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Abstract 

 

Context 

Feeding strategies of large herbivores in snow-covered environments can be 

influenced by snow depth and snow quality. Common wombats Vombatus ursinus are 

large marsupial herbivores that occur in subalpine areas of Australia where they must 

dig through the snow to reach low vegetation. Deeper snow at higher elevations is 

considered to limit foraging and constrain their range, but there have been no 

quantitative studies investigating the influence of snow on their foraging behaviour. 

Aims 

This study examined how snow influenced the foraging behaviour of common 

wombats along a snow depth gradient. 

Methods 

During winter 2008, snow tracks of seventeen wombats were located within the 

subalpine zone, in a study area ranging from 1520 to 1850 m a.s.l., and followed to 

record attributes of the snow cover and environment in relation to wombat activity. 

Key results 

Wombats selected sites to feed where the snow was shallower, but deeper snow at 

feeding sites caused changes in foraging behaviour. Foraging occurred along fairly 

direct routes between burrows, but as snow depth increased, wombats deviated more 

from their path to seek out suitable foraging sites. Most foraging occurred in shallow 

snow in open areas or where the snow had melted around the base of trees, shrubs, or 

boulders. About half (52%) of the feeding sites necessitated the wombats digging 

through the snow to reach low vegetation, predominantly grass Poa spp.. Digging 

craters for feeding occurred in snow depths up to 100 cm, but depths less than 35 cm 
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were preferred. Some shrub species, such as dusty daisy bush Olearia phlogopappa, 

that protruded from the snow were also eaten where the snow was deeper. Dietary 

analysis confirmed that monocots made up the majority of the diet (93.3%), but some 

individuals consumed up to 26% dicots. 

Conclusions 

This study demonstrates that wombats can adjust to a snow-covered environment by 

altering both their foraging patterns and diet as snow depth increases. However, they 

will be limited where snow depths are consistently greater than 100 cm. 

Implications 

Under future climate change scenarios of declining snow cover, wombats may be able 

to forage and inhabit higher altitudes than where they currently occur, and this has 

implications for the grazing-sensitive alpine ecosystem. Predicting shifts in the range 

of other herbivores to higher altitudes will require knowledge of their species-specific 

foraging thresholds in snow, such as presented in this study. 
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Introduction 

 

Foraging in snow-covered environments is energetically demanding for large 

herbivores, particularly grazers, because they must dig through the snow to reach low 

vegetation. Feeding strategies, as well as movements among foraging patches, are 

influenced both by snow depth and snow quality (density and hardness) (Skogland 

1978; Brown and Theberge 1990; Schaefer and Messier 1995a; Ihl and Klein 2001; 

Larter and Nagy 2001). As snow depth increases, or snow quality becomes less 

favourable, a grazer may choose to tolerate conditions by making changes in their 

foraging behaviour, or avoid those areas altogether because they have reached their 

limit of tolerance. Changes in foraging behaviour observed in ungulate populations 

foraging in snow include 1) seeking out more favourable patches for foraging within 

the landscape, such as sites with shallower snow (Larter and Nagy 2001), 2) 

employing optimal foraging patterns to reduce energy costs, such as spending more 

time foraging in fewer patches (Schaefer and Messier 1995b) and 3) supplementing or 

switching diet to include above-ground forage (Sweeney and Sweeney 1984; Brown 

and Theberge 1990).  

 

Thresholds for cratering through snow to reach forage differ among species and 

geographic locations. For example, muskoxen Ovibos moschatus generally forage in 

areas with less than 30 cm of snow (Larter and Nagy 2001), elk Cervus elaphus shift 

from grazing to browsing when snow depths reach approximately 40 cm (Sweeney 

and Sweeney 1984) and caribou Rangifer tarandus switch from feeding on low 

vegetation to arboreal lichens when snow depths exceed about 60-75 cm (Marchand 

1996) and up to 125 cm in some regions (Brown and Theberge 1990). Limits of 
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tolerance to snow are likely to be reached at cratering thresholds for obligate grazers 

but may be significantly greater for species that are more flexible in their diet. 

 

In Australia, common wombats Vombatus ursinus are large, herbivorous marsupials 

that feed primarily on grasses (Evans et al. 2006). They are active above the snowline 

during winter, and, like ungulates, dig through the snow to reach low vegetation. This 

need to dig for grasses is considered to be the greatest limitation on their occurrence 

in alpine areas (Pickering et al. 2004), but there have been no quantitative studies 

investigating the influence of snow on their foraging behaviour. Wombats have been 

observed to forage through 30 cm of snow (Triggs 1996), but they may have greater 

tolerance for deeper snow because they are good diggers, and have been seen to 

excavate burrows buried in up to 150 cm of snow (Green 2004). Furthermore, they 

may feed on some shrub species when grasses are less accessible in snow (Green 

2005). More detailed measures of foraging behaviour may help to interpret current 

altitudinal limits of wombats. 

