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Abstract 

 

Many animals throughout the world are excluded from areas because of seasonal snow cover. 

The aim of this study was to determine how snow influences the home range use and movements 

of the common wombat, a large burrowing mammal which remains active in the subalpine zone 

of the Australian Snowy Mountains throughout winter but is not resident in the alpine zone 

(above treeline). GPS collars were deployed on wombats to monitor nightly movements 

continuously over both the winter and non-winter periods. Home ranges of wombats (6 male, 5 

female) were far larger than previously reported (mean = 172 ha; 95% kernel method), and 

increased significantly with altitude. Wombats typically remained in their non-winter home 

range during winter, but they contracted their range (by 7 – 43%) and shifted their centre of 

activity. Some wombats also moved more slowly and did not travel as far each night during 

winter. This study has shown that wombats at their upper range limit in marginal habitat exhibit 

a high degree of behavioural flexibility and have a surprising capacity for long-distance 

movements over large home ranges, despite their need to burrow. This suggests that the alpine 

zone  is easily within their dispersal range, but they are currently constrained by snow depth. If 

the snow cover continues to decline, then wombats will be limited only by the suitability of the 

habitat in the alpine zone, such as for burrowing.  
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Introduction 

 

Field data on the movement of individuals at the range boundary are sparse (Kanda et al., 2009). 

However, several studies have shown that space use and movements of animals are greater in 

marginal habitats at the range edge (Sunde et al., 2001; Romeo et al., 2010), or on the invading 

front of an expanding range (Alford et al., 2009). These differences in behavioural traits might 

give animals in marginal populations the advantage of increased dispersal ability (Phillips et al., 

2010). At the range edge, environmental conditions can be extreme, and animals inhabiting these 

areas may exhibit behavioural plasticity to cope with changing conditions. Mountain 

environments are a good example of where this may occur because seasonal snow cover puts 

pressure on individuals to move or adapt, and excludes many species from alpine areas. 

 

Wombats (Marsupialia: Vombatidae) are the largest herbivorous burrowing mammals in the 

world (Johnson, 1998), and have been shown to have conservative space-use patterns and a 

number of physiological mechanisms to conserve energy on a poor-quality diet (Evans, Green & 

Newgrain, 2003; Walker, Sunnucks & Taylor, 2006). Despite these energy constraints, and in 

contrast to species that migrate to seasonal ranges or hibernate through winter to conserve 

energy, common wombats Vombatus ursinus remain active at subalpine elevations where they 

must dig through the snow to forage (Green, 2005; Matthews, 2010). Whilst we know their 

general movements in this area during winter from independent evidence of burrows and tracks 

in the snow, we have limited knowledge of their annual or seasonal movements. 
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If winter snow is limiting the range of wombats, then the presence of snow should influence their 

movement patterns. In seasonally snow-covered environments, winter home ranges are often 

smaller than in summer because animals reduce their activity to conserve energy, or because 

snow restricts their mobility or access to particular habitats (Krasińska, Krasiñski & Bunevich, 

2000; Luccarini et al., 2006; Sanecki et al., 2006). Furthermore, the winter home range depends 

on the severity of the winter, with deeper snow constraining animals to smaller home ranges 

(Grignolio et al., 2004; Poole, Stuart-Smith & Teske, 2009). However, the reverse pattern can 

also be true; where the availability and quality of forage is reduced by snow, animals range over 

larger areas to meet their nutritional requirements (Anderson et al., 2005; Kauhala, Hiltunen & 

Salonen, 2005; Saïd et al., 2009).  

 

To determine how wombats respond to a seasonally-dynamic environment, and whether they 

have the flexibility to shift with changing climate, we examined the influence of seasonal and 

altitudinal variations in snow cover on their movement patterns. We used GPS tracking because 

it is not restricted by weather, season, or fieldwork constraints, and it allows movements to be 

studied where burrows and individuals are more dispersed, such as in our study area. Specific 

objectives were to: 1) define annual home ranges of wombats at different altitudes above the 

winter snow-line; 2) examine seasonal site fidelity and habitat use; 3) quantify movement rates 

and travel distances, and compare these during snow and snow-free periods.  

