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Abstract  

Context: Nest boxes provide important nesting, denning and shelter sites for many fauna species 

worldwide, but we know little about the factors that influence the suitability of nest boxes for particular 

species. Such information is crucial in urban landscapes where natural hollows are scarce.  

Aims: The aim of this study was to record the use of nest boxes by sugar gliders (Petaurus breviceps), 

squirrel gliders (P. norfolcensis) and other fauna in a peri-urban landscape in northern Victoria and 

examine factors at multiple spatial scales that may influence nest-box use.  

Methods: We monitored the use of 102 nest boxes over three seasons in 2006. Attributes that may 

influence nest-box occupancy were measured at five different spatial scales: (i) landscape; (ii) the 

habitat beyond 20 m of the nest box; (iii) the habitat within 20 m of the nest box; (iv) the tree that the 

nest box was located in; and (v) the nest box.  

Key results: At the landscape scale, topography influenced nest-box occupancy with squirrel gliders 

using boxes in flat or gully areas, and sugar gliders using boxes in gully, mid-slope or ridge areas. For 

habitat beyond 20 m of the nest box, sugar gliders were more likely to occupy boxes with a higher 

density of surrounding nest boxes and a higher density of residential dwellings. Within 20 m of the nest 

box, boxes occupied by sugar gliders were more likely to occur in areas with a higher density of acacia 

shrubs and lower density of hollow-bearing trees, whereas the presence of acacia did not influence 

nest-box use by squirrel gliders. At the scale of the nest-box tree, boxes occupied by sugar gliders were 

more likely to be on smaller trees (based on height and diameter) and on box (e.g. red box Eucalyptus 

polyanthemos) species. The only nest-box characteristic to have a strong relationship with occupancy 

was date of establishment, with longer established boxes more likely to be occupied. 

Conclusions: Our study demonstrates that various factors influence nest-box use at different scales and 

nest boxes remain an important conservation and management tool in heavily modified landscapes. 

Implications: Land managers and groups should be aware that nest boxes may help to alleviate some of 
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the negative impacts of the loss of hollow-bearing trees in low density urban areas, but nest-box use 

will vary depending on landscape context, habitat factors, box design, and the ecological traits of the 

target species. Each of these factors must be considered to maximise the conservation benefits of nest-

box programs.  

 

Keywords: nest-box, arboreal mammal, urban, sugar glider, squirrel glider, multi-scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 5 

 

Introduction 

Tree hollows are an important resource used by approximately 300 vertebrate species in Australia for 

shelter, refuge from predators, denning, roosting, nesting and foraging sites (Menkhorst 1984a; 

Lindenmayer et al. 1993; Ambrose 1996; Gibbons et al. 2001; Gibbons and Lindenmayer 2002). The 

loss of hollow-bearing trees from forests, woodlands and urban landscapes as a result of clearing, 

logging and urbanisation is now a well recognised threat to the conservation of many hollow-dependant 

species (Lindenmayer et al. 2003; Harper et al. 2005a). Community adoption of nest boxes is now 

being encouraged through policy to address this conservation issue 

(www.environment.nsw.gov.au/determinations/LossOfHollowTreesKtp.htm).  

Nest boxes are used to alleviate the negative impacts of hollow loss and are commonly placed at 

sites where few natural hollows remain (Suckling and MacFarlane 1983; Smith and Agnew 2002; 

Harper et al. 2005b; Beyer and Goldingay 2006; Lindenmayer et al. 2009). Employing nest boxes as a 

conservation tool implicitly assumes that an animal will use the nest box in place of a natural hollow. 

However, little is known about the factors that influence the use of natural hollows and nest boxes, and 

whether these are the same factors in both cases. Studies on natural hollows have reported that hollow, 

tree and landscape characteristics have varying influences on their use by fauna (e.g. Handasyde and 

Martin 1996; Gibbons et al. 2001; Koch et al. 2008). Studies on nest boxes have provided information 

on some preferences among species for various box attributes (e.g. height, entrance size, box size and 

aspect), although these preferences are not always clear (Goldingay et al. 2007; Goldingay and Stevens 

2009). 

Detailed information on the factors that influence the use of both natural and artificial hollows 

is fundamental to maximising the contribution nest boxes can make to species conservation, but is 

severely lacking in some landscape types. This is particularly true in urban landscapes, as less than 5% 

of studies on natural and artificial hollow use in Australia have been conducted here (Durant 2006). 

http://www.environment.nsw.gov.au/determinations/LossOfHollowTreesKtp.htm�
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Urban areas are among the most modified ecosystems in the world, and availability of hollow-bearing 

trees can be critically low (Harper et al. 2005b). Hence, we know little about the most appropriate 

design and placement of nest boxes in the very landscapes where they are most desperately needed. 