 

The aim of this study was to determine how wombat foraging movements are affected 

by snow and other habitat attributes. Previous approaches to investigate how snow 

depth influences foraging behaviour of herbivores have compared time through winter 

as snow was accumulating (e.g. Schaefer and Messier 1995a; Johnson et al. 2001) or 

differences in snow cover among years (e.g. Schaefer and Messier 1995a; Ihl and 

Klein 2001). An alternative is to examine foraging behaviour along an altitudinal 

gradient where there is variation in snow depth within the range of the population. 

Using this approach, it is possible to examine whether greater behavioural changes are 

made with increasing snow depths and where the limit of tolerance lies. For wombats, 
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the specific objectives were to: (1) determine whether forage site selection is 

influenced by snow depth, (2) examine changes in foraging behaviour and diet with 

increasing snow depths, and (3) identify a threshold snow depth for foraging. Since 

there is little information regarding wombat foraging behaviour in the snow, other 

aspects of their movement and feeding choices, such as what they eat and where they 

forage in the landscape, were also examined. 

 

Study area 

 

The study was conducted within a 10 km radius of Perisher Valley (36º24´S, 

148º25´E) in the Australian Snowy Mountains. The terrain is undulating, with rocky 

outcrops on the hills. All sites were within subalpine woodland dominated by snow 

gums Eucalyptus pauciflora subsp. niphophila, or sod-tussock Poa grassland. The 

snow cover in the study area has been classified as maritime at higher elevations and 

ephemeral at lower elevations, both of which are characterised by icy layers but 

without depth hoar (Sanecki et al. 2006). Snow density increases throughout the 

season through metamorphism and as icy layers build up with frequent melt or rain 

and refreeze of the snow cover. Temperature at Perisher Valley lies on average 

between -5 and 3°C during July-August (Bureau of Meteorology 2008). Maximum 

snowcover depth within the study area on the Snowy Hydro snow course at Spencers 

Creek (1830 m) reached 174 cm on 14 August 2008, which was more than the 

previous three winters, but was below the long-term average (Hennessy et al. 2003). 

 

Wombats were generally the only herbivore in the study area to dig snow craters to 

access forage. Hares Lepus capensis occurred throughout the study site, but are poor 
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diggers and generally browsed on shrubs protruding above the snow. Rabbits 

Oryctolagus cuniculus are not well-adapted to snow and occurred only at lower 

elevations and in disturbed sites such as along roadsides where the snow was cleared. 

Eastern grey kangaroos Macropus giganteus and red-necked wallabies M. rufogriseus 

were infrequently encountered above the snowline during winter. Swamp wallabies 

Wallabia bicolor are a browsing species and are occasionally encountered above the 

snowline (Green and Osborne 1994), but were not observed around wombat tracks. 

 

Methods 

 

Snow tracks of seventeen wombats were located along an altitudinal gradient from 

1520 m to 1850 m above sea level during four weeks in mid-winter 2008 (July – 

August). Snow tracks revealed the nocturnal foraging path of the wombat from its 

burrow to where it fed. Tracks were located in the field by skiing to selected burrows 

(known to the author), as a starting point. Burrows were selected randomly from a 

map, and were distributed at least one kilometre apart to ensure different individuals 

were tracked. If the randomly selected burrow was not being used by a wombat and 

no tracks were present, a search was made of the surrounding area until a track from 

the next nearest burrow was located. In addition, tracks of wombats being monitored 

in a separate study using radio-telemetry were followed using the same criteria for 

independence. If more than one track was found to be leading to and from the selected 

burrow, the most recent track (based on a visual interpretation of the imprint in the 

snow) was chosen.  
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Once located, each track was followed on skis until the track ended at a burrow or 

sign of the track was lost (average distance = 400 m). Snow measurements, including 

snow depth, sinking depth (i.e. the depths to which wombats sank in snow) and 

digging depth, were taken every 20-30 m along the track where the wombat had 

moved and at each feeding point and burrow encountered. A feeding point was 

defined as any discrete crater or snow-free location where a wombat had attempted to 

forage. At the smallest scale, some authors refer to this as a feeding station (e.g. Senft 

et al. 1987). Snow measurements were taken to the nearest 1.0 cm with an avalanche 

probe or 30 cm plastic ruler. Snow depths at feeding points were taken within 10 cm 

of the edge of the crater to reflect snow depth before snow was excavated. Similarly, 

snow depth at burrows was taken at the edge of trails into the entrance to reflect snow 

depth before excavation or compaction from regular use. Sinking depth was used as a 

proxy for snow quality (density and hardness) because wombats are nocturnal, and 

snow measurements could not be taken at the time the track was made (Lundmark and 

Ball 2008).  

 

The position of each relocation point of activity (move, feed, burrow) along the track 

was recorded on ArcPad using a handheld computer (TDS/Trimble Nomad, Tripod 

Data Systems Inc.) that incorporated an internal geographical positioning system 

(GPS) with an autonomous accuracy of around 10 m. Attributes of the environment, 

including the habitat, topography, snow measurements, feeding point attributes and 

burrow attributes were also recorded directly into the spatial point layer on ArcPad. 

