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Abstract: Bark stripping by the Bennett’s wallaby (Macropus rufogriseus rufogriseus) from the lower 

stems of 3–6-year-old radiata pine (Pinus radiata) causes significant damage in Tasmanian 

plantations. The usual diet of this generalist herbivore is mainly grasses and broadleaved forbs. As 

the factors that attract wallabies to supplement its diet by eating the bark of plantation pine trees 

are currently not elucidated, the present study aimed to determine how the incidence and severity 

of bark damage in 12 Tasmanian radiata pine plantations was influenced by various inter-site 

factors such as the floristic composition of the surrounding forest and by various intra-site factors 

such as the height and circumference of individual trees, the number of branches in the first two 

whorls at the base of the tree, and their internode lengths. Site differences in the observed 

percentage of bark stripping were found to be related to ‘ease of access’ variables such as bare 

ground, bracken, and moss, ‘hindrance to access’ variables such as rock and woody debris, and the 

percentage of grass, the wallaby’s main food source, present in the five plots at each site. The 

difference between the mean minimum soil and air temperatures in spring, a driving force for 

carbohydrate production that occurs with tree growth in spring or early summer, was the only 

meteorological observation at the sites that was found to be statistically significant. Nevertheless, 

there was no direct evidence that it was the movement of sugars in the phloem tissue 

accompanying tree growth which provided wallabies with a supplementary food source. 
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1. Introduction 

Pinus radiata D. Don is a widely planted softwood species worldwide, estimated at over 4 

million hectares globally [1], with approximately 770,000 ha growing in southern Australia 

(including Tasmania). The pests and diseases that currently affect radiata pine plantations can be 

controlled or tolerated, provided that the plantations are not on sites where the trees are stressed [1]. 

Less manageable is the damage consisting of bark stripping, girdling or partial girdling by native 

animals to trees in Australian plantations [2], and which may result in the death of the tree. Even 

when recovery takes place after less severe damage the tree may become deformed and substantially 

reduce its value as timber.  

In Tasmania, wood quality losses and reduction of potential growth due to bark stripping 

damage is attributed mainly to the Bennett’s wallaby Macropus rufogriseus (Desmarest) subsp. 

rufogriseus owing to the height of the damage occurring on the tree stems [3]. The only other animal 

that could cause the damage is the much larger Forester Kangaroo Macropus giganteus Shaw, 1790 

subsp. tasmaniensis, but that species is restricted to isolated populations in the midlands and 

northeastern Tasmania [4] while Bennett’s wallaby is found throughout Tasmania [5]. The Brushtail 
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possum Trichosurus vulpecula Kerr, 1792 is usually associated with stripped and broken stems in 

older, mid-rotation plantations ca. 10–15 years old [6]. 

Bennett’s wallaby is a nocturnal, generalist herbivore with a diet of mainly grasses and 

broad-leaved forbs [7]. Previous field trials [8] found that browsing of P. radiata seedlings by 

herbivores was greatest when located in patches of palatable short vegetation such as grass and least 

in low-quality tall vegetation such as bracken and shrub. Night time feeding by wallabies is 

preferred in open grassland and young plantations, while closed canopy environments such as 

native forest are avoided. Daytime sheltering is preferred in older plantations [9]. 

In 3–6 year old radiata pine plantations, Bennett’s wallabies tear off bark in strips near the base 

of trees [6]. The stripping exposes the cambium and usually results in extensive resin flow from the 

damaged section of the stem. When a tree is completely girdled or has had its bark severely stripped, 

it is at risk of dying. Partially ringbarked trees may survive, but sub-lethal bark stripping wounds 

may weaken the timber and reduce the wood quality around the location of the damage, resulting in 

large financial losses [6].  

Limitations on food material may promote small mammal attack on trees, as has been observed 

in the Northern Hemisphere [10]. The availability of ground cover and the proximity to native 

vegetation and water is also important, as the mammals tend to harbour in such areas [2]. One 

overriding factor observed worldwide is that browsed trees are invariably young trees (seedlings or 

saplings), whether the browsing is done by ungulates as in Europe [11, 12], or by marsupials in 

Australia [13,14,15]. 

