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The idea that groups of individuals may develop around resource patches led to the formulation of the Resource Dispersion 
Hypothesis (RDH). We tested the predictions of the RDH, within a quasi-experimental framework, using Australia’s larg-
est terrestrial predator, the dingo Canis lupus dingo. Average dingo group sizes were higher in areas with abundant focal 
food sources around two mine sites compared with those in more distant areas. This supports the notion that resource 
richness favours larger group size, consistent with the RDH. Irrespective of season or sex, average home range estimates 
and daily activity for dingoes around the mine sites were significantly less than for dingoes that lived well away. Assuming 
that a territory is the defended part of the home range and that territory size is correlated with home range size, consis-
tent with the RDH, the spatial dispersion of food patches therefore determined territory size for dingoes in our study. 
However, although sample size was small, some dingoes that accessed the supplementary food resource at the mines also 
spent a large proportion of their time away, suggesting a breakdown of territorial defence around the focal food resource.  
This, in combination with the large variation in home range size among dingoes that accessed the same supplementary 
food resource, limits the predictive capabilities of the RDH for this species. We hypothesize that constraints on exclusive 
home range occupancy will arise if a surfeit of food resources (in excess of requirements for homeostasis) is available in  
a small area, and that this will have further effects on access to mates and social structure. We present a conceptual model 
of facultative territorial defence where focal resources are available to demonstrate our findings.

The home range of an animal is usually taken to be the area 
over which it travels in pursuit of its routine activities (Burt 
1943). It is the area that meets the resource requirements  
of the day-to-day activities and reproduction of individuals 
or groups (Jewell 1966). The primary factors determining 
home range size in carnivores are the dispersion of available 
prey (Hayward et al. 2009) and the energetic needs of  
the individual as determined by body size (McNab 1963).  
A territory is a specific defended area within the home  
range that may be consistent or drift over time (White et al. 
1996). Territoriality may develop when an individual con-
centrates its activities within a geographically definable  
area which is defended against competitors in order to gain 
exclusive access to critical limiting resources such as food  
or mates (Davies and Houston 1984, Baker et al. 2000).

Investigation into the relationship between the distribu-
tion of resources, home range size and territoriality has led  
to the concept that the spatial dispersion of food patches 
determines territory size, whereas patch richness dictates 
group size (sensu Macdonald 1983, Carr and Macdonald 

1986). This idea, formalized as the Resource Dispersion 
Hypothesis (RDH) (Macdonald 1983), built on earlier con-
ceptual frameworks such as the Ideal Free Distribution 
Hypothesis (Fretwell and Lucas 1970) and Environmental 
Potential for Polygyny Model (Emlen and Oring 1977).  
The RDH predicts that the smallest economically defensible 
territory for a pair would encompass one or more resource 
patches that will meet their minimum needs, but could  
also sustain additional animals under conditions of higher 
average patch productivity. If there is marked spatial hetero-
geneity in resource dispersion, it is expected that territory 
size will increase because of the need to defend the  
larger areas that consistently contain enough food patches. 
Resource richness therefore favours larger group sizes and 
increased sociality more broadly (Macdonald 1983).

Support for the RDH has been obtained from mathe-
matical modelling (Bacon et al. 1991a, b) and from  
several field studies that have shown patterns of correlation 
in accord with the predictions of the RDH (e.g. Blanfords 
fox Vulpes cana (Geffen et al. 1992); kinkajou Potos flavus 
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(Kays and Gittleman 2001); and badger Meles meles 
(Palphramand et al. 2007)). However, the RDH can be dif-
ficult to test in natural conditions due to the practical  
difficulties of measuring resource abundance and distribu-
tion over relevant temporal and spatial scales. An alternative 
approach involves the use of quasi-experiments in natural 
conditions (Johnson et al. 2001, Eide et al. 2004, Marino 
et al. 2012) or experimental manipulation of food, whereby 
a portion of the daily energetic requirement of an animal is 
met by supplementing its diet, e.g. providing sunflower  
seeds to Gunnison’s prairie dog Cynomys gunnisoni (Verdolin 
2009). Using the latter approach, where species live in  
close proximity to humans who unintentionally provide 
supplementary resources, an experimental treatment might 
already be present. Good examples of this can be found at 
waste disposal sites, or rubbish dumps, that attract large 
aggregations of consumers such as gulls, corvids and various 
carnivores (Barnard and Thompson 1985, Denny et al.  
2002, Bino et al. 2010).

Here, we examine the response of Australia’s top  
mammalian predator, the dingo Canis lupus dingo, to abun-
dant food resources at waste facilities near mine sites in  
the Tanami Desert of central Australia. We do so by com-
paring dingo sociality and behaviour between areas where 
the main food resources are spatially clumped and very  
rich (mine sites) against spatially distant areas where food 
resources are naturally dispersed and relatively sparse. 
Dingoes provide an excellent model species to experi-
mentally test the predictions of the RDH because under-
standing of their sociality, territoriality and home range is 
well advanced (Newsome et al. 1983, Harden 1985,  
Corbett and Newsome 1987, Thomson 1992, Thomson 
et al. 1992a, Claridge et al. 2009, Purcell 2010, Robley 
et al. 2010). Dingoes also satisfy key assumptions associated 
with the RDH. For example, when conditions are stable, 
dingoes can live in social groupings comprising both sexes 
within defined territories or home ranges (Thomson 1992, 
Corbett 2001, Fleming et al. 2001). In arid areas dietary 
preferences also fluctuate strongly in relation to prey  
availability and/or seasonal conditions, especially rainfall 
(Corbett and Newsome 1987). Both solitary and group 
hunting can occur, depending on the size of prey (Newsome 
et al. 1983). There are also well documented differences in 
home range size in contrasting habitats (Harden 1985, 
Thomson 1992, Corbett 2001, Claridge et al. 2009, Purcell 

2010, Robley et al. 2010) as well as broad trends linking 
smaller home range sizes to areas where prey availability is 
high (Claridge et al. 2009).

