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Intraspecific conflict is an important process structuring carnivore populations.
However, few data are available describing the precise mode of killing used by
carnivores, especially medium-sized carnivores that can exhibit behaviours typically
associated with either smaller or larger species. From records of free-ranging
Australian dingoes killed during intraspecific fighting, we describe the types, location
and frequency of injuries sustained, to assist in identifying killing behaviours common to medium-sized carnivores, or mesopredators. Observed injuries included
superficial minor cuts and other wounds, deep punctures (bite marks or holes), severe
lacerations to internal organs, tissue bruising and crushing, mutilation of muscle
tissue, perforation of the chest and abdominal cavities, and a variety of bone fractures. The dingoes in this study predominately died from gross internal haemorrhaging caused by crushing bites coupled with vigorous shaking to the head, throat, neck
and ventral chest areas. Our data demonstrate that dingoes used a ‘bite and shake’
mode of killing. This killing behaviour is dissimilar to those exhibited by large
carnivores, but is consistent with behaviours shown by other medium-sized
carnivores.
KEY WORDS :
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INTRODUCTION

Predation and interspecific conflict between carnivores is an important process
involved in structuring carnivore communities, and intraspecific conflict is an important process structuring carnivore populations (Schenkel 1967; Polis 1981; Donadio &
*
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Buskirk 2006; Hunter & Caro 2008; Cubaynes et al. 2014). Although individuals of a
given species are widely known to fight with and kill each other for a variety of reasons
(e.g. Marhenke 1971; Galentine & Swift 2007; Meek & Brown 2016), relatively few
studies have described exactly how they do it, the mode of intraspecific killing, or the
nature of fatal and non-fatal injuries they inflict on each other or their prey (e.g. Fox
1969; Eisenberg & Leyhausen 1972; Van Valkenburgh & Ruff 1987). Understanding the
mode of killing can improve our knowledge of carnivore behaviour and the functional
role of their anatomical features (e.g. tooth and skull morphology). It can also inform
animal welfare and ethical discussions about the use of carnivores as vertebrate biocontrol tools against invasive vertebrate prey (Allen et al. 2015a).
The dingo (Canis familiaris, Jackson et al. forthcoming; but identified as Canis
dingo by Crowther et al. 2014; Canis familiaris dingo by Dinets 2015; or more commonly
Canis lupus dingo; e.g. Corbett 2001) is a primitive canid that arrived in Australia about
5000 years ago (Johnson 2006). Dingoes can live for over 13 years in the wild
(Behrendorff & Allen 2016) and adults typically weigh about 15–16 kg (Allen & Leung
2014). Dingoes are a classic mesopredator, but excluding humans are presently the
largest terrestrial predators in Australia (Fleming et al. 2012). Dingoes are a social
canid, typically forming packs dominated by an alpha male and female (Corbett 1988,
2001). Hierarchical challenges and turnover (death and replacement) of individuals
occur frequently in dingo society, and intraspecific conflict and predation has been
commonly observed in the wild and in captivity (e.g. Haughton 1864; Breckwoldt 1988;
Corbett 1988; Allen 2010; Meek & Brown 2016). Dingoes display seasonal breeding
patterns and dominant infanticide is known to occur in some settings. Hence, seasonal
patterns and dominance-related gender and age trends in intraspecific predation might
also occur. Dingoes are generalist pursuit predators (of larger prey), ambush predators
(of smaller prey) and scavengers. Their prey primarily consists of small- and mediumsized mammals, such as rodents, introduced lagomorphs and small macropods,
although larger macropods and livestock are also commonly killed by dingoes where
or when their preferred smaller prey are unavailable (e.g. Shepherd 1981; Corbett &
Newsome 1987; Thomson 1992; Allen & Leung 2012; Davis et al. 2015; Behrendorff
et al. 2016). As such, dingoes often hunt alone and are not considered to be a grouphunting hypercarnivore (Damasceno et al. 2013), although they do sometimes engage in
cooperative hunting of both small and large prey (Thomson 1992). Dingoes also cannibalise on occasion (Meek & Brown 2016). Dingoes exhibit high dietary overlap with, or
eat the same things as, the other eutherian mesopredators introduced to Australia,
European red foxes Vulpes vulpes and feral cats Felis catus (Glen & Dickman 2008;
Cupples et al. 2011; Doherty 2015; see also Allen & Fleming 2012).
Despite a relatively good understanding of dingo diet and feeding ecology, few
studies have described the precise methods dingoes use to kill their prey (but see
Shepherd 1981; Wright 1993). Large carnivores often suffocate their large prey to
death with strong bite-holds to the ventral neck or throat region, whereas smaller
carnivores can instantly kill their smaller prey with a single crushing bite (Fox 1969;
Van Valkenburgh & Ruff 1987; Ben-David et al. 1991; Karanth & Sunquist 2000).
Medium-sized carnivores – such as dingoes – exhibit behavioural traits that can reflect
either small or large carnivores (Carbone et al. 1999, 2007) and, as such, may employ
either mode of killing, or others, depending on the relative body sizes of the individuals
involved in a killing event.
In this study, we used necropsy data from dingo-attacked dingoes to determine
the types, location and frequency of injuries sustained by dingoes during intraspecific
conflict. In order to improve our understanding of behaviours and outcomes of
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intraspecific conflict amongst social carnivores, our aim was to document the method
or mode of killing dingoes used to kill each other, the months in which those killings
occurred, and the age or gender of the dingoes killed.