The social and political pressure to find alternatives to pesticides increased nationally within 

Australia during the latter part of the 20th Century. Formal health surveillance of state-owned 

forestry plantations in Tasmania commenced in 1997 using aerial, roadside and ground inspections 

[16]. Recognizing that a major risk to radiata pine plantations was crop loss and damage due to bark 

stripping by browsing mammals, the health surveillance program provided an opportunity to 

identify risk factors associated with the timing and location of severe outbreaks [16]. An earlier 

study [3] and the current study were undertaken in an endeavour to explore the factors that 

influence bark stripping by the Bennett’s wallaby in Tasmanian pine plantations. The current study 

aimed to examine the risk factors at more than one spatial scale. Thus, intra-site factors (e.g. branch 

number, internode length, wallaby scat density and alternate feed) and inter-site factors (e.g. mean 

minimum soil and air temperatures, altitude and rainfall) that might affect the incidence and 

severity of bark stripping damage were investigated.  

2. Materials and Methods  

2.1. Study Sites 

Data were collected from twelve commercial Pinus radiata plantations in Tasmania, Australia 

(Table 1, Figure 1). Sites were selected to represent a range of altitudes, rainfall and damage severity. 

Plantations were all second rotation, planted at a spacing of 2 m between trees and 3 m between 

rows with a single application of fertilizer after planting. For the purposes of within-site data 

collecting, five plots of 20 trees (4 rows x 5 trees) were established on each of the 12 sites, the plot 

locations being evenly spaced along a central road with approximately 50 m spacing between plots. 

The distance into the plantation from the central road was determined randomly using a random 

number generator.  

 

2.2. Response Variables 

The incidence and severity of bark stripping damage was spatially mapped at each site, 

between October 2006 and January 2007, to quantify damage that had occurred in the preceding 

winter and spring. Every tree in every 5th row per plantation was assessed (20% sample) and the 

location marked with a Garmin® eTrex handheld GPS. In addition to scoring the incidence (presence 

or absence) of old and fresh damage, the area damaged (cm2) was also determined by measuring the 

length and width of each bark stripping event. An overall percentage girdling score was derived as 

an estimate  
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Table 1. Attributes of the 12 studied plantations. 

Site name Lat. 
(N) 

Long. 
(E) 

Alt. 
(m) 

Ave. 
annual 
rainfall 
(mm) 

Ave. 
annual 

air 
temp. 
(°C) 

Ave. 
min. soil 

temp. 
(spring) 

(°C) 

Ave. 
min. air 
temp. 

(spring) 
(°C) 

Tdiff 
(diff. of 

min. soil 
and air 

temps.) (°C) 

Average 
damage 

(%girdling) 

Branchs Creek -41.27 146.66 131 744 12.9 9.4 8.0 1.4 0.0 

Franklin -43.06 146.88 293 1123 9.7 10.9 4.7 6.2 25.5 

Inglis River -41.11 145.60 111 1353 11.3 8.8 6.2 2.6 22.9 

Longhill -41.34 146.49 120 988 11.6 7.3 6.2 1.1 2.5 

Nicholas 1 -41.45 147.97 338 915 10.6 8.1 5.1 3.0 16.1 

Nicholas 2 -41.47 147.98 324 915 10.6 8.6 5.1 3.5 4.7 

Oonah -41.23 145.62 454 1439 11.2 7.5 6.1 1.4 0.4 

Plenty -42.87 146.89 427 876 9.2 8.0 4.0 4.0 16.7 

Springfield 1 -41.21 147.63 311 785 13.0 8.4 7.3 1.1 8.7 

Springfield 2 -41.21 147.61 294 785 13.0 9.9 7.3 2.6 21.8 

Styx -42.77 146.83 539 714 11.6 8.0 5.6 2.4 1.3 

Tower Hill -41.53 147.91 512 716 11.5 6.2 5.6 0.6 41.6 

 

 

Figure 1. Location of P. radiata plantations in Tasmania at which the study was carried out (see Table 

1 for latitude, longitude and other site information). 1. Branchs Creek; 2. Franklin; 3. Inglis River; 4. 

Longhill; 5. Nicholas 1; 6. Nicholas 2; 7. Oonah; 8. Plenty; 9. Springfield 1; 10. Springfield 2; 11. Styx; 

12. Tower Hill. 
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of the percentage of the stem circumference that had its bark removed. An estimate of the age of each 

damage event was made by assessing the degree of desiccation and discoloration of the exposed 

sapwood, the presence of fresh resin around the wound and the degree of wound occlusion. From 

these data it could also be determined whether a tree sustained damage from multiple bark 

stripping events.  

 

2.3. Explanatory Variables 

Variables with the potential for explaining the observed percentage girdling fall into several 

categories: those which potentially aided access; those potentially hindering access; those potentially 

providing a food source; and climate attributes that may affect plant chemistry. Components of 

ground cover and projected plant cover were measured using ocular estimates of percent cover in 

each of three randomly located transects within each plot. 