Under the predictions of the RDH, where resources  
are patchily dispersed, territory size should correlate posi-
tively with the distance between patches (Johnson et al. 
2002). Assuming that larger home ranges should exist  
where distances between patches are large we therefore  
predict that dingo home range sizes will be larger in areas 
where the animals’ main food resources are more dispersed; 
that is, away from mine sites. The RDH also predicts  
that where food resources are rich enough to support  
more than a primary pair (or the minimum unit needed to 
survive and reproduce; i.e. a male and female) that larger 
group sizes will result (Macdonald 1983, Doncaster and 
Macdonald 1992). Therefore, we also predict that dingo 
group sizes will be larger around mine sites where there is a 
surfeit of available food compared with areas further away. 
Major advancements in the study of animal movements 
through the use of Global Positioning System (GPS) tech-
nology (Hebblewhite and Haydon 2010) further enable  
us to test the effect of resource dispersion and abundance  
on dingo movements. This is important because movement 
rates can be used as a surrogate for how animals use  
space within a home range. We predict longer and/or  
faster movements by animals with large compared to small 
home range areas. Additionally, due to the possible influ-
ence of dingo breeding cycles and seasonal changes in the 
availability of prey (Newsome 2011), we also determine  
the level at which these environmental and biological  
constraints influence group size, home range and activity. 
Finally, we use our results to construct a conceptual model 
of territorial defence by dingoes and discuss its implications 
for conservation and management.

Methods

Study region and experimental design

Populations of dingoes were studied within the western  
portion of the Tanami Desert (130°18′E, 20°30′S) over  
an area of 6600 km2. The study region included mining 
operations at The Granites and Dead Bullock Soak (DBS) 
(Fig. 1). Waste facilities at these sites consistently received 

Figure 1. (a) Location of the study region (box), Tanami Desert (grey), in relation to the major towns and roads (b) location of the two 
treatment sites, mine and away.
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commercial quantities of food scraps that were available to, 
and eaten by, dingoes (Newsome 2011). Dietary analysis 
indicated that dingoes living further from the mine areas 
hunted and ate natural prey (Newsome 2011), thus suggest-
ing that these dingoes had access to vastly different food 
resources. Dingo group sizes were therefore compared and 
contrasted between a mine treatment and an away treatment 
(Fig. 1). The use of a continuous exploratory variable  
to compare group sizes, such as distance to mine, was not 
considered appropriate given that most dingoes were seen  
in close proximity to the waste facility or well away from it, 
i.e. in two distance groupings.

Although dingoes sometimes move long distances  
(Robley et al. 2010), we expected that the large size of our 
study region (6600 km2) would allow us to detect regional 
differences in their sociality by comparison of group size  
in each of the mine and away treatments. An even larger 
separation between the two treatments was not possible 
because the away areas were the most distant available;  
dingoes are very rare in the waterless region east of Mt 
Davidson (Fig. 1). Because both the mine and away areas 
had three main permanent water points, the key identifiable 
difference between them was the availability of supplemen-
tary food at the mine sites. Habitat types, as indicated  
by land-unit mapping (Domahidy 1990, Wilford and 
Butrovski 1999, Foster et al. 2004), are distributed rela-
tively evenly across the study region.

Home range area, as opposed to territory area, is used 
frequently to test the assumptions of the RDH (Geffen  
et al. 1992, Verdolin 2009), and is reasonable given that a 
territory can be defined as the defended part of the home 
range (White et al. 1996). Along with Corbett (1988, 2001) 
and Thomson et al. (1992a), we assume that territory size of 
arid zone dingoes is correlated with home range size. For 
example, when conditions are stable, dingoes are generally 
reported as living in hierarchical social groups (Corbett 
1988) within defined and communally defended territories 
that are equivalent to home ranges (Thomson 1992,  
Corbett 2001, Fleming et al. 2001). Dingoes have strong  
site fidelity with few (1.2%) forays occurring beyond their 
home ranges or territories (Thomson et al. 1992b). Dingoes 
also frequently scent mark (Thomson et al. 1992a, Corbett 
2001), and scat placement is not random (Wallach et al. 
2009); deposition sites include the edges of home ranges 
(Purcell 2010) and focal points such as water points, carcases 
and isolated trees (Wallach et al. 2009). Additionally, by 
using GPS collars that provide extensive, detailed and  
accurate location data, we can confidently delineate total 
home range use by dingoes, including scent marking  
locations, even though aggressive interactions between  
individuals were rarely observed. To strengthen the analysis 
we also used home range estimators that remove outliers  
(e.g. Kernel estimators) to ensure that only core areas of  
use were compared (see below).