 

Methods 

 

Study area 
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The study was conducted in the subalpine area of the Snowy Mountains, Australia (Fig. 1). This 

area provides sites of snow accumulation and ablation and a mixture of vegetation formations, 

mainly wet heath, dry heath, seral woodland and grassland (Costin et al., 2000). Temperature 

ranges on average -5°C to 4°C during winter and 4°C to 19°C during summer. Average 

maximum snow depth at Spencers Creek (1830m) is about 200 cm but during 2008 and 2009 it 

was 174 cm and 148 cm respectively. The greatest accumulation of snow and cover was from 

July through September. 

 

Capture and data collection 

 

Thirteen adult wombats were captured and collared. Five wombats (2 male, 3 female) were 

collared over the 2008 winter with a further eight wombats (5 male, 3 female) over the 2009 

winter. Wombats were captured either in a trap placed on the burrow entrance (McIlroy, 1973; 

Skerratt et al., 2004;  Evans, 2008) or on an opportunistic basis with a hand-held net (Taylor, 

1993; Banks, Skerratt & Taylor, 2002). Captured wombats were anaethetised to facilitate 

handling and to minimise stress from capture. An intra-muscular injection of zolazepam and 

tiletamine (Zoletil 100, Virbac Pty) was given at a dose rate of 3-12 mg kg-1 (Evans, Atkinson & 

Horsup, 1998) using a hand-held syringe and 20 gauge needle. 

 

Wombats were weighed and fitted with GPS datalogging collars (Sirtrack, NZ) based on the 

design of Evans (1997). The collar incorporated a pre-programmed external timed-release unit 

and weighed ~ 300 g. The GPS was set on a 60 minute sample rate on a duty cycle of 8 hours on, 
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16 hours off, and estimated to operate for 12 months. The duty cycle was started at night when 

the wombat was expected to be above ground in range of the satellites. A VHF transmitter was 

incorporated to aid retrieval of the collar. Following collaring, wombats were placed ventrally 

recumbent in the burrow entrance in which they were trapped or a burrow near to the site of net 

capture for full recovery from the anaesthetic. A few wombats that were initially captured by net 

were observed during recovery and released at the capture site. 

 

Home range calculations 

 

Eleven wombats (6 male, 5 female) were used for annual home range estimates. GPS data were 

screened for precision, the presence of improbable locations, and unusual movements during the 

night of release. All high precision fixes (horizontal dilution of precision (HDOP) values < 5) 

were included in home ranges estimates using the minimum convex polygon (MCP) method. For 

estimates of annual home range using the fixed kernel technique (Worton, 1989), one fix per 

night was used with a minimum of 50 fixes in total (Seaman et al., 1999). Kernel home range 

estimates were generated five times by randomly selecting one fix per night from the set of GPS 

fixes to standardize sampling intervals and minimize bias in the estimate from ‘bursts’ of fixes 

separated by longer time intervals (de Solla, Bonduriansky & Brooks, 1999). Random selection 

of fixes and MCP estimates were performed using Hawth’s Analysis Tools (Beyer, 2007) in 

ArcGIS 9.2. Kernel home ranges were calculated using the Animal Movement Extension (Hooge 

& Eichenlaub, 1997) in ArcView 3.3, with probability distributions generated using the ad hoc 

calculation of the smoothing parameter. The probability distributions were plotted at 95% and 

50% contour intervals to represent the total and core areas of the home range, respectively. 
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Seasonal comparisons of wombat home range could only be estimated for 5 wombats (3 male, 2 

female) due to failure of the remaining GPS collars before winter. Kernel home ranges were 

generated as above with a minimum of 29 fixes for the winter season (July – September). For 

comparison with the non-winter period, the number of fixes from October – June was restricted 

to equal that used for the winter home range for each wombat, so that the seasonal estimates of 

home range were not biased by sample size. 