In this study, we recorded the use of nest boxes by sugar gliders (Petaurus breviceps), squirrel 

gliders (P. norfolcensis) and other fauna in a peri-urban landscape (i.e. a developed landscape on the 

edge of a major urban centre with some rural land retained within the suburban network) in northern 

Victoria and examined factors at multiple spatial scales that may influence nest-box use. This 

information will assist land managers and groups in selecting the most appropriate nest-box 

characteristics and placement for the conservation of arboreal mammals in urban areas.   

 

Materials and methods 

Study area 

Our study was conducted in the peri-urban landscape of Baranduda in north-east Victoria, Australia 

(36°11’S., 146°57’E.), on the fringes of the major urban centre of Albury-Wodonga, situated 

approximately 290 km north-east of Melbourne. Housing development in Baranduda began in the 

1970’s as part of plans to establish a major residential centre. Tree plantings of mixed indigenous and 

non-local native eucalypts were an important activity in this development to establish pleasant 

surrounds for the housing estate. Remnant vegetation consists of box woodland dominated by red box 

(Eucalyptus polyanthemos). Other common overstorey species include white box (Eucalyptus albens), 

long-leaved box (Eucalyptus goniocalyx), Blakely’s red gum (Eucalyptus blakelyi) and red stringybark 

(Eucalyptus macrorhyncha). A nest-box program commenced in 2001, established by the Baranduda 

Landcare group, to conserve arboreal mammals in the local area; specifically, the sugar glider, squirrel 

glider and brush-tailed phascogale (Phascogale tapoatafa). The latter two species are listed as 

threatened in Victoria under the Flora and Fauna Guarantee Act 1988. At the time of our study, 138 

nest boxes had been established over approximately 2000 ha. 
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Nest-box monitoring and habitat measurements 

We conducted a total of 320 nest-box checks in Baranduda in 2006 over the following three periods: 

March (109 nest boxes checked), June (109) and September (102). Nest boxes that were not accessible 

using an extendable ladder were excluded from the study. On each occasion, all nest boxes were 

checked within 2 days and all boxes in close proximity to each other were checked on the same day to 

avoid recording the same individual animal in a different nest box during a single checking period. 

Nest boxes were checked for the presence of an animal or their nest (it was not possible to distinguish 

between a sugar glider or squirrel glider nest). Animals were not handled unless required for 

identification purposes. 

For each nest box, attributes of the surrounding landscape, habitat and nest box were measured 

at five different spatial scales: (i) landscape; (ii) the habitat beyond the immediate vicinity of the nest 

box; (iii) the habitat immediately surrounding the nest box; (iv) the tree that the nest box was located 

in; and (v) the nest box (see Table 1 for details and the methods used to record each variable). Each 

spatial scale incorporated variables that were identified by previous studies as important resources for 

arboreal mammals, particularly gliders, or which we considered as potentially important in influencing 

nest-box use by the target species. Variables were either measured in the field or derived using ArcGIS 

9.2 (Table 1). Examining relationships at multiple spatial scales is important because different factors 

influence fauna habitat use at different scales (Luck 2002), and this information is vital for the 

successful establishment of future nest-box schemes or the monitoring of current schemes.  

[Insert Table 1 here] 

Trends in nest box use 

Trends in nest box use were examined for sugar gliders and squirrel gliders using Chi-square analysis 

to compare use with availability. Data were insufficient to examine seasonal variation in nest-box use; 

therefore, we pooled the data from the three survey periods to assess annual use. 

Modelling 
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Data were sufficient only to conduct modelling on nest-box use by sugar gliders. Logistic regression 

was used to model the presence/absence of sugar gliders, firstly within each spatial scale and secondly 

across all scales to include all possible variables and outcomes. Presence data for logistic models were 

based on the observation of a sugar glider in a nest box, regardless of multiple observations of animals 

in the same nest box (i.e. records of multiple individuals were reduced to a single ‘presence’). Nest 

boxes that contained a squirrel glider or glider nest, invertebrates or another arboreal mammal were 

excluded from this analysis so that absence data included only those boxes that were available to sugar 

gliders but were not used. Hence, 56 nest boxes were included in logistic models, with sugar gliders 

recorded as present in 15 of these.    

Landscape, habitat and nest-box characteristics were often correlated with each other, partially 

due to when and how the nest boxes were erected. To reduce the problem of multicollinearity, all pairs 

of variables that were highly correlated (r ≥ 0.6) were identified and the variable with the smallest 

correlation to the response variable was removed from further analysis. Correlations were analysed 

between each variable within each spatial scale, and across scales after the most important variables 

were identified within each scale. As such, density of nest boxes within 5 ha was retained over distance 

between nest boxes, the density of residential dwellings within 250 m of the nest box was retained over 

dwelling density within 5 ha, the density of acacias > 2 m in height was retained over the density of 

these shrubs < 2 m, and the date of establishment was retained over nest-box type. Owing to lack of 

variation in the data, we also excluded bark status and tree condition (only 9% of boxes were on trees 

other than type 1) from further analysis (see Table 2 for variables retained, abbreviations and form).  

