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Abstract 20 

Natural refuges are sometimes supplemented with artificial refuges to enhance 21 

populations of endangered species, or to improve the success of translocation and 22 

relocation programs. The design and structure of these artificial structures should 23 

incorporate key features of natural refuges. We aimed to improve the design of artificial 24 

burrows currently used in the conservation of the pygmy bluetongue lizard, Tiliqua 25 

adelaidensis, by comparing burrows with or without a basal chamber. We found that 26 

lizards chose burrows with chambers significantly more often, but that neither the size 27 

of the chamber, nor the substrate lining the chamber influenced the choice. 28 

Incorporating a basal chamber into the design of artificial burrows should provide more 29 

favourable artificial refuges for these lizards and should be incorporated into future 30 

conservation management programs. 31 

  32 

Introduction 33 

All animals require refuge to shelter from extremes of climate and from predators, or as 34 

secure places for the production of offspring. Artificial refuges such as nesting boxes for 35 

birds and bats, are now widely used in conservation management (Goldingay and 36 

Stevens, 2009; Lambrechts et al., 2010), particularly where natural refuges have been 37 

reduced by anthropogenic activity (Gibbons and Lindenmayer, 2002). Consideration of 38 

the relative quality of nesting boxes and natural cavities for birds (Lindenmayer et al., 39 

2009; Robertson and Rendell, 1990), has stimulated research on how varying structure 40 

can influence the protection offered by artificial refuges and the breeding success within 41 

them (Homan, 2000; Brazill-Boast et al., 2012).  42 



Terrestrial reptiles typically refuge in burrows, rock crevices or hollow logs 43 

(Pianka and Vitt, 2003). Artificial cover items or burrows have been used to enhance 44 

local reptile populations, or to improve the likely success of translocations (Nelson et 45 

al., 2002; Webb and Shine, 2000, Grillet et al, 2010). Designing artificial refuges for 46 

reptiles has involved documenting properties of natural refuges (Goldsborough et al., 47 

2006), replicating essential features of those refuges in artificial structures, and 48 

recording choices that reptiles make between alternative structures in the field (Lettnick 49 

and Cree, 2007), or in laboratory conditions (Arida and Bull, 2008; Mensforth and Bull, 50 

2008). An implication is that the design that individuals consistently choose in trials, 51 

will more likely benefit a conservation program. 52 

The pygmy bluetongue lizard, Tiliqua adelaidensis, is an endangered scincid 53 

lizard (SVL 85 - 105 mm) currently restricted by extensive agricultural clearance to a 54 

few remnant fragments of native grassland in South Australia (Hutchinson et al., 1994). 55 

Modeling suggests that translocations will be essential to conserve this species into the 56 

future (Fordham et al., 2012). The lizards spend most of their time associated with 57 

single entrance vertical burrows constructed by spiders (Milne and Bull, 2000). They 58 

refuge in the burrows, bask at their entrances, ambush invertebrate prey from them 59 

(Milne et al., 2003a), and vigorously defend them from approaching conspecifics 60 

(Fenner and Bull, 2011). A shortage of suitably deep burrows can limit population 61 

expansion (Souter et al., 2007). Thus supplementary artificial burrows might augment 62 

existing populations, and enhance the success of translocations. 63 

In previous research pygmy bluetongue lizards have used artificial vertical 64 

burrows with entrance diameters and depths reflecting the preferred dimensions of 65 

natural burrows (Milne and Bull, 2000). They have been constructed either as simple 66 

holes in the ground, or as hollowed out wooden dowling tubes, hammered into the 67 



ground (Milne et al., 2003b) and have had uniform internal diameters. These have been 68 

readily accepted by the lizards both in the laboratory (Milne and Bull 2000), and in the 69 

field where occupying lizards showed no reduction in body condition or reproductive 70 

fitness (Milne et al., 2003b). Addition of these artificial burrows to one field site led to a 71 

rapid increase in local population density and an enhanced retention of juvenile recruits 72 

(Souter et al., 2004). Overall, these results suggest that artificial burrows could be useful 73 

tools in conservation programs. 74 

However, lizards enter and emerge differently from natural and artificial 75 

burrows (Ebrahimi et al., 2012). In natural burrows they enter head first, and later 76 

emerge head first. In artificial burrows they enter head first, quickly back out tail first, 77 

then re-enter tail-first, to be positioned to emerge head first next time. This difference 78 

probably resulted from an enlarged basal chamber, where lizards could turn around 79 

inside natural burrows (Ebrahimi et al., 2012). Artificial burrows, as currently designed, 80 

have no basal chamber. The additional time that lizards spend exposed on the surface 81 

during the reversing behaviour into artificial burrows would increase exposure to 82 

predators, already an apparently significant threat in natural populations (Fenner et al., 83 