 

Variation in home range size was assessed using multiple regression. The stepAIC function in S-

Plus 8.0 (Insightful Corp.) was used to select variables for inclusion in the model based on the 

lowest Akaike’s Information Criterion (AIC). We included several demographic and sampling-

related variables known to influence home range size of animals (Saïd et al., 2009) or their 

estimates (Powell, 2000) to examine their contribution to variation in home range size with 

altitude. The MCP estimate of home range was log-transformed to correct for heteroscedasticity 

and reduce the effect of outliers, and the variables for altitude and duration of tracking were 

mean-centered before analysis to reduce colinearity between variables and their interaction 

terms.  

 

Site fidelity calculations 

 

Two measures of site fidelity were used to compare wombat home ranges in winter and non-

winter periods: (1) home range overlap, and (2) centroid shift (Fieberg & Kochanny, 2005). 

Home range overlap was calculated for both the 95% and 50% kernel home range areas to 
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represent the degree of fidelity in the total home range and core areas. For the centroid shift, 

mean centres of the fixes in the winter and non-winter periods were calculated to determine the 

distance in location shift. 

 

Movement calculations 

 

Point locations of wombats from GPS fixes were converted to movement paths using Hawth’s 

Analysis Tools. Calculations of the speed of movement were made using only those path 

segments (steps) that were generated from fixes separated by one hour. For calculations of the 

distance wombats travelled per night, all step lengths between the first and last fix in the night 

were used.  

 

For seasonal comparisons, analyses were restricted to those individuals and nights with six hours 

of continuous fixes (one location every hour) in each season, to ensure comparisons were made 

among similar path lengths. Hawth’s Analysis Tools was used to extract step length (equivalent 

to speed), deviation angle (between 0º and 180º), and net displacement (the distance between the 

start and end locations of the night path). A straightness index (net displacement/the sum total of 

five step lengths in the path) and mean fractal dimension (calculated using Fractal v. 5.05 

available at http://www.nsac.ns.ca/envsci/staff/vnams/fractal.htm) were calculated as measures 

of path tortuosity (Valeix et al., 2010). Seasonal differences in movement parameters were 

examined for individual wombats using two-sample t-tests. For comparisons of step length and 

deviation angle, data from each night were pooled. 

 

http://www.nsac.ns.ca/envsci/staff/vnams/fractal.htm�
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Results 

 

Home range 

 

Home ranges of wombats varied greatly in size between 18.9 and 1195.4 ha (MCP method; 

Table 1; see Tables S1 and S2 for collar performance). Mean home range size calculated with the 

MCP 100% (n = 11) and kernel 95% (n = 7) methods, was 187.8 ha and 172.1 ha, respectively. 

Core home range areas (kernel 50%) averaged 14.6 ha (n = 7), often involving multiple centres 

of activity (mean = 2.1, max = 4).  

 

Home range size increased significantly with altitude (r = 0.81, 9 d.f., P = 0.003; Fig. 2). Mean 

male home ranges (MCP 100%; n = 6) were 4.4 times female ranges (n = 5), however, there was 

no significant difference in home range size according to sex (t5 = 1.22, P = 0.28). Linear 

modeling of the variation in home range size (log(MCP)) found that the best model (with the 

lowest AIC) included altitude and duration as predictors. However, the partial regression 

coefficient between home range size and duration of tracking was not significantly positive 

(Table 2). This suggests that the main contributing factor to home range variation was altitude. 

 

Seasonal differences in home range size were examined for five wombats. During winter, home 

range sizes declined by 7 – 43% (Table 1). However, winter home ranges were significantly 

smaller for three individuals, marginally smaller for one, and not significantly different from the 

non-winter home range for another (Table 1). 
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Site fidelity 

 

Wombats were generally faithful to their non-winter home range area during winter, but they 

shifted their centre of activity (Fig. 3). Most (63 – 99%) of the winter total home range area was 

contained within the non-winter total area, but core areas were more exclusive between seasons 

with just 14 – 39% of the non-winter core area overlapped by the winter core area. Distances 

between the centroid of locations in winter and non-winter ranged from 58.4 to 670.3 m 

(supporting information Table S3). 