To increase the accuracy and predictive power of the models, and to avoid overfitting, the 

maximum number of parameters included in each candidate model was restricted to five (Hosmer and 

Lemeshow 2000). Models with a poor fit (Hosmer-Lemeshow χ2 test, P < 0.05) or those that were 

unstable (final solution not found) were discarded. A set of two candidate models for the landscape 

scale, seven for habitat beyond the immediate vicinity of the nest box, 43 for habitat within the 
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immediate vicinity of the nest box, seven for the tree and 10 for the nest box were analysed using an 

information theoretic approach. This allowed for a ranking of various hypotheses, represented by 

candidate models, and for a formal strength of evidence for alternative hypotheses of several quantities 

to be determined (Anderson et al. 2001).  

Akaike’s Information Criterion (AIC) was used to provide the rationale for choosing between 

competing models. The modified criterion, known as AICc, for smaller sample sizes was used 

(Burnham and Anderson 2001). AICc identified the best model in a set and allowed the rest of the 

models to be ranked. A global (across-scales) model set of 199 candidate models included the most 

prominent variables from the within-scale models (where summed Akaike weights were ≥ 0.5). All 

analyses were conducted in SPSS 14.0 ® and S-Plus 7.0 ®. 

 [Insert Table 2 here] 

 

Results 

Nest-box occupancy  

Over the three survey periods, 103 individual arboreal mammals were observed in 32 nest boxes: 58 

sugar gliders (in 15 boxes), 44 squirrel gliders (in 16 boxes) and one common brushtail possum 

(Trichosurus vulpecula). Some boxes contained more than one individual of the same species, 

particularly for sugar gliders where up to eight individuals occupied a box (consistent with observations 

of the social organisation of the species; Quin 1995). An additional 33 nest boxes had a leafy nest, 

indicating use by a glider, and three boxes had a bark nest, indicating use by a brush-tailed phascogale. 

Twelve nest boxes were occupied by European honeybees (Apis mellifera) and 14 were occupied by 

common paper wasps (Polistes humilis), which made them unsuitable for use by arboreal mammals. 

One nest box was occupied by Gould’s wattled bat (Chalinolobus gouldii).  

Nest boxes were used in all seasons and some were occupied at more than one nest-box check 

(e.g. for sugar gliders, the same five boxes were occupied at two nest-box checks and one box was 
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occupied at all three checks). For squirrel gliders, nest-box use was highest in autumn (10/109 or 9% of 

all boxes occupied) and lowest in spring (5/102 or 5%), and for sugar gliders it was highest in winter 

(11/109 or 10%) and also lowest in spring (5%).  

Trends in the use of nest boxes by squirrel gliders and sugar gliders 

The following trends are for the 102 nest boxes monitored across all seasons. Squirrel gliders only 

occupied nest boxes in flat or gully locations in the north of the study region, with boxes in mid-slope 

or ridge locations being unoccupied (data were not adequate for statistical analysis with only 11% of 

boxes available in these latter two topographic categories). Both squirrel and sugar gliders only used 

boxes on rough-barked trees (i.e. box or stringybark), but this was not surprising considering that only 

13% of all boxes were located on trees with smooth bark.  

Nest boxes < 3.5 m from the ground appeared to be preferred by squirrel gliders (45% of the 

boxes occupied by squirrel gliders were in this height category, although only 25% of all boxes were < 

3.5 m from the ground), but there was no statistically significant preference when comparing across 

height categories. Although acacia shrubs can be an important food source for squirrel gliders, there 

was no relationship between nest-box use and the density of acacia stems in a 20 m radius of the nest 

box. Indeed, > 50% of occupied boxes had no acacia shrubs within 20 m.    

Nest boxes in the south of the study area were primarily occupied by sugar gliders. This part of 

the study area has greater topographic relief and there was a significant relationship between 

topography and sugar-glider nest-box occupancy, with sugar gliders preferring nest boxes in more 

rugged terrain in gullies, mid-slope and ridge areas, and avoiding flat land ( 2
1χ  = 25.55, P < 0.001; 

comparing occupancy vs. availability in the categories flat land vs. non-flat land (gullies, mid-slope and 

ridges)). There was no significant relationship between nest-box occupancy and nest-box entrance size 

for sugar gliders, but this result may reflect interactions between entrance size, nest-box type and 

location. Nest-box types 1 and 2 (see Table 1 for box dimensions; note that entrance sizes vary across 
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boxes with the same dimensions) with entrance sizes of 35 mm or 50 mm, respectively, were 

preferentially located in ridge, mid-slope and gully areas, and both were readily used by sugar gliders. 

