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Many Australian ecosystems have been invaded 
by non-native species (Stow et al. 2014), result-
ing in a decline of native biodiversity or eco-
nomic loss (Sakai et al. 2001). The introduction 
of meso-predator populations has led to a rapid 
decline in native Australian species (Kennedy 
et al. 2012). These are mid-trophic level preda-
tors that generally consume small prey (Ken-
nedy et al. 2012). Red Foxes Vulpes vulpes and 
feral Cats Felis catus are widely distributed and 
are estimated to be associated with 22 native 
mammal extinctions on mainland Australia 
(Kennedy et al. 2012). Additionally, ungulates 
are known to have significant impacts on Aus-
tralian native vegetation (Stow et al. 2014) since 
their arrival from around 1840 (Freeland 1990). 
Sambar Deer Rusa unicolor have expanded into 
the alpine region following the 2003 fires (Wil-
liams et al. 2014).
 On the Australian mainland, the dingo Canis 
dingo is the predator at the highest trophic level 
(Smith et al. 2019). The origin of dingoes within 
Australia remains debated; however, Cairns and 
Wilton (2016) suggest that dingoes arrived in 
Australia more than 8 000 years ago. Follow-
ing early extermination across most of Victoria,  
extant populations of dingoes persist in the 
Lowan Mallee, far east Gippsland and the  
alpine region (Menkhorst 1995). The dingo, 
ngooran in the language of traditional owners 
of Gippsland and parts of the alpine region, was 
a totemic species (Mansergh and Hercus 1981). 

Understanding the role of dingoes is controver-
sial; as with many apex predators, pastoralists 
have regarded dingoes as a pest since colonial 
times (Smith et al. 2019). For this reason, all re-
search until recently was directed to lethal con-
trol and eradication of dingoes and Dingo-dog 
Canis familiaris hybrids. However, the dingo as 
an apex predator is likely to play an essential role 
in the health of Australian ecosystems through 
maintaining suppressed levels of herbivores and 
invasive meso-predators (Kennedy et al. 2012; 
Corbett and Newsome 1987). There is little lit-
erature regarding the ecological role of dingoes 
in Victoria.  However, in other parts of Australia 
research indicates that dingoes reduce feral Cat 
impacts and Red Fox numbers (Kennedy et 
al. 2012). Additionally, Corbett and Newsome 
(1987) gave an overview of the diet of dingoes 
in arid locations and found that overabundant 
herbivores, including European rabbits Oryc-
tolagus cuniculus and kangaroos Macropus 
spp., constitute the largest portion of their diet.  
Although dingoes are unlikely to commonly 
hunt deer directly, as scat studies show deer 
make up a very small percentage of dingo diet in  
Victoria (Forsyth et al. 2018), it is unclear 
whether predator avoidance behavioural chang-
es in deer could result in dingo avoidance.
 Throughout the Australian Alps, unique, 
alpine-adapted species are threatened by weed 
invasion, predation and grazing by invasive 
flora and fauna (Johnston and Pickering 2001; 
McDougall et al. 2005; McDougall and Broome 
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Abstract
In the alpine regions of south-eastern Australia, Dingo Canis dingo populations remain extant, yet little is 
known about their population dynamics and activity. There is potential for the presence of dingoes to influence 
the activity of introduced species that persist across the region, such as feral Cats Felis catus. This study aimed 
to report on dingo activity patterns and the spatial and temporal distributions of other fauna with the use of 
trail cameras. The results suggest that dingoes have a different temporal daily distribution in comparison to 
introduced species including Red Foxes, feral Cats and deer, with an activity peak at dawn and dusk. Whilst 
there was spatial overlap of Dingoes with Red Foxes Vulpes vulpes and Sambar Deer Rusa unicolor, there were 
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2007; Dawson and Hone 2012; Davis et al. 
2016). The Mountain Pygmy Possum Burramys 
parvus, for example, is a small endemic marsu-
pial, weighing less than 50 g, that is restricted to 
high altitudes and at risk due to anthropogenic 
factors and predation by introduced meso-
predators (Mitrovski et al. 2007; Shi et al. 2015). 
Control measures are used across many Victo-
rian sites in an attempt to reduce the threat of 
Red Foxes and feral Cats (Parks Victoria 2019). 
Letnic et al. (2012) noted that, in other Austral-
ian locations, the presence of dingoes typically 
benefits species that weigh less than 1 kg. 
 Limiting the spread of, or removing, invasive 
species, in alpine environments is a difficult 
task, with the currently available control pro-
cesses unable to assure eradication (Notman 
1989; Bubela et al. 1998). Deer populations 
(family Cervidae) are known to be destructive 
to native vegetation and soils (Côté et al. 2004) 
and are increasing in Australia despite ongoing 
attempts to decrease their abundance through 
hunting and aerial shooting (Moriarty 2004; 
Parks Victoria 2018). Moreover, reducing the 
abundance or spread of feral predators through 
methods such as trapping and shooting vary 
in success between time of year, location and 
other variables, but are nevertheless unable to 
ensure eradication (Bubela et al. 1998; Short et 
al. 2002). Likewise, poison baiting is costly, and 
potentially detrimental to native biota through 
direct consumption by non-target species, and 
indirect processes such as carrion degradation 
in waterways (Notman 1989; Thompson and 
Fleming 1991; Bubela et al. 1998). 
 In order to develop effective conservation 
management plans, other approaches could 
be utilised. Landmark research on the re-in-
troduction of the Grey Wolf (Canis lupus) to 
Yellowstone National Park (Fortin et al. 2005) 
highlighted the importance of apex predators 
in ecosystem and vegetation health, meso-
predator release and ecological cascades. Fortin 
et al. (2005) demonstrated the immense effect 
of keystone species, such as apex predators, on 
ecosystem health and composition. This is not 
only through directly altering prey and meso-
predator abundance and behaviour, but also 
indirectly influencing vegetation composition 
through altered grazing pressures. 