Habitat was categorised as open, tree base, shrub, creek edge, roadside, boulder, trail 

or other. Topography included ridge, slope, gully or plain. Craters were categorised as 

single, trench or extensive, and an estimate of the size was made using measurements 



 10 

of the length and width. Feeding points were categorised as successful or not 

successful, depending on whether vegetation was exposed and bite marks or stripped 

vegetation was evident. The type of vegetation at the feeding point was identified to 

broad classes (Poa grass, other grass, flax lily, rush, reed, sedge, herb, shrub, moss, 

bark, eucalypt shoots or other) and the species of shrub noted. Burrow attributes 

included whether it had been excavated or entered by the wombat. 

 

Spatial and statistical analyses 

 

Mixed-effects models were used to examine variation in snow depth and sinking 

depth with wombat activity (feeding or moving) and habitat, with individual tracks 

included as a random effect. Variance components analysis was used to assess how 

much individual tracks contributed to the variance. Habitat was combined for analyses 

into five categories: open, tree, mixed vegetation, rock, and linear habitats (e.g. roads, 

creeks). Modelling was undertaken using the MIXED procedure in SAS v. 9.2 (SAS 

Institute Inc. 2009).  

 

Spatial analyses of the movement path were conducted in ArcGIS v. 9.2 (ESRI Inc.) 

using Hawth’s Analysis Tools v. 3.27 (http://www.spatialecology.com/htools) to 

convert relocation points to paths and calculate distances. Deviation angles at each 

relocation point along the path were calculated in ArcView v. 3.3 with the extension, 

Path, with Distances and Bearings v. 3.2b (Jenness 2007). Deviation angles measure 

the deviation from the bearing regardless of direction (Bell 1991). The values 

therefore range between 0 - 180º, with higher deviation angles reflecting a greater 

change of direction (Jenness 2007). Mean turn bias was estimated by designating left 

http://www.spatialecology.com/htools�
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deviation angles as (-) and right deviation angles as (+), then summing the signed 

values and taking the average. This measure thus quantifies the looping characteristics 

of the path by taking into account left and right turns from the bearing (Bell 1991). 

Turning angles (measured on a circular scale) are an integral part of random walk 

models (Turchin 1991), but rather than modelling the movement process, the aim here 

was to directly test aspects of movement behaviour in relation to foraging conditions 

(Kernohan et al. 2001). Variation in deviation angles with habitat (open or other 

habitats) and wombat activity was also examined using a mixed-effects model with 

wombat track included as a random effect. 

 

Diet analysis 

 

Fresh faecal pellets (n = 34) were collected along 14 tracks for dietary analysis. A 

single pellet was collected from a group of pellets at one to three locations along the 

track. Faecal pellets were kept frozen in the field, then dried in an oven set to 60°C for 

24 hours before analysis. Microhistological analysis of plant epidermal fragments 

followed the procedures of Davis et al. (2008) with just one subsample of 100 

fragments analysed per pellet using point quadrat analysis (Norbury 1988). Pellet 

material was soaked in hot water and stirred before slide preparation to ensure 

particles were mixed. Fragments were bleached and then stained with 1% aqueous 

solution of gentian violet to render the epidermis identifiable (Evans and Jarman 

1999). Plant material was mounted on microscopic slides using a corn syrup (KaroTM, 

New York, U.S.A.) medium. Plant fragments were assigned to broad taxonomic 

categories: (i) monocots, and (ii) dicots. The mean proportion of plant epidermal 

fragments within each category was calculated for each track. This method of dietary 
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analysis can produce some bias between the ingested and faecal proportions of some 

plant types (Evans et al. 2006). However, biases are likely to be similar among 

wombat tracks and comparisons can be made with previous studies of wombat diet 

that have used this method without calibration (e.g. Evans et al. 2006; Davis et al. 

2008). 

 

Results 

 

Snow measurements along tracks 

 

Wombat tracks were distributed along a snow depth gradient, with average snow 

depth ranging from 14 cm to 133 cm at relocation points along the track where the 

wombat was moving (Table 1). The maximum snow depth encountered on wombat 

tracks was 187 cm. Generally, snow depth increases with elevation (Sanecki et al. 

2006), but because field surveys were conducted over a four week period as snow was 

accumulating, there was no significant correlation between altitude and snow depth on 

the tracks (r = 0.223, 15df, P > 0.05). Patchy snow cover was more frequently 

encountered at lower elevations, but also occurred on some northerly aspects at higher 

elevations. Burrows were located in snow depths up to 138 cm (Table 1), although 

some entrances were reached through a snow tunnel that extended up to 200 cm in 

length. 

 

Snow depth along tracks varied significantly according to feeding activity and habitat 

(Table 2; Fig. 1). Inclusion of the differences among tracks reduced the residual 

variance by 68 %. Wombats selected sites to feed where the snow was shallower 
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(least-squares mean = 35.2 ± 7.2 cm) compared with where they moved (47.9 ± 7.4 

cm). However, successful foraging still occurred in snow depths up to 100 cm (Table 

1). Open habitats had significantly deeper snow compared with trees, rocks and linear 

habitats (differences in least-squares means = 21.6 cm, 20.4 cm and 19.8 cm 

respectively; t352 = 7.0, 3.5 and 3.7, P < 0.05). Foraging in open habitats often 

appeared to be opportunistic, such as where grasses or shrubs protruded above the 

level of the snow. There was no significant interaction between habitat and feeding 

activity (Table 2). 