MATERIALS AND METHODS
Ethics statement
All relevant procedures described in this study were authorised by the Department of
Environment and Heritage (DEH), the Environmental Protection Agency (EPA), the Department
of Environment and Resource Management (DERM), and/or the Department of National Parks,
Sports and Racing (NPSR). Relevant procedures were also approved by the DERM and EPA
Animal Ethics Committees (Permit numbers: DERM/2009/04/03, DERM2011/09/04, DERM2011/
12/06, SA2012/12/404 and SA2015/12/404), and the study was undertaken in accordance with these
approvals.

Study site
Data on dingo attacks were collected between 1993 and 2016 from Fraser Island (K’gari),
within the Great Sandy National Park (24°420’S, 153°150ʹE) in southeast Queensland, Australia.
The island is 1840 km2 in size, attracts 300,000–400,000 visitors annually, and is home to 100–200
dingoes from a minimum 19 packs (Allen et al. 2012, 2015b). Data were opportunistically acquired
from dingoes found dead, or dingoes humanely euthanised after being severely injured following a
dingo attack. An unknown and changing proportion of the dingoes at the site (possibly about
10–30% on average; see Allen et al. 2015b) were ear-tagged to enable individual identification.

Data analyses
Injury and scar data were collected from the catchable, tagged proportion of the dingo
population monitored between 2002 and 2016, and were combined with records of dingoes
deceased between 2001 and 2016 (see Supplementary material). An external assessment of
deceased dingoes was performed by experienced personnel within a few hours of retrieving the
carcass. Carcasses that were not necropsied immediately were frozen within hours of collection
and later thawed for 12–36 hr before necropsy. Necropsies were performed by a qualified veterinarian and/or other experienced personnel no more than 9 months after death (typically
1–2 months later). Although these storage and preparation methods may preclude identification
of some more subtle causes of death (e.g. disease), they do not obscure the evaluation of pre-death
injuries from animals with a known cause of death (e.g. dingo attack). A small number of dingoes
were severely attacked by other dingoes, and, while maimed, were then hit and killed by a vehicle
shortly afterwards. In these and similar cases, fresh biting (or similar) injuries were interpreted as
evidence of dingo attack, but were not considered to be the cause of death. Moreover, attackrelated injuries were distinguished from injuries caused by other factors through assessing the
nature of the injuries (for example, teeth puncture marks caused by dingo attack, followed by blunt
force trauma to internal organs and/or significant large bone breaks caused by vehicle strike).
There are no free-roaming domestic dogs (Canis familiaris) or any other large terrestrial
predator on Fraser Island, so all injuries consistent with canine attack were considered to be caused
by other dingoes. Ages and longevity were estimated according to the methodology described by
Behrendorff and Allen (2016). Data recording methods varied over the 20-year study period and not
all details were recorded on all possible occasions (Supplementary material), providing an incomplete
picture of the injuries dingoes inflict on other dingoes, especially for earlier records.
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RESULTS

