
i 
 

Distribution, habitat associations and 
activity of great desert skinks (tjakura; 
Liopholis kintorei) in relation to fire and 
vegetation cover.  

Charles Darwin University – Alice Springs Campus 

Bachelor of Science – Honours 
 

 

 

 

 

  

 

 

 

Thesis submitted by Jenna Ridley, Bachelor of Science (conservation biology and zoology) already 

held in partial fulfilment of the requirements for the Degree of Bachelor of Science with Honours 

in the School of Environment, Faculty of Engineering, Health, Science and the Environment, 

Charles Darwin University. Submitted on June 19th 2015.  

 

Supervisors: 
Dr. Christine Schlesinger, School of Environment, Charles Darwin University. 

Christine.Schlesinger@cdu.edu.au 

Prof. Michael Bull, School of Biological Sciences, Flinders University.  

Michael.bull@flinders.edu.au  

 

 

 

 

 

 

 

mailto:Christine.Schlesinger@cdu.edu.au
mailto:Michael.bull@flinders.edu.au


ii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 



iii 

Statement of Authorship: 
I declare that this thesis is my own work and has not been submitted in any form for another 

degree or diploma at any university of other institute of tertiary education. Information derived 

from the published and unpublished work of others has been acknowledged in the text and a 

list of references given.  

SIGN AND DATE PAGE 



iv 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

Abstract 
 

Introduction and aims: Great desert skinks (Liopholis slateri) are unique Australian 

desert lizards that build and inhabit communal burrows. They are listed as 

vulnerable under the EPBC Act 1999 and uncontrolled wildfire and introduced 

predators are considered to be key threatening processes. Particularly, it is thought 

that reduced cover associated with fire makes skinks more vulnerable to predation. 

One of the stronghold populations for the species at Uluru-Kata Tjuta National Park 

(UKTNP) has been significantly affected by wildfire in the past decade. Patch 

burning is currently implemented around known great desert skink burrows at 

UKTNP to prevent further wildfires occurring. In this thesis I examine the 

distribution, habitat selection and behaviour of great desert skinks in relation to 

fire, vegetation cover and other habitat attributes. I aimed to test whether (a) the 

distribution of great desert skinks at UKTNP is linked to specific fire regimes, (b) 

active skink burrows are associated with particular vegetation or soil attributes, and 

(c) the behaviour and activity levels of skinks, including their response to predators, 

varies depending on the vegetation cover at burrows.  

Methods: I conducted systematic, replicated, unbiased searches for skink burrows 

in three different fire histories (recent wildfire, prescribed burn areas, and 12 year 

unburnt) and in accordance with the current and past known distributions of skinks 

in the park. To assess habitat selection, I chose 59 active burrows, approximately 

70% of the known active population in the park. Vegetation cover and soil surface 

assessments were made at burrows and at paired control sites with no burrows. 

Twelve burrows with different vegetation were selected for behavioural 

observations. Activity of great desert skinks and predator visits at the main 

entrances of these burrows was monitored using time lapse photography; one 

photo per minute for 18 days in each of the early and late active seasons. 

Comparative use of entrances within a single burrow system was investigated at 

two additional burrows over four days in the late active season.  

Results and conclusions: Only eleven burrows were found in over 90km of 

searching and this low success rate made it impossible to draw specific conclusions 
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about skink distribution in relation to fire at UKTNP. However, comparisons 

between habitat attributes at burrows and controls suggested skinks may be 

selecting for higher cover, as burrow sites had significantly higher cover and were 

more likely to be associated with shrub species than control sites. Soil properties 

also differed between burrows and control sites. Activity of great desert skinks was 

highly variable among burrows, as was predator occurrence. I found no significant 

relationship between vegetation cover and predator visits to burrows or the 

response of skinks to predators.  There were also no significant differences in 

overall activity between burrows with high and low vegetation cover, however 

skinks spent proportionally more time exposed (outside the burrow) when cover 

was greater at the burrow or particular entrance. This may represent an adjustment 

of behaviour in response to the perceived threat of predation. 
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Chapter 1  

General Introduction  
 

Arid Australia is characterised by highly diverse and rich lizard assemblages (Morton 

& James 1988). However, there is little known about arid Australian reptiles and 

their relationship to habitat (Masters 1996). The arid environment is harsh, 

characterised by unpredictable rainfall and extreme temperatures that can prove 

challenging for faunal species (Somme, 2012). Resources such as food and water are 

often limiting and evaporation is high, therefore, strategies such as burrowing are 

common for many arid species. 

Burrows provide shelter from temperature extremes, fire and predation. Within 

arid environments, the importance of burrows is highly pronounced due to the 

relative scarcity of trees and other vegetation features which species often utilise 

for refuges (Kinlaw, 1999). Burrows provide species with a cool space during the hot 

season and somewhere to avoid the cold winter, and potentially hibernate (Milne & 

Bull, 2000). In addition to this, burrows enable animals to share their resources, 

which can often lead to higher functioning social groupings and the evolution of 

complex social behaviours including parental care (Qi et al., 2012). The concept of 

‘sociality’ is often attributed to mammals and sometimes birds, with reptiles often 

not thought to exhibit these more advanced social traits, although there are notable 

exceptions.  

The great desert skink (Liopholis kintorei), referred to as tjakura in Pitjantjatjara, is a 

threatened Scincidae species distributed throughout the western deserts of arid 

Australia (McAlpin, 1997; McAlpin, 2001). The great desert skink is listed as 

vulnerable under the EPBC Act 1999 and the Territory Parks and Wildlife act 2000, 

and there is a need to develop conservation and management initiatives to lower 

the current degree of threat to this species (McAlpin 2001, Department of the 

Environment, 2014). Liopholis kintorei was previously considered a part of the 

Egernia genus, but more recent classification places it into the Liopholis genus, 

along with similar species; Liopholis slateri and Liopholis inornata. Great desert 
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skinks are large lizards, with a snout vent length of up to 44cm and weighing up to 

350grams, with males generally attaining a greater size and weight than females of 

the species (McAlpin, 2001). The colour of the skinks matches the desert soil, from 

bright oranges to brown. Females and juvenile skinks often have plain brown flanks 

or orange and cream bars compared to the lemon-yellow, cream and grey flanks of 

the males (McAlpin, 2001).  

Great desert skinks construct extensive multi-tunnelled burrow systems that act as 

the ‘family home’. By living cooperatively, resources can be shared among 

individuals and energetic expenditure, for example constructing and maintaining 

burrows, may be reduced.  Offspring commonly live in the burrow until 2 years of 

age before leaving to construct their own burrow (Chapple, 2003). Living in this 

stable social aggregation may provide a ‘safety in numbers’ benefit, and defence 

against predatory species is likely to be higher (Chapple, 2003). It is suspected that 

males dig new burrows prior to attracting a mate, with burrow complexity 

increasing over time of occupation. Burrows are thought to be inhabited for 

approximately seven years and multiple breeding seasons before natural turnover 

(McAlpin et al., 2011). Fire is considered to be a threat to this species, with some 

evidence of burrows in wildfire affected areas becoming inactive shortly after the 

disturbance (Wilson, 2014). Fire may be detrimental for the species in a number of 

ways, such as causing a short term reduction in food supply, or increasing predation 

risk due to increased visibility of skink burrows to predators in the open area.  

Great desert skinks predominantly inhabit fire-prone spinifex dominated sand plains 

with scattered shrubs that exist opposite adjacent dunefield swales (McAlpin, 2001; 

Pavey, 2006). There are three identified stronghold populations for the species 

which are currently being studied and managed according to the most current and 

available management information; in Docker river (Kaltukatjara), Uluru-Kata Tjuta 

National Park (UKTNP) and Newhaven sanctuary. The UKTNP population of great 

desert skinks was subject to intensive research in the early 1990s to 2000s resulting 

in a significant advancement of knowledge in relation to the biology and ecology of 

the species. During this time the distribution of great desert skinks within UKTNP 

was established through an extensive search effort, and fire and introduced 
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predators were identified as key threats to the species. More recently, monitoring 

of known burrows in UKTNP has identified a decline in burrow occupancy (i.e. 

increased inactivity) of burrows within the wildfire affected areas (2 year post burn) 

which has further stimulated ongoing concern about the effect of fire on the great 

desert skink. The Park Managers are currently implementing a patch burning 

program to mitigate large, uncontrolled wildfire in the park. They are interested to 

know how current prescribed fire management is affecting the great desert skink 

population and the distribution of skinks in relation to areas that have been 

subjected to wild and managed fire. This project was set up as a joint agreement 

between the Uluru-Kata Tjuta National Park and Charles Darwin University to 

investigate the relationship between great desert skinks and fire within the National 

Park.  

The research was made up of three inter-related yet distinct parts which I have 

written as stand-alone chapters.  The thesis structure is as follows: 

Chapter 2: 
Chapter 2 focuses on the distribution of great desert skinks in UKTNP in relation to 

current fire history and regimes. I begin by introducing the current fire management 

and history of wildfires within UKTNP and the concern about whether prescribed 

patch burns are aiding the skinks by preventing future wildfire or providing them 

with more preferable habitat.  I describe the search technique and design that I 

used to search for great desert skink burrows within areas that had different fire 

histories, in order to determine whether burrows were associated with specific 

recent fire histories, and potentially to identify burrows in new locations of the 

park. Results of my searches are presented and discussed. 

Chapter 3:   
This chapter explores whether great desert skink burrows are associated with 

particular habitat characteristics, which in turn may relate to fire. This was achieved 

through comparing habitat attributes, specifically vegetation and soil 

characteristics, in the vicinity of great desert skink burrows with adjacent areas in 

the surrounding landscape (control sites). Linking back to fire, I also compared the 

characteristics of  burrows in recently burnt and longer unburnt sites, as well as 
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active and inactive burrows to determine if a change in vegetation and soil 

characteristics may help to explain burrow abandonment.  

Chapter 4:   
Chapter 4 focuses on the activity of great desert skinks at burrow entrances which 

were monitored through the use of time-lapse photography. A key aim of this 

section was to determine whether vegetation cover in the vicinity of burrows 

affected the activity levels of skinks or their response to the presence of predators.  

Chapter 5: 
Chapter 5 is a brief concluding chapter that draws together the main findings of the 

study as a whole and presents some recommendations for future research. 
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Chapter 2 

Searching for great desert skinks: The distribution of 
Liopholis kintorei in relation to fire history at Uluru-Kata 
Tjuta National Park  

Abstract 
One of the largest known populations of the great desert skink (tjakura, Liopholis 

kintorei) is distributed within the Uluru-Kata Tjuta National Park (UKTNP) on a sand 

plain that, in recent history, has been affected by several wide-scale wildfires with 

the most recent of these occurring in 2002 and 2012. Park managers have been 

implementing patch burning within the sand plain to create fire barriers and 

mitigate larger scale wildfire, preserve long unburnt remnants of vegetation and 

create a mosaic of habitat for local native fauna. Great desert skinks are one of the 

species thought to benefit from this management. Although all known great desert 

skink burrows within the park are regularly monitored, searches for new, unknown 

burrows have been limited over the past decade and it is not known how great 

desert skinks are responding to recent prescribed burning or whether they are 

occupying areas with differing fire ages within the sand plain. The aim of this study 

was to better understand the current distribution of great desert skinks at UKTNP in 

relation to fire history. A wandering transect method was used to search for skink 

burrows in fifteen sites that represented areas, (a) not burnt for 12 years, (b) where 

patch burning has been undertaken within the last six years and (c) burnt in a 

wildfire 2 years previously. Searches included areas where burrows are currently 

known to exist, had previously existed or had never been recorded previously.  

Although 90 km of sand plain was traversed, only 11 skink burrows were found. 