Most (85%) of the type 4 nest boxes with an entrance size of 45 mm were established in flat areas and 

these were commonly used by squirrel gliders, but not used by sugar gliders. Hence, bias in the 

placement of nest boxes with particular dimensions did not allow us to clearly discriminate selective 

behaviour of gliders.    

Nest boxes in the study area were positioned facing all aspects, although the majority faced 

north or east (62 of 102 nest boxes). There was no significant association between use of nest boxes 

and entrance aspect for sugar gliders or squirrel gliders. Also, we did not record a preference for the 

height of the nest box in the tree for sugar gliders. The minimum height from the ground of used nest 

boxes was 2.5 m and the maximum height was 5.8 m. 

Sugar glider occupancy models: within scale relationships 

Landscape 

With only two variables included in the model set at the landscape-scale, the best model included both 

topography (summed Akaike weight across all models in which the variable was included = 0.92) and 

altitude (0.81) (Table 3). Univariate models of topography or altitude had essentially no support (∆i > 

10). Sugar gliders were mostly found in nest boxes located in gullies or on ridges at higher altitudes.   

 [Insert Table 3 here] 

Habitat beyond the immediate vicinity of the nest box 

The highest ranked model included only nest-box density within 5 ha (summed Akaike weight 0.61), 

although five models had substantial support (∆i < 2) and included the variables residential density 

within 250 m (0.49) and distance to the nearest road (0.43) (Table 3). Occupied nest boxes were, on 

average, further from roads, in areas of higher nest-box density and higher residential density than 

unoccupied boxes (Table 4).  
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Habitat immediately surrounding the nest box 

The highest ranked model included ground cover (summed Akaike weight 0.98) and density of hollow-

bearing trees (0.48), although seven models had substantial support (∆i < 2) indicating that no one 

model was clearly the best. However, the summed Akaike weights were substantially higher for ground 

cover and to a lesser extent hollow-bearing trees than canopy cover (0.27), density of acacia stems 

(0.27), distance to nearest tree (0.17) and density of trees (0.16).  Sugar gliders did not occupy boxes 

where ground cover was rated as very sparse (possibly reflecting the fact that gliders were mostly 

found in gullies and ridges not subject to extensive grazing or understorey clearance), and were more 

likely to be found in boxes surrounded by a higher density of acacias > 2 m, a higher tree density, and a 

lower density of hollow-bearing trees (Table 4).  

 [Insert Table 4 here] 

Nest-box tree 

For variables related to the nest-box tree, no one model was clearly better at explaining nest-box 

occupancy of sugar gliders. The top five models had essentially the same degree of support (Table 3). 

Moreover, the summed Akaike weights for each variable were almost the same (tree species = 0.59; 

tree height = 0.50 and diameter at breast height (DBH) = 0.50). Occupied boxes were more likely to be 

on smaller trees (based on height and DBH; Table 4) and on box (e.g. red box) eucalypt species. 

Nest box  

The model that included only date of establishment clearly had the strongest support among the nest-

box models (Table 3). Moreover, the summed Akaike weight for date was 1.00, which was 

substantially higher than nest-box height (0.25) and entrance aspect (0.10), the other variables in the 

models with ∆i < 4. On average, occupied boxes had been established over twice as long as unoccupied 

boxes (Table 4).  

Sugar glider occupancy models: across scale relationships 
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Across scales, two models had substantial support (∆i < 2) and included the variables date of 

establishment (summed Akaike weight 1.00), tree height (0.83) and DBH (0.53) with either residential 

density (0.38) or nest-box density (0.29). Based on the summed Akaike weights, there was also some 

support for the variable density of hollow-bearing trees (0.32). 

 

Discussion 

Squirrel gliders and sugar gliders readily used nest boxes in our study area. Of the 102 nest boxes 

monitored over three seasons, over half (65) were occupied by one of these species or had a glider nest.  

This suggests that nest boxes may be an important tool for glider conservation in suburban areas where 

the abundance of hollow-bearing trees is limited. Only three nest boxes had evidence of use by brush-

tailed phascogales (one of the target species) and this may reflect low abundance of this species, 

inappropriate nest-box design or placement, or a lack of need for this resource.  