To allow for a comparison between home range size  
of dingoes living under different conditions (i.e. in relation 
to resource availability), we defined three categories based  
on the locations of known artificial resources, namely  
watering points and human-provided food at mine sites. 
This approach was adopted because it was possible that  

dingoes within the mine and away treatments spent propor-
tionately more or less time around different artificial 
resources. We defined these categories a priori, however the 
large distance between known artificial resources (Fig. 1) 
allowed for variation in home range size both within and 
between categories, reducing any confounding effects of 
defining categories in this way. Hence, home ranges of  
animals that were focused largely around the waste-facility 
were classed as being in the mine category; home ranges that 
focused around a single artificial watering point and not  
the mine were classed in the away category; home ranges 
that moved between multiple-artificial watering points  
and the mine were classed in an intermediate category. 
Although traps were set for dingoes in mine and away areas, 
captures and the movements and home ranges of dingoes 
could not be predetermined to fit in those treatments.

Estimating group size

We undertook field excursions on seven occasions for up to 
three weeks at a time in April, August and November in 
2008 and 2009 and in April 2010. On each occasion  
we spent approximately equal amounts of time within the 
mine and away treatment areas. Each trip comprised travel-
ling in vehicles for ~ 700 km around the study region. To 
estimate dingo group sizes, the locations and numbers of 
dingoes observed together were recorded when encountered 
in the field within the two treatment sites during daylight 
hours. Spotlighting to observe dingoes at night yielded  
few sightings and likely altered dingo behaviour, so only  
daylight observations were used. We believe this was not 
problematic because dingoes were active and sighted fre-
quently during daylight hours. Once a group of dingoes was 
observed, re-sampling in areas where they were sighted was 
separated by at least five hours to minimize the chance  
of recording the same dingoes twice in a short time.

Unlike African wild dogs Lycaon pictus which are obli-
gatorily socially cohesive (Creel 1997), dingoes within a 
pack have more fluid groupings (Thomson et al. 1992a). A 
group was defined as dingoes undertaking communal activ-
ities such as travelling, foraging and/or resting together. 
Preliminary observations indicated that this was generally 
also when dingoes were within 20 m of each other, so we 
adopted this (estimated using a dingo’s body-length as a 
ruler) as our distance for inclusion in a group. Pups ( 6 
months old) were excluded from tallies of group size as they 
likely do not play an active and regular role in general social 
activities (Thomson 1992). Packs are differentiated from 
groups in that they are discrete long-term social entities that 
are not always together at any one time (Thomson 1992). 
Because not all dingoes could be differentiated in the field, 
and due to their fluid groupings (see above), it was not  
possible to estimate dingo pack sizes and so groups were 
observational entities rather than complete packs. Under 
the definition of Macdonald (1983), ‘spatial groups’ are 
‘individuals whose home ranges overlap more than expected 
by chance’; in addition, ‘members of a spatial group are 
likely to meet frequently’. We measured such groups, but 
see discussion for potential limitations of our approach.
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signals by plane, vehicle and/or on foot. GPS data were 
downloaded from each collar upon retrieval. Each datum 
included a Horizontal Dilution of Position (HDOP) value 
as well as the number of satellites used to calculate each  
fix. The HDOP was used to determine a maximum allow-
able error (MAE) of fix accuracy by multiplying the  
HDOP value by the accuracy of the GPS device, which was 
2.5 m (Navman Wireless OEM Solutions 2006).

Data analysis

Group size data for the two main treatments, mine and  
away (371 records), were compared for differences across 
seasons, months within seasons, areas and for interactions 
between the periods. Seasons are the four periods that  
correspond with the major biological seasons of dingoes: 
breeding (March–May), whelping (June–August), pup- 
rearing (September–November), and dispersal (December–
February) (Fleming et al. 2001). Analyses were performed 
using over-dispersed Poisson log-linear regressions.

As stated above, the geographical spread of GPS fixes  
and home range location and shape (in relation to known 
resource availability) were used to determine appropriate 
divisions for statistical comparisons of home range size. 
Using our criteria we placed four dingoes (two male and two 
female) into the mine category, five male dingoes into the 
intermediate category and four dingoes (two male and  
two female) into the away category (Table 1).

Many methods for estimating home range size have  
been developed and there is no general consensus on a single 
‘best’ method (Kenward 2000). We selected the non- 
parametric kernel density estimator because it is particu-
larly robust for estimating probability density distributions 
of any shape (Seaman and Powell 1996). To determine  
an appropriate probability contour, home range size was 
plotted against the number of fixes. In most cases, a plateau 
was reached after about 50% of fixes. However, some din-
goes did not reach a clear plateau despite hundreds or even 
thousands of fixes due to infrequent forays outside their 
main area of occupancy. Seaman et al. (1999) suggested  
that probability contours exceeding 85% are not very reli-
able. A visual review of kernel probability contours at  
5% increments upwards from 50% for each dingo in this 
study supported this recommendation; in particular, for 

Estimating home range size

Up to 18 Victor no. 3 soft jaw steel traps (Oneida Victor, 
OH, USA) were set overnight to capture dingoes across the 
study region during each field excursion to allow for the  
fitting of radio-collars to estimate home range size. Traps 
were set at areas of dingo sign as identified by foot prints or 
scratchings, both near the mine facilities and out to Mt 
Davidson, about 70 km to the east of The Granites rubbish 
tip (Fig. 1). The main locations targeted for trapping  
and collaring were at DBS, The Granites and Jumbuck 
Borefields within the mine treatment area and Mt Davidson 
and Billabong Borefields in the away treatment area  
(Fig. 1). Combinations of lures were used to attract  
dingoes; mostly these comprised domestic dog urine and/or 
crushed dead house mice Mus musculus. Due to relatively 
high capture rates in the mine treatment area, we checked 
traps at least every two hours. In other areas, traps were  
set late in the day and checked at first light the following 
morning. No traps were left open during the day.