Burrows were found in recently burnt (by wild or prescribed fire) and 12 year 

unburnt areas, and in each of the three defined fire histories. The low number of 

burrows located limits the conclusions that can be made about great desert skinks 

and their UKTNP distribution, but opens up a discussion about search methods and 

how best to manage a species that is very difficult to find. New searches should 

continue in all areas of the national park to better understand the great desert 

skinks current distribution. 
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2.1: Introduction  

2.1.1: Changing fire regimes and biodiversity  

Fire is an integral part of the Australian landscape. Prior to European settlement, 

Aboriginal people used a ‘fire-stick farming’ strategy that, in many parts of the 

landscape, created fine scale mosaics of vegetation at different successional stages 

(Bowman et al., 2004). The manipulation of the landscape by Aboriginal people is 

likely to have contributed to the tight interrelationships between vegetation, 

climate and fire that are apparent today, and to have helped  shape the native 

Australian flora and fauna (Bowman, 2005; Burrows et al., 2009). In inland Australia 

there has been a gradual change in fire regimes post-European settlement due to 

development and expansion of pastoral activity and the progressive movement of 

Aboriginal people off their ancestral lands. This caused a considerable reduction in 

traditional burning practices and, specifically, a reduction in frequent small scale 

burning (Edwards et al., 2008). In the semi-arid regions of central Australia this is 

thought to have led to more intense and large scale wildfires, particularly in years 

following unusually high rainfall during which fuel loads can accumulate (Burrows et 

al., 2009; Central Land Council, 2015; Masters, 1996; Pastro et al., 2013). 

Wildfire can have profound effects on native fauna. Intense or rapidly moving fire 

can cause direct mortality of individuals which in turn influences how populations 

recover and community composition post-disturbance (Banks et al., 2011). Some 

species are unable to escape from fire or do not have adequate hiding options to 

withstand the threat of fire. Wildfire also affects fauna through post-fire dynamics 

that alter habitat characteristics needed for foraging, refuging or breeding (Haslem 

et al., 2011). Fire alters biotic interactions and abiotic conditions, and this can 

negatively affect fauna populations. For example, wildfire significantly reduces 

vegetation cover, reducing shelter and decreasing protection from predators (Banks 

et al., 2011). Wildfire can also decrease food availability by consuming plant 

material and prey animals. Conversely, fire also promotes new plant growth, which 

can lead to an increase in food resources and opens up habitats which may make 

prey easier to see or to catch. However, because contemporary wildfire frequently 
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occurs on a large scale, these changes, whether positive or negative, often lead to 

wide scale landscape homogenisation. 

Landscape homogenisation after fire is considered to be particularly problematic for 

native fauna as ground level vegetation cover is eliminated and protection from 

predators is reduced  (Pavey, 2006; Wilson, 2014). This temporary elimination of 

vegetation cover creates more accessible landscape that predators, such as 

introduced cats, can more easily move through (McGregor et al., 2014).  

Patch burning has become a popular management initiative in recent decades 

across many areas of Australia. Patch burning aims to create a mosaic of differing 

fire ages which results in a heterogeneous vegetation pattern across time and space 

(Parr & Andersen, 2006). The premise behind patch burning is that different species 

have different habitat and vegetation cover requirements and therefore respond 

differently to fire, and that patchily burning areas will provide a range of habitats 

suitable for a number of species as well as preventing large scale wildfire (Parr & 

Andersen, 2006). Patch burns are generally small-scale controlled burns prescribed 

over the cooler months (Pastro et al., 2011).   

Patch burning is considered especially important in areas where there are 

populations of threatened or endangered species, especially where they are not 

widely distributed or are patchily distributed such that large stochastic events (wide 

scale fire) could substantially affect the whole population. There are fire-sensitive 

and fire-adapted species yet it is often incredibly hard to determine how species 

respond to fire and therefore difficult to know the best strategy to manage fire in 

order to conserve these species. The overall goals of fire conservation are to avoid 

species extinctions and better meet the needs of species, but this requires 

knowledge of the species that are of concern and an understanding of their spatial 

distributions (Driscoll et al., 2010). 

2.1.2: Fire and threatened species management at Uluru-Kata Tjuta National 

Park  

UKTNP is home to several rare species but great desert skinks (Liopholis kintorei), 

known locally in Pitjantjatjara lands as tjakura, are the only threatened and priority 
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reptile species in the park. Great desert skinks are listed as vulnerable under the 

EPBC Act 1999, and have been identified as a level 1 priority species within the park 

(Department of the Environment., 2015; McAlpin, 2001; Reid et al., 1993). Two 

substantial and discrete populations of great desert skink were originally identified 

within UKTNP, however, subsequently one of these populations was found to have 

severely declined (McAlpin, 1997). The remaining known population occurs within 

sand plain habitat between the Uluru and Kata Tjuta monoliths and management of 

this population is of primary concern to Park managers.   

UKTNP is situated within a flammable spinifex dominated landscape. Patch burning 

has been implemented in the park since 1985 to create a mosaic of habitat in 

accordance with the overall fire management plan (Reid et al., 1993; Wilson, 2014) 

but despite this effort it has not always been possible to mitigate wildfire. In 2001 – 

2002, after a very high rainfall period, central Australia was ravaged by some of the 

largest fires seen in decades with 500,000km² affected (McDonald et al., 2012; 

Williams et al., 2012; Wright & Clarke, 2007) and most of the sand plain habitat 

where great desert skinks were known to be distributed within UKTNP was burnt. 

The 2002 wildfire represents the majority background burn in the current fire scar 

maps of UKTNP.  In 2012 another severe wildfire burnt a large section of the sand 

plain. These recent fires seem to have had further negative impacts on the great 

desert skink population (Wilson, 2014). 

It is suspected that fire, and especially hot, uniform and widespread wildfire, has 

three major impacts on great desert skinks; (1) direct mortality, although great 

desert skinks are a burrowing species and in many instances are probably able to 

escape the direct effects of fire by sheltering within their burrows, (2) increased top 

down pressure caused by increased exposure to predators when vegetation cover is 

reduced and, (3) bottom up pressure via source reduction in food availability for 

great desert skinks and their prey (Wilson, 2014).  

Great desert skinks occupy multi-tunnelled burrow systems or warrens which can 

span up to 10m (McAlpin, 1997; McAlpin, 2001; McAlpin et al., 2011). Adults display 

a high degree of parental care and cooperative behaviour not usually observed in 

reptile species, with juveniles living in the ‘family’ home until approximately 2 – 3 
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years of age (McAlpin, 2001). Burrow occupancy appears to be dynamic. Species 

such as mulgara (Dasycercus cristicauda) and sand goanna (Varanus gouldii) occupy 

and modify great desert skink burrows and vice versa, until burrows ultimately 

become deserted (McAlpin et al., 2011). The length of time a burrow is occupied by 

great desert skinks varies and increased burrow complexity is evident as a function 

of occupancy time (McAlpin, 2001). Young males are thought to disperse from the 

natal burrow at approximately three years when full size is attained and construct 

their own burrows close to surrounding burrows and then attempt to attract a mate 

(McAlpin, 2001; S.McAlpin, pers. com). It is then assumed that females leave their 

burrow to be with a mate.  

The burrows of great desert skinks are central to their existence and provide a focal 

point for researching the species’ biology and ecology as well as being the most 

effective way of monitoring their distribution and abundance (McAlpin, 1997). In 

the early 1990’s, researcher Steve McAlpin, with the guidance and expertise of 

traditional Anangu with highly-developed tracking skills, determined the localities of 

hundreds of great desert skink burrows within UKTNP through an intensive search 

effort (McAlpin, 1997). The main areas where skinks occurred were identified early 

during this time and the majority of future search effort was subsequently 

concentrated in these areas. Although burrows are relatively easily identifiable for 

experienced observers, they tend not to be visible from a distance and are relatively 

sparsely distributed through the landscape.  For these reasons, finding new burrows 

can be very time consuming and difficult. Search methodologies that have been 

used for the species include transects, random walks, and searches in the vicinity of 

other known burrows (McAlpin, 2004; Wilson, 2014; K.Bennison, pers.com). 

Although there was an intense effort put into studying great desert skinks at UKTNP 

during the 1990’s and early 2000’s, searching for new burrows has been much more 

limited in recent years due to logistic (time and resource) constraints.   

Since 2011, research on great desert skinks at UKTNP has focused on monitoring 

previously identified burrows. Each year every known burrow within the park is 

visited in the late active season (late summer) and categorised as active or inactive 

based on the presence or absence of obvious occupancy signs (presence of fresh 
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scats and/or tracks). Both active and inactive burrows from the previous year are 

re-surveyed but if a burrow is inactive for two consecutive years then monitoring of 

that burrow ceases. When burrows can no longer be found, they are labelled 

“gone” and are not revisited. Due to limited resources and the difficulty and large 

amount of time required to locate new burrows, searches for new burrows are rare 

and only undertaken in the immediate vicinity of existing burrows. This is a logical 

strategy as the patchy, clustered distribution of great desert skinks within the 

broader landscape means the likelihood of encountering new burrows is higher in 

the vicinity of other burrows; however, few new burrows have been found in recent 

years (K. Bennison, pers. com). From current monitoring it appears that the 

abundance of great desert skinks in the park is continuing to decline as known 

burrows are progressively abandoned. In particular, in surveys subsequent to the 

2012 wildfire, many known burrows within the burnt area became inactive (Wilson, 

2014). Turnover of burrows is a normal and expected process so it is difficult to 

definitively say whether the abandonment of known burrows represents a 

population decline in the local area without more intensive search effort designed 

to locate new burrows.  

Specifically, park managers are interested in knowing whether new burrows are 

being established in areas that are being protected from wildfire through patch 

burning, and whether the distribution of burrows could be more definitively linked 

to fire history. Current fire management includes annual burning of a small 

percentage of the park, approximately 1%, to maintain differing habitats with 

patches of unburnt vegetation acting as fire breaks to protect old growth and fire-

sensitive species (McDonald et al., 2012; Pastro et al., 2011; Wilson, 2014).  In 

recent years patch burning has been undertaken in close proximity to known active 

great desert skink burrows but not directly within these areas as there is still 

uncertainty regarding the full extent of effects prescribed burns will have on this 

species (K. Bennison, pers. com). 

The primary aim of this study was to better understand the current distribution of 

great desert skinks at UKTNP in relation to fire history. To achieve this, I designed a 

search strategy that would maximise the chance of finding new burrows while 
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enabling me to cover reasonably large areas.  I used a systematic and replicated 

design to identify search areas in spaces across the sand plain with different fire 

histories in which to implement searches.  

A secondary aim of this study was to identify new burrows, if these existed, 

particularly in areas where no recent searches had been conducted.   Any new 

burrows located could be included in future monitoring undertaken by the park and 

would help to inform managers about areas that may be fruitful for future searches.  

2.2: Methods 

2.2.1: Study site and fire history  

At UKTNP, the known distribution of skinks is restricted to the sand plain centred 

between Uluru and Kata-Tjuta (Fig. 2.1). This sand plain lies above a series of 

underground drainage lines which supply drinking water for the resort town of 

Yulara and the area is known locally as the ‘borefields’. Compared to the 

surrounding landscape, the area is likely to obtain more water and nutrients via 

surface run-off because of the elevation of the adjacent areas (Harrison, 2009). The 

UKTNP sand plain is dominated by hard spinifex (Triodia basedowii) and scattered 

shrubs and trees including several species of Acacia, desert oak (Allocasuarina 

decaisneana) and honey grevillea (Grevillea eriostachya) (Masters, 1996).  

Figure 2.1: The sand plain (yellow rectangle) is considered to be preferred habitat of great desert 

skinks within the local area. The sand plain is situated between Uluru (right) and Kata-Tjuta (left) 

within the Uluru-Kata Tjuta National Park (Google Earth Image).  