The variables (measured as a percentage cover) listed and coded in Table 2 that potentially 

aided access were: bare ground, Austral bracken (Pteridium esculentum), grass and moss/liverworts. 

The variables listed in Table 2 that may hinder the movement of a wallaby across a plot were: the 

percent cover by woody debris; the percent cover of rock. Several tree-level attributes that 

potentially aided or hindered access of wallabies were also measured. They included: tree height 

(measured using a height pole) and circumference at 20 cm above ground level (measured using a 

diameter tape); the number of branches in the first and second whorls (i.e. the more branches, the 

lesser the ease of access); and, the length of the internodes between whorls (i.e. the shorter the 

length, the lesser the ease of access). 

 

Table 2. Description, abbreviations and units of plot variables measured in three transects in each of 

five plots at 12 sites in Tasmanian Pinus radiata plantations. Note: the category of variables 

comprising functional groups and species of vegetation as a food source is not shown. 

Variable Description Units 

%Gird Cumulative damage score, percentage of bark removed % 
ang%Gird Angular transformation of cumulative damage score %Gird  
BareGrd Percentage of area as bare ground % 
BBM Composite variable, =BareGrd+Bracken+Moss % 
BBMG Composite variable, =BareGrd+Bracken+Moss+Grass % 
Bracken Percentage of area as Pteridium esculentum % 
Grass Percentage of area as grass % 
height Average height of the trees in the plot m 
inter_1 Length of first internode of tree  mm 
inter_2 Length of second internode of tree mm 
LiveMat Percentage of area as live material (grasses, herbs, forbs, etc.) % 
Moss Percentage of area as mosses and liverworts % 
P_radiata Percentage of area containing wilding Pinus radiata % 
Rock Percentage of area occupied by rock % 
RockWood Composite variable, =Rock+WoodDeb % 
SSpMinT Minimum soil temperature in spring months, I-button °C 
Tdiff Difference between mean minimum soil and air 

temperatures in spring months, = SSpMinT-TminSpr 
°C 

TminSpr Minimum air temperature in spring months (SILO) °C 
whorl_1 No. of branches in first whorl of tree integer 
whorl_2 No. of branches in second whorl of tree integer 
WoodDeb Percentage of area as woody debris % 

 

The potential food source category of explanatory variable included two functional group of 

plant species: the percentage of plot area covered by grasses, which has a double role as they also aid 

access to the site; and, the percentage of live grasses, herbs and forbs. Together these two functional 

groups form the main constituents of the diet of the Bennett’s wallaby [7]. The percent plot cover of 

wildling (i.e. unplanted) Pinus radiata was also included in the potential food source category. Other 
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vegetative variables, which are probably not food sources, include Acaena novae-zelandiae, Acacia 

dealbata, Gonocarpus teucrioides, species of Juncus, Ozothamnus ferrugineus and Pomaderris apetala.  

A further set of potential explanatory variables involved climate data. Interpolated estimates 

(data drill) of various aspects of rainfall and temperature data were downloaded from SILO (an 

enhanced climate data bank [17]). These included average annual minimum and maximum 

temperature, average minimum and maximum temperature in each of the four seasons, as well as 

average annual rainfall, average radiation, average vapour pressure and average annual 

evaporation. The only climate variable actually measured on-site was the soil temperature, which 

was recorded continuously between March–December, 2007 using a Thermochron i-button (Dallas 

Communications, Texas). It has been reported that environmental stress in plants is associated with 

an increase in the conversion of starches to sugars [18,19]. That is, while increasing air temperature 

triggers shoot activity, low soil temperature and therefore low root activity means that the demand 

for nutrients and/or water exceeds their supply, potentially causing stress. It is hypothesized that the 

most attractive time for bark stripping by wallabies may be when soluble sugars and starch begin 

their flow in the phloem tissue of a tree. To test this, differences were calculated between the 

recorded soil temperature and the daily air temperatures obtained from the data drill in springtime. 

Thus, the derived temperature difference Tdiff (see Table 1), the difference between the minimum 

daily soil and air temperatures in spring, is an explanatory variable of interest. 