Upon successful capture, a ketch-all pole (1.8-m-long 
pole with an adjustable noose at one end; Ketch-all, CA, 
USA), was used to restrain the dingo. The dingo was then 
placed on a holding board with straps fitted around the 
waist, shoulder and neck. Radio-collars that housed a  
GPS data logger (Sirtrack, Havelock North, New Zealand) 
were then fitted to adult male and female dingoes for up to 
10 months at a time. An additional seven dingoes were  
fitted with collars manufactured by Bluesky Telemetry 
(Aberfeldy, Scotland), but all of these collars failed to capture 
any data. Dingoes weighing  20 times the weight of a collar 
were not collared.

To ensure that dingoes were tracked under all seasonal 
conditions, refurbished collars were fitted to as many  
dingoes as possible over the two year study period. In  
doing so, we attempted to collar the same numbers of  
individuals (both male and female) within the mine and  
away treatment areas. The first animal trapped that met the 
weight criteria, as well as the objectives above, was collared.

The GPS unit on every collar was programmed to esti-
mate and log a fix (location) each hour. Collars were fitted 
with a VHF transmitter and a drop-off mechanism pro-
grammed to release after 8–10 months. Seven of the collars 
also had GPS-ARGOS capabilities. Collars were retrieved 
after release via tracking ARGOS fixes and/or the VHF  

Table 1. Attributes of dingoes studied in the Tanami Desert.

ID Sex Category Date collared Last GPS fix Total fixes 95% MCP (km2) No. of fixes 85% kernel (km2) No. of fixes

60497 male away 05-Apr-08 07-May-08  713 144  678 79  678
60498 male mine 05-Apr-08 20-Nov-08 5167 107 4909 10 4626
150301 male intermediate 28-Aug-08 28-Nov-08 1839 440 1784 353 1773
89991 male intermediate 05-Nov-08 31-Aug-09 6752 738 6415 352 6326
89992 female away 07-Nov-08 31-Aug-09 6495 386 6171 189 5853
89994 male away 08-Nov-08 31-Aug-09 6621 2013 6290 999 6122
89993 male intermediate 08-Nov-08 31-Aug-09 6640 1672 6308 846 6232
105760 male intermediate 10-Nov-08 09-Mar-09 2559 202 2432 160 2385
150302 female mine 05-Apr-09 08-Aug-09 2254 2 2142 0.7 1995
92380 female mine 27-Aug-09 29-Apr-10 4065 69 3862 10 3550
92491 male mine 27-Aug-09 29-Apr-10 4172 43 3964 11 3635
92492 female away 30-Aug-09 18-Oct-09 1047 321  995 337 1009
92493 male intermediate 31-Aug-09 29-Apr-10 5100 894 4845 418 4724
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dawn (4 am–10 am), day (10 am–4 pm), dusk (4 pm–10 pm) 
and night (10 pm–4 am). For analysis, hourly net linear  
displacement was first log transformed after adding one; 
hence, Y  log(distconpoint  1). For each dingo, season and 
time period, the average of Y was calculated along with  
the number of results (N ) averaged for each dingo, season 
and time period. These averages were analyzed using a 
weighted linear mixed model analysis, with weights equal to 
N. The full model included fixed effects for sex, area, and 
season, time period, and all possible pair-wise interactions 
between these effects. Random effects in the model were 
dingo, an interaction between dingo and season, and an 
interaction between dingo and time period. The error vari-
ance was set as inversely proportional to N.

Results

Group size

We recorded 371 sightings of dingoes (341 at the mine,  
30 away) over the two year study period. The average num-
ber of dingoes observed together was 3.67  0.2. Average 
group sizes observed were significantly larger (F1,358  5.64, 
p  0.02) around the mine treatment area (3.83  0.2, 
n  341) than away areas (1.87  0.2, n  30). It was  
not uncommon to observe 10 or more dingoes together 
around the mine sites. On one occasion, 17 dingoes were 
observed together at the waste facility at The Granites. The 
largest group observed away from the mine was at Mt 
Davidson where five dingoes were observed together around 
a single watering point, which was also a focal resource. 
However, dingoes were mostly seen alone or as a pair in the 
away treatment area (22 of 30 observations).

Based on the log-linear regression analysis of group size 
there was no significant interaction (F6,352  0.42, p  0.87) 
between month and area but there was a strong (F8,358   
3.42, p  0.001) month within time period (season) effect. 
Around the mine sites, the largest average group sizes were 
predicted to occur in February, May and July (Fig. 2). The 
relationship between group size and home range size for  
dingoes within the mine and away category (where dingo 
group sizes were measured) was negative (Fig. 3).