 

Movement characteristics 

 

The mean speed of movement varied tenfold among individuals, from 68 to 680 m h-1 (Table 3). 

Mean nightly travel distances also varied from 261 to 1859 m. The individual with the largest 

home range at the highest altitude (male 11), also travelled considerably quicker and further per 

night than other wombats, moving up to 2747 m h-1 and up to 6562 m in one night (Table 3). The 

mean speed of movement increased significantly with altitude (r = 0.85, 9 d.f., P = 0.001), as did 

the mean nightly travel distances when weighted by the mean number of steps per night (r = 

0.74, 9 d.f., P = 0.009). 

 

The evidence for seasonal differences in night path movement parameters was mixed. The speed 

was slower, and consequently the distance traveled was shorter, in winter compared with non-

winter for three of four individuals, and net displacement was lower in winter for two male 

wombats (Fig. 4). 
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Discussion 

 

The home ranges of common wombats in the Snowy Mountains were far greater than previously 

reported for this species (supporting information Table S4) and two species of hairy-nosed 

wombats, Lasiorhinus spp. (Johnson, 1991; Finlayson et al., 2005; Walker et al., 2006). The 

average home range size in this study was 172 ha (95% kernel) and one male ranged over an area 

of 867 ha. Thus, these findings disagree with the suggestion that wombats cannot range over 

large distances because they are tied to their burrows for diurnal shelter (Banks et al., 2002). 

Multiple burrows are used (we tracked one individual to 14 burrows) and this allows wombats to 

cover different parts of their home range over a number of nights. Long-range dispersal (at least 

25 km) is also reported for female hairy-nosed wombats (Walker, Sunnucks & Taylor (2008). 

 

Animals can show high plasticity in their ranging behaviour to cope with the ecological 

constraints imposed in marginal habitats (Romeo et al., 2010). Higher altitudes are less 

productive (Costin et al., 2000) and, as the results here show, wombat home range increased with 

altitude, providing support for the hypothesis that low food availability leads to larger home 

range sizes in mammals (Jones, 1990). However, the limiting resource that determines home 

range size is not always food (Powell, 2000). At high subalpine altitudes, wombats are less 

numerous and burrows more widely distributed. Thus, low population density and shelter 

availability could equally contribute to larger home range sizes through changes in behavioural 

interactions (Walker et al., 2008), or to meet physiological or breeding requirements. Teasing 
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these competing hypotheses apart is difficult, and there may be no single factor that provides a 

good explanation for variation in home range size with elevation (Ruby & Dunham, 1987). 

 

Intra-specific variation in home range size may also be a consequence of demographic 

parameters, such as sex, age, body size, and reproductive status (Anderson et al., 2005; Saïd et 

al., 2009). In this study, the home ranges of male wombats were on average 4.4 times larger than 

those of females. However, males were initially captured at higher average altitudes and when 

this was taken into account, sex was not found to be a significant factor in home range variation. 

Capture of wombats was opportunistic, so it is not known whether females also inhabit the 

highest subalpine altitudes and range over much larger areas in those environments. The 

constraints imposed at high altitudes may preclude successful habitation and reproduction in 

females, particularly if they have young at heel during winter months. Previous studies of 

common wombats have either recorded similar home range sizes for males and females (Evans, 

2008), or males moving further each night and covering larger areas than females (Skerratt et al., 

2004) .  

 

Home range sizes can also vary with the methods used to collect locational data, number of fixes, 

duration of study, and the statistical estimates used. Previous studies of common wombat home 

range have used VHF radiotracking, spool tracking, and tracking in snow (supporting 

information Table S4). This study used GPS tracking that allowed a higher number of locations 

over a longer period of time and may capture more of the wombats’ foraging movements. 