Kata-Tjuta Uluru 
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The entire sand plain was burnt by an extensive wildfire in 2002 (12 years prior to 

this study) and this was the background burn within my study area. Subsequent 

fires resulted in six distinct fire histories within the sand plain area which I divided 

into three broad categories (A, B and C);  

 Areas  not burnt since the 2002 wildfire (A) 

 Areas with prescribed burning (over background 2002 burn) (B) which 

include: 

a. strip burns applied in 2009/2010 specifically to protect the great 

desert skink population  

b. patch burning applied in 2012  

c. patch burning applied in 2013  

d. patch burning applied in 2014  

 Areas burnt in another large wildfire in 2012 (C) 

Vegetation structure in each of these areas was distinctly different (Fig. 2.2). In the 

2002 background burn, vegetation was fairly dense and spinifex hummocks were 

mature compared to the bare and exposed areas burnt by the 2012 wildfire. 

Prescribed burn sites were a mixture of young and old vegetation with a higher 

degree of patchiness and variation, and large clumps of mature spinifex still 

present.  

 

Figure 2.2: Vegetation in the UKTNP sand plain at different fire ages, (A) 2002 wildfire 

(background burn), (B) prescribed burn (2012), (C) 2012 wildfire.  

 

2.2.2: Analysis of past great desert skink distribution records and spatial 

arrangement of search sites  

The location of previously and currently known great desert skink burrows at 

UKTNP were sourced from Parks Australia.  Data were available for four years 

(A) (B) (C) 
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(2004, 2005, 2009 and 2011) and were provided in the form of raw data sheets. 

These data had been previously reported in a number of internal park reports 

(McAlpin, 2004), but apart from the burrows that were monitored by the Park 

between the years 2011 to 2014, had never been mapped. I produced distribution 

maps of all previously known and currently active burrows using ArcGIS,  overlaying 

the most recent (2014) fire scar map for the sand plain (also provided by UKTNP), 

and used the resulting map to inform the placement and categorisation of my 

search sites (Fig. 2.3).  

Fifteen 2 km x 1 km search areas were identified across the three fire types (Fig. 

2.3). Although I had replicate search areas within each fire age the number of sites 

varied because the area that was subject to a particular fire history differed. For 

example, the area that had remained unburnt since the 2002 wildfire was 

comparatively small so I was only able to designate two search areas within this 

entire burn history (A1 & A2 on Fig. 2.3). I also located more sites in patch burn 

areas (B1 - B9 on Fig. 2.3) and included each of these because knowledge of the 

occurrence of great desert skinks within patch burn areas was of particular interest 

to the park managers. 
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Figure 2.3: Location of 2km x 1km search areas (black rectangles) across the sand plain at UKTNP 

in relation to fire history and past and current known distribution of great desert skink burrows 

(prior to my searches).  Sites labelled A = 12 years post fire, B = areas with prescribed burning (1 – 

6 years post burn) and C = areas burnt in the 2002 wildfire (2 years post burn). Purple circles 

represent previously known burrow locations that are no longer active and yellow circles 

represent burrows that were active in 2014 (the most recent survey undertaken by Park staff). The 

background satellite imagery represents areas unburnt since the 2002 wildfire, and all subsequent 

burns are shown in solid colour; Light brown -  2009/2010 strip burn, yellow - 2012 prescribed 

burn (smaller patches) and 2012 wildfire (large solid patch),  blue – 2013 prescribed burns,  pink - 

2014 prescribed burn. A scale is presented in the bottom right hand corner. Imagery and fire scar 

maps provided by UKTNP. 

 

When placing sites I also aimed to include areas of the park where currently known 

and monitored great desert skink burrows exist, where burrows were previously 

known to occur and where they have never been known to occur. This ensured my 

search effort was unbiased with respect to the current known distribution of skink 

burrows. In areas with previously known burrows, I was unaware of the location of 

any of these burrows while searching. The number of sites in each fire history and in 

relation to previously recorded burrows is described in Table 2.1. 
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Table 2.1: The number of search sites located within each fire history and in relation to previously 

recorded great desert skink burrows.   

Fire Histories   Number of search sites in areas with: Total # 

sites 

 Known 

active 

burrows   

Burrows 

known from 

past 

No burrows ever 

known to be present   

 

2002 Wildfire               

(12 years post burn)  

1  0  1  2  

Prescribed burn           

(1 – 6 years post 

burn)  

4  2  3  9  

2012 Wildfire               

(2 years post burn)  

2  1  1  4  

Total   7  3  5  15  

 

2.2.3: Identifying great desert skink burrows 

Before commencing searches I visited and examined a number of known active 

burrows to ensure that I was familiar with the appearance of burrows and could 

accurately identify them during searches. Great desert skink burrows were 

distinguished from the burrows of other species based on four distinctive 

characteristics; (1) multiple entrances, (2) a large mound at the base of at least one 

entrance, (3) evidence of an external latrine, and (4) skink tracks around the burrow 

(Fig. 2.4). The first three factors were considered the most important characteristics 

for positive identification although some burrows were still able to be positively 

identified despite the absence of a latrine. The presence of tracks and fresh scats in 

the latrine were used to determine whether a burrow was active or inactive. 

Although the presence of tracks was useful for identifying recent activity, this could 

not be relied upon because tracks can be easily eliminated by wind and rain and 

may be mistaken for those of other species. Great desert skink tracks were 

distinguished by their quadrupedal under step stride with a straight, sometimes 

deep, tail drag, with small feet/claw marks either side as described by Moseby et al. 

(2012). The size of the entrance/mound and whether the entrances were cleared or 

filled with sand and leaf litter were also used as indicators of the level of activity, 

however scats were the primary indicator. 
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Figure 2.4: Examples of great desert skink burrows showing (a) two burrow entrances and a 

mound, (b) a main burrow entrance with mound, and (c) a latrine with visible scats and uric acid.  

 

2.2.4: Search methodology  

Search effort was standardised across each site to ensure that unbiased 

comparisons among the sites could be made. Searches comprised three 2km 

wandering transects undertaken within the confines of each of the 15 sites (Fig. 

2.5). As search effort was standardised by the distance covered rather than time 

spent searching I was able to spend more time on earlier searches when I was 

relatively inexperienced at identifying burrows while still covering the same area. 

Wandering transects allowed for a more dynamic search compared to straight line 

transects as I was able to make decisions about where to go in the landscape, e.g. to 

cross fire boundaries or walk towards areas that looked more promising. It was also 

relatively efficient, in that I was able to loop around half way along and finish the 

search close to the starting location, which was an important consideration when 

walking long distances in high temperatures. While wandering, I scanned the 

ground either side of the transect line, and ahead looking for signs of burrows i.e. 

mounds or entrances. Two transect searches were undertaken at each site in 

October 2014, early in the activity season, and a third transect search at each site 

was undertaken in January 2015 in the mid-late active season. When a burrow was 

found I recorded the GPS location, number of entrances, presence/absence of a 

latrine and number of fresh/dry scats in the latrine, and whether great desert skink 

tracks were visible. Burrows were deemed active/inactive based on the previously 

mentioned selection criteria. As the prescribed fire sites contained both recently 

burnt patches and long (12 years) unburnt patches I also categorised burrow sites as 

‘burnt’ (meaning burnt since 2012) or ‘unburnt’ (meaning not burnt since 2002).  

(a) (b) (c) 
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I used a GPS to map my search paths (Fig. 2.5), and used ArcGIS software to upload 

the site boundaries onto the GPS as routes prior to searching, therefore, selection 

of the appropriate route acted as the site boundary which was visible on the screen 

while I conducted each search. This ensured that I did not inadvertently go outside 

the predetermined boundaries of each site.  

 
Figure 2.5: Wandering transects traversed while searching for great desert skink burrows within 

the 15 sites. Blue – transect 1 (October 2014), Purple – transect 2 (October 2014) and Red – 

transect 3 (January 2015). There was a malfunction of the GPS tracking device during one of the 

searches and the waypoints recorded during this search were used to display the approximate 

location of that path (light blue).A scale is presented in the bottom right hand corner of the map. 

Imagery and fire scar maps provided by UKTNP. 

 

2.3: Results 

I walked approximately 90km actively searching for great desert skinks across the 

15 search areas, which took approximately 65 hrs (1 – 1.5hrs per search).  Despite 

this considerable search effort I found only 11 great desert skink burrows.  Two 

active burrows and two inactive burrows were found in searches conducted in 

October 2014 in the early active season for great desert skinks (30 x 2 km transects) 

and three active burrows and four inactive burrows were found in the mid-late 

active season in January 2015 (15 x 2km transects). These 11 burrows were 

distributed across each of the three main fire types (Table 2, Fig. 2.6). In the patch 

burnt sites (B) five of the six burrows were in the unburnt patches of the area (Table 

2.2).   
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Table 2.2: Site and habitat characteristics of the 11 great desert skink burrows found during 

systematic searches in the UKTNP sand plain.  

Site  Fire History  Burnt/Unburnt  Active/Inactive  Year Found  

A1  2002 wildfire  Unburnt  Active  2014 
A2 2002 wildfire  Unburnt  Inactive  2014  
B1  09/10 strip burn Burnt  Inactive  2015 
B6  2013/14 patch burn  Unburnt Active  2015  
B6 2013/14 patch burn  Unburnt  Active  2015  
B8  2013/14 patch burn  Unburnt  Inactive  2014 
B8 2013/14 patch burn  Unburnt  Inactive  2015 
C2 2012 wildfire  Burnt  Inactive  2015  
C2 2012 wildfire  Burnt  Inactive  2015 
C3 2012 wildfire  Burnt  Active  2014  
C3 2012 wildfire  Burnt  Active  2015  

 

 

Figure 2.6: Locations of active (green circles) and inactive (white circles) great desert skink 

burrows found during 45 systematic searches in the UKTNP sand plain. A scale is presented in 

the bottom right hand corner of the map. Imagery and fire scar maps provided by UKTNP. 

 

Too few burrows were found to enable any statistical analyses of burrow 

distribution relative to fire type (A, B or C) or whether a site was recently burnt or 

unburnt. However, it is noteworthy that burrows were found in all three fire types 

in similar proportion to the number of sites of each type that were searched.  I also 

found both active and inactive burrows in recently burnt areas (wild or prescribed 

fire) and areas that had been unburnt for 12 years (Fig. 2.6).  Because of the low 

number of burrows found I did not consider it worth-while to quantify the exact 

distance searched within recently burnt and recently unburnt habitats, beyond 

initial site classifications, especially as it was also not always easy to recognise fire 



25 
 

boundaries in the field. However, it can be seen from Fig. 2.5 that I spent 

considerable time in both burnt and unburnt areas. While considerably limited by 

the low sample size, the distribution of burrows that were identified, showed no 

pattern with respect to fire history (longest unburnt, patch burning, recent wildfire) 

or whether an area was recently burnt or unburnt.   

Eight burrows were found in sites that were known to have active burrows or where 

burrows had been active in the past, in the apparently more densely populated 

northern section of the sand plain (Fig. 2.7). However three burrows (1 active) were 

found on the southern section of the sand plain in areas where there were no 

previous records (Fig. 2.7). The locations of the burrows found in the northern area 

did not correspond with known locations of burrows from UKTNP records so it is 

suspected that these are all new records, however as there is a margin of error 

associated with GPS points I cannot be certain.  

 

Figure 2.7: The distribution of great desert skink burrows found during searches - active (large 

green circles) and inactive (large white circles) - in relation to past known great desert skink 

burrows (small pink circles), and burrows that were active in the 2014 UKTNP survey (medium 

yellow circles). A scale is presented in the bottom right hand corner of the map. Imagery and fire 

scar maps provided by UKTNP. 

 

In addition to the active searches I estimate that I walked an extra 100km around 

the transitional sand plain while conducting other field work (Chapters 3, 4) 

between November and February and I found three other active burrows 

opportunistically during this time. Two of these were in areas where there are 
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currently known burrows, where I also spent most time walking. The third was in 

the southern section of the sand plain very close to the active burrow found in site 

A1 during the formal searches.   