The Mount Hotham Alpine Resort (MHAR) 
in Victoria, and surrounding national parks  
participate in conservation management 
methods to control invasive species including 
deer, Red Foxes and feral Cats (Parks Victoria 
2018, 2019). It is known that dingoes are pre-
sent throughout this region (Fig. 8f, Mansergh 
2016), but their distribution, abundance and 
role remain poorly documented. The cur-
rent methods used to control meso-predators 
within the area include baiting, which dingoes 
are sensitive to and likely to consume (McIlroy 
1981; Parks Victoria 2019). It is plausible that 
the health of the ecosystem could be improved 
with increased protection of dingoes as this 
could allow them to carry out their role as an 
apex predator (Johnson and VanDerWal 2009; 
Smith et al. 2019). 
 The use of trail cameras to monitor faunal 
presence and distribution has become increas-
ingly common as technology improves and 
costs reduce (Meek et al. 2014). Camera trap 
data can be useful for the detection of animal 
presence with minimal human interference 
(Caravaggi et al. 2017). Using trail cameras can 
also lead to discovering how some faunal spe-
cies may influence others (Lazenby et al. 2015). 
This could give insight into which species 
should be prioritised for protection or eradica-
tion and guide other wildlife management deci-
sions (Lazenby et al. 2015).  
 In 2013, trail cameras were introduced to  
MHAR as part of its wildlife management. 
Early data produced some surprising results, 
including breeding dingoes and more deer 
than previously thought. This study sought to  
analyse the MHAR trail camera data to exam-
ine the interactions between dingoes, Red Fox-
es, feral Cats and Sambar Deer. Such an analysis 
could contribute to better understanding the 
role of dingoes in their environment.  

Materials and Methods
Study location
The study was conducted across the MHAR 
which has an area of 34.5 km2 (Figs. 1a and 1b) 
and is located 357 km north-east of Melbourne,  
Victoria. The study site comprises snow gum 
woodland with variation in shrubby or grassy 
understorey and changing elevation. It is sur-
rounded by the Alpine National Park. Over 
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summer, the mean maximum temperature is 
15.4 °C and in autumn it is 8.7 °C (Bureau of 
Meteorology 2019). 

Study species
The dingo is distinguishable from the domes-
tic dog Canis familiaris through a range of  
morphological features. In this study, dingoes 

Fig. 1. Location of the Mount Hotham Alpine Resort within Victoria and resort boundary. Retrieved from 
Google Earth Pro (top) and Google Maps (bottom).

were identified using the methods outlined by 
Smith (2015). 

Camera surveys 
Reconyx (Hyperfire 2 Professional Covert 
IR) and Scout Guard (SG550V Semi Covert, 
SG560K Fully Covert IR, and KG680V Semi 
Covert) trail cameras were set up for two con-
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To compare the temporal distributions of feral 
Cats, Red Foxes and deer with dingoes, Kol-
mogorov-Smirnov tests were carried out using 
IBM SPSS. Chi-square tests were used to com-
pare the number of observations of feral Cats, 
Red Foxes and deer on cameras that recorded 
dingo images compared to cameras that did not 
record dingo images. 