However, some comparisons of home ranges of other species using VHF and GPS have found 

that they were of similar size, despite considerably smaller sample sizes for VHF locations 
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(Pellerin, Saïd & Gaillard, 2008; Kochanny, Delgiudice & Fieberg, 2009). The smallest home 

range using GPS data (11.5 ha) in this study was equivalent in size to home ranges of this species 

in other locations using alternative techniques. Thus, while there may be some parts of the 

wombat’s movements that are not picked up with conventional radiotracking, the differences 

seen in home range size in this study are more likely due to the more extreme environmental 

conditions at subalpine altitudes.  

 

Seasonal differences in home range size, location and movements 

 

Seasonal variation in home range size has been found for animals in harsh environments where it 

has not been evident in more productive areas (Kauhala et al., 2005). At lower elevations, 

wombats can adjust their metabolic rates to cope with changes in forage quality and thus 

maintain similar home ranges in different seasons (Evans, 2008), even in the semi-arid 

environment of L. latifrons (Finlayson et al., 2005). At the higher elevations in the Snowy 

Mountains, some wombats contracted their range in winter when movements and foraging 

became more difficult in the snow.  

 

During winter, some wombats decreased travel speeds, the total distance traveled and net 

displacement each night, but there was no influence of season on the tortuosity of the movement 

path. This is in contrast to the finer movements of wombats observed from snow tracks, where 

deviation angles at foraging sites increased with increasing snow depth (Matthews, 2010). The 

shorter movements during winter in this study indicate that the energetic costs of travel and 
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digging through snow slows a wombat’s foraging speed, rather than changing its overall 

direction.  

 

Long-term consequences of changes in seasonal snow cover 

 

Climate change is likely to impact differently on populations of large mammals in differing 

snow-covered mountain areas. Reduction in snow cover may have a negative effect on the 

survival of chamois Rupicapra rupicapra (Loison, Julien & Menaut, 1999) but has led to 

increased populations of ibex Capra ibex in mountains of north-western Italy (Jacobson et al., 

2004). Neither has led to a change in area of occupation because both species already extend 

beyond the vegetation line of high mountains. However, as a result of climate change, the red fox 

Vulpes vulpes is expanding northwards into the Arctic (Hersteinsson  & MacDonald, 1992).  

 

The Snowy Mountains is already recording less snow and an earlier thaw, resulting in an 

increased altitudinal distribution of large mammals such as swamp wallabies Wallabia bicolor 

(Green & Pickering, 2002). However, the movement of a large, winter-active herbivore such as a 

wombat into alpine areas would be without precedent in historical times. Although there are 

opportunities for wombats to expand their range, they may be constrained by other factors 

(Matthews et al., 2010).  

 

Conclusions 
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Snow appears to restrict both the home range and movements of wombats in the Snowy 

Mountains. During winter, individuals remained in their non-winter home ranges because these 

encompassed northerly aspects or lower elevations where they could forage during periods of 

deeper snow. Complete home ranges are therefore unlikely to be established at higher elevations 

because this would necessitate migration during periods of snowfall, which is not part of their 

normal movement behaviour. In the snow-free period, wombats were capable of extended 

movements, despite their need to burrow. The difference in space use patterns in this population 

shows that we cannot rely on the behavioural traits of animals in the core of their range to make 

predictions about their movements and dispersal ability at the range edge. 
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List of figures 

 

Figure 1. The study area encompassed the Kosciuszko Road from 1500 metres a.s.l. near Rennix 

Gap (36°21’S, 148°31’E) to 1800 metres a.s.l. near Perisher Valley (36º24´S, 148º25´E), and 

from Smiggin Holes to Guthega Ski Village in the Snowy River Valley, southeastern Australia. 

The dashed line shows the extent of all collared wombat home ranges. 

 

Figure 2. Relationship between home range size of wombats and the mean altitude. The trend 

line shows a significant regression on log-transformed data (r = 0.81, P = 0.003). Open triangles 

are female wombats and closed diamonds are males. 

 

Figure 3. Seasonal home ranges (kernel 95% and 50%) of five wombats in the Snowy 

Mountains. Solid lines are non-winter ranges and dotted lines are winter ranges. The 95% 

contour is in bold. Australian grid coordinates (AGD66 Zone 55) are provided on the axes. 