2.4: Discussion 

The number of burrows found during the survey period was low and therefore 

substantial updates on the distribution of great desert skinks within the park cannot 

be made. In addition, it is not possible to draw strong conclusions about the 

location of burrows in relation to fire history. Never-the-less, within the constraints 

of my small sample size I found no evidence of a relationship between fire histories 

and burrow presence.  

From my results and the previous monitoring that has occurred within the park it is 

clear that active burrows persist under a range of fire regimes; although, this does 

not indicate that there is no preference, advantage or disadvantage of residing in 

different habitat types relating to fire age. Great desert skink burrows can be 

occupied over periods of many years and during this time they are likely to be 

exposed to fires and associated changes in habitat structure and, therefore, recent 

fire history in areas where occupied burrows occur does not necessarily tell us 

anything about habitat quality or preference. The location of residual populations of 

declining species is often determined by factors other than habitat preference, for 

example, they may persist in areas where threatening processes have had the least 

impact (Southgate et al., 2007). It is unknown how large the typical home range of a 

great desert skink is, how far individuals regularly travel from their burrows or how 

far they are able to disperse in order to find preferable habitat. If limited in their 

capacity to disperse, declining species may persist in areas where threatening 

processes have the least impact, rather than in habitats that may be most 

favourable in the absence of those threats.  

Ongoing monitoring of great desert skink burrows at UKTNP suggests that the 

occupancy of known burrows is declining more rapidly in areas affected by the most 

recent 2012 wildfire, compared to longer unburnt areas (Wilson, 2014). Because 

recent prescribed burns have been lit nearby known burrow locations, but not 

directly in locations of known burrows, and prior to my study, there were no known 
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burrows within prescribed fire patches, it is not known whether occupancy drops 

off at similar rates regardless of fire type. The rate at which new burrows are built is 

also unknown.  It is possible that animals within recently burnt habitat may be more 

prone to predation as predator-prey relationships are known to be influenced by 

habitat structure. For example, more open habitats are thought to increase the ease 

of capture and detectability of prey species by feral cats which are successful 

predators in inland Australia (McGregor et al., 2014). In Chapter 4 I will further 

discuss predator presence at great desert skink burrows with low and high 

vegetation cover.  

My data are too limited to enable conclusions about whether great desert skinks 

are being positively affected by the patch burning strategy currently implemented 

within UKTNP. However, it is encouraging that two new active burrows were 

located in areas where patch burning has been applied. It is also interesting and 

somewhat surprising that, even with such a low sample size, active burrows were 

found in the most recent 2012 wildfire sites, considering that  other recent data and 

literature shows that these sites are usually characterised by high levels of 

abandonment (Cadenhead, 2013; Wilson, 2014). These results do suggest a certain 

tolerance for the effects of fire and should be encouraging to land managers that 

may be concerned about the effects that prescribed fire may have on the species. 

The great desert skink recovery plan lists wildfire as a prominent threat for the 

species that is highly likely to occur, and more recent research by Cadenhead (2013) 

also indicates burrow exposure post fire is threatening to the great desert skink. 

Considering the limited clear evidence on the negative effects of fire, it seems likely 

that the benefits of patch burning– reducing the risk of very large scale fires that 

homogenise the landscape - outweigh any costs, which may include some negative 

effects on great desert skinks within the considerably smaller burnt areas. 

Further insights into the effect fire has on great desert skinks would be informed by 

investigating the immediate effects of fire, with some research currently underway 

and some recently published (Moore et al., 2015).  Investigation of what structural 

characteristics affect the location of burrows (Chapter 3) and how skink behaviour 
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and predator activity varies with different levels of vegetation cover (Chapter 4) will 

assist in understanding the longer term effects of fire on great desert skinks.  

2.4.1: Survey techniques 

The detection of three burrows in the southern section of the study area where 

great desert skinks have not been previously been recorded is indicative of the 

difficulties in accurately determining the distribution of sparsely distributed or rare 

species in very large landscapes, or keeping track of changes in distribution through 

time. These are considerable challenges for managers who seek to benefit these 

species through management.   

The absence of previous records of occurrence does not mean that a species is not 

present. For species that tend to exhibit clustered distributions the presence of 

known individuals or groups can be useful in directing search efforts (Hein & 

McKinley, 2012). The new great desert skink burrows that I found at UKTNP may be 

useful starting points for more targeted searches in the future and will help the park 

managers to understand more about the current great desert skink distribution in 

the park. However, because burrows seem to be distributed sparsely across the 

landscape or are very difficult to find, considerable effort can be expended in 

searching with little success. High effort-to-search ratios have also been reported 

for the great desert skink at other locations (Cadenhead, 2013). In Newhaven 

sanctuary in the Tanami desert, skinks were found in only 14 of 45 sites that were 

searched (Cadenhead, 2013). This exhibits the   trade-off between the time that is 

invested in searching and the few burrow locations that can be expected to be 

recorded, which raises the question about whether it is viable for lots of time to be 

invested in searching for rare animals. In my study, I aimed to include search areas 

where there were no previous records of great desert skink and this may partly 

account for the low numbers of burrows that were found.  

The development of effective monitoring systems for rare fauna, not unique to 

great desert skinks, is an ongoing challenge, and the development of more efficient 

techniques is essential to enable more effective long-term monitoring. Combined 

search techniques may provide the most reliable results but the search methods 

must also be cost-effective, a combination that can be difficult to achieve (Michael 
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et al., 2012). For example, Thompson and Thompson (2014) reported on their 2006 

efforts searching for mulgara burrows and stated that (a) the method was 

inappropriate and (b) they were simply hard to locate. The method used by 

Thompson and Thompson (2014) required a great search effort yielding few results, 

despite being cost-effective in regard to economic resources and materials.  In the 

Docker River community west of Uluru, Anangu people have been using traditional 

tracking to survey the local tjakura (great desert skink) population (Partridge, 2008). 

The method typically involves a group of up to ten people walking in a line in calling 

distance from one another (Partridge, 2008).The benefits of this approach are the 

increased intensity of the search and increased area of ground that can be covered 

in a given time with many searchers compared to a single searcher, as well as the 

skill and experience of the searchers in identifying burrows. However, the time 

investment (people hours) is high and this method has only been used in a limited 

area so far (Partridge, 2008).  

The methods that have been used to search for mulgara and the great desert skink 

are not unlike searches for the bilby (Macrotis lagotis), although bilbies have 

considerably larger and more clearly visible burrows. Southgate et al. (2005) 

compared three search techniques for bilbies; fixed transects, aerial transects and 

random plot searches. The fixed transects were completed at three sites, each site 

containing two 10km transects situated 5km apart and 500m from a permanent 

road (Southgate et al., 2005). These transects were divided into blocks enabling 

searchers greater ease in searching for bilby tracks. Although a relatively large area 

was able to be covered with the transects, they required significant amounts of 

time to set up and yielded few positive signs of bilby presence, with no sign 

recorded on large segments (Southgate et al., 2005). In my study, I used a 

wandering transect instead of a fixed transect to allow movement around and 

toward potentially preferable habitat. This also negated the need for setting up or 

having to keep track of my exact location so as to keep to the transect area. 

However, aside from still yielding a low success rate, this technique may have 

increased a bias toward certain areas based on my relatively inexperienced 

perception of what might be suitable habitat. Aerial surveys, which show some 
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promise for use in searches for bilbies (Southgate et al., 2005), are unlikely to be 

effective for great desert skinks because the burrows are much smaller and are 

superficially very similar to those of sand goannas and mulgara.  However, the 

random plot technique, utilised to determine extent of bilby occurrence in 

conjunction with a range of habitat variables (Southgate et al., 2005) may be 

suitable for great desert skinks if quadrats used for searches were located in areas 

with known burrows.  

Another factor that may have biased my search results is the difference in visibility 

associated with different vegetation cover (Cadenhead, 2013; Thompson & 

Thompson, 2014). I was able to see much further in the more bare recently burnt 

sites and so presumably my chance of detecting a burrow was greater in those 

areas and this may account for my unexpected success at finding burrows in those 

areas. Fixed transects or random block searches would be less susceptible to this 

particular bias than the wandering transects that I used, although differences in 

visibility could still influence success of searches in different areas. 

Selecting the most appropriate search method is important to the outcome of 

searches, and the ability to accumulate knowledge about great desert skinks. It 

would be useful for a comparative study of different search methods to be 

undertaken for the great desert skink in the theme of Southgate et al.’s (2005) study 

on bilbies, and for current techniques being used by land managers across semi-arid 

Australia and associated success rates to be reviewed and documented.  I 

recommend that, what-ever technique is applied, conducting searches in the late 

active season when burrows are most obvious would be best. Careful records of 

search effort should be kept, ideally by GPS tracking of search paths or mapping of 

search areas, even when no burrows are found, as these records will be 

considerably more informative than just the locations of found burrows. A fixed 

length transect or intense searches of smaller areas, rather than fixed time  

searches, would reduce bias that may occur due to differences in walking pace, 

experience in identifying burrows, and time to record all the characteristics of every 

burrow found, which may differ substantially between individual searchers. For 

example, I felt more confident in identifying burrows over time and was generally 

able to complete transects more quickly. Possible bias in the detectability of great 
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desert skink burrows should also be considered when designing a survey technique. 

Bias may occur when sampling at different times of the day (under different light), 

in different weather conditions and in areas with different soil substrate all of which 

can affect visibility of tracks or burrow mounds (Michael et al., 2012; Southgate et 

al., 2005).  

Conclusion  
There was no indication from my searches that burrow distribution was related to 

fire history with burrows found in burnt and unburnt sections of the park, however, 

low sample size made it impossible to draw conclusions about the effect of fire on 

great desert skinks or whether current patch burning is benefiting the species. It 

was also not possible to draw conclusions about whether the local population of 

skinks is declining, as is suspected by local land managers, although finding burrows 

in areas where they were previously not recorded provides promise and a need for 

further investigation. The search effort required to find great desert skink burrows 

is very large and this should be taken into account when planning future research.  
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Chapter 3 

Burrow locations of great desert skinks (Liopholis 
kintorei) in relation to vegetation and soil characteristics 

Abstract 

To effectively manage habitat for the purpose of advantaging a particular species, it 

is essential to understand what habitat characteristics are important to that species. 

Individuals may actively select habitat with specific characteristics or may be more 

generalist, choosing areas to inhabit randomly with respect to physical and 

structural attributes. Where individuals or groups occupy a single site over several 

years, stochastic events such as fire or increased levels of predation in the inhabited 

area may change the home range habitat over time. Such changes may make 

habitat less suitable with possible consequences for the survival or fitness of 

individuals, or may trigger individuals to vacate a previously occupied area. My aim 

was to determine whether burrow sites of great desert skinks were associated with 

particular habitat attributes. I also aimed to test whether there were differences 

between occupied burrow sites and those that had been recently abandoned and 

whether different habitat characteristics were selected in recently burnt sites 

compared to longer unburnt sites.  Vegetation and soil surface characteristics were 

measured at 56 burrows and 56 control sites using simple field based soil surface 

assessments and standard estimates of vegetation cover and composition. Burrow 

sites had higher vegetation cover than control sites in both burnt and unburnt areas 

suggesting that great desert skinks may select sites with higher vegetation cover 

when establishing their burrows and that these differences persist regardless of fire 

history. There were significant differences in vegetation composition and soil 

characteristics between burrow and control sites, and between burnt and unburnt 

sites. Great desert skinks may be selecting for higher cover areas because these 

provide greater protection from predators, more structural stability for burrow 

construction or are associated with an increase of food resources. Alternatively it is 

plausible that burrow construction and habitation itself alters the landscape 

affecting vegetation cover and composition and some soil characteristics. 
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3.1: Introduction  

3.1.1: Habitat selection  

A detailed understanding of species distribution, occupancy, and the factors that 

influence this within and across landscapes is essential to species conservation and 

management (Elith et al., 2006; Stanley & Royle, 2005). Occupancy positively 

confirms the presence of a species, but does not confirm absence from a given area 

or vegetation type (MacKenzie et al., 2003).  Occupancy also gives no indication that 

the localities species are found in are preferred habitat. Habitat selection is one of 

the major factors that can affect a species’ distribution and distribution is typically 

dependent upon each species’ selective ability (Pulliam & Danielson, 1991). 