We acquired records of 357 deceased dingoes. Of these, 80 (22%) had been killed by
other dingoes, attacked by other dingoes and then hit and killed by a vehicle, or exhibited
fatal injuries consistent with dingo attack (Supplementary material). Of these 80 dingoes,
38 were male, 37 were female, the sex of five was not recorded, and 39 of them (51%) were
animals < 12 months of age. Furthermore, a total of 63 of these dingoes were recorded as
being killed outright by dingo attack, and another nine were strongly suspected to have
been killed by other dingoes, based on anecdotal reports. The remaining eight records
indicated that dingo attack had injured them and contributed to their death, but the actual
cause of death was humane euthanasia (n = 2), vehicle strike (n = 4), toxicosis (suspected
snake bite; n = 1), and acute heart failure after dingo attack complicated by a heartworm
(Dirofilaria immitis) infestation (n = 1). Of these 80 records, 52 were detailed enough to
provide useful information on injuries dingoes sustained during intraspecific fighting and
killing. Five of these reports came from first-hand observations where deceased dingoes
were not subsequently necropsied, but information from the remainder was obtained
following a detailed necropsy of the carcass. Eight dingoes presented for necropsy had
begun to decompose, precluding reliable assessment of some injuries, such as internal
haemorrhaging, in these few individuals.
Observed injuries included superficial minor cuts and other wounds, deep puncture
wounds, severe lacerations (including lacerations to internal organs), tissue bruising and
crushing, mutilation of muscle tissue, and various bone fractures (Fig. 1). Extensive injuries
caused by biting and crushing followed by vigorous shaking were most commonly located
on the head, chest, ventral ribs, flanks and hips. Many of these resulted in punctured
internal organs (42%), including fracturing of the vertebrae in four individuals (6%). One
of these received a fractured spine at the atlas (alar process), axis (transverse and spinous
processes) and C3 (transverse process; Fig. 2). Internal organ damage included punctured
or damaged lungs (35%), liver (23%), kidneys (13%), heart (6%) and spleen (2%).
The frequency of fatal dingo attacks appeared to peak in summer and autumn
(Fig. 3), though small sample sizes precluded formal assessment of seasonal differences.
There was also no significant relationship between age and the number of anatomical
sites with sign of injury (r = 0.23, df 51, P = 0.11). A total of 27.7% (209 of 755) of
dingoes handled during their lifetime (e.g. during capture and release, or collection)
likewise presented injuries or scars on various parts of the body (Fig. 4). Most of these
scars or injuries were found on the face and head (49.3%) followed by legs and/or paws
(20.1%) and ears (14.4%). The proportion of (‘observed’) dingo-killed dingoes <
12 months of age was no different from the proportion of (‘expected’) dingoes that
were aged < 12 months in this larger handled sample (P = 0.13). Consumption of the
carcass was not recorded on any occasion during our study, although one toe and the
end of the nose were missing from one young pup.

DISCUSSION

Our data demonstrate that dingoes typically killed other dingoes using a ‘bite and
shake’ mode of killing. Death was caused by extensive internal haemorrhaging arising
from crushing bites coupled with vigorous shaking, most often to the head, neck and
chest areas (Fig. 1). Injuries were more commonly found in the ‘front half’, suggesting
that when dingoes intend to kill animals of similar size to themselves, they do so by
targeting vital areas most likely to cause a fast, fatal injury. Over a third of our records
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Fig. 1. — Types, anatomical location and frequency of injuries recorded on 52 dingoes attacked and killed
by other dingoes on Fraser Island, 2001–2016 (F = fractured, SCH = subcutaneous haemorrhage,
B = bitten, P = punctured, D = damaged).

showed punctured organs inside the chest cavity, demonstrating that dingoes’ bite force
and teeth length are sufficient to penetrate the skin, the muscle layer underneath, and
beyond the rib cage to damage organs during attack. The necropsy of one dingo
indicated that dingoes’ bite force is even strong enough to fracture the spine (Fig. 2).
Our observations most likely arose due to dingoes’ long canine teeth, wide gape
angles, strong bite force and relatively narrow ventral chest width (Van Valkenburgh &
Ruff 1987; Christiansen & Adolfssen 2005; Damasceno et al. 2013). That dingo jaws can
withstand relatively high levels of stress at wide gape angles (Bourke et al. 2008) further
supports the view that a ‘bite and shake’ mode of killing is preferred by dingoes. This is
dissimilar to the mode of killing used by large predators. For example, Karanth and
Sunquist (2000) reported that tigers (Panthera tigris) and leopards (Panthera pardus)
killed their prey almost exclusively with suffocating bite-holds to the throat. They
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Fig. 2. — Injuries sustained by Dingo ID: BBB12f (attacked by dingoes 4 December 2013, and necropsied
13 December 2013; images A–G) and Dingo ID: UT12 m_2016_KBRV_003 (attacked by dingoes 6 April
2016, and necropsied 21 June 2016; images H–M), showing: (A) external appearance of the carcass prior
to necropsy; (B) external puncture injury on the left shoulder; (C) subcutaneous haemorrhage to the left
shoulder, ventral chest, thigh and flank area; (D) subcutaneous haemorrhage, intramuscular damage and
deep punctures to the dorsal neck region; (E) fractures to the C3 vertebrae and blood in the spinal
column from puncture; (F) tears in the stomach lining; (G) laceration to the liver; (H) external appearance of the carcass prior to necropsy; (I) external puncture to dorsal neck; (J) subcutaneous haemorrhage
to the shoulders, dorsal back and dorsal left neck region (K) subcutaneous haemorrhage to the shoulders,
dorsal back and dorsal right neck area, (L) extensive muscle maceration to the dorsal neck region, (M)
muscle mutilation to the dorsal neck at the base of the cranium underneath the puncture wound
identified in (I). Images supplied and used with permission from the authors, and Queensland Parks
and Wildlife Service.