Somewhat surprisingly, few nest boxes were occupied by non-target species. For example, only 

one box had bats inside and we never recorded evidence of bird use of nest boxes even though no 

design features were employed that would have excluded birds. The majority of nest boxes were of a 

‘standard’ design, with timber walls, base and hinged lid forming a rectangular box and a circular 

entrance hole at the front and near the top, which would have been clearly visible to birds. However, 

25% of boxes contained bees or paper wasps and this is a concerning result as it makes the nest box 

unsuitable for use by gliders or other arboreal mammals. Honeybees have been recorded using nest 

boxes in various studies (e.g. Soderquist et al. 1996; Traill and Lill 1997; Lindenmayer et al. 2003) and 

occupancy rates of over 50% have been documented (Suckling and Goldstraw 1989). Regular nest-box 

maintenance is required to remove undesirable species that may exclude target animals or to employ 

strategies to limit use by problem species (e.g. insecticide pest strips inside nest boxes).  

There was a clear effect of topography on nest-box use, with squirrel gliders using nest boxes 

primarily in flat areas and sugar gliders occupying boxes mostly on mid-slopes and ridges (sugar 
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gliders are known to occur at higher altitudes; Rowston et al. 2002). Overlap in nest-box use occurred 

mostly in gullies, and land managers should be aware that, in regions where sugar and squirrel gliders 

co-occur, placement of boxes in gullies will likely result in direct competition between the species. If 

sugar gliders are the target species, box design, for example smaller entrance-hole size, may exclude 

the larger squirrel glider (e.g. see Traill and Lill 1997), although entrances can be chewed out by 

squirrel gliders. Boxes designed for squirrel gliders will allow access by sugar gliders, but sugar gliders 

are likely to be competitively excluded by the larger squirrel glider (Traill and Lill 1997).   

The immediate presence of acacia shrubs did not appear to influence nest-box use by squirrel 

gliders. This may reflect a lack of reliance on this food source in our study area during the survey 

period, or a mis-match between our measurement scale (within 20 m of the nest box) and resource use 

by this species. In contrast, density of acacia stems was more than three times higher around nest boxes 

occupied by sugar gliders compared to boxes not occupied by this species (Table 4).  

 At the scale of the habitat beyond the immediate vicinity of the nest box, sugar gliders tended to 

prefer nest boxes further from regularly used roads, although they did not avoid boxes in areas of 

higher housing density. Overall housing density in the census district of Baranduda is low 

(approximately one house per ha; Luck et al. 2009) and our results suggest that such densities do not 

impact negatively on nest-box use by sugar gliders. Moreover, housing density is not necessarily 

highest near main roads owing to the retention of roadside vegetation where nest boxes were located, 

and also the fact that some houses abutted patches of remnant vegetation or revegetation that also 

contained occupied boxes. 

 Nest boxes occupied by sugar gliders were located in areas with slightly higher nest-box 

densities within 5 ha (the average home-range size of the species) than unoccupied boxes (Table 4). 

The most appropriate nest-box densities required to encourage use by target species is poorly explored, 

but our results suggest that a density of around three boxes per 5 ha improves occupancy rates 

compared to a density of approximately two boxes. Obviously, these differences are quite small and 
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more work is required to determine how increasing the likelihood of encountering nest boxes (i.e. 

increasing density) may impact on their use.  

The possible influence of hollow availability on nest-box use by arboreal mammals is well 

recognised (e.g. Menkhorst 1984b; Traill and Lill 1997; Smith and Agnew 2002; Lindenmayer et al. 

2003; Harley 2004). Yet, results across studies have varied, with species (including sugar gliders) 

recorded more frequently in nest boxes in areas of relatively low and high abundance of natural 

hollows. In our study, sugar gliders were more likely to occupy nest boxes when the density of hollow-

bearing trees was lower within a 20 m radius of the nest box. Use of nest boxes is likely to reflect 

interactions between natural hollow availability and species population size. When hollows are limited, 

it seems likely that arboreal mammals will readily use nest boxes, but low recording rates may reflect 

the negative impact of limited hollow availability on population size. This would be especially true if 

hollows have been limited for long periods (leading to a reduced species population size) prior to the 

establishment of a nest-box program. Conversely, if hollows are abundant, population size may be high 

leading to more individuals available to use nest boxes. Other factors influence population size (e.g. 

food resources) and a careful experimental study is required to tease apart the interactions between 

hollow availability, species population size and nest-box use. We predict that in locations where the 

size of glider populations are equivalent, nest boxes will be more readily used when hollow availability 

is limited.   

 At the scale of the nest-box tree, no single model was clearly a better explanation of nest-box 

use by sugar gliders, although occupied boxes tended to be on smaller trees (based on height and DBH) 

possibly reflecting a lack of hollows in these trees. The importance of tree height and DBH was 

underscored by the results of the across-scales modelling. At the scale of the nest box, and across all 

scales, date of nest-box establishment had a strong influence on nest-box use by sugar gliders. 