 

2.4. Statistical Analysis  

Multiple regression analysis was carried out on the mean values of all explanatory and 

response variables using PROC REG of SAS (Vers. 9.4, SAS Institute, Cary, NC, U.S.A.). For data at 

the plot level, there were 60 sampling units, made up of five plots at each of the 12 sites. For data at 

the site level, there were only 12 sampling units, made up by averaging 15 transects (i.e. three 

transects in each of five plots), thereby producing a site average. The response variable was 

percentage girdling (%Gird), which was transformed using the angular transformation, 

ang%Gird=sin-1(sqrt(%Gird)), this transformation producing a set of residuals which was closer to 

being normally distributed than %Gird itself or a logarithmic transformation of %Gird. The potential 

explanatory variables used for the regression analysis are tabulated in Table 2. To decide upon the 

best of several competing models, the Akaike Information Criterion (AIC) and Bayesian Information 

Criterion (BIC) were used as the main indicators [20]. In addition, the proportion of explained 

variation (R2) and adjusted proportion of explained variation (adj R2) were also calculated and 

contrasted with AIC and BIC.  

 

3. Results 

3.1. Percentage girdling at the plot level (n=60) 

The best regression relationships, irrespective of whether the decision was based upon AIC, BIC 

or adj R2, were obtained when bare ground, bracken and moss were all included in the model (Table 

3), there being little difference between including these explanatory variables separately or as their 

sum in the composite variable BBM. These three variables are all associated with access, with large 

values of each indicating greater ease of access. No potential explanatory variable for percent 

girdling which related to a source of food, such as grass, herbs and forbs, whether alone or summed 

together, correlated with percentage girdling nor were they significant in any of the multiple 

regression models that were tried using them. Other vegetative components, such as internode 

length and the number of branches in the lowest two internodes, were also non-significant 

contributors to the explained variation in girdling damage. 
 

3.2. Percentage girdling at the site level (n=12) 

As was the case with the results at the plot level, the composite variable BBM, being the sum of 

the percentages of bare ground, bracken and moss, was positively correlated with the transformed 

percent girdling (ang%Gird) in the two best models (Table 4). Using either AIC or adj R2, the model 
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that included the percentage of area occupied by woody debris (WoodDeb) was adjudged to be the 

best model (Table 4), with its negative coefficient indicating that increasing the area occupied by 

woody debris inhibits bark stripping damage. BIC favours the parsimonious model lacking the 

woody debris term, a consequence of the fact that BIC incorporates a penalty for extra model terms 

and thereby tends to choose simpler models than does AIC. Figure 2 provides a graphical 

representation of the four components of ease of access for wallaby browsing, viz. bare ground, 

bracken, moss and grass (which is a food source as well as a component of ease of access). Sites on 

the right-hand side of Figure 2 (i.e. the ones with high percentage girdling) almost always have 

greater amounts of at least some of these variables than the sites with low percentage girdling (those 

on the left-hand side of Figure 2). It is noteworthy that the two best models both contain Tdiff, the 

mean difference between the minimum daily soil and air temperatures in the spring season, with a 

positive coefficient (Table 4), supporting the hypothesis that the trees are more attractive in spring, 

when soluble sugars and starch begin to flow in the phloem tissue.  

 

No other potential explanatory variables associated with ease or difficulty of access, or 

vegetative components, were serious contenders as predictors of percentage girdling at the level of 

sites (n=12). These included variables that were expected to affect access (the number of branches in 

the first and second whorls of the tree, the length of the first and second internodes, the average 

height and average circumference of the tree). Of these six variables, only the pairwise correlation 

coefficient of whorl_1 with ang%Gird achieved statistical significance (r=0.654, P=0.021), but the 

regression coefficient was positive, not the expected negative value if a larger number of branches in 

the first whorl was inhibitory to wallaby attack. 

 

________________________________________________________________________________________ 

Table 3 Regression relationships involving the angular transformation of percentage girdling 

(ang%Gird). Number of sampling units=60 (i.e. 5 plots at each of 12 sites). 

Regression relationship AIC BIC adj R2 

ang%Gird=0.106+0.00326(BareGrd)+0.0136(Bracken)+0.00947(Moss) -187.9 -185.4 0.282 

ang%Gird=0.09743+0.00500(BBM) -187.8 -185.6 0.257 

Notes: AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion and adj R2=the 

adjusted R2, i.e. the proportion of explained variation based upon the variance. BareGrd = 

Percentage of area as bare ground; Bracken = Percentage of area as Pteridium esculentum; Moss = 

Percentage of area as moss; BBM = BareGrd+Bracken+Moss; ang%Gird = Angular transformation of 

cumulative damage score.  