further reported that dholes (Cuon alpinus), a canid of similar size to dingoes, did not
exhibit this behaviour. Their observations support the view that dingoes and other
medium-sized carnivores exhibit dissimilar killing behaviours to those of large
carnivores.
We observed that dingoes’ canine teeth inflict major internal damage often
masked by apparently minor external injuries. Described by Jones (1921) as ‘a primitive
retention of his ancestors great teeth’ (p. 260), dingoes’ canines do not necessarily
penetrate the skin on all occasions. Instead, they generally cause crushing injuries,
extensive subcutaneous haemorrhaging and fractures that are not always evident
from external examination or associated or combined with skin punctures (Fleming
et al. 2001). External signs of puncture wounds can be difficult to identify. The removal
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Fig. 4. — Location and frequency (%) of scars and other injuries observed on dingoes handled between
2001 to 2016 (n = 755); excludes injury data from the 52 dingoes already described in previous analyses.

of the skin during necropsy revealed abundant evidence of subcutaneous haemorrhage,
deep-penetrating bite wounds and oedema (Fig. 2). Shepherd (1981) reported that red
kangaroos (Macropus rufus) killed by dingoes ‘usually showed no visible signs of
injuries or attack’ (p. 257) unless, of course, the carcass had been eaten. But after
removal of the skin during necropsy, ‘deep penetrating wounds accompanied by subcutaneous and intramuscular haemorrhage and oedema’ (p. 257) were frequently
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apparent. Punctures to major organs and fractures (including to the vertebrae) were
also common. Moseby et al. (2012) reported that foxes killed by dingoes also exhibited
little external sign of injury. Following necropsy, though, ‘injuries sustained included
ruptured leg muscles and/or trauma to the lumbar region and ribs with herniation of
the abdominal muscles resulting in extensive and terminal haemorrhaging’ (p. 7). The
severity and extent of the injuries found when dingoes attack and kill each other are
notably more severe than those typically seen by veterinarians when domesticated dogs
fight each other (Holt & Griffin 2000).
These findings suggest that examination of deceased animals suspected of dingo
attack should include four main areas: the neck, the chest or ribs, the groin area and the
rump. Removing the skin to examine the underlying tissue, particularly in these main
areas, is a simple and effective procedure that can reveal a significant amount of
information (Fleming et al. 2001). Whenever possible, carcasses from populations of
conservation concern should undergo thorough necropsy examination to ascertain a
definitive cause of death and yield additional data of great value for other purposes (e.g.
Behrendorff et al. 2016).
Corbett (1988) reported that injuries sustained in vital areas were also associated with behaviours intended to reinforce dominance hierarchies, and not necessarily intended to kill. Intraspecific conflict associated with hierarchical challenges is
often experienced between older and younger animals. We found no difference
between the proportion of dingo-killed dingoes < 12 months old and the proportion
of dingoes aged < 12 months old in the larger handled sample, which suggests that
juveniles were not killed more often than other, older animals. However, this result
assumes that the two samples both accurately reflect the true age structure of the
population, which is unlikely given that the larger handled sample represents the
catchable component of the population, and probably underrepresents older animals. Our sample of dingo-killed dingoes also underrepresents very young animals
(i.e. < 6 months of age), which are likely to be attacked and killed by other dingoes
to a greater degree than what is reported here (Corbett 1988; Allen et al. 2015b).
Differences in injury and attack rates between various demographics may be found
in the future should better data become available. The number of scars observed on
living animals (Fig. 4) also appears different to the number observed post-mortem
(Fig. 1), implying that non-lethal interactions are typically directed at the ‘front end’
whereas lethal attacks are typically aimed at more vital organs. This may be the case,
but the disparity is more likely due to sampling issues arising from poor reporting of
scars during necropsy and/or the relative invisibility of internal damage on living
animals. Had we found a correlation between age and the site of the injuries on the
body we might have had greater confidence attributing the different types, locations
and frequencies of injuries observed to different motivations for attack (i.e. reinforcement of dominance hierarchies or intent to kill).
In conclusion, we have shown that dingoes typically kill other dingoes by biting and
shaking, causing minimal external injuries but delivering gross internal injuries. That this
mode of killing is preferred by dingoes is supported by similar observations from their
prey animals and additional studies of bite force and skull morphology more generally. It
is also consistent with information on the killing behaviour of similar-sized predators.
Future work may seek to clarify demographic and seasonal correlates of observed injuries,
ascertain how widespread the ‘bite and shake’ mode of killing is amongst medium-sized
carnivores, and determine how this influences their functional roles in ecosystems.
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