Occupied nest boxes had been established for an average of 53 months, while unoccupied boxes had 

been established for an average of 25 months (Table 4). Over time, nest boxes (and nest-box location) 
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likely become more familiar to target animals and encountered more often in their day-to-day use of 

habitat (all else being equal) possibly resulting in greater occupancy. However, our results are not 

necessarily indicative of how soon a nest box will be occupied once established. Time to first 

occupancy varies across studies, but boxes are commonly occupied in less than one month after 

placement (e.g. brush-tailed phascogales: Rhind and Bradley 2002; eastern pygmy-possums 

(Cercartetus nanus): Bladon et al. 2002). As above, time to first occupancy likely reflects interactions 

between hollow availability, target species population size and other factors (e.g. suitability of box 

location and design).  

Conclusions 

The results of our study suggest that nest boxes may be an important conservation and management 

tool for arboreal mammals in low-density residential areas. Habitat and landscape factors were 

important in influencing use in our study, including the density of nest boxes, abundance of acacia 

shrubs, density of hollow-bearing trees, tree size and date of nest-box establishment. All of these 

factors are poorly explored in the literature, and further studies are required to tease apart interactive 

effects (Beyer and Goldingay 2006).  

Our ability to separate interacting variables was constrained by the fact that we were recording 

nest-box use in an already established nest-box program, which was not designed to test among various 

factors. Nevertheless, the results of our study indicate that different factors will likely influence nest-

box use at different scales, and stress the need to measure variables across scales that include nest-box, 

tree, habitat and landscape measures. These variables should be directly related to the ecology of the 

target species or likely to influence nest-box use. Moreover, establishment of nest-box programs by 

community groups should occur in consultation with fauna researchers to allow the implementation of 

an active adaptive management approach, whereby box placement follows a specified experimental 

design (therefore meeting research requirements) while also attempting to meet management objectives 

(e.g. increased use by the target species leading to the conservation of populations). The success of 



 17 

such an approach relies on the regular monitoring of nest boxes and a willingness and capacity to 

modify box designs and placement if management objectives are not met.   

 Nest boxes will only contribute to the conservation of a species if other resource requirements 

are met (e.g. food, protection from predators, habitat connectivity allowing dispersal, and sufficient 

quantity and quality of habitat to support viable populations). Moreover, factors influencing nest-box 

use may vary across habitats and in different geographic locations. The success of any nest-box 

program relies in part on an understanding of the local habitat use of the target species. 

Based on current knowledge, nest boxes are not a perfect substitute for natural hollows (Spring 

et al. 2001; Lindenmayer et al. 2002). However, they have made a valuable contribution to supporting 

re-introduced populations of sugar gliders in some locations (Beyer and Goldingay 2006). Hollow-

bearing trees are not common in urban areas (Gibbons and Lindenmayer 2002) and nest boxes may be 

particularly important in these landscapes for supporting populations of gliders and other arboreal 

mammals.  
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Table 1. A description of the methods used to record each variable at each spatial scale. 

Spatial scale  Variable Method 

Landscape Altitude (m) Centred on each nest box and measured as metres above sea level using a 

GPS and topographic maps. 

Topography Assigned to two categories modified from McDonald et al. (1990): 1. Flat 

– planar landform that is neither a crest nor a depression and is level or 

very gently inclined; 2. Not flat – including gully (open depression, 

moderately inclined to very gently inclined floor or small stream channel); 

mid-slope (landform area that can neither be described as a ridge or flat 

landform, comprising a gentle to steep slope without a crest or depression); 

and ridge (compound landform element comprising a narrow crest and 

short adjoining slopes).  

Habitat beyond the 

immediate vicinity 

of the nest box (i.e. 

beyond a 20 m 

radius) 

 

Distance between 

nest boxes (m) 

Distance to the next closest nest box, determined using ArcGIS from 

spatially referenced maps of nest-box location.  

Density of nest 

boxes 

The number of nest boxes within 5 ha of the focal nest box (i.e. the focal 

nest box was the central point of a circular plot of 5 ha), measured using 

ArcGIS. Five ha was chosen because this is equivalent to the average home 

range size of sugar gliders (Suckling 1995). 

Density of 

residential 

dwellings 

The number of dwellings within 5 ha and a 250 m radius (i.e. measured at 

two scales) of the focal nest box, measured using ArcGIS and ground-

truthing. A distance of 250 m was chosen because this equates to the 

average foraging distance traversed by sugar gliders (Suckling 1995; van 

der Ree et al. 2004).  

Distance to nearest 

road (m) 

Distance from the focal nest box to the edge of the nearest regularly used 

road (sealed or unsealed), measured using ArcGIS and ground-truthing. 