Selection of different habitat types within a landscape enables different species to 

co-exist and the selection of appropriate habitat should optimise an individual’s 

overall fitness (Rosenzweig, 1981). Habitat can affect an animal’s development, life 

span, reproduction and mortality (Pulliam & Danielson, 1991). Generalist species 

are able to occupy a much wider variety of habitats than specialist species which 

tend to have significantly greater fitness in one habitat type compared to another 

(Rosenzweig, 1981). Whether a species is a generalist or a specialist can be hard to 

distinguish, especially for rare species where there has been considerable range 

contraction. For such species it is difficult to ascertain whether remaining 

individuals are occupying their preferred habitat. Where habitat selection occurs, it 

is frequently asked “why” an animal chooses or selects its home (Ehrlich et al., 

1988). Habitat selection commonly relates to the abundance and type of food 

available, or the presence of shelter that provides physical safety or enables 

reproduction to take place. In mobile animals, selection is often based on complex 

decisions relating to risks, such as vulnerability to predation, and benefits, such as 

access to food resources. For example, vervet monkeys (Cercopithecus aethiops) 

move into recently burnt areas with eliminated grass cover where they can see 

more clearly, and travel more quickly.  This allows female monkeys to spend more 

time feeding and less time scanning the surroundings, so reducing the perceived 

risk of predation (Jaffe & Isbell, 2009).  
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Natural disturbances such as wildfire inevitably affect the habitat choices of mobile 

animals, and for less mobile species such disturbances may affect the quality of the 

habitat that they occupy.  Most obviously, wildfire rapidly changes habitat structure 

by reducing vegetation cover, as well as affecting  the soil crust cover leading to 

enhanced soil movement until the vegetation regrows (Levin et al., 2012; Santos & 

Poquet, 2010). These changes can have positive or negative effects; for example, 

increases in canopy cover can trigger declines of open habitat specialists that thrive 

in the warm microhabitats associated with open canopy areas (Pike et al., 2010; 

Santos & Poquet, 2010). Conversely, some species may be negatively affected by 

the opening up of habitats due to fire (this is discussed further in Chapter 4).  

In arid environments, the criteria used by species to select habitat is determined by 

the unique characteristics of these environments and the relative abundance of 

required resources.  Water is scarce, temperatures are extreme and rainfall can be 

highly variable (Van Etten, 2009). In arid environments, cover from environmental 

extremes or predators can often be a limiting resource, whereas sunlight and 

warmth, which are important particularly for ectothermic animals, are usually 

readily accessible which reduces the thermoregulatory costs for ectotherms in 

these areas (Morton & James, 1988). Rufous hare wallabies (Largochestes hirsutus) 

inhabiting the Tanami Desert in central Australia have been found to select habitat 

based on a number of factors including the size of spinifex hummocks, food 

diversity and the degree of heterogeneous vegetation (Lundie-Jenkins, 1993). Many 

species respond directly to differences in vegetation cover, although the response is 

not always clear.  For example, reduced vegetation cover does not seem to 

influence total numbers of mulgara (Dasycercus cristicauda) which inhabit sand 

plain and dune habitats in central Australia, but significantly affects how frequently 

they are captured (Masters et al., 2003). Mulgara seem able to tolerate reductions 

in cover, but their activity levels are greater when cover is higher, and it has been 

suggested that avoiding areas with reduced cover may be a way of reducing 

predation risk (Masters et al., 2003).  
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3.1.2: Burrowing species  

Species that construct burrows are often selecting a relatively permanent space for 

their home to be constructed. Burrows provide cool, moist environments with 

stable temperatures which are often critical to survival in harsh environments and 

provide shelter from predators (Kinlaw, 1999; Read et al., 2008). Activity of 

burrowing animals is frequently centred in and around the burrow system.  The 

decision to dig a burrow in a particular place may be determined by above ground 

variables including, features to enable optimal entrance arrangements, cover and 

the cryptic nature of burrow openings (Kinlaw, 1999). Burrowing species may also 

select sites based on physical characteristics, such as the presence of tree or shrub 

roots that provide stability for tunnels or soil properties which can determine the 

structure of burrow systems (Angers & Caron, 1998). Slaters skink (Liopholis slateri) 

is an arid burrowing lizard that constructs burrows within the soil mounds that build 

up around shrubs and small trees via wind transportation of soil (Pavey et al., 2010). 

These mounds allow L. slateri to construct a burrow and therefore the availability of 

suitable mounds may limit the species’ distribution. 

There are many examples of how particular physical attributes of burrow sites 

provide benefits to the burrow inhabitants or influence site selection, although 

other factors such as proximity to food resources or conspecifics are also important. 

The selection of areas with hard soils for construction of burrows by warthogs 

(Phacochoerus africanus) limits the ability of predators to dig them out (White & 

Cameron, 2009). Wild rats (Rattus norvegicus) have been found to select their 

burrow sites based on proximity to food and water resources as well as terrain, 

topography and soil composition (Lore et al., 1978). Selection of burrow sites at the 

bottom of slopes enables wild rats to increase the depth of their burrows. Burrow 

site selection in gopher tortoises (Gopherus polyphemus) is influenced by land cover 

type, soil resistance, percentage herbaceous cover and the number of other 

tortoise burrows around (Lau & Dodd, 2015). 

The construction of a burrow system can in turn modify the surrounding 

environment by changing the physical properties of the landscape and, once 

constructed, can also become an important refuge for other species. For example, 
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Read et al. (2008) found that, compared to control sites, invertebrate abundance 

was higher in the vicinity of burrows of burrowing bettong (Bettongia lesueur), 

greater bilby (Macrotis lagotis), as well as the non-arid dwelling hairy nosed 

wombat (Lasiorhinus spp.), with certain invertebrate species found almost 

exclusively within burrow sites (Read et al., 2008). Burrowing has also been shown 

to affect soil texture and structure, fertility, infiltration, soil mixing, surface run off 

and other soil properties (Kinlaw, 1999); for example, productivity increases around 

bettong burrows (Read et al., 2008). In another example,  prairie dogs (Cynomys 

spp.) are able to significantly transform local areas through their burrowing and 

herbivorous activities (Winter et al., 2003). The presence of mounds that often 

result from burrow construction can also influence vegetation and soil 

characteristics (Andersen & Kay, 1999). 

3.1.3: The great desert skink  

Great desert skinks (Liopholis kintorei) are primary excavators, and digging and 

inhabiting burrows is important and central to their existence (Kinlaw, 1999). They 

also act as secondary modifiers when they re-inhabit and modify other species’ 

burrows; most commonly those of mulgara (Dasycercus spp.) or sand goanna 

(Varanus gouldii) (McAlpin, 2001). Great desert skinks have been recorded from a 

variety of habitats across the Western Deserts region of Australia but most 

commonly inhabit spinifex dominated sand plains with adjacent dune field swales. 

They have also been found in parts of the Great Sandy and Tanami deserts 

especially within paleo drainage lines, which feature giant termite mounds, and 

dominating ti tree (Melaleuca spp.) shrubs, and in areas of spinifex and woollybutt 

grass (Eragrostos spp.) with scattered mulga (McAlpin, 2001). Despite their fairly 

wide distribution across this region, great desert skinks are listed as vulnerable 

under the EPBC Act 1999 (McAlpin, 2001). 

My study is focused on the population of great desert skinks located within Uluru-

Kata Tjuta National Park (UKTNP) in an area referred to as the transitional sand 

plain. This sand plain, situated partly within UKTNP and partly in the adjoining 

country managed by the Yulara Resort, is considered to contain one of the 

stronghold populations of the species (as discussed in Chapter 2), however, this 
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population is believed to have declined in recent years. It is currently unknown 

whether great desert skinks select burrow sites on a fine scale, or whether fire 

history influences the location, or continued habitation of burrows (Chapter 2). This 

information is likely to be important for the ongoing effective management of the 

local population. In recent decades, intense wildfires in 2002 and 2012 burnt large 

sections of the UKTNP sand plain and it is thought that these fires may have 

contributed to the local decline of great desert skinks (Wilson, 2014). To prevent 

further large scale uncontrolled fires, prescribed burning has been implemented 

within the sand plain over recent years (see Chapter 2). The spinifex grasses that 

dominate the local plant community are well adapted to fire and, after an initial 

dramatic loss of cover post-fire, the grass regenerates either from seedlings or by 

re-sprouting (Levin et al., 2012). Spinifex cover gradually increases through time at a 

rate that is largely determined by the amount of rainfall, until approximately 18 

years after a fire, after which there seems to be little further change (Levin et al., 

2012). When fire has not affected the vegetation for many years, ephemeral plant 

growth is minimal due to the abundance and domination of spinifex.  

The entire sand plain at UKTNP is considered to be ‘favourable’ habitat for great 

desert skinks (K. Bennison, per. com); however, the apparent decline of the species 

in the local area raises questions about what aspects of the habitat are particularly 

important and whether the sand plain habitat is becoming less suitable through 

time, perhaps due to changed fire regimes.  

Therefore, I aimed firstly to determine whether great desert skink burrows are non-

randomly distributed across the landscape and whether burrow sites are associated 

with particular vegetation or soil attributes. I also aimed to test whether there were 

differences between occupied burrow sites and those that had been recently 

abandoned and whether different habitat characteristics were favoured in recently 

burnt sites with open vegetation, compared to longer unburnt sites with denser 

vegetation.  
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3.2: Methods 

3.2.1: Survey method  

Fifty-nine burrows were surveyed within the UKTNP sand plain. These burrows were 

a representative subsample of the entire known burrow population within the park, 

containing burrows of variable size that were spatially separated, and included 

burrows in both burnt and unburnt habitat. Only burrows that had been occupied 

by great desert skinks within the last two years were used.  Of the 59 burrows, 

three were excluded from subsequent analyses when retrospective review showed 

that the burrow site and the adjacent control site (see later) had different fire 

histories. That left 56 burrows in the survey (Fig. 3.1). The following burrow 

characteristics were recorded; number of entrances, presence/absence of a latrine, 

fresh scats and tracks, and burrow size (length x width of the approximate space 

occupied by all entrances). Burrows were categorised as currently active (n = 35) or 

inactive (n = 21) based on the presence or absence of fresh scats and tracks. As it 

was not always easy to distinguish fire history on the ground, fire history 

(burnt/unburnt) was determined later by mapping burrow sites and checking their 

location against fire scar maps provided by UKTNP in ArcGIS (Fig. 3.1). 

 

Figure 3.1: Locations of 56 great desert skink burrows (dark purple circles) and 56 control sites 

(pink circles) surveyed (and used in the data analysis) within UKTNP in relation to fire history. 

Large yellow patch = 2012 wildfire fire scar, Small blue/pink/yellow patches = prescribed burns, 

Brown strips = 2009/2010 prescribed burns, and background = 2002 wildfire burn. Scale present 

in the bottom right hand corner.  Imagery and fire scar maps provided by UKTNP. 
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Characteristics of soil and vegetation were measured at the 56 great desert skink 

burrows and 56 paired control sites that were located 45m in a random direction 

from each main burrow entrance. After mapping burrow and control sites post 

survey I realised that, for three burrows, the paired control sites had a different fire 

history from the burrow (i.e. I crossed a fire boundary when walking 45 m to the 

control site).  Because I expected substantial differences in vegetation between 

burnt and unburnt sites I excluded these three burrows from analyses as outliers 

that would obscure any pattern for selection of burrow sites within a fire history.  