Results
The relative number of dingo and feral Cat 
observations appeared similar over two years 
whilst the total number of Red Fox and deer 
observations appeared to increase (Table 1). 
 Dingoes were observed on nine of the 
18 cameras (Fig. 3), with six individuals  
identified (Fig. 4). Only three of these cameras 

Fig. 2. Trail camera locations in the Mount Hotham Alpine Resort. Cameras from 2018/19 are displayed as 
black dots; dots that are circled indicate trail camera locations in 2017/18. 

secutive years within the MHAR for the purpose 
of pest animal monitoring. The cameras were all 
unbaited. From October 2017 to May 2018, six 
were set up (Fig. 2) with a total of 963 camera 
trap nights. From November 2018 to June 2019, 
18 trail cameras were set up (Fig. 2) with a total 
of 1734 camera trap nights. Cameras were set at 
normal sensitivity, with three photos taken per 
trigger and a delay time of one second between 
photos. Dingo, deer, feral Cat and Red Fox  
images were sorted by location, date and time 
into spreadsheets for statistical analysis.  
 To account for seasonal variation, data from 
November to May were used for comparisons 
between the two years of 2017/18 to 2018/19. 
Other statistical analyses were carried out us-
ing data from November 2018 to June 2019. 

Table 1. Average number of observations per total number of trap nights from November to May. 

 2017/18 2018/19

No. of trap nights  1530  935

Dingo  Canis dingo  0.04 0.05   

Cat  Felis catus  0.10 0.10  

Fox  Vulpes vulpes  0.01  0.05 

Sambar Deer  Rusa unicolor  0.08  0.12
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had a prominent number of dingo observations  
(Fig. 5; cameras a, b and c), where cameras that 
detected at ≥ 5 separate days of dingo observa-
tions were recorded as ‘prominent’. The six re-
maining trail camera locations where dingoes 
were detected had ≤ 2 observations over the 
sampling period. 

Fig. 4.  Sample photos (Reconyx, ScoutGuard) of Canis dingo individuals within Mount Hotham  
Alpine Resort. Images a–e were taken in the 2018/19 sampling period, with a-d displaying juvenile  
dingoes.  Image f is sourced from 2012, showing two C. dingo pups.

Fig. 3. Locations of cameras that detected dingoes are indicated by dark grey dots.

A dingo hotspot was determined where a cluster 
of seven cameras detected dingoes in the north-
east of the resort, entailing the three cameras 
with prominent dingo observations (Fig. 5 cam-
eras a, b and c). On cameras a and b, there were  
frequent images of two adult dingoes, with one 
image of a pregnant female captured in May 
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Fig. 5. Dingo hotspot is outlined with dark grey line. Circle size of the grey dots indicates the number of Dingo 
observations. The smallest dots represent 1 observation; medium points represent 2–5 observations; and the 
large dots represent cameras that had 6–15 Dingo observations. Locations of cameras that did not detect Din-
goes are symbolised by white points.

2019. Camera c detected four juvenile dingoes 
and no adults.  

Interactions with introduced species
Spatial Distributions 
There was significant spatial overlap of foxes 
and deer with dingoes (Chi-square goodness of 
fit test, Red Fox: χ2 = 1.96, df = 1, p-value < 0.05; 
deer: χ2 = 66.05, df = 1, p-value < 0.05, Table 
2). There were significantly fewer feral Cats in 
locations where dingoes were observed (Chi-
square goodness of fit test, χ2 = 9.0218, df = 1, 
p-value < 0.05, Table 2). The number of obser-
vations of feral Cats, Red Foxes and deer was 
dependent on dingo presence or absence (Chi-
square test of independence χ2 = 134.83, df = 2, 
p-value < 0.05). 

Temporal distributions 
The temporal distribution of dingoes was sig-
nificantly different to the temporal distribution 
of Red Foxes (K-S test, n=152, p < 0.001, Fig.  6) 

and feral cats (K-S test, n=242, p < 0.001, Fig. 
7). The temporal activity of deer was broadly 
distributed and significantly different from 
the temporal distribution of dingoes (K-S test, 
n=259, p < 0.05, Fig.  8). 

Table 2. Number of observations of Cats, Foxes 
and Deer on cameras within the dingo hotspot 
and cameras outside the dingo hotspot over the 
2018/19 sampling period

 Dingo  Non-Dingo
 Hotspot Hotspot
Cat 
  Felis catus  23 143
Red Fox 
  Vulpes vulpes  64 12
Sambar Deer 
  Rusa unicolor 157 26
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Discussion 
Dingo population dynamics and activity 
Throughout the MHAR, six individual dingoes 
have been identified, four of which appeared 
to be less than one year old. The capture rate 
of dingoes was relatively low. Harden (1985), 
in a New South Wales study, found an aver-
age home range of C. dingo to be 27 km2. The 
Mount Hotham Resort area covers 34.5 km2. 
Although dingoes have been known to breed in 
the MHAR (Fig. 4f), it was not determined dur-
ing the study whether the resort was a large part 

Fig. 6. Temporal distributions in 2 hour time blocks 
of Dingo Canis dingo and Red Fox Vulpes vulpes.