Habitat 

immediately 

surrounding the 

nest box 

(all variables were 

measured within a 

20 m radius of the 

focal nest box) 

Canopy cover (%) Visual estimate of foliage cover calculated via a serious of shaded 

silhouettes, based on McDonald et al. (1990).  

Ground cover (%) Visual estimate of ground cover based on McDonald et al. (1990) and 

assigned to four categories: 1. <10% (very sparse); 2. 10-30% (sparse); 3. 

30-70% (mid-dense); and 4. >70% (dense). 

Shrub cover (%) Visual estimate of shrub cover based on McDonald et al. (1990) and 

assigned to four categories: 1. <10% (very sparse); 2 10-30% (sparse); 3. 

30-70% (mid-dense); and 4. >70% (dense). 

Density of acacia 

stems 

The number of acacia stems > 2 m or < 2 m in height.  

Density of trees The number of trees with a diameter at breast height (DBH) ≥ 8 cm.  
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Distance to nearest 

tree (m) 

Distance from the focal nest box to the nearest tree with a DBH ≥ 8 cm, 

measured using a 50 m tape. 

Density of hollow- 

bearing trees 

The number of all trees with a DBH ≥ 50 cm, height ≥ 6 m and that 

contained at least one hollow. The presence of a hollow was determined by 

scanning the tree with binoculars from the ground; therefore, some hollows 

may have been missed and a hollow-bearing tree misclassified. We 

attempted to reduce this error by confining our search to large trees more 

likely to contain hollows, and by requiring the observer to locate only one 

hollow per tree.  

Nest box tree Tree height (m) The distance from the ground to highest part of the tree measured using a 

clinometer. 

DBH of tree (cm) Measured at breast height (1.5 m) above the ground over the bark layer 

using a diameter tape. 

Tree species Identified using buds, flowers, fruits and leaves. 

Bark status Identified as rough or smooth. 

Tree condition Reflecting stages of advancing senescence and placed into one of eight 

categories as per Lindenmayer et al. (1991). 

Nest box  Nest-box height 

(m) 

Measured from the ground to nest-box entrance hole using a clinometer or 

50 m tape. 

Entrance hole 

aspect 

Categorised as one of four major points of the compass: North 314-45º; 

East 45-135º; South 135-225º; and West 225-315º. 

Nest-box type  Placed into one of four types based on the external dimensions of the nest 

box measured as height x width x depth from the front of the box:  type 1, 

24 cm x 20.5 cm x 20.5 cm (entrance size of 40 mm or 50 mm); type 2, 37 

cm x 23.5 cm x 34 cm (entrance size ranging from 35 mm to 50 mm); type 

3, 42 cm x 19.5 cm x 26.5 cm (entrance size of 35 mm); and type 4, 45 cm 

x 18 cm x 21.5 cm (entrance size ranging from 35 mm to 70 mm). 

Entrance size 

(mm) 

Diameter of the entrance hole placed into three categories: small (35 mm or 

40 mm); medium (45 mm); and large (50 mm or 70 mm). 

Nest-box thickness 

(mm) 

The thickness of the material used to make the nest box (12 mm, 19 mm or 

28 mm).  

Date of 

establishment 

The number of months since the establishment of the nest box until its first 

recorded use by an arboreal mammal.   
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Table 2. The variables included in the regression models. 

Spatial scale  Variable Abbreviation Form 

Landscape Altitude  Altitude continuous 

Topography – flat/not flat Top2 categorical 

Habitat beyond the immediate 

vicinity of the nest box 

 

Density of nest boxes within 5 ha Boxden5ha continuous 

Density of residential dwellings within 250 m Resden250m continuous 

Distance to nearest road Roaddist continuous 

Habitat immediately surrounding 

the nest box 

Canopy cover  Canopy continuous 

Ground cover – very sparse/sparse/mid-dense 

to dense 

Ground3 categorical 

Density of hollow-bearing trees  Hollowtreeden continuous 

Density of acacia stems > 2 m AcaciaG2m continuous 

Density of trees Treeden continuous 

Distance to nearest tree Treedist continuous 

Nest-box tree Tree height Treeht continuous 

DBH of tree DBH continuous 

Tree species – box/gum/stringybark Treesp3 categorical 

Nest box  Nest-box height Nbht continuous 

Entrance size – small/medium/large Entsize3 categorical 

Entrance hole aspect – N/S/E/W Entraaspect4 categorical 

Date of establishment Date continuous 
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Table 3. Top AICc models (∆i ≤ 4.0) for each scale and across scales.  

Table shows -2LL log-likelihood, the number of parameters in the model (K), Akaike’s Information 

Criterion corrected for small sample sizes (AICc), difference between model AICc and the model with 

the lowest AICc (∆i), and Akaike weights (wi). Summed Akaike weights for each variable are included 

in the text. 