2008), suggesting re-appraisal of the design of artificial burrows (Ebrahimi et al., 2012). 84 

One option might be to increase the internal diameter uniformly along the 85 

burrow length, for instance by using a larger diameter peg to hammer holes into the 86 

ground, or larger diameter dowling. However, Milne and Bull (2000) showed that 87 

lizards prefer a burrow entrance diameter no bigger than the size of their head, 88 

presumably to block the entrance from potential rivals or predators. An alternative is to 89 

construct an artificial burrow with an enlarged chamber at its base, to allow lizards to 90 

turn around while inside the burrow. 91 



We provided pygmy bluetongue lizards with artificial burrows with and without basal 92 

chambers to determine if they discriminated, and whether the size of the chamber and 93 

various structural features of the chamber influenced choices. Our overall aim was to 94 

improve the design of the artificial burrow for use in future conservation management 95 

programs.   96 

 97 

Methods 98 

Twelve wild-caught pygmy bluetongue lizards (8 males; 4 females) were individually housed in a room 99 

kept at 27oC during the light phase (0700 – 1900h) and 20oC during the dark phase of a 12:12 photo-100 

cycle. Plastic cages (50 x 30 x 30 cm) were filled to 20 cm with sand, provided with a single, standard 101 

artificial burrow (see below) for shelter, and heated with a 60 W lamp during the light phase. Five two-102 

day experiments were conducted in these cages during June and July 2011. Each experiment involved 103 

eight of the lizards (5 males: 3 females), so that each lizard was used in three or four experiments, with at 104 

least six days between experiments. Lizards were fed twice a week outside experimental times, and water 105 

was available ad libitum.  106 

Experiments tested the preference of lizards among five alternative burrow structures.  In 107 

burrows 1 – 4  all inside surfaces were lined with glued-on sand. (1) The standard artificial burrow was a 108 

200 mm long, straight, cylindrical tube with an internal diameter of 20 mm, constructed from plastic 109 

tubing. Burrows were inserted at a 60o angle into the substrate with the entrance was at the sand surface. 110 

(2) The tennis ball chambered burrow consisted of a 100 mm length of the same plastic tubing, inserted 111 

through a circular hole flush to the inside surface of a 100 mm diameter tennis ball. (3) The large plastic 112 

chambered burrow had a 150 mm length of plastic tubing inserted through a circular hole in the lid, and 113 

flush to the inside surface of a large cylindrical (60 mm diameter x 50 mm deep) plastic container. (4) 114 

The small plastic chambered burrow was constructed as above except that the tubing was 160 mm long, 115 

and the plastic container was 40 mm diameter and 40 mm deep. (5) The unlined large plastic chambered 116 

burrow was constructed as in (3) above except the sand lining was only applied to the plastic tubing and 117 

not to the chamber. 118 



The first experiment was conducted in eight home cages where lizards had been refuging in their 119 

standard artificial burrows. Burrow entrances were 7.5 cm from one randomly allocated cage end. At 120 

0930 h a tennis ball chambered burrow was buried into the sand 7.5 cm from the other end of each cage. 121 

Lizard behaviour was recorded for 6 h (1000 - 1600 h) on that day and on the next day, on video cameras 122 

mounted directly above individual cages. From the recordings we determined how long lizards spent 123 

either refuged in or basking at the entrance of each burrow on each day, and we used repeated measures 124 

analysis of variance to compare the times.  Burrow type and trial day (day 1 or day 2 of filming) were 125 

within subject factors, and we interpreted a significant burrow type x day interaction to indicate a 126 

changing preference as the lizards became more familiar with the available choices. We also counted the 127 

number of emergences and entrances from each burrow type that were head first or tail first, and used chi-128 

squared tests to determine if the proportion of head first entrances differed between the two burrow types. 129 

The other experiments were similar in design and analysis, offering a choice of two alternative 130 

burrow types. We compared the response of lizards to the standard artificial burrow and a large plastic 131 

chambered burrow (experiment 2); to the standard artificial burrow and a small plastic chambered burrow 132 

(experiment 3); to small and large plastic chambered burrows (experiment 4); and to large plastic 133 

chambered burrows with and without sand lining in the chamber (experiment 5). In experiments 2 – 5, 134 

lizards were removed from their home cages at 0930 h while the two alternative burrow types were 135 

inserted at opposite ends, as in the first experiment. Lizards were then replaced centrally in their home 136 

cages, at 1000 h as filming began.  Experiment 4 continued for an extra (third) day. Between experiments 137 

cages were cleaned with 70% ethanol, then with distilled water. Fresh sand and new burrows were 138 

provided for each experiment. 139 

 140 

Results 141 

During experiment 1, two lizards did not emerge from their original burrows and were 142 

omitted from analyses. For the remaining six lizards ANOVA showed a significant 143 

burrow type x day interaction (Table 1). Lizards spent significantly more time in the 144 

tennis ball burrow on the second day, but not on the first (paired t-tests; Day 1: t5 = 145 