Dominant plant species within the sand plain were identified prior to surveys and 

included; hard spinifex (Triodia basedowii), soft spinifex (Triodia pungens), honey 

grevillea (Grevillea eriostachya), desert oak (Allocasuarina decaisneana) and 

patches of desert thryptomene (Aluta maisonneuvei) in areas partway up dunes. At 

each burrow and paired control site the percentage canopy cover of these 

dominant plant species, any other plants, leaf litter, dead vegetation, and raw bare 

ground (Table 3.1) were visually estimated in a circle with a 2.5m² radius. The main 

burrow entrance (determined as the largest entrance with the largest adjacent 

mound) was central to the survey area at burrow sites. For control sites the nearest 

plant at 45 m distance from the burrow was used as the surveys central point.  The 

method of vegetation cover estimation was adapted from Pastro et al. (2011) and 

Dickman et al. (2011).  

Table 3.1: Definitions of the vegetation cover categories used during surveys of burrow and 

control sites. 

Measurement  Definition  

Raw bare ground (%) The soil area not protected by plants or environmental materials 
(i.e. rocks, leaf litter, lichen) of any type.   

Vegetation cover (%) The percentage projected horizontal canopy cover of plants in the 
designated area, recorded separately for each of the identified 
dominant plant species and ‘other’ plants. 

Leaf litter (%)  The percentage cover of leaf litter, either loose or slightly 
decomposed on or within the soil.  

Dead (%)  The percentage projected horizontal cover of dead plants, wood, 
and tree stumps. 

 

Soil characteristics were measured using a field based,  soil surface assessment 

utilised in Landscape Function Analysis (LFA), (Tongway & Hindley, 2004) a widely 

used method for assessing landscape function in semi-arid rangelands. The method 
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was modified so that all soil surface assessments were made in a 1 m² quadrat 

placed directly behind the main burrow entrance (i.e. on the opposite side of the 

entrance mound), or placed behind the designated central plant at the control site. 

Care was taken not to disturb the burrow entrances during these assessments. 

Eleven assessments were made (Table 3.2) with full explanations of the assessment 

technique and categories for each variable available in Tongway and Hindley (2004). 

An overall index of soil stability, infiltration and nutrient content was able to be 

derived from the 11 attributes measured at each burrow and control site using pre-

calculated excel sheets provided with the LFA manual (Tongway & Hindley, 2004). 

The LFA method uses classes for each attribute however I recorded continuous data 

(percentage cover) for rainsplash protection, perennial vegetation cover, leaf litter 

and cryptogram cover, and these continuous data were used in place of categories 

in multivariate analyses along with a selection of other variables (see Table 3.2). 

Table 3.2: Definitions of soil surface characteristics measured in the field from Tongway & 

Hindley’s (2004) landscape function analysis. Indexes for soil stability, infiltration were derived 

using all 11 measurements. + Factors used in the soil multivariate analyses, * measurements 

recorded as continuous data for multivariate analyses.  

Measurement Definition Class/scale  

Rain splash protection 
+ 

The degree to which physical surface cover and 
projected plant cover (only plants < 0.5 m) ameliorate 
the effect of raindrops impacting on the soil surface 

Class 1 – 5, 
& % cover  

Perennial vegetation 
cover *+ 

The basal cover of perennial grass and canopy cover of 
trees and shrubs  

Class 1 – 4, 
& % cover 

Leaf litter *+  Amount and origin of plant litter and degree of 
decomposition  

Class 1 – 10, 
& % cover 

Cryptogram cover  + Cover of cryptograms visible on the surface  Class 0 – 4, 
& % cover 

Crust brokenness The extent to which surface crust is broken, leaving 
loosely attached soil material available for erosion 

Class 0 – 4 

Soil erosion and 
severity 

Type and severity of recent/current soil erosion i.e. soil 
loss within the quadrat  

Class 1 – 4 

Deposited materials + The nature and amount of alluvium transported to and 
deposited within the quadrat 

Class 1 – 4 

Soil surface roughness 
+ 

The surface roughness which relates to its capacity to 
capture and retain mobile resources such as water, 
propagules, topsoil and organic matter  

Class 1 – 5 

Surface nature 
(resistance to 
disturbance)  + 

The ease with which the soil can be mechanically 
disturbed to yield material suitable for erosion by wind 
or water  

Class 1 – 5  

Slake test + To assess the stability of natural soil fragments to 
rapid wetting  

Class 0 – 4  

Texture To classify the texture of the surface soil, and relate 
this to permeability  

Soil texture 
flow chart  
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3.2.2: Data Analysis 

Comparisons between burrow and control sites.  

I initially tested for differences in total vegetation cover (cover of all dominant 

plants plus ‘other’ plants, plus dead cover) between burrow and control sites with a 

paired t-test. I similarly tested for differences in leaf litter, bare and dead cover 

between burrow and control sites. These data were arcsine transformed prior to 

analysis. Paired t-tests were also used to test for differences in stability, infiltration 

and nutrient content of soils between burrow and control sites.  

Differences in vegetation abundance and composition, and soil characteristics 

between burrow and control sites were investigated further through multivariate 

analyses. Bray Curtis similarities were calculated using percentage cover for each of 

the dominant plant species and all other vegetation cover estimates as variables. 

MDS plots were constructed with 50 restarts to enable comparison of vegetation 

composition at burrow and control sites. Raw data were fourth root transformed 

prior to analyses. A two-factor PERMANOVA was used to test whether vegetation 

cover and composition differed according to burrow presence (burrows or controls) 

or fire history (burnt or unburnt) and to determine any interaction effects between 

these factors. A total of 9999 permutations were run in the analysis. SIMPER was 

run on significant factors to determine the variables that typified and distinguished 

burrow and control sites. 

Similar analyses were conducted using the eight soil characteristics identified in 

Table 3.2 as variables. Erosion type and texture were not included in these analyses 

because all sites had been classified the same for these variables. I also excluded 

crust brokenness because I was not confident that I had accurately collected data 

for this variable. These environmental data included categorical and continuous 

data so the data were normalised prior to analyses and a Euclidean similarity index 

was used, prior to creating MDS plots and conducting PERMANOVA. Otherwise 

analyses (MDS, PERMANOVA, SIMPER) were the same as for vegetation.   
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Effects of fire  

Because vegetation cover differed substantially between my burnt and unburnt 

areas paired t-tests were used to test for differences in vegetation cover between 

burrow and control sites separately in burnt and unburnt habitats.  

I used ANCOVA to test whether skinks were more selective for vegetation cover 

according to fire history (burnt/unburnt), using vegetation cover at control sites as 

the covariate.  

I then used MDS and PERMANOVA (as described previously) to compare vegetation 

composition between burrows and controls in burnt and unburnt habitat.  

Effects of fire and activity on burrow selection or occupancy  

I then removed all control site data and focused specifically on testing for 

differences in vegetation and soil properties between active and inactive burrows, 

and burrows in burnt and unburnt areas. Firstly, independent t-tests were run on 

the single variables; total vegetation cover, soil stability, infiltration and soil nutrient 

content.  

Multivariate analyses were then undertaken following the procedures outlined 

previously and testing for differences in vegetation and soil between burrows in 

burnt and unburnt areas and between active and inactive burrows.  

All multivariate statistics and PERMANOVAS were conducted using Primer 6 and all 

other analyses were completed using excel and Minitab 17.  

3.3: Results 

3.3.1: Comparisons between burrow and control sites   

Vegetation  

Burrow sites had significantly higher vegetation cover (Paired t-test; df = 55, T = 

3.46, p = 0.001) and significantly less bare ground than control sites (Paired t-test; 

df = 55, T = -3.89, p <0.001).  There was no significant difference in litter cover or 

dead vegetation between burrow and control sites (for full t-test results see 

Appendix 1; Table 1). Due to the relatively close inverse relationship between 

vegetation cover and bare ground, I focused only on vegetation cover for 

subsequent analyses.  
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Triodia basedowii (hard spinifex) was the most common and dominant plant species 

and was present at almost all burrow and control sites and Grevillea eriostachya 

was the most common woody perennial (Fig. 3.2).  

 

Figure 3.2: Percentage of burrow (pink) and control (blue) sites with dominant plant species 

present.  

Vegetation cover and composition differed significantly between burrow and 

control sites and between burnt and unburnt sites (2-Factor PERMANOVA: burrow 

presence, df = 1, 108, F = 5.978, p = <0.001; fire history, df = 1, 108, F = 27.556, p = 

<0.001) (see Appendix 1; Table 2 for full results). There was no interaction between 

burrow presence and fire history. The MDS plot with overlayed vectors (Fig. 3.3) 

shows separation between burrows and controls sites. Control sites were typically 

dominated by Triodia basedowii, which can be seen from the vector direction in the 

plot, where the largest clump exists, and many burrow sites also fall within this 

clump. Burrow sites were more likely to have Grevillea eriostachya and Aluta 

maisonneuvei present than control sites (Fig. 3.2 & 3.3). 
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Figure 3.3: MDS plot displaying the similarities in vegetation composition and cover between 

burrow (pink triangle) and control (blue diamond) sites. The vectors overlayed on the plot show 

the plant species that are associated with different areas of the plot.  

 

SIMPER analyses confirmed that both burrow and control sites were primarily 

characterised by bare ground, Triodia basedowii, leaf litter, dead plant cover and 

other species. The main distinguishing factor between the burrows and controls 

was the presence/cover of Triodia pungens and Grevillea eriostachya contributing 

19.11% and 16.86% of the difference respectively (Table 3.3) with both of these 

species more likely to be associated with burrow sites.  
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 Table 3.3: Vegetation components typifying (shaded) and distinguishing burrow and control 

sites in the sand plain (SIMPER). Percentages display contribution of factor to the similarity or 

dissimilarity of the sites.  

 

SIMPER analyses was used to identify key vegetation components that accounted 

for significant differences between burnt and unburnt sites.  The presence of soft 

spinifex (Triodia pungens) distinguished burnt and unburnt sites, with higher 

percentages of this species in burnt habitat. In unburnt habitat, Triodia basedowii 

was more dominant. Full SIMPER results for vegetation characteristics in burnt and 

unburnt sites are provided in Appendix 1; Table 3. 

Burrow site  Bare ground 29.12% 

Triodia basedowii 24.01% 

Leaf litter 15.50% 

Dead 13.48% 

Other 13.15% 

 

Control site  Triodia pungens 19.11% 

Grevillea eriostachya 16.86% 

Triodia basedowii 16.30% 

Other 12.36% 

Dead 12.22% 

Leaf litter 10.20% 

Bare ground 6.77% 

Bare ground 30.60% 

Triodia basedowii 26.66% 

Dead 14.64% 

Leaf litter 14.09% 

Other 11.98% 

 

 

 Burrow site  Control site  
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Soil   

Soil stability (Paired t-test; df = 55, T = 2.89, p = 0.005) and infiltration (Paired t-test; 

df = 55, T = 3.31, p = 0.001) were both significantly higher at burrow sites, but there 

was no significant difference in nutrient content between burrow and control sites 

(full statistics in Appendix 1; Table 3). An MDS plot of burrow and control sites using 

eight field based soil measurements showed clear clustering of burrow and control 

sites with some overlap between the groups (Fig 3.4). PERMANOVA results (2-

factor: Burrow presence, df = 1,108, F= 5.277, p <0.001; Fire history, df = 1, 108, F = 

3.628, p = 0.0018) confirmed that there was a significant difference between 

burrow and control sites, and burnt and unburnt sites in relation to the measured 

soil attributes (see Appendix 1; Table 2).   

Figure 3.4: MDS plot displaying the similarities in soil characteristics between burrow (pink 
triangles) and control sites (blue squares). The vectors overlayed on the plot show the plant 
species that are associated with different areas of the plot. 
 