Fig. 7. Temporal distributions in 2 hour time blocks 
of Dingo Canis dingo and feral Cat Felis catus

Fig. 8. Temporal distributions of Dingo Canis dingo 
and Sambar Deer Rusa unicolor in 2 hour time blocks

of the core range. It appears evident that the 
north-eastern area of the resort is at the bound-
ary of the dingoes’ territory. Dingo temporal  
activity appeared to peak at dusk and dawn, 
which is consistent with the findings of Harden 
(1985). 

Meso-predator Interactions  
This study provides evidence that the behav-
iour and distribution of meso-predators in 
MHAR may be influenced by the presence of 
dingoes. Whilst spatial overlap of foxes and 
dingoes was found, the temporal distribution 
of Red Foxes and dingoes was different. Conse-
quently, this suggests that they can co-exist by 
being active at different times of the day. Cup-
ples et al. (2011) noted that dingoes, through 
direct killing of and competition for prey, re-
duce Red Fox numbers. Mount Hotham and 
surrounding land is subject to European Hare 
Lepus europaeus infestations (Green and Pick-
ering 2013) that, in overabundance, perhaps 
alleviate some competition. Foxes and dingoes 
also have similar food and habitat requirements 
(Cupples et al. 2011) which could explain the 
overlap in spatial distributions.  
 There is evidence that dingoes influence feral 
Cat behaviour. The differing spatial distribu-
tions of cats and dingoes could suggest dingo 
avoidance or dingoes reducing the abundance 
of cats in some areas. This accords with the 
findings of Brook et al. (2012) who compared 
meso-predator abundance at sites with and 
without the employment of dingo control 
methods.   Temporal cat and dingo activity also 
differed. The differing temporal distribution of 
dingoes with mesopredators across all locations 
is indicative of both niche partitioning, as feral 
Cats and Red Foxes are not frequently active at 
the same time as dingoes, and the inhibition of 
free-ranging activities

Interactions with deer 
This study did not find evidence of dingo avoid-
ance by deer. There was spatial overlap between 
deer and dingoes and temporal distribution 
was broad. However, this relationship may 
vary depending on location and human inter-
ference. Glen et al. (2007), for example, note 
that anthropogenic influence and removal of 
dingoes results in altered social and hunting  
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structures. Deer have been reported as a prey 
species of dingoes, but have not been docu-
mented as a large portion of the C. dingo diet 
(Moriarty 2004; Forsyth et al. 2018). 

Conclusion 
This study found evidence that feral Cat spatial 
distributions in the MHAR are impacted by 
dingoes, whilst Red Foxes and deer appear to 
spatially overlap with dingoes. These findings 
could be explained by other factors that were 
outside the controls, including habitat suitabil-
ity and vegetation composition at camera sites. 
Human presence may also influence faunal dis-
tribution by avoidance or attraction explained 
by an increase in food or habitat resources 
(Whittaker and Knight 1998). 
 Additionally, the dingo presence may be too 
small to exert the full pressures of an apex 
predator on Red Fox and deer populations. It 
is likely that juvenile dingoes do not apply the 
pressures on introduced species that would be 
applied by adult dingoes hunting together. Oth-
er interactions, such as feral Cat and Red Fox 
interactions (Molsher 1999), and dingoes prey-
ing on other abundant herbivores such as Hares 
(Corbett and Newsome 1987) are also likely to 
be occurring.

Future research 
While this study was limited in time, the results 
are consistent with the emerging understand-
ing of the role of the dingo as an apex predator. 
Fox and feral Cat control measures are directed 
towards conservation of small mammal popu-
lations such as B. parvus. Therefore, resources 
used for 1080 controls are possibly counter-
productive, and should be directed to more tar-
geted, dingo-friendly techniques. 
 To further explore the spatial patterns of din-
goes and introduced species, the MHAR and 
adjacent national parks should maintain and 
expand the trail camera network. This could 
be carried out in conjunction with scat collec-
tions and vegetation or habitat surveys at trail  
camera sites. 
 Research on the contents of scats would be 
useful to determine the diet of dingoes in the 
alpine region. Brook and Kutt (2011) noted that 
the dingo diet is principally made up of species 
that are locally common or abundant. Addition-

ally, habitat structure can alter the threat level of 
predation (Lima and Dill 1990) and therefore, 
the diet of dingoes in arid locations may differ 
from that of dingoes in forested locations. 
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