 

Figure 4. Comparison of night path movement parameters (mean ± se) showing significant 

seasonal differences (*t-test, P < 0.05) for individual male (M) and female (F) wombats. 
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Table 1. Home ranges (ha) of individual female (F) and male (M) common wombats fitted with GPS data-logging collars 2008-2009. 

Significant differences between winter and non-winter home range estimates of individual wombats are shown.  

 

Wombat Annual Home Range Winter season Non-winter season   

 n MCP n KHR_95 KHR_50 n KHR_95 n KHR_95 t4 P 

F1 1824 44.9 338 38.9 ± 0.9 6.6 ± 1.5 88 36.5 ± 2.0 88 39.2 ± 2.8 1.68 0.17 

F2 104 208.4  n.d. n.d.  n.d.  n.d.   

F8 1142 35.5 278 11.5 ± 0.5 1.4 ± 0.5 89 8.1 ± 0.5 89 12.7 ± 0.7 9.27 <0.01 

F9 67 18.9  n.d. n.d.  n.d.  n.d.   

F13 328 22.6 57 23.2 ± 2.1 2.4 ± 0.8  n.d. 57 23.2 ± 2.1   

Subtotal Female  66.1  24.5 3.4  22.3  25.0   

M3 293 47.6 57 52.1 ± 4.6 8.3 ± 4.0  n.d. 57 52.1 ± 4.6   

M4 37 40.2  n.d. n.d.  n.d. 30 40.0 ± 5.0   

M5 1719 146.6 281 85.4 ± 2.8 9.8 ± 3.3 32 70.3 ± 6.8 32 95.9 ± 15.0 3.42 0.03 

M6 264 60.2  n.d. n.d.  n.d. 47 34.4 ± 5.8   

M11 266 1195.4 77 867.3 ± 82.3 59.4 ± 15.6 29 788.8 ± 115.1 29 881.1 ± 72.9 2.68 0.06 

M14 730 245.3 192 126.2 ± 6.2 14.3 ± 2.5 61 78.6 ± 7.6 61 137.7 ± 17.6 6.69 <0.01 

Subtotal Male  289.2  282.7 23.0  312.6  206.9   

TOTAL  187.8  172.1 14.6  196.4  146.3   
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For calculations of home range using minimum convex polygon (MCP), all high-quality fixes (HDOP value < 5) were used. For 

calculations of kernel home range (KHR), 1 fix / day was used with a minimum of 50 fixes in annual home ranges and 25 fixes in 

seasonal home ranges, generated by random selection five times to provide the estimate ± standard deviation. 

n, number of fixes used in the home range estimate.  

KHR_95, 95% probability contour representing the total home range area (ha).  

KHR_50, 50% probability contour representing the core home range area (ha).  

Winter season, when snow is typically present in the study area (July, August, September).  

Non-winter season, all other months without snow (number of fixes standardised to winter season).  

n.d., no data.
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Table 2. Partial regression coefficients and the level of significance for each variable included in 

the best model of home range size (log(MCP)) (multiple r2 = 0.78, adjusted r2 = 0.72). Variables 

entered in the stepwise multiple regression included altitude, sex, body-mass and duration 

(number of nights) of tracking, and interactions between altitude, sex, and duration. 

 

 β SE t P 

(Intercept) 4.44 0.194 22.927 0.000 

Altitude 0.015 0.003 5.122 0.001 

Duration 0.002 0.002 1.462 0.182 

 

 



27 

 

Table 3. Movement statistics of individual common wombats fitted with GPS datalogging collars 2008-2009. 