 

________________________________________________________________________________________ 

Table 4 Regression relationships involving the angular transformation of percentage girdling 

(ang%Gird). Number of sampling units=12, one per site, derived by averaging over the 15 transects 

(3 transects in each of the 5 plots) in each of the 12 sites, thereby obtaining a single value for each site. 

Regression relationship  AIC BIC adj R2 

ang%Gird=-0.6288+0.01493(BBM)+0.01034(Grass)+0.06646(Tdiff) -55.14 -49.64 0.834 

ang%Gird=-0.4758+0.01424(BBM)+0.00865(Grass)+0.06216(Tdiff)-0.00484(WoodDeb) -55.62 -46.72 0.845 

Notes: AIC = Akaike’s Information Criterion, BIC = Bayesian Information Criterion and adj R2 the 

adjusted R2, i.e. the proportion of explained variation based upon the variance. The explanatory 

variables are BBM (= the sum of the percentages of area of bare ground, bracken and moss), the 

percentages of area as grass (Grass) and woody debris (WoodDeb), and Tdiff (=the difference 

between mean minimum soil and air temperatures in the spring months). 
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Figure 2. The stacked bar graph depicts four of the components of the vegetation. The total height 

of each bar corresponds to BBMG, the sum of the percentages of the area occupied by bare ground, 

bracken, moss and grass. The horizontal axis lists the 12 sites from left to right in order of increasing 

percentage girdling. BC = Branchs Creek; OO = Oonah; SX = Styx; LH = Longhill; N2 = Nicholas 2; 

S1 = Springfield 1; N1 = Nicholas 1; PL = Plenty; S2 = Springfield 2; IR = Inglis River; FR = Franklin; 

TH = Tower Hill. 

________________________________________________________________________________________ 

 

4. Discussion 

The statistically significant regression relationships given in Tables 3 and 4 indicate that bark 

stripping of plantation radiata pine may be determined principally by the ease to which Bennett’s 

wallabies have access to the trees. The most significant variables in the regression equations were 

bare ground, bracken and moss, which appear in the most significant models either individually or 

collectively in the composite variable BBM. Although bracken in Tasmania can grow densely, 

forming extensive patches in areas which have been recently cleared or subject to severe 

disturbance, their pliable stems offer little resistance to the movement of animals the size of a 

wallaby and have the added advantage to them of providing shelter and cover. The extent of bare 

ground, bracken and moss varied greatly at the 12 sites of this study, as did the frequencies of 

occurrence of the various other components of the vegetation. For example, the site with the greatest 

percentage girdling, Tower Hill, had the greatest amount of bare ground (67%) but the least amount 

of grass (0%), whereas a site with a moderate percentage girdling, Plenty, had the most grass (45.5%) 

and the third least amount of bare ground (19%). Therefore, no single variable can be identified as 

being the most important for providing a wallaby easy access to the trees. The stacked bar graph 

given by Figure 2 reveals that bracken occurs in a substantial amount at only three of the sites 

(Nicholas 1, Nicholas 2 and Tower Hill), being present at 1% or less and barely visible on the scale of 

Figure 2 at the other nine sites. Similarly, the distribution of moss is very spotty, despite being 

present at all but one of the sites. Its abundance varies greatly, as well as having an almost zero 

pairwise correlation with percentage girdling, although it is an important explanatory variable in the 

models of Tables 3 and 4. This illustrates the dangers of accepting a multiple linear regression model 

at face value, without closer examination. The three sites that had substantial bracken had, in 

contrast, very little moss (Figure 2). Furthermore, no site was simultaneously abundant in all three of 

the components bare ground, bracken and moss, which may explain why the composite variable 

BBM may be a better explanatory variable for correlating with percentage girdling than the separate 

components. As there are only 12 sites, one spurious or atypical data point can have a strong 
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influence on which variables appear in the best predictive model. In Figure 2, the sites are arranged 

from left to right in order of increasing percentage girdling. If ease of access to the site were the full 

story, then the height of the bars in Figure 2 (BBMG) would tend to rise in tandem with increased 

percentage girdling. Although generally true, this is not entirely the case, as the Longhill site goes 

against the trend in the five sites that have <5% girdling, and Springfield 2 and Franklin go against 

the trend in the six sites that have <15% girdling. 