Home range size

One hundred and eleven dingoes were live captured and 
released between April 2008 and April 2010, and collars 
housing a GPS data logger and VHF transmitter were  
fitted to a sample of 23 adults. Seven collars suffered  
mechanical failures and did not return any data, and  
three were not found, but the remainder logged GPS infor-
mation for up to 10 months at a time. Data from 13 dingoes 
(four adult females and nine adult males) were therefore 
obtained during the study period. Collars remained on  
dingoes for an average of 198 d (range 33–300 d) and pro-
vided 53 424 useable GPS fixes. The period that collars  
were deployed varied due to the death of three dingoes and 
failure of two collars to drop off. The success rate of collars  
in obtaining hourly GPS fixes was 88%.

irregular shaped home ranges, contours above 90% were 
considered a gross overestimate of the area likely used. We 
therefore used 85% contours for all statistical comparisons. 
Next, kernel density estimates for the 85% utilization space 
were calculated separately for each dingo within each season 
(as above) within each year. This allowed for a biologically 
meaningful comparison of equal intervals. It also helped  
to overcome issues associated with comparing home range 
size between individuals with different numbers of fixes 
because the time period of comparison was of short duration 
(3 months). If the number of GPS fixes within a seasonal 
interval was low (i.e. from a few days only), it was merged 
into a neighbouring season combination.

As opposed to the adaptive kernel (which adapts to  
the sparseness of data by using a broader kernel (Van  
Kerm 2003)), the fixed kernel is more stable for defining 
probability contours of  80% (Verdolin 2009), so the  
latter was used. Kernel estimates were calculated in R (R 
development Core Team) using the function kernelUD  
in the package adehabitat (Calange 2009). The level of 
smoothing was determined by kernelUD’s default ad hoc 
method (i.e. a bivariate normal kernel) as this resulted in 
realistic shapes that did not overestimate space use. To  
balance the number of usable fixes against positional  
accuracy only GPS fixes with an HDOP value  8 were 
included, which resulted in a 40 m MAE. To determine if 
there were any major discrepancies or outliers in the sea-
sonal 85% kernel estimates, all were compared to 85% 
minimum convex polygon (MCP) home range calcula-
tions. The 85% kernel and MCP measures were highly cor-
related (r  0.973, p  0.001), and the 85% fixed kernel 
estimates were therefore used for comparison within the 
study. Minimum convex polygons were also calculated  
at the 95% level to allow for comparisons with other, par-
ticularly older, studies (Harden 1985, Thomson 1992), as 
MCP is a widely published and familiar measure of  
home range (Robley et al. 2010). These boundaries were 
also used to demonstrate levels of home range overlap.

To test whether the kernel density estimates for the  
85% utilization space differed across combinations of dingo, 
sex, area, season or year, a linear mixed model analysis was 
undertaken. The response variable was the square-root of the 
area enclosed within the 85% kernel utilization space.  
Only the main effects for sex, area (mine, intermediate, 
away), season and year were included as fixed effects in the 
model. Random effects included those for individual  
dingoes and pair-wise interactions between season and year. 
The random error variance was allowed to differ for mine, 
intermediate, and away dingoes and weighted on the num-
ber of GPS fixes used in each kernel estimate for each dingo, 
season and year combination. The model was fitted in R  
(R development Core Team) using asreml (Butler 2009).

Daily movement rates (velocity in m h21) of dingoes  
were calculated by measuring distances between consecutive 
GPS fixes (net linear displacement) in Arc View ver. 9.2 
(Environmental Systems Research Inst., ESRI, CA, USA) 
using Hawth’s Tools (Beyer 2004). If fixes were  1 h  
apart they were excluded. Daily data were divided into  
four time periods that corresponded with major daily tem-
perature shifts (Bureau of Meteorology 2010). These were 
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away) had a significant effect on home range size (F2,10   
8.65, p  0.006), and that across the three classifications, 
only mine area differed significantly (F1,12  18.2, p   
0.001) from the other two classifications (Table 2).

Activity

Net linear hourly displacement by male dingoes in the 
Tanami Desert was 794  112 m h21. Mean hourly distance 
moved by females was 626  69 m h21. Both sexes were 
active at all hours of the day, although there was generally 
less movement between 10 am and 4 pm (Fig. 6). Of  
the fixed effects in the linear mixed model for hourly dis-
tance moved, the season  time period interaction was  
significant (F9,123  7.50, p  0.001). The only other signifi-
cant fixed effect term other than season and time effects  
was the main effect for area (F2,37  7.50, p  0.001). The 
other terms – including sex – were not significant after 
adjusting for these terms.

Averaged over seasons, the periods with maximum dis-
tance moved were dawn and dusk. Distances moved during 
these two periods were no different in either the mine, inter-
mediate or away groupings (p  0.05). Distances moved at 
night were less than from dawn and dusk (p  0.05), while 
distances moved were less again (but not significantly so, 
p  0.05) during the day.

The time period effects were, however, not consistent 
across seasons, due in large part to the decline in distance 
moved during the period 4 am to 10 am in winter relative to 
the other seasons. The area classification of dingoes had  
an effect (F2,37  13.5, p  0.001) on distance moved. 
Dingoes classified as intermediate moved 1.52  0.15  
times further on average than mine dingoes while those  
classified as away moved 1.72  0.19 times further than 
mine dingoes. Intermediate and away dingo movements did 
not differ significantly (F1,34  1.34, p  0.26) whereas 
movement rates of mine dingoes differed markedly 
(F1,41  25.62, p  0.001) from those of both away and 

Fixed kernel density estimates of home range at the 85% 
level ranged from 0.7 km2 to 999 km2 (Table 1). There was 
no significant correlation (r  0.515, 2-sided p  0.07) 
between the number of GPS fixes and size of home  
range. The largest home ranges were calculated for dingoes 
tracked away from the mine sites. This was partly due to  
long distance forays outside their main areas of occupancy. 
For example, two males (numbers 92493 and 89993 in  
Fig. 4) travelled over 50 km back and forth from Mt 
Davidson to The Granites mine on multiple occasions. These 
types of movements resulted in a high degree of spatial  
overlap between the home ranges of all dingoes (Fig. 4, 5).