 

Sinking depth was positively correlated with snow depth (r = 0.31, 428 df, P < 0.01) 

but did not vary significantly with wombat activity (Table 3). Inclusion of individual 

tracks reduced the residual variance by 30 % in the model of sinking depth. Estimated 

sinking depths averaged 5.1 ± 0.8 cm at feeding points and 6.2 ± 0.9 cm when the 

wombat was moving. Maximum sinking depth was 35 cm, and at this depth, a trench 

was formed along the track by the wombat as it pushed through the snow. Sinking 

depth varied significantly with habitat, and there was an interaction effect between 

feeding activity and habitat (Table 3; Fig. 2). Wombats avoided feeding in very soft 

snow around mixed vegetation, such as shrubs, where sinking depths were high 

(difference in least-squares means between moving and feeding = 6.4 ± 1.5 cm; t352 = 

4.39, P < 0.05). 

 

As snow depth increased along the gradient, deeper snow was encountered at feeding 

points (r = 0.779, 10df, P < 0.01) and, consequently, digging depths also increased (r 

= 0.704, 10df, P < 0.05). Up to 66 cm of snow was excavated at feeding points to 

reach low vegetation, although digging depths were most frequently less than 30 cm 
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(Fig. 3). Not all snow needed to be removed to reach the tips of ground-based 

vegetation for feeding. Snow craters that were abandoned (i.e. unsuccessful feeding 

points) were on average 29 cm deep (maximum 45 cm). More snow was removed by 

wombats to reach ground-based vegetation when the snow was deeper because of the 

relationship between snow depth and digging depth at a feeding point (r = 0.669, 

80df, P < 0.01), but the size (m2) of the snow crater was not significantly correlated 

with snow depth (r = -0.089, 80df, P > 0.05). 

 

Feeding point attributes 

 

Feeding points were located in open habitats (32.7% of records), at the base of trees 

(29.4%), shrubs (17%), boulders (9.2%), eucalypt saplings (4.6%), or along 

watercourses (3.9%). Almost half (48%) of all feeding points involved no cratering 

(Fig. 3). At these sites, grasses or shrubs projected above the snow or were exposed 

around tree bases or rocks where the snow had melted and wombats were able to feed 

without digging through the snow. However, even along tracks where the snow cover 

was patchy, such as at lower elevations or on northerly aspects, wombats still selected 

points to forage where some cratering of the snowcover was required. Single craters 

occurred at 41% of feeding points, averaging 0.4 m2. Trenches or more extensive 

cratering activity occurred at 11% of feeding points and were up to 10 m2 in area.  

 

Spatial patterns of foraging 

 

Foraging occurred along fairly direct routes between burrows, often with multiple 

burrows visited en route. The average distance between burrows visited along tracks 
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was 211 ± 27 m, while the mean distance between feeding points ranged from 8 m to 

40 m. The movement path was roughly linear with a mean turn bias of 9.9° and mean 

deviation from the bearing of 52.2°. The movement path rarely crossed over itself, 

except in some small patches of aggregated feeding points. 

 

The movement path appeared to be directed in many instances towards visual 

landmarks, such as trees and rocks, where more accessible forage might be found. The 

mixed-effects model showed that deviation angles at feeding points were significantly 

greater than at relocation points where the wombat was moving (least-squares means 

= 67.8 ± 5.5º and 38.5 ± 4.9º respectively; Table 4) with the inclusion of differences 

among tracks reducing residual variance by 11 %. However, there was no influence of 

habitat on the direction of the movement path, with similar deviation angles at open 

habitats compared with other habitats, and there was no significant interaction 

between habitat and wombat activity (Table 4). Deviation angles at feeding points 

were positively correlated with snow depth along the track (r = 0.874, 10df, P < 0.01), 

such that the movement path was straighter through a feeding point at shallower snow 

depths (Fig. 4). This suggests that wombat foraging is more opportunistic along a set 

route (such as a trail between burrows) where the snow is shallower, but as snow 

depth increases wombats must be more active in seeking out feeding points.  

 

Wombats foraging at higher altitudes dug fewer craters per 100 m of track (r = -0.549, 

15df, P < 0.05), but this relationship did not hold with snow depth (r = -0.177, 15df, P 

> 0.05). Digging depth was greater on tracks with fewer successful feeding points, 

standardised for track length (r = -0.583, 13df, P < 0.05), indicating that wombats 

increased the time spent foraging where fewer feeding sites were encountered.  
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Diet 

 

Food items identified at successful feeding points included grass Poa spp. (62% of 

observations), other grass (15.5%), shrub (13.2%; predominantly dusty daisy bush 

Olearia phlogopappa as well as leafy Bossiaea Bossiaea foliosa and cascade 

everlasting Ozothamnus secundiflorus), flax lily Dianella tasmanica (1.6%) and rush 

(0.8%). Other feeding points included a mix of grasses and shrubs. There was a trend 

for a greater percentage of shrubs taken at feeding points on tracks with deeper snow, 

but this relationship was not significant (r = 0.242, 12df, P > 0.05). However, the 

snow depth was significantly greater at feeding points where shrubs were taken (least-

squares mean = 46.0 ± 7.8 cm) compared with feeding points where Poa, other grass 

or other food items were taken (least-squares mean = 32.4 ± 6.2 cm, 29.3 ± 7.4 cm 

and 30.2 ± 7.9 cm respectively; F3,111 = 3.12, P = 0.03, Fig. 5), with the differences 

among tracks reducing residual variance by 66 %. 