 

Wombat Speed^ (m h-1) 

mean ± se (max) 

Nightly travel distance* (m) 

mean ± se (max) 

Mean steps / night 

F1 126.8 ± 2.8 (574.6) 644.7 ± 21.7 (1932.7) 4.5 

F2 113.4 ± 14.4 (416.3) 584.5 ± 122.6 (2276.8) 3.9 

F8 67.7 ± 2.5 (477.9) 265.4 ± 14.0 (1189.4) 3.5 

F9 82.7 ± 12.0 (271.3) 260.9 ± 37.8 (648.4) 2.9 

F13 95.9 ± 4.8 (406.2) 516.3 ± 37.6 (1270.3) 4.9 

Female mean 97.3  454.4  

M3 133.9 ± 7.8 (872.9) 687.4 ± 51.9 (1433.5) 4.6 

M4 270.8 ± 38.6 (411.8) 490.1 ± 161.4 (958.0) 2.0 

M5 118.2 ± 3.0 (780.5) 679.8 ± 25.1 (1762.2) 5.2 

M6 124.8 ± 7.6 (616.0) 664.9 ± 56.8 (1591.5) 4.6 

M11 679.7 ± 73.4 (2747.0) 1858.6 ± 244.4 (6562.4) 3.9 

M14 148.6 ± 6.8 (741.1) 517.5 ± 33.3 (2027.1) 3.3 

Male mean 246.0 816.4  

 

^Speed was calculated from the straight-line distance between fixes separated by just one hour.  

*Nightly travel distance was calculated from the sum of all step lengths in the path from the first to the last fix in the night. 
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Supporting Information 

 

Table S1. Summary of wombat GPS collars deployed in the Snowy Mountains, 2008-2009. 

 

Winter 
season 

Collar 
number 

Sex Date 
deployed 

Scheduled 
drop-off 

GPS 
duration 

(nights) 

Total 
fixes* 

(n) 

Winter 
fixes* 

(n) 

Fate of collar 

2008 8 F 11/03/08 28/02/09 309 1142 356 Retrieved above ground 

 9 F 5/04/08 28/02/09 26 70  Retrieved above ground 

 11 M 6/04/08 28/02/09 189 266 151 Retrieved above ground 

 14 M 30/04/08 28/02/09 271 730 253 Retrieved from burrow 

 12 F 1/05/08 28/02/09    Failed VHF signal 

2009 1 F 20/10/08 30/09/09 346 1824 381 Retrieved above ground 

 10 M 21/10/08 30/09/09    In burrow (not retrieved) 

 2 F 21/10/08 30/09/09 57 104  Retrieved from burrow 

 3 M 22/10/08 30/09/09 71 293  Retrieved from burrow 

 13 F 22/10/08 30/09/09 59 328  Retrieved above ground 

 4 M 25/10/08 30/09/09 61 37  Retrieved from burrow 
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Winter 
season 

Collar 
number 

Sex Date 
deployed 

Scheduled 
drop-off 

GPS 
duration 

(nights) 

Total 
fixes* 

(n) 

Winter 
fixes* 

(n) 

Fate of collar 

 5 M 25/10/08 30/09/09 284 1719 148 Retrieved above ground 

 6 M 5/03/09 30/09/09 47^ 264  Failed release 

* Number of high-quality fixes with HDOP <5; ^ GPS data downloaded before release. 
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Table S2. GPS collar performance and data quality for individual male (M) and female (F) wombats. 

 

 2008  2009 

 F 8 F 9 M 14 M 11  F 1 F 2 F 13 M 3 M 4 M 5 M 6 * 

duration (days) 309 26 275 189  346 57 59 71 61 284 48 

# fixes 1456 90 871 329  2235 135 379 364 40 2006 322 

# nights with fixes 284 20 195 86  338 23 57 58 31 281 48 

# nights without fixes 25 6 80 103  8 34 2 13 30 3 0 

# fixes / night 5.1 4.5 4.5 3.8  6.6 5.9 6.7 6.3 1.3 7.1 6.7 

% fixes with 3 satellites 51.2 71.1 40.0 55.3  48.0 57.0 49.1 43.1 10.0 36.8 50.6 

% fixes with 4 satellites 29.6 24.4 28.7 23.7  25.6 29.6 24.5 29.9 17.5 24.5 25.5 