We calculated 35 seasonal kernel home range estimates 
from the spread of the GPS fixes. The number of fixes  
used to calculate a single seasonal kernel home range esti-
mate for each dingo  season  year combination ranged 
from 450 to 2150. The results of the linear mixed model 
indicated that only classification (mine, intermediate or 

Figure 2. Predicted monthly group size ( 95% CI) of dingoes around the mine sites (DBS and The Granites) in the Tanami Desert.
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Figure 3. Relationship between average group size and home  
range (seasonal 85% fixed kernel) for dingoes in the Tanami Desert 
measured in the same period in the mine and away categories.
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Figure 4. Fixed kernel home range estimates (85%) and movement paths of thirteen adult dingoes fitted with GPS collars in the Tanami 
Desert.

intermediate dingoes. The only positive interaction was 
between dingo and time period. After adjusting for  
season, time period and area there were no significant sex 
interaction effects with season (F3,118  0.10, p  0.93), with 
time period (F3,35  0.94, p  0.42), or with area (F1,33   
0.34, p  0.56), nor was there an overall main sex effect 
(F1,33  0.12, p  0.90).

Discussion

Our results show that the dispersion and abundance of  
food resources exert strong effects on the spatial aggregation 

pattern, home range size, activity and group size of dingoes. 
Given that these changes did not appear to be substantially 
influenced by biological (gender) factors or the four major 
biological seasons of dingoes, our results support some of  
the key predictions of the RDH as a mechanism underpin-
ning group living. However, we suggest that both the extent 
to which dingoes were territorial and the large variation in 
home range size between dingoes that accessed the supple-
mentary food resources also necessitate a reassessment of  
the concept’s predictive capabilities.

Around the mine sites, where food resources were 
clumped, both male and female dingoes had relatively small 
home ranges (85% kernel home range 0.68–10.85 km2) 
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existing in the population. However, the number of dingoes 
observed together in the away treatment was consistent  
with other reports for central Australia, in that dingoes  
are mostly seen alone (e.g. 73% of 1000 observations by 
Corbett and Newsome (1975)). In contrast, around the 
mine sites, lone dingoes were observed on only 43% of  
occasions. Dingoes were also seen in groups of up to 17 indi-
viduals at the mine sites, and 10% of observations were of 
groups greater than 10. It is these extremes that perhaps dem-
onstrate the contrast between the two treatment areas most 
strongly. Hence, these results provide support for the expecta-
tion that the abundance of food resources constrains the max-
imum number of animals within a home range or territory. 
This finding also accords with the predictions of the RDH.

Theoretical studies frequently emphasize the trade- 
offs associated with territorial defence (Verdolin 2009). As 
territories become larger, additional costs will be incurred  
in patrolling boundaries and in agonistic interactions, off-
setting the potential benefits of gaining access to additional 
resources (Verdolin 2009). Hence, it can be expected that 
individuals will be spatially conservative and minimize  
the area over which they must forage to meet their meta-
bolic needs (Charnov et al. 1976, Brown 1982, Verdolin 
2009). Although no direct measure of territorial defence 
was obtained in our study, given that dingoes living away 
from the mine sites had much larger home ranges, they 
likely experienced greater energetic costs associated with 
foraging. Such costs are highlighted by the distances moved 
which were, on average, 1.7 times longer in the away treat-
ment than in the mine treatment area. Although most away 
treatment dingoes were observed singly, the abundance of 
resources away from the mine was enough to support more 
than just a primary pair as there were sightings of up to five 
individuals together. There was also a high degree of spatial 
overlap around the main watering point at Mt Davidson 
between individuals (Fig. 4, 5). While it is difficult to  
assess whether the costs of defence for these larger home 
ranges were offset by greater benefits directly associated  
with group living (Macdonald 1983), there are a number of 
likely benefits to tolerating other individuals (especially 
those that are part of a pack) if this allows shared use of  
a limited resource. This is particularly important in the  

that were generally configured around the supplementary 
food resources (Fig. 4, 5). Only a few short forays (up to  
10 km and usually less than a day) were recorded for  
these dingoes. Dingoes that did not access the supplemen-
tary food resources had much larger 85% kernel home 
ranges of up to ~ 1000 km2 (range 79.5–999 km2). While 
these home ranges were generally centred on watering-
points (Fig. 1, 4), forays away from these areas lasted  
for several days and were longer than for mine dingoes  
(up to 80 km). Such a contrast in movements resulted in 
95% MCP home range estimates at both ends of the spec-
trum compared with those reported previously in Australia 
(i.e. 10 km2 to 272 km2 as detailed in Table 4 of Robley 
et al. 2010). Hence, away dingoes had 95% MCP estimates 
much higher than any previously reported, whereas dingoes 
around the mine had the lowest 95% MCP estimates  
that have been reported. The fact that these dingoes were 
studied in close proximity to each other presents strong  
support for the idea that the size of defended areas will  
be larger where patches of food are more dispersed. This in 
turn accords with the predictions of the RDH.