 

Scat analyses conducted on the percentage of monocot vs. dicot in the diet confirmed 

that monocots made up the majority of the wombat diet (93.3 ± 1.3 %). However, 

some individuals consumed up to 26% dicots, and there was a trend for more dicot in 

the diet of individuals foraging in snow depths greater than 30 cm (t = 2.1, 7df, P = 

0.08, Fig. 6). The percentage of dicot identified in each scat was positively correlated 

with the percentage of shrub identified at successful feeding points along the track 

(correlation on arcsine transformed data; r = 0.347, 32df, P < 0.05), verifying the 

match between observations and dietary analysis. 
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Discussion 

 

Snow depth was an important variable in the selection of feeding points by wombats. 

Wombats selected locations along their tracks where the snow was shallower to 

access forage. Snow depths up to about 30 cm were preferred for foraging. Evidence 

for this came from 1) their selection for feeding points where snow depths averaged 

35 cm, 2) crater depths were most frequently less than 30 cm, and 3) unsuccessful 

feeding points were abandoned when digging depths reached, on average, 29 cm. The 

influence of snow quality (as indicated by sinking depths) was less apparent because it 

was correlated with snow depth, with shallower snow at feeding points also being 

harder or more compact.  

 

Previous authors (e.g. Triggs 1996; Green and Osborne 1994; Green 2005) have noted 

that wombats may preferentially forage in exposed areas when the snow cover is 

deep, such as along streams, roads and north-facing slopes. This preference for 

exposed sites was supported in this study, but the exposed bases of trees, shrubs and 

boulders were more frequently used. Trees and boulders may act as visual landmarks 

to direct foraging movements, but the snow depth at these habitats still determined 

their suitability for feeding. Feeding occurred in all habitats, including open areas, but 

it occurred at points where the snow depth was shallower than average.  

 

How wombats choose points of shallower snow is unknown, but they may be based 

on visual or olfactory cues. Visual cues could include a depression in the snow from 

melting around trees and boulders, or places where vegetation projected through the 

snow cover. Ihl and Klein (2001) found that ungulates in their study site showed a 
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greater tendency to crater in places where vegetation projected through the snow and, 

in this study, signs of wombats feeding in these locations was observed. Alternatively, 

olfactory cues could be used to locate forage. For example, studies on caribou have 

shown that they can apparently smell lichens growing beneath shallow snow 

(Marchand 1996). Wombats regularly use olfactory signals for communication 

(Triggs 1996), and they were observed to mark successful feeding sites with their 

faecal pellets. Thus, rather than smelling forage beneath the snow, wombats may 

place their own cues for returning to high-quality forage sites. This strategy would 

optimise foraging in a snow-covered environment where digging is energetically 

expensive and the reward is uncertain. 

 

The quality of a forage site may also be determined by characteristics such as plant 

mass, dry matter digestibility and potential energy intake rates. These forage 

characteristics, in combination with snow characteristics, may influence foraging 

decisions of herbivores, and this has been shown in studies of bison and elk (Fortin 

2003; Fortin et al. 2005). Very little is known about how variation in these 

characteristics influence foraging by wombats, but it is known that wombats have 

very different energy requirements to ungulates. Wombats persist on poor-quality 

grasses, have low feeding rates and very low field metabolic rates, which are lower 

than other marsupials and well below that predicted for a herbivorous mammal (Evans 

et al. 2003; 2006). This may give wombats an advantage in the snow where access to 

forage is limited.    

 

Changes in foraging behaviour with increasing snow depths 
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Animals may use different search tactics to cope with changes in environmental 

variables (Bell 1991) and in this study, wombats were found to use different foraging 

patterns as snow depth increased. In general, wombat tracks were roughly linear and 

followed fairly direct routes between burrows, with few path crossings. However, 

when wombats were in deeper snow, they appeared to be more active in seeking out 

feeding points, and the number of feeding points along the track declined with 

increasing altitude. Furthermore, as digging depth increased, and hence foraging 

conditions were more severe, the number of feeding points per track declined. 

Wombats may invest more time at a feeding point where the snow is deeper to 

maximise yield in patches where the energetic cost of locating available forage is 

high. This finding supports the work of Schaefer and Messier (1995b) who found 

muskoxen to use fewer feeding stations per patch during mid-winter when snow cover 

was greatest, but remain at those feeding stations for longer so that overall patch 

residence time remained the same. 