Further attempts were made at finding components of the vegetation that correlate with 

percentage girdling. Some of the components, e.g. Ozothamnus ferrugineus and wildling P. radiata, the 

latter found to be attractive to browsing mammals and targeted in preference to crop trees [3], were 

abundant at only one of the sites and were absent or sparsely represented elsewhere. A consequence 

of this is that a high contribution of one of those components to the overall explained variation is 

likely to be spurious. Other non-vegetative site factors that were investigated for a possible link to 

percentage bark stripping damage include the number of whorls on the stem of the P. radiata tree 

and the distance between internodes. Although ang%Gird correlated significantly (P<0.05) with the 

average number of branches in the first whorl of the tree, the positive correlation obtained defies 

explanation, as the prevailing belief was that the more branches in a whorl, the more difficult it 

should be for a wallaby to gain access to the tree.  

Bark stripping of Scots pine and lodgepole pine by moose in Sweden [21] and of the same and 

other tree species in Scotland by deer [22] is at its most intense in winter when alternative food 

resources are generally limiting. Seasonal changes in the carbohydrate physiology of the trees may 

contribute to when trees are the most susceptible to browsing damage. In Tasmania, browsing 

pressure on highly palatable forage species increased in winter and spring when soluble sugars were 

also at a seasonal peak [23]. Sugar levels increase in the bark and foliage of a number of pine species 

throughout autumn as part of the hardening process [24]. For example, both soluble sugar and shoot 

nitrogen concentrations increased in P. halapensis seedlings as minimum temperatures drop below 

9°C [25]. Larger reserves of sugars are known to be associated with increased cold tolerance in 

lodgepole pine (P. contorta) and Scots pine (P. sylvestris) [26,27,28]. 

Previous held views on what promotes bark stripping damage due to browsing mammals in 

Tasmanian pine plantations are generally not supported by the results of the present survey. For 

example, although bark stripping in plantation P. radiata due to Bennett’s wallaby was previously 

found to be significantly greater (P=0.002) at high elevation sites [3], we found no hint of an 

association, with both high and low bark damage occurring at sites of all elevations. The same was 

the case for rainfall; whereas the earlier study found significantly greater (P<0.001) bark stripping 

damage at wetter sites [3], no association was found in the present study. One should also keep in 

mind that the apparent low P-values previously reported [3] were not supported by high values of 

the proportion of explained variation in bark stripping incidence, those being R2=0.04 for elevation 

and R2=0.10 for rainfall. The significant associations are due to the large sample sizes (n=229 forest 

blocks) rather than due to strong relationships. Therefore, it would be unrealistic to expect a 

definitive result to be obtained from the present study, which had only 60 plots at the plot level 

occurring at 12 sites. Other potential factors such as aspect and slope of the sites, underlying 

geology, and proximity to, and vegetative composition of, nearby forests have little likelihood of 

being found to influence bark stripping damage, especially as their values were not allocated at 

random (or by any other process) when the plantations were established. Instead, the “levels” of 

these factors have highly unequal sample sizes, reducing the power of any statistical test. 

Page et al. [23] found that there was a strong general positive association of high soluble sugar 

concentrations, particularly in the two exotic grasses Poa annua and Holcus lanatus, with elevated 

levels of browsing pressure in two large 4–5-year-old Pinus radiata plantations near Tarraleah in 

central western Tasmania, far from any of the 12 plantations in the present study which cover a 

wider geographical range (Figure 1) and encompass a much wider range of altitude, rainfall and 

temperature (Table 1). In the dry climate of eastern Tasmania, Bennett’s wallabies were found to be 

the main cause of umbrella-shaped trees at 67 small dry eucalypt forest and woodland sites [14]. 

Those authors observed a “browsing cascade” in which the mammalian species consumed the 

preferred plant species when they were available, but foraged lesser species in the preference chain 
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when the preferred species were absent. This suggests that non-preferred species in small quantities 

form part of a mixed diet, which may have positive effects on nutrition and digestion, as is the case 

for browsers in other parts of the world, e.g. ungulates in Africa [29] and moose in Scandinavia [30]. 

5. Conclusions 

The main conclusion to be drawn from the results of the present study is that a combination of 

four components to the vegetation, viz. bare ground, bracken, moss and grass, plays a major role in 

assisting wallaby browsing. However, the details of how the mechanism operates and how the 

components interact is not straightforward and is unlikely to be readily elucidated by small-scale 

surveys. In addition, it appears that a site can change its susceptibility to bark stripping with time. 

For example, in an earlier study [3], Oonah was one of the most severely affected sites, with a mean 

bark stripping of 47.3% compared to less than 1% in the present study. Therefore, chance is likely to 

play a role at any specific site and vary from year to year, increasing the difficulty of the task of 

unravelling the factors that are responsible for enticing wallabies to strip bark from P. radiata trees in 

Tasmanian plantations. 
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