of Australia’s biodiversity. In our evidence-based opinion – supported by
research done using different experimental designs, sampling protocols, and analytical techniques, and across different ecosystems – there is strong support for the use of
dingoes as a management tool to enhance the conservation
of native animals.
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