 

An alternative strategy to digging in deep snow is to feed on above-ground forage. In 

this study over 10% of food items identified were shrubs, predominantly dusty daisy 

bush Olearia phlogopappa. These shrubs often protruded from the snow, making 

them easy access for foraging by wombats. Green (2005) also found wombats to feed 

on this shrub species during winter in the Snowy Mountains, but other studies of 

wombats have not recorded shrubs in the diet (e.g. Rishworth et al. 1995; Evans et al. 

2006; Davis et al. 2008). Dietary analysis confirmed that shrubs were taken, and up to 

26% of the diet was identified as dicot. It remains to be seen whether this is part of the 

diet during summer in the Snowy Mountains or whether wombats change their food 

preferences during winter to cope with a reduction in the availability of grasses. 
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Trends between snow depth and the amounts of dicot in the diet suggest that a 

seasonal shift in diet is likely. Some obligate grazers also consume some browse 

during winter snow conditions (e.g. bighorn sheep, Goodson et al. 1991), while 

dietary shifts from grazing to browsing when snow depth increases is well known in 

elk and caribou (Marchand 1996). However, the high individual variability in the 

amount of dicot taken by wombats in this preliminary analysis suggests that any 

seasonal comparison should aim to examine foraging selection of marked animals to 

take into account individual preferences. The generality of these dietary findings to 

other locations in Australia where wombats occur in snow also needs to be 

determined.  

 

Limits of tolerance 

 

Whilst changes in foraging behaviour were observed as snow depth increased, and 

wombats were able to feed in snow depths considerably greater than their preference, 

no feeding occurred where snow depths were greater than 100 cm. Craters were dug 

to a maximum of 66 cm, and this would appear to be the threshold at which the 

benefits of digging for ground-based vegetation are outweighed by the energetic costs.  

 

In contrast to cratering, wombats were able to move among foraging sites in snow as 

deep as 187 cm. This was greater than the maximum snow depth recorded for the 

season on the Spencer’s Creek snowcourse and suggests that wombats are not 

prevented from moving between burrows and foraging areas even at the highest 

elevations. Snow conditions in Australia differ quite markedly from sites where most 

work has been done in the northern hemisphere where very soft snow and crust are a 
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hindrance to animals (Formozov 1946). Nevertheless, the presence of snow must be 

energetically demanding for a wombat as they do sink to depths greater than their 

chest height (< 20 cm, author’s unpublished data). In this study, sinking depths were 

up to 35 cm, while 3 to 15 cm were frequently recorded. To move through the snow at 

these maximal sinking depths, a wombat must lift its legs almost to shoulder level, use 

a more energetically-demanding, bounding gait, or simply push through the snow 

(bulldoze it). Consequently, the range of wombat movements during winter is likely 

to be restricted. 

 

This study was undertaken in the Snowy Mountains during a year of below-average 

snow depth. Changes in foraging behaviour may be more pronounced in years of very 

deep snow, and if the limit of tolerance is exceeded, then this may impact on wombat 

survival. In the winter of 1981, when the recorded maximum snow depth was 360 cm, 

many wombats were thought to have perished (Green and Osborne 1994). It is likely 

that wombats at higher elevations would have had limited access to sites where the 

snow was shallower than 100 cm for many weeks during that winter.  

 

Conclusion 

 

This was the first study to provide a quantitative measure of the influence of snow on 

the fine-scale movements and foraging patterns of wombats. The findings demonstrate 

that wombats can adjust to a snow-covered environment by altering their foraging 

behaviour. This was observed in three ways: 1) wombats selected sites in the 

landscape with shallower snow to forage, 2) wombats adjusted their foraging patterns, 

including movements and cratering, in deeper snow and 3) wombats included in their 
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diet some shrub species. Nevertheless, snow deeper than about 100 cm is a hindrance 

to wombat foraging.  

 

In the Snowy Mountains, some wombats were able to inhabit high elevation sub-

alpine sites because snow depth varied within the landscape due to topographic, 

climatic (wind speed and direction), and microhabitat variations, and patches of snow 

shallower than 100 cm could be found. However, in areas where snow depths are 

consistently greater than 100 cm wombats will be limited. Under future climate 

change scenarios of declining snow cover (Hennessy et al. 2003), wombats may be 

able to forage and inhabit higher altitudes than where they currently occur. This has 

implications for the grazing-sensitive alpine ecosystem (Bridle and Kirkpatrick 2001) 

and future research will need to address possible impacts from grazing wombats and 

other herbivores. Other native species (e.g. kangaroos and wallabies) and introduced 

species (e.g. rabbits and deer Dama dama and Cervus spp.) may similarly increase 

their altitudinal range with climate change, but predicting the extent of range shift will 

require knowledge of their species-specific foraging thresholds in Australian snow 

conditions. 

 

Acknowledgements 

 

I wish to thank Wayne Robinson for assistance with statistics, Deanna Duffy for 

assistance with ArcPad and spatial analyses, and Naomi Davis for conducting the 

dietary analyses at Melbourne University. Nick Klomp and Peter Spooner provided 

advice on the study design, and Peter Spooner and Ken Green provided helpful 

comments on the manuscript. 



 23 

 

References 

 

Bell, W. J. (1991). 'Searching behaviour: The behavioural ecology of finding 

resources.' (Chapman and Hall: London.) 