Model rank Variable -2LL K AICc ∆i wi 

Landscape       

1 Altitude + Top2 38.74 3 45.20 0 0.81 

Habitat beyond nest box       

1 Boxden5ha 63.40 2 67.63 0 0.25 

2 Resden250m 63.93 2 68.16 0.53 0.19 

3 Resden250m + Boxden5ha 62.29 3 68.75 1.12 0.14 

4 Roaddist + Boxden5ha 62.30 3 68.77 1.14 0.14 

5 Roaddist 64.75 2 68.97 1.34 0.13 

6 Resden250m + Roaddist + Boxden5ha 60.96 4 69.74 2.12 0.09 

7 Resden250m + Roaddist 63.48 3 69.94 2.31 0.08 

Habitat surrounding nest box       

1 Ground3 + Hollowtreeden 46.48 4 55.26 0 0.16 

2 Ground3 49.22 3 55.68 0.41 0.13 

3 Canopy + Ground3 + Hollowtreeden 45.10 5 56.30 1.03 0.10 

4 Ground3 + AcaciaG2m + Hollowtreeden 45.29 5 56.49 1.23 0.09 

5 Ground3 + AcaciaG2m 48.05 4 56.83 1.57 0.08 

6 Canopy + Ground3 48.17 4 56.95 1.69 0.07 

7 Ground3 + Treedist + Hollowtreeden 46.02 5 57.22 1.96 0.06 

8 Ground3 + Treeden + Hollowtreeden 46.35 5 57.55 2.29 0.05 

9 Ground3 + Treedist 49.05 4 57.83 2.57 0.05 

10 Ground3 + Treeden 49.19 4 57.98 2.71 0.04 

11 Canopy + Ground3 + AcaciaG2m 46.80 5 58.00 2.73 0.04 

12 Canopy + Ground3 + Treedist 47.80 5 59.00 3.74 0.03 

13 Ground3 + AcaciaG2m + Treeden 47.91 5 59.11 3.84 0.02 

14 Ground3 + AcaciaG2m + Treedist 47.94 5 59.14 3.88 0.02 

Nest tree       

1 Treeht 63.15 2 67.38 0 0.18 

2 DBH + Treesp3 58.61 4 67.39 0.01 0.18 

3 Treesp3 61.03 3 67.49 0.12 0.17 
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4 Treeht + Treesp3 58.88 4 67.66 0.29 0.16 

5 DBH 63.50 2 67.73 0.35 0.15 

6 Treeht + DBH + Treesp3 57.54 5 68.74 1.37 0.09 

7 Treeht + DBH 62.47 3 68.93 1.56 0.08 

Nest box       

1 Date 22.97 2 27.19 0 0.59 

2 NBHT + Date 22.65 3 29.11 1.92 0.23 

3 Entaspect + Date 19.50 5 30.70 3.51 0.10 

Across scales       

1 Date + Resden250m + Treeht + DBH 8.22 5 19.42 0 0.24 

2 Date + Boxden5ha + Treeht + DBH 8.84 5 20.04 0.62 0.18 

3 Hollowtreeden + Date + Treeht 12.93 4 21.71 2.30 0.08 

4 Hollowtreeden + Date + Top2 + Treeht 11.40 5 22.60 3.18 0.05 

5 Hollowtreeden + Date + Resden250m + Treeht 11.48 5 22.68 3.26 0.05 

6 Hollowtreeden + Date + Ground3 11.65 5 22.85 3.44 0.04 

7 Date + Treeht + DBH 14.33 4 23.12 3.70 0.04 
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Table 4. Mean (± 1 s.e.) of each continuous variable measured at unoccupied (n = 41) and occupied (n 

= 15) nest boxes (sugar gliders only).  

  

Variable Unoccupied Occupied 

Altitude (m) 199.8 (7.0) 276.1 (14.3) 

Resden250m 5.3 (1.5) 8.2 (1.7) 

Roaddist (m) 154.2 (33.3) 202.8 (45.5) 

Boxden5ha 2.6 (0.2) 3.1 (0.3) 

Canopy (%) 32.9 (1.0) 31.2 (2.3) 

AcaciacGm2 2.4 (0.8) 8.7 (2.9) 

Treeden 15.1 (2.0) 19.2 (2.9) 

Treedist (m) 5.5 (0.7) 4.9 (0.8) 

Hollowtreeden 1.2 (0.2) 0.7 (0.3) 

Treeht (m) 22.6 (1.0) 20.0 (1.8) 

DBH (cm) 83.2 (4.9) 71.8 (7.6) 

Nbht (m) 3.7 (0.1) 3.8 (0.2) 

Date (months) 24.6 (1.9) 52.7 (0.5) 

 

 

 

 

 

 

 