Analysis of similarity percentages (Table 3.4) showed that perennial vegetation 

cover made the greatest contribution toward the separation between burrow and 

control sites although the differences in percentage contribution of the 

distinguishing variables was relatively small.  Perennial vegetation cover, rainsplash 

Normalise
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C
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protection and leaf litter cover were higher at burrow sites and cryptogram cover 

was highest in control sites.  

Table 3.4: Soil factors typifying (shaded) and distinguishing burrow and control sites in the 

UKTNP sand plain (SIMPER). Percentages display contribution of factor to the similarity or 

dissimilarity of the sites.  

Burrow site   Leaf litter 100% 

Rainsplash protection 83.49% 

Slake test 68.22% 

Soil surface roughness 53.94% 

Surface nature 41.03% 

Perennial vegetation cover 28.30% 

Deposited materials 16.06% 

Cryptogram cover 5.59% 

 

Control site   Perennial vegetation cover  14.76% 

Rainsplash protection  13.61% 

Cryptogram cover  12.44% 

Slake test 12.25% 

Leaf litter 11.78% 

Surface nature 11.78% 

Soil surface roughness 11.74% 

Deposited materials 11.64% 

Cryptogram cover 100%  

Deposited materials 82.32% 

Surface nature 66.57% 

Soil surface roughness 52.75% 

Slake test 38.99% 

Leaf litter 27.28% 

Rainsplash protection 16.23% 

Perennial vegetation cover 8.04% 

 Burrow site  Control site   

 

SIMPER analyses were also conducted to identify key soil components that 

accounted for significant differences between burnt and unburnt sites. Rainsplash 

protection was greater at burnt sites than unburnt and the slake test (soil stability) 

was the main distinguishing soil attribute between burnt and unburnt sites. Full 

SIMPER results for soil attributes relating to fire history are provided in Appendix 1; 

Table 5. 

Fire history  

Further analyses were conducted to test whether burrow site selection differed in 

areas with different fire histories. Vegetation cover was significantly higher at 

burrow sites compared to controls whether in burnt areas (Paired t-test: df = 11, T = 
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2.54, p = 0.027) or unburnt areas (Paired t-test: df = 43, T = 2.44, p = 0.019) (Fig. 

3.5).  

Figure 3.5: The means and standard errors of total vegetation cover at burrows (pink) and 

controls (blue) in burnt and unburnt habitat.    

 

Results of ANCOVA showed, as expected, that as vegetation cover at the control site 

increased, so did the vegetation cover at the paired burrow site, reflecting variation 

in vegetation across the landscape and in burnt and unburnt sites (ANCOVA control 

cover; df = 1, F = 14.37, T = 3.79, p <0.001; Fig 3.6) but there was no significant 

effect of fire history on burrow selection or interaction between selection for 

vegetation cover and fire history (full results provided in Appendix 1; Table 6).  
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Figure 3.6: ANCOVA plot for fire history (independent factor) and vegetation cover at burrow 

sites, with vegetation cover at control sites (as covariate). Unburnt sites = blue circles & solid 

line, and burnt sites = red squares & dashed line.  

 

I also conducted further MDS analyses on burnt and unburnt sites separately (Fig. 

3.7). The plots show a clear separation between burrows and controls in relation to 

vegetation cover in burnt sites but not in unburnt sites. The direction of vectors on 

Figure 3.7a show that burrows tend to be associated with the presence of shrubs.  

Vegetation composition was significantly different between burrows and controls in 

burnt habitat (1 factor PERMANOVA: df = 1, 22, F = 4.0512, p = 0.0142) but, as 

suspected from the MDS plots, not in unburnt habitat (Appendix 1; Table 7).  
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Figure 3.7: MDS plots showing vegetation composition similarities and dissimilarities in burrows 

(pink triangles) and controls (blue diamonds) within, (a) burnt, with vectors overlayed to show 

species associated with different areas of the plot, and (b) unburnt habitat.    

Conversely, soil properties did not differ significantly between burrows and controls 

in burnt habitat, but did differ significantly in unburnt habitat (1 factor 

PERMANOVA: df = 1, 86, F = 10.087, p <0.001) (Appendix 1; Table 7).  
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Figure 3.8: MDS plots displaying the similarities and dissimilarities in soil properties at burrow 

(pink triangles) and control (blue diamonds) sites within (a) burnt, and (b) unburnt habitat.  

3.3.2: Effects of fire history and activity on burrow selection or occupancy   

The remaining analyses excluded control sites and focused solely on burrow sites. T-

tests were used to test for differences between burrow sites in burnt and unburnt 

areas in relation to their total vegetation cover, and the three derived soil indexes; 

stability, infiltration, and nutrient content. Soil stability was the only single variable 

that differed significantly between burrows in burnt and unburnt habitats with 

higher stability in unburnt sites (t-test: df = 43, T = -3.30, p = 0.0017).  

MDS plots based on vegetation composition (Fig. 3.9a) and soil factors (Fig. 3.9b) 

showed clustering of burrows in burnt sites and unburnt sites according to both 

these attributes with greater separation in vegetation, but both were significantly 

different (1 factor PERMANOVA: Vegetation, df = 1, 54, F = 15.149, p <0.001; Soil, df 

= 1, 54, F = 3.0041, p = 0.009) (Appendix 1; Table 7). Burnt sites were in the vector 

direction of having more ‘other’ plants, leaf litter and Triodia pungens (Fig. 3.9a).  
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Figure 3.9: MDS plots displaying the similarity between burrow sites in burnt (red triangle) and 

unburnt (black cross) habitat according to (a) vegetation composition, with vectors overlayed to 

show species associated with different areas of the plot, and (b) soil factors.  

Finally, I tested for differences in the vegetation and soil characteristics of active 

and inactive burrows. Neither total vegetation cover, soil stability, infiltration, nor 

nutrient content were significantly different between active and inactive burrows. 

MDS plots based on vegetation composition and cover, and soil factors (Fig. 3.10) 

also showed no separation between active and inactive burrows.  
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Figure 3.10: Similarity between active (green circles) and inactive burrows (purple squares) 

according to (a) vegetation composition, and (b) soil factors at burrow sites.  

3.4: Discussion  

Great desert skink burrows at Uluru-Kata Tjuta national park had significantly higher 

vegetation cover and significantly different vegetation composition and soil surface 

properties compared to random control sites. This suggests that great desert skinks 

are selecting locations with specific habitat attributes or that the presence of a 

burrow alters surrounding vegetation and soil characteristics, or both. As expected, 

burrows in burnt and unburnt areas also differed in their vegetation and soil 

characteristics, but skink burrows were consistently present in areas that had higher 

cover than the surrounding landscape regardless of the fire history they were 

located in. 

Previous studies on the great desert skink have identified predation as a key threat 

to the species, and suggested that an increased risk of predation may be linked to 

loss of vegetation cover (Moore et al., 2015). This suggests that vegetation cover is 

an important aspect affecting the quality of habitat for great desert skinks however, 

to date, research has focused on  the effects of fire and predation on existing 

burrow systems and occupancy, (Cadenhead, 2013; Moore et al., 2015) rather than 

habitat selection. Aside from concealing prey from predators (Moore et al., 2015), 

higher vegetation cover or higher diversity of plants may be associated with 

increased abundance of prey species  (Lomas et al., 2014) although relatively little is 

known about the diet of great desert skinks.  If skinks actively select for particular 
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vegetation characteristics, as my results suggest, it is unlikely there is just a single 

reason behind this.  

Although differences between burrow sites and the surrounding landscape were 

significant, there was only a 5% cover difference, on average, between burrows and 

controls in unburnt habitat, and approximately a 15% difference in burnt habitat. It 

could be considered unlikely that relatively small differences in vegetation cover 

substantially alter predation risk. However, if risk of predation is increased in low 

cover burnt sites (Moore et al., 2015) then for skinks inhabiting these areas, 

selection for relatively high cover may be particularly important. When comparing 

vegetation composition in burrow and control sites separately for burnt and 

unburnt areas I only found a significant difference in burnt areas, which provides 

further evidence that skinks are more selective in these sites. It is possible that 

there is a threshold of cover below which skinks become more selective.  If skinks 

always prefer areas with higher cover, or if their survival rates are higher in these 

areas, then it would be expected that abandonment or loss of individuals in low 

cover sites would be high. This is consistent with recent observations at UKTNP that 

occupancy of burrows in the area affected by the most recent 2012 wildfire has 

declined at a greater rate compared to burrows in unburnt areas (Wilson, 2014). 

However, my results did not support this, as I found no difference in vegetation 

cover between active burrows and those that had become inactive within the last 

year. Overall, the results are not clear, and suggest more complex interactions.  

Vegetation composition did not significantly differ between burrow and control 

sites in unburnt areas. However, when all sites (burnt and unburnt) were 

considered together vegetation composition did significantly differ between 

burrows and controls which suggests that differences in unburnt areas existed, but 

were more subtle than in burnt areas.   Triodia basedowii was the most common 

species across the study area and occurred at almost all burrow and control sites. 

Spinifex provides prickly protection from predators, a less harsh microclimate than 

the typical arid conditions, a rich insect supply (Morton & James, 1988) and is a core 

component of great desert skink habitat. However, within this matrix of spinifex, 

great desert skink burrow locations were more likely to be associated with 
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scattered shrub species compared to control sites, specifically Grevillea eriostachya 

and Aluta maisonneuvei. Although structural characteristics of vegetation are often 

thought to be more important for herpetofauna than compositional differences 

(Garden et al., 2007) great desert skinks may be selecting for the presence of 

particular shrub species when selecting burrow sites, if available. The presence of 

shrubs may provide benefits for burrow construction, or be associated with the 

presence of a richer or more abundant invertebrate community. The closely related 

species, Slater’s skink (Liopholis slateri) is only known to construct burrows in soil 

mounds that accumulate beneath shrubs (Pavey et al., 2010). Although the 

presence of shrubs is clearly not required by great desert skinks, it is plausible that 

constructing burrows in close proximity to shrubs may still provide benefits.  It is 

likely that differences in cover between areas with and without shrubs may be 

exaggerated after fire when much of the dominant spinifex cover is burnt but shrub 

cover persists in some form, and this could account for the greater differences 

between burrow and control sites in recently burnt compared to unburnt areas. The 

link between vegetation cover, composition and soils is strong. Vegetation affects 

soil structure and stability, with roots and plant residue providing food for micro 

flora and fauna that contribute to the formation and stabilisation of soil (Angers & 

Caron, 1998). The root anchorage also acts as a cement of material which stabilises 

soil structure and in turn plant growth is modified by the water and nutrient cycles 

(Angers & Caron, 1998). For this reason it is not surprising that I also found 

significant differences between soil at burrow and control sites.  

The three derived soil characteristics; stability, infiltration and nutrient content, 

were calculated based on soil surface properties which included vegetation cover, 

so the link between my vegetation and soil measurements is close.  When  tested 

against laboratory soil analyses, the soil surface assessment method  has been 

found to be a highly accurate measure of soil properties  (Tongway & Hindley, 2004) 

and therefore the results for soil warrant some further discussion. Soil stability and 

infiltration were significantly higher at burrow sites, which may be linked to the 

increase in vegetation cover or difference in vegetation composition at these sites.  

Soil stability has been shown to be important for other burrowing species, in aiding 
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excavation and  preventing burrow collapse (Stokes & Boersma, 1991). Soil stability 

can be altered when soil is exposed to disturbance and this is consistent with my 

results that soil stability was less at burnt sites. This is also supported by wider 

research on wildfire and soils, which has shown that increased fire severity is 

associated with greater consumption of organic matter which can lead to soil 

erosion and degradation which will deteriorate the nutrients and stability of the soil 

(Bento-Gonçalves et al., 2012).  