Based on observations of group size, the abundance of 
food resources also exerted a strong effect on the social 
behaviour of dingoes. On average, group sizes were 1.8 times 
larger in the mine treatment compared with those in the 
away treatment. This could be attributed, in part, to the 
much lower number of observations in the away treatment. 
It is possible also that the aggregation of dingoes around  
the mines are temporal, ephemeral or sporadic in nature  
and that sightings of groups of different size alone are not 
good indicators of numbers of groups, or size of the groups, 

Table 2. Estimated average home range size in km2 (85% fixed ker-
nel) for dingoes within each classification category averaged over 
seasons and years, together with an estimated standard error and  
a least significant difference (LSD) ranking at the p  0.05 level.

Classification
Average 

home range
Standard 

error
LSD 
rank

away 403 94 b
intermediate 392 75 b
mine  10  3 a

Figure 5. Overlapping minimum convex polygon (95%) home ranges for 13 adult dingoes fitted with GPS collars in the Tanami Desert.
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Figure 6. Average velocity of male and female dingoes moving in the Tanami Desert during four time periods ( 95% CI).

context of the stochastic environment of the arid zone  
of Australia where prey species respond at different times 
following rainfall (Corbett and Newsome 1987, Dickman 
et al. 1999).

As noted by Verdolin (2009), the RDH requires no  
additional external force or benefit to explain group living 
beyond territorial defence in response to patterns of abun-
dance and distribution of resources, and the benefits  
typically assumed to accrue within mammalian social 
groups, such as access to mates and reduced predation risk. 
However, additional selective pressures that might influence 
the sociality of dingo populations have been proposed. 
Robertshaw and Harden (1986) suggested that greater  
specialization on a few prey species should result in changes 
to group size and pack cohesion. Corbett and Newsome 
(1987) and Thomson (1992) also discussed a similar  
relationship and suggested that group sizes were larger  
when prey were larger. Newsome et al. (1983) similarly  
suggested that pack size is related to food supply, but that  
it is not so much the availability of food per se, but the 
simultaneous availability of both staple (medium-sized)  
and supplementary (large) prey. In addition, Thomson 
(1992) suggested that where adjoining areas are largely 
occupied or saturated and food supplies are not limited,  
dispersal may be delayed. The combination of aggression 
among social rank orders within packs (particularly between 
males) and infanticide by dominant females is also a major 
mechanism that can suppress breeding output in dingoes 
and, in turn, influence group size (Corbett 1988).

The relationship between these additional selective  
pressures and resource availability is not well understood in 
the Tanami Desert dingoes and was not fully assessed in  
this study. However, prey species available to dingoes in our 
study were mainly small (Newsome 2011). The benefits of 
group hunting are therefore not necessarily as important  
in the Tanami Desert compared with areas where prey are 
larger, making this selective pressure less relevant in the  
context of the present study. Macdonald (1983) stated  

that the RDH can explain, but does not necessitate, the 
absence of correlation between territory and group size and 
that varying relationships are incorporated in the broader 
correlation between home range size and metabolic needs 
(Gittleman and Harvey 1982). Correlations between group 
size and territory occur among several co-operatively  
hunting species, including the dingo’s ancestor, the wolf 
Canis lupus (Macdonald 1983). In areas of Australia where 
group hunting is required by dingoes it is possible that  
a similar positive correlation between group size and  
territory size could emerge. In the Tanami Desert, though, 
where anthropogenic resource subsidies were great and 
focally provided, no such positive correlation was found, 
although this could be confounded by the outlying large 
data point for one dingo (Fig. 3). In addition, we could not 
define exact territory sizes (i.e. defended areas of a home 
range) and adopted the approach of comparing home range 
and group size, which potentially confounds our ability to 
compare our results directly to those in Macdonald (1983). 
Nonetheless, large group size around the mines was proba-
bly a product of the focal placement of superabundant 
resources and was facilitated by the inherent capacity of  
dingoes to hunt in groups when necessitated by large prey.

Unexpectedly, in the context of the RDH, some dingoes 
that used the waste facility at The Granites did not stay there 
all the time (i.e. those classified as intermediates). This pro-
vides a possible situation where selective pressures other 
than group hunting might play a role in shaping dingo 
social behaviour. Given that there was an excess of food 
within the waste facility and that the energetic requirements 
of many more than these ‘primary territory holders’ could 
be met by the large quantities of available waste (Newsome 
2011), it is certainly possible that additional unidentified 
dingoes could permanently reside at the mine sites. However, 
our results demonstrate that intermediate dingoes visited 
the mine but spent a large portion of time away from the 
mine area. In addition, our analyses did not uncover any 
differences in seasonal 85% kernel estimates of home range 
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is more energetically optimal due to the shorter distance to 
the shared resource or greater access to mates, transient 
neighbours would encounter aggression when attempting  
to reside permanently. Where the risk of injury sustained 
from aggressive encounters outweighs the benefits of staying 
in the primary territory, transient neighbours should move 
away after using the resource. This both regulates group  
size in the primary territory area and results in larger territo-
ries of the transient neighbours irrespective of the richness  
of food supply in the primary territory.