% fixes with 5 satellites 11.5 3.3 15.2 11.6  13.5 8.9 13.7 15.1 15.0 18.5 12.7 

% fixes with 6 satellites 4.8 1.1 10.6 7.0  8.0 2.2 9.0 7.4 15.0 10.6 7.8 

% fixes with 7+ satellites 2.9 0.0 5.6 2.4  4.9 2.2 3.7 4.4 42.5 9.6 3.4 

HDOP mean 4.0 4.2 3.3 3.6  3.6 4.2 3.4 3.8 2.0 3.2 3.6 

% fixes HDOP ≥ 5 (poor) 22.0 22.2 16.4 17.3  19.3 23.7 14.2 20.6 2.5 14.9 19.3 

% fixes HDOP < 5 (good) 78.0 77.8 83.6 82.7  80.7 76.3 85.8 79.4 97.5 85.1 80.7 

 
* part data retrieved from collar – ongoing (not released) 
HDOP, horizontal dilution of precision 
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Table S3. Seasonal site fidelity of wombats between winter and non-winter periods. HRw,n-w is the proportion of the winter home range 

area that is overlapped by the non-winter home range area (and vice versa for HRn-w,w) for the total (95%) and core (50%) kernel home 

range areas. Centroid shift is the distance between the mean centre of locations in winter and the mean centre of locations in non-

winter. 

 

Wombat HR95w,n-w HR95n-w,w HR50w,n-w HR50n-w,w Centroid shift (m) 

F1 0.95 0.89 0.61 0.34 58.4 

F8 0.86 0.57 0.36 0.31 75.6 

M5 0.99 0.62 0.65 0.32 59.7 

M11 0.63 0.74 0.71 0.39 670.3 

M14 0.98 0.49 0.68 0.14 135.1 
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Table S4. Comparison of studies of common wombat home range. 

Study Location, 

elevation 

Tracking methods 

used in HR 

calculation 

Number of 

wombats for 

HR estimates 

Tracking 

duration / 

wombat 

Number of 

locations/ fixes 

used 

Home 

range 

method 

Home range size (ha) 

mean (min – max) 

McIlroy (1973) Buccleuch 

State Forest, 

850-975 m 

Radiotracking, 

radio-location of 

burrows 

6 (from 9 

tracked) 

4 - 5 nights 

2 - 61 days 

continuous paths 

and locations 

MCP 4.7 – 23.2 

Taylor (1993) Cape Portland, 

<100 m 

Observations, 

radiotracking 

2 ∼ 330 minutes 

observation time 

continuous paths 

and sightings 

MCP 8.3 – 13.3 

Buchan & 

Goldney (1998) 

Yetholme, 

1100-1200 m 

Spool tracking, 

radiotracking, 

radio-location of 

burrows 

7 (spool) 

3 (rt) 

1 - 2 days 

(spool) 

5 - 6 nights 

31 days 

 ≥ 30 MCP 6.1 – 9.7 

Skerratt et al. 

(2004) 

Padilpa, 200 m Spool tracking, 

radio-location of 

burrows 

11 3 - 9 days 

(spool) 

12 - 50 days 

146 - 286 

12 - 50 

MCP 2.0 – 8.3 

 

Green (2005) Snowy 

Mountains, 

1540-1880 m 

Snow tracking 9 5 - 9 days 33 - 54 MCP 

Kernel 

27.9 (4.8 – 82.5) 

36.5 (5.7 – 104.3) 

Evans (2008) Riamukka 

State Forest, 

1300 m 

Radiotracking, 

radio-location of 

burrows 

16 (from 18 

tracked) 

up to 42 nights ≥ 60 Harmonic 

mean 

17.7 (7.8 – 32.0) 

This study Snowy GPS tracking 11 (from 13 26 - 346 nights 67 - 1824 (all) MCP 190.4 (18.9 – 1195.4) 
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Mountains, 

1570-1800 m 

collars) 57 - 338 (subset) Kernel^ 172.1 (11.5 – 867.3) 

^Kernel home range based on datasets using subsample of 1 fix/ day, with a minimum of 50 fixes. This excludes four wombats (i.e. n 

= 7). 

 