2.06, P = 0.93; Day 2: t5 = 61.30, P = <0.001) (Figure 1). In fact all six lizards spent the 146 

entire 6 h filming session of the second day in their tennis ball burrows.  147 

Experiment 2 showed a significant main effect of burrow type but no significant 148 

burrow x day interaction (Table 1). Lizards spent more time in the large plastic 149 

chambered burrows and this response was consistent across the two filming days. Two 150 

lizards went directly to the large plastic chambered burrow and did not inspect the 151 

standard burrow over the filming period. The other six lizards entered the standard 152 

burrow first, but were all in the large plastic chambered burrow by the end of the second 153 

day. 154 

Results for experiment 3 were similar to experiment 2, with lizards consistently 155 

spending significantly more time in the small plastic chambered burrow than the 156 

standard burrow (Table 1). For the first three experiments, lizards entered burrows 157 

during the filming period exclusively tail first in the standard burrows and exclusively 158 

head first in the chambered burrows. In each experiment the differences in method used 159 

to enter each burrow type were significant, experiment 1 (χ2 = 111, d.f. = 1, P = 160 

<0.001), experiment 2 (χ2 = 114, d.f. = 1, P = <0.001) and experiment 3 (χ2 = 91, d.f. = 161 

1, P = <0.001).  162 

In experiment 4 there was no significant difference in the mean time that lizards 163 

spent in large and small plastic chambered burrows, and no indication of a preference 164 

developing over three days of filming (Table 1). Similarly, experiment 5 showed that 165 

lizards spent equal time in large plastic chambered burrows with or without sand lining, 166 

without developing any preference over two days of filming (Table 1).   167 

 168 

Discussion. 169 



The results from this captive colony of pygmy bluetongue lizards were quite clear, 170 

lizards consistently and significantly chose artificial burrows with basal chambers over 171 

those with no chambers. And lizards consistently entered chambered burrows head first 172 

and unchambered burrows tail first, confirming reports by Ebrahimi et al. (2012). The 173 

tail first option allowed lizards to subsequently emerge head first, but our results 174 

suggested lizards prefer burrow structures that allow them to enter head first, and turn 175 

around inside the burrow.  176 

Burrows with three different sized basal chambers were all preferred over 177 

unchambered burrows, but lizards showed no preference between burrows with a large 178 

or a small chamber. Nor did they discriminate between chambered burrows with or 179 

without sand lining. Chamber presence, rather than its size or surface seemed to be the 180 

important criterion. We thought that sand might provide better grip for the lizards. That 181 

did not seem to make any difference in the perceived quality of the burrow, at least over 182 

the short time of our experiments. 183 

Laboratory experiments on captive populations of wildlife will never replicate 184 

behaviour in natural populations, but the results from these trials were so convincing, 185 

that they encourage future development of a new design for artificial burrows that 186 

include basal chambers. In previous field studies, lizards readily adopted artificial 187 

burrows (Milne and Bull, 2000; Milne et al., 2003b, Grillet et al, 2010) and local 188 

populations increased when they were added (Souter et al., 2004, Doré et al., 2011a, 189 

2011b), suggesting that burrows are a limiting resource, and that the more favoured 190 

burrow structure will have strong conservation benefits. A problem for pygmy 191 

bluetongue lizards is to develop a method to insert artificial burrows with wider bases 192 

than entrances, that leaves the soil structure, and the associated ecological and 193 

microclimatic processes intact. Efficient deployment of the newly designed artificial 194 



burrows, and their acceptance by lizards in natural populations, will be the subject of 195 

on-going research. 196 
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Table 1. Results from repeated measures ANOVAs for each of the five experiments. P 309 

values in bold are significant at P < 0.05. 310 

Experiment Burrow Day Burrow x Day 

 d.f F P d.f F P d.f F P 

1.Standard vs Tennis Ball 1, 5 88.97 <0.001 1, 5 1.51 0.273 1, 5 26.01 0.004 

2. Standard vs Large chamber 1, 7 28.5 0.001 1, 7 0.304 0.598 1, 7 0.704 0.429 

3.Standard vs Small chamber 1, 7 8.216 0.024 1, 7 0.364 0.565 1, 7 1.567 0.251 

4. Large vs Small chamber 1, 7 0.050 0.830 2, 6 0.382 0.562 2, 6 0.318 0.623 

5. With vs Without sand lining 1, 7 0.326 0.586 1, 7 0.125 0.170 1, 7 1.223 0.305 
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 314 

 315 



 316 

Figure 1.  Mean (SE) time in minutes lizards spent in the standard artificial burrow (No 317 

chamber) and the tennis ball burrow (Chamber) on each of the two filming days of 318 

experiment 1. 319 
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