Our model of facultative territorial defence could apply 
widely in situations where there is a shared resource used by 
neighbouring social groups, for example, around a perma-
nent water hole or other focal resource (e.g. foxes Vulpes  
vulpes and poultry farm waste, Bino et al. 2010). Home 
range overlap around a focal resource can be extensive in 
urban and peri-urban environments, where anthropogenic 
resources support high densities of canids (Harris and Smith 
1987, Bino et al. 2010). Similarly, where natural prey is tem-
porarily abundant or spatially clumped, predators may shift  
their normal area of occupancy to take advantage (e.g. cats 
Felis catus and plague rats Rattus villosissimus; Pettigrew 
1993). The concept of territoriality is integral to our under-
standing of the spatial organization of animal populations 
(Doncaster and Macdonald 1991); but the classic definitions 
of a territory being a ‘fixed, exclusive area with the presence 
of defence that keeps out rivals’ (Brown and Orians 1970) 
precludes the possibility that transient individuals could move 
freely in and out of an occupied area where a focal resource 
exists. Our results suggest that exclusivity of home range 
occupancy and territorial defence will collapse when a surfeit 
(i.e. in excess of requirements for homeostasis of all the indi-
viduals) of food resources is available in a small area. Although 
defence of the food resource in surfeit becomes unnecessary 
and, indeed, likely dangerous for the individual dingo, there  
are further effects on access to mates and social rankings  
that could become apparent during the breeding season.

size or activity between animals in the intermediate and 
away populations. Because the RDH neither discounts nor 
precludes the possibility that animals may strive to maintain 
territories and groups that are larger than the minimum, 
this does not falsify its predictions (Macdonald 1983). 
However, our data demonstrate that there can be large  
variability in behaviour and movement between individuals 
that use the same resource. Because of this, we hypothesized 
that factors other than the richness and dispersion of food 
resources were influencing home range size. Such factors  
do not include size of prey (see above) but are likely to 
include, in addition to environmental constraints, social 
standing/ranking. The latter, probably through aggressive 
encounters, could regulate access to mates, or more broadly, 
genetic fitness.

In addition, our results provide an insight into the way 
territoriality is applied by dingoes where food is not limited. 
This is important because dingoes have largely been consid-
ered as territorial animals that have relatively few encounters 
with neighbouring groups (Thomson 1992). This did not 
appear to be the case in the Tanami Desert and it is  
again best demonstrated by the way the waste facility was 
exploited by dingoes classed as intermediates. These indi-
viduals used the waste facility but none appeared to reside 
permanently in the area, in the same way as dingoes in the 
mine category (Fig. 4). There was also some observational 
evidence of temporal partitioning of the resource, whereby 
the same marked (i.e. individually distinguishable) dingo 
would visit the waste facility at similar times, daily, within 
trips. Although somewhat ad hoc, this observation adds 
weight to the idea that social standing/rankings play an 
important role in regulating dingo social systems in the 
Tanami Desert.

Bird (1994) reported a similar observation of many  
dingoes visiting a single watering point in the South 
Australian arid zone after a rabbit Oryctolagus cuniculus 
plague, during the onset of drought. Territoriality was  
abandoned around the limiting focal resource in that study. 
In contrast, a possible explanation for the findings of our 
study is that the primary occupants (mine dingoes) tolerated 
frequent incursions by other social groups to the extent  
that non-mine dingoes could use the food resource, but per-
haps not to the extent that they could reside permanently. 
This is a reasonable assumption because 1) there was no need 
to defend a resource that was not limited, and 2) it would 
not be energetically efficient to guard the resource from  
all intruders. In Bird’s (1994) study, water was limiting  
and there were relatively few observations of aggressive 
encounters near the focal resource, but perhaps the sheer 
number of individuals there prevented effective defence of 
the resource by any one individual or group.

The findings of the present study and those of Bird  
(1994) have wider implications for conservation and man-
agement in situations where a shared resource is used by 
multiple social groups or packs. We explored this by  
developing a simple conceptual model of facultative territo-
rial defence where focal resources are available (Fig. 7). In 
such a scenario the primary territory holder(s) applies  
no specific territorial defence of the shared resource,  
allowing transient neighbours intermittently in and out of 
their territory. Because the location of the primary territory 

Figure 7. Conceptual model of territoriality by dingoes around  
a shared focal resource that is not limited in richness.
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The RDH has been criticized as a casual outcome of 
group living (von Shantz 1984, Revilla 2003) that generates 
few testable hypotheses (von Shantz 1984). However, the 
human-modified portion of the Tanami Desert enabled us  
to test some of the predictions of the RDH in relation to 
group size and home range size in areas with contrasting 
richness and dispersion of resources, and which included 
extreme resource concentration in some. Whilst we had  
no direct measure of territoriality, our results support the 
prediction that the dispersion of resources limits home  
range size and that the richness of resources indepen-
dently limits group size. However, it is clear that additional 
influences, specifically extreme resource concentration,  
can affect the spatial patterns of dingoes. The RDH is there-
fore useful as a basic starting point for understanding the  
key drivers in dingo sociality and behaviour. For wider  
application, and use in conservation and management, it is 
necessary that additional impacts of extreme resource con-
centration on dingo behaviour are further explored  
and understood. To assume that conventional concepts of 
dingo territoriality will apply in these situations would be 
imprudent.
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