Bridle, K. L., and Kirkpatrick, J. B. (2001). Impacts of grazing by vertebrate 

herbivores on the flower stem production of tall alpine herbs, Eastern Central 

Plateau, Tasmania. Australian Journal of Botany 49, 459-470. 

Brown, W. K., and Theberge, J. B. (1990). The effect of extreme snowcover on 

feeding-site selection by woodland caribou. The Journal of Wildlife 

Management 54, 161-168. 

Davis, N. E., Coulson, G., and Forsyth, D. M. (2008). Diets of native and introduced 

mammalian herbivores in shrub-encroached grassy woodland, south-eastern 

Australia. Wildlife Research 35, 684-694. 

Evans, M. C., and Jarman, P. J. (1999). Diets and feeding selectivities of bridled 

nailtail wallabies and black-striped wallabies. Wildlife Research 26, 1-19. 

Evans, M. C., Green, B., and Newgrain, K. (2003). The field energetics and water 

fluxes of free-living wombats (Marsupialia: Vombatidae). Oecologia 137, 

171-180. 

Evans, M. C., Macgregor, C., and Jarman, P. J. (2006). Diet and feeding selectivity of 

common wombats. Wildlife Research 33, 321-330. 

Formozov, A. N. (1946). 'Snow cover as an integral factor of the environment and its 

importance in the ecology of mammals and birds.' (Boreal Institute for 

Northern Studies, University of Alberta: Edmonton.) 

Fortin, D. (2003). Searching behavior and use of sampling information by free-



 24 

ranging bison (Bos bison). Behavioral Ecology and Sociobiology 54, 194-203. 

Fortin, D., Morales, J. M., and Boyce, M. S. (2005). Elk winter foraging at fine scale 

in Yellowstone National Park. Oecologia 145, 334-342. 

Goodson, N. J., Stevens, D. R., and Bailey, J. A. (1991). Effects of snow on foraging 

ecology and nutrition of bighorn sheep. Journal of Wildlife Management 55, 

214-222. 

Green, K. (2004). Wombats in winter. Victorian Naturalist 121, 69-70. 

Green, K. (2005). Winter home range and foraging of common wombats (Vombatus 

ursinus) in patchily burnt subalpine areas of the Snowy Mountains, Australia. 

Wildlife Research 32, 525-529. 

Green, K., and Osborne, W. S. (1994). 'Wildlife of the Australian snow country.' 

(Reed: Sydney.) 

Hennessy, K., Whetton, P., Smith, I., Bathols, J., Hutchinson, M., and Sharples, J. 

(2003). 'The impact of climate change on snow conditions in mainland 

Australia.' (CSIRO Atmospheric Research: Aspendale, Victoria.) 

Ihl, C., and Klein, D. R. (2001). Habitat and diet selection by muskoxen and reindeer 

in western Alaska. The Journal of Wildlife Management 65, 964-972. 

Jenness, J. (2007). Path, with distances and bearings (pathfind.avx) extension for 

ArcView 3.x, v. 3.2b. Jenness Enterprises. Available at: 

http://www.jennessent.com/arcview/path.htm. 

Johnson, C. J., Parker, K. L., and Heard, D. C. (2001). Foraging across a variable 

landscape: behavioral decisions made by woodland caribou at multiple spatial 

scales. Oecologia 127, 590-602. 

Kernohan, B. J., Gitzen, R. A., and Millspaugh, J. J. (2001). Analysis of animal space 

use and movements. In 'Radio Tracking and Animal Populations'. (Ed. J. J. 

http://www.jennessent.com/arcview/path.htm�


 25 

Millspaugh and J. M. Marzluff) pp. 125-166. (Academic Press: San Diego.) 

Larter, N. C., and Nagy, J. A. (2001). Variation between snow conditions at Peary 

caribou and muskox feeding sites and elsewhere in foraging habitats on Banks 

Island in the Canadian High Arctic. Arctic Antarctic and Alpine Research 33, 

123-130. 

Lundmark, C., and Ball, J. P. (2008). Living in snowy environments: quantifying the 

influence of snow on moose behavior. Arctic, Antarctic and Alpine Research 

40, 111-118. 

Marchand, P. J. (1996). 'Life in the Cold: An Introduction to Winter Ecology.' 

(University Press of New England: Lebanon, NH.) 

Norbury, G. L. (1988). Microscopic analysis of herbivore diets - a problem and a 

solution. Wildlife Research 15, 51-57. 

Pickering, C., Good, R., and Green, K. (2004). 'Potential effects of global warming on 

the biota of the Australian Alps.' (Australian Greenhouse Office: Canberra.) 

Rishworth, C., McIlroy, J. C., and Tanton, M. T. (1995). Diet of the common wombat, 

Vombatus ursinus, in plantations of Pinus radiata. Wildlife Research 22, 333-

339. 

Sanecki, G. M., Green, K., Wood, H., and Lindenmayer, D. (2006). The 

characteristics and classification of Australian snow cover: an ecological 

perspective. Arctic, Antarctic, and Alpine Research 38, 429-435. 

SAS Institute Inc. (2009). 'SAS OnlineDoc® 9.2.' (SAS Institute Inc.: Cary, NC.) 

Schaefer, J. A., and Messier, F. (1995a). Habitat selection as a hierarchy: the spatial 

scales of winter foraging by muskoxen. Ecography 18, 333-344. 

Schaefer, J. A., and Messier, F. (1995b). Winter foraging by muskoxen: a hierarchical 

approach to patch residence time and cratering behaviour. Oecologia 104, 39-



 26 

44. 

Senft, R. L., Coughenour, M. B., Bailey, D. W., Rittenhouse, L. R., Sala, O. E., and 

Swift, D. M. (1987). Large herbivore foraging and ecological hierarchies. 

Bioscience 37, 789-799. 

Skogland, T. (1978). Characteristics of the snow cover and its relationship to wild 

mountain reindeer (Rangifer tarandus tarandus L.) feeding strategies. Arctic 

and Alpine Research 10, 569-579. 

Sweeney, J. M., and Sweeney, J. R. (1984). Snow depths influencing winter 

movements of elk. Journal of Mammalogy 65, 524-526. 

Triggs, B. (1996). 'The wombat: common wombats in Australia.' (University of New 

South Wales Press: Sydney.) 

Turchin, P. (1991). Translating foraging movements in heterogeneous environments 

into the spatial distribution of foragers. Ecology 72, 1253-1266.



 27 

List of figures 

 

Figure 1. Mixed-effects model comparison of snow depths (least-squares mean ± 

standard error) in different habitats along tracks of wombats at relocation points 

where the wombat was moving or feeding. 

 

Figure 2. Mixed-effects model comparison of sinking depths (least-squares mean ± 

standard error) in different habitats along tracks of wombats at relocation points 

where the wombat was moving or feeding. 

 

Figure 3. Frequency histogram of digging depth (or ‘crater’ depth) at feeding points 

along wombat tracks. The solid line is the normal distribution curve. 

 

Figure 4. Mean path deviation at feeding points in relation to mean snow depth along 

the track. Error bars represent standard errors. Tracks with fewer than 5 feeding points 

were excluded.  

 

Figure 5. Least-squares mean snow depth (± standard error) at each feeding point of 

wombats in relation to the type of forage taken. 

 

Figure 6. Percentage dicot in the diet of wombats foraging along tracks with relatively 

shallow (<30 cm) or deep (30 cm +) snow at feeding points. Error bars represent 

standard errors. 
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Table 1. Snow depth (cm) along wombat tracks in the Snowy Mountains, Australia. 

 

    Mean snow depth at relocation points 

(maximum) 

Track Altitude 

(m) 

Min 

snow 

depth 

Max 

snow 

depth 

Move n Feed n Burrow n 

1 1740 0 122 78.3 19 24.4 7 0.0 1 

2 1730 0 115 51.0 17 17.8 4 67.0 2 

3 1750 0 100 55.2 21 32.3 3 75.0 2 

4 1650 0 50 28.7 19 12.5 15 23.0 3 

5 1700 0 70 35.3 23 27.1 17 49.6 5 

6 1640 0 45 24.9 8 0.0 6 15.7 3 

7 1850 48 122 72.9 9 66.0 1 80.0 2 

8 1590 4 55 42.1 13 17.1 10 32.0 4 

9 1700 22 109 67.2 9 42.3 8 70.0 1 

10 1620 0 138 65.0 20 35.6 21 82.0 2 

11 1670 11 120 68.2 12 39.1 13 85.0 2 

12 1670 0 90 57.4 9 12.5 14 61.5 2 

13 1580 0 55 14.1 14 0.0 7 21.8 4 

14 1720 20 105 59.6 14 60.6 11 56.5 2 

15 1520 5 116 87.2 6 72.6 10 67.0 1 

16 1540 30 126 72.0 4 62.3 3 126.0 1 

17 1780 80 187 133.4 11 97.3 3 130.0 1 

TOTAL  0 187 56.2 228 31.8 153 52.3 38 
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(187) (100*) (138) 

 

*Maximum snow depth at successful feeding sites. 
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Table 2. Tests of fixed effects on snow depth along wombat tracks. Sample size is 379 

observations from 17 individual tracks. 

 

Effect DF F value P 

Activity 1, 352 14.23 <0.001 

Habitat 4, 352 15.09 <0.001 

Activity*Habitat 4, 352 1.03 0.390 
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Table 3. Tests of fixed effects on sinking depth along wombat tracks. Sample size is 

379 observations from 17 individual tracks. 

 

Effect DF F value P 

Activity 1, 352 2.64 0.105 

Habitat 4, 352 6.77 <0.001 

Activity*Habitat 4, 352 3.97 0.004 
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Table 4. Tests of fixed effects on deviation angles along wombat tracks. Sample size 

is 379 observations from 17 individual tracks. 

 

Effect DF F value P 

Activity 1, 339 31.97 <0.001 

Habitat 1, 339 0.00 0.981 

Activity*Habitat 1, 339 0.48 0.489 
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Fig 3. 
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