Other than site selection, an alternative explanation for the differences between 

soil and vegetation cover between burrow and control sites, is that the presence of 

great desert skink burrows has caused changes in soil properties and vegetation 

cover, or at least contributed to them. Burrowing animals can contribute to 

ecosystem function by physically changing biotic and abiotic materials and thereby 

modifying the abundance and type of resources available to other animals or plants 

(Jones et al., 1997; Villarreal et al., 2008). Nutrient cycling can be accelerated by 

species that dwell in or interact with soil (Hole, 1981). As part of the process of 

constructing and maintaining burrows, great desert skinks create mounds, aerate, 

and mix soil which can alter soil formation, function and maintenance. This in turn 

may provide opportunities for particular plant species to germinate and establish or 

to enhance their growth (Hole, 1981; Šumbera et al., 2004).   

Modification of soil properties by burrowing animals has been demonstrated for 

other species, for example, nutrient availability is enhanced in the shared burrows 

of fairy prions (Pachyptila turtur) and tuatara (Spenodon punetatus) (Mulder & 

Keall, 2001), and wedge-tailed shearwaters (Puffinus pacificus) act as nutrient 

vectors by enhancing  phytometer (Rhogodia baccata) productivity within their 

burrows (Bancroft et al., 2005). It is possible that great desert skink burrows also 

have such effects, which could further increase vegetation cover at a burrow site if 

the burrow persists over a long period of time.  

Within UKTNP, Parks Australia officers have documented a recent decline in 

occupancy of known burrows. This decline has been notably significant within 

wildfire affected areas (Wilson, 2014). However, great desert skinks have been 

found to survive the initial effects of fire (Moore et al., 2015), suggesting it is factors 
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or changes that occur post fire that impact upon the species. All of the burrows I 

surveyed were known to be active in the past two years, however in this time, 21 of 

the 56 burrows had become inactive. This seems to be a high rate of burrow 

abandonment considering that great desert skink burrows are thought to be turned 

over approximately every 7 years (McAlpin et al., 2011). Although other current 

research suggests that fire can trigger abandonment or loss of skinks to predators, I 

found no significant differences in vegetation or soil between active and inactive 

burrows. Further research is required to better understand how interactions 

between fire, vegetation structure and predators interact and the possible impacts 

on great desert skinks.  In Chapter 4 I investigate the activity of skinks and predators 

at burrows with different vegetation cover to determine whether the behaviour of 

lizards differs depending on cover, which may give clues as to their perceived or 

actual risk of predation in different areas. Another important area of research that I 

was not able to explore is how invertebrate abundance or richness at burrow sites 

compares with the surrounding landscape, and whether invertebrate abundance 

varies in response to subtle differences in vegetation and possibly to presence of 

the burrow itself.  I recommend further investigation of this as a very interesting 

angle for future research.   

Conclusion  

Overall, I can conclude that burrow sites were significantly different to the 

surrounding landscape where burrows did not exist. Burrow sites were found to 

have more vegetation cover than control sites, along with increased soil stability 

and infiltration, with a greater abundance of shrubs. Some plausible explanations 

include (1) great desert skinks select for higher cover when choosing burrow sites, 

(2) they seek out certain plant species or types which provide additional structural 

support for burrows or offer other advantages, and (3) great desert skink burrows 

alter the environment around them. It is likely that the choice of burrow site is 

influenced by a mixture of these variables, with other factors, such as food 

abundance and dispersal patterns also likely to be important.  
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Chapter 4 

The activity of great desert skinks (Liopholis kintorei) at 
burrow entrances in relation to vegetation cover and 
predator activity  
 

Abstract 
Great desert skinks (Liopholis kintorei) are a threatened arid zone lizard that 

constructs and inhabits communal burrows that are shared by a family group. The 

species is thought to be negatively influenced by interactions between fire and 

introduced predators. Fire creates extensive changes to habitats, especially a 

reduction of vegetation cover which can increase the real or perceived risk of 

predation for some species. Individuals inhabiting areas with low cover may display 

different behaviours to compensate for these changes. This study aimed to 

determine whether great desert skink activity at burrow sites differs in relation to 

vegetation cover, and in response to predators. I used time-lapse photography to 

record activity at 12 burrows with different plant cover over two 18 day periods in 

summer 2014/2015.  At two additional burrow systems I also recorded activity at 

every burrow entrance for four days to enable comparisons of activity among 

entrances within a burrow system. From images, skinks were visible either at the 

surface or just within their burrow and I found no difference in the overall activity 

near the burrow entrance, or in the number of individuals using the entrances, at 

burrows with high or low cover. However, skinks spent proportionally more time 

active outside their burrows compared to sitting just inside the burrow entrance 

when burrow or entrance cover was higher. This was consistent between and within 

burrow systems. I was not able to detect a direct behavioural response by skinks to 

the presence of predators at the burrow site. The results indicate that skinks may 

feel safer to be out in the open when vegetation cover is higher however it was not 

possible to conclude from this study whether the observed behaviour was 

associated with perceived or real predation pressure or other factors such as food 

availability or thermoregulatory strategies in differing vegetation.  
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4.1: Introduction  
Vegetation cover is important for many faunal species, for example by providing 

shelter from environmental extremes and predators or a suitable substrate or 

habitat for foraging (Wilms et al., 2011). Plants also provide important food 

resources either directly (e.g. for herbivorous or frugivorous species) or indirectly by 

attracting or providing suitable habitat for prey species. The importance of the 

structural environment for different groups of fauna has long been recognised 

(MacArthur & MacArthur, 1961; Pianka, 1966), however the advantages and 

disadvantages of particular cover levels differs substantially among species, and 

associations between plant cover and the richness, abundance or behaviour of 

fauna are far from straight forward. Recent studies on desert lizards have 

demonstrated that some skinks prefer more open sites. For example, desert skink 

(Liopholis inornata) presence is negatively correlated with long unburnt vegetation 

in the landscape (Nimmo et al., 2013) and the fossorial skink, southern sandslider 

(Lerista labialis) selects dune crest habitat which is characterised by sparser 

vegetation cover, increased temperatures and more suitable prey (Greenville & 

Dickman, 2009).   

Animal behaviour often varies in direct response  to vegetation cover, for example, 

spinifex hopping mice (Notomys alexis) forage in open areas rather than sheltered 

ones; this possibly enables them to rapidly detect an approaching predator and 

their  strong hind limbs then assist with a fast escape (Spencer et al., 2014). Ambush 

(or sit-and-wait) predators such as Slater’s skinks (Liopholis slateri) rely on visual 

cues to detect their prey and require open areas for effective foraging (McKinney et 

al., 2014). Slater’s skinks forage in an open arc directly in front of their burrow 

entrances, changes to the ground cover in this area are thought to increase the 

skinks vulnerability (McKinney et al., 2014). Increased visibility in shorter vegetation 

also increases foraging efficiency and decreases predation risk in a variety of bird 

species, although food supply tends to be greater in longer vegetation 

(Whittingham & Evans, 2004). A trade-off between what is optimal for foraging or 

food supply and for predator avoidance is common.  
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Associations between cover and risk of predation vary depending on the predator 

and prey species.  Predatory threat is dependent on the predator’s ability to find, 

capture and kill prey which is also highly dependent on how well prey species can 

avoid this risk (Robley et al., 2013). Longer or denser vegetation can increase 

predation risk by reducing prey species visibility of approaching predators or, 

conversely, can decrease predation risk by providing shelter for the prey species. It 

is the level of risk as perceived by the prey species that governs their behaviour 

(Whittingham & Evans, 2004), whether or not this is consistent with the actual risk 

of predation (Greenville and Dickman, 2009). Thermoregulatory needs can also 

influence behaviour and site selection (Spencer et al., 2014) and access to 

thermoregulatory opportunities are closely related to habitat structure (Pringle et 

al., 2003). For example, red-capped plover’s (Charadrius ruficapillus) are better able 

to detect  predatory species and make a quick escape when their nests are located 

in open vegetation,  however, plover’s nests in dense vegetation are better 

protected from thermal and weather extremes, and are more concealed from  

predators (Lomas et al., 2014). For ectothermic animals open habitats can provide 

very important opportunities for thermoregulation (Pike et al., 2010). For example, 

the removal of  canopy cover in forests produces a lighter and warmer microclimate 

enhancing thermoregulatory opportunities for reptiles and enabling them to be 

more active (Greenberg & Waldrop, 2008). 

Less mobile species and species that reside in one location for long periods may be 

subjected to temporal change in vegetation structure in their immediate 

surroundings, for example, increases in cover associated with the spread of 

introduced plants or loss of cover through fire. Such changes are expected to affect 

predator-prey dynamics and prey (and predator) species may adjust their behaviour 

accordingly (Spencer et al., 2014).  

Fire can dramatically and rapidly alter vegetation cover and composition, reducing 

cover and homogenising the landscape (Masters, 1996). These structural changes 

often persist for many years post-fire and species reliant on specific vegetation 

structures may become more vulnerable to predation (Torre & Díaz, 2004). For 

example, in Australia, introduced cats and foxes have been found to hunt more 
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effectively in burnt areas either because they can navigate more easily or because 

the refuges of prey species are more visible (McGregor et al., 2014). Recent 

research has highlighted possible interactions between wildfire and predator-prey 

dynamics in Australia (Robley et al., 2013).  

Great desert skinks (Liopholis kintorei) construct extensive burrow systems home to 

adults and their young for many years and breeding seasons (McAlpin, 2001). These 

skinks exhibit social and cooperative behaviour and the majority of their activities 

are centred around the multi-tunnelled burrow constructed and maintained by the 

lizards. It is generally believed that great desert skink burrows have a main entrance 

that is used most frequently and by the majority of individuals, however, little has 

been documented about activity in and around the burrow systems and how 

individual burrow entrances are used by the skinks (K.Bennison, pers.com).  Great 

desert skinks are omnivorous, consuming plant material and invertebrates, with 

termites (Order: Blattodea, Superfamily: Termitoidea) thought to be the most 

important prey item (Chapple, 2003; McAlpin et al., 2011). Great desert skinks are 

thought to exhibit both active and ambush strategies, foraging actively away from 

the burrow at night as well as opportunistically taking invertebrates as they pass by 

burrows (Chapple, 2003; Department of the Environment, 2015). Skinks have also 

been observed thermoregulating using variable postures and basking while half in 

the burrow entrance (Chapple, 2003). 

Great desert skinks are thought to be significantly threatened by wildfire and 

introduced predators (Moore et al., 2015). Skink burrows tend to occur in areas 

with slightly higher vegetation cover compared to the surrounding landscape and 

often inhabit areas with sparsely scattered shrubs (e.g. Grevillea eriostachya) 

(Chapter 3) but it is not known whether this relates to protection, increased 

abundance of insects (Morton & James, 1988), or other structural habitat features. 

Periods of activity are when animals are exposed and likely to be at an increased 

risk of predation (Rowcliffe et al., 2014). For great desert skinks this is likely to be 

when they are outside their burrows. Burrow sites may be a means by which 

predators are able to locate great desert skink colonies and are likely to be a focal 

point for predator/skink interactions. For these reasons burrow entrances provide 
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an excellent opportunity to study the behaviour of great desert skinks and 

specifically to investigate whether activity levels and patterns differ according to 

vegetation cover. 

My aim was to determine whether differences in vegetation cover, such as those 

associated with different fire ages, affect the activity of great desert skinks at 

burrow entrances, or their response to predators.  

Based on recent research suggesting increased cover is likely to favour great desert 

skinks through limiting the indirect effect of predation pressure (Moore et al., 

2015), I hypothesised that; 

(a) activity would be greater at burrows that had higher vegetation cover, 

(b) predator activity would be less at burrows with greater cover due to 

decreased visibility of the skinks and their burrow systems, 

(c) skink activity at the burrow entrance would decrease after a predator visit, 

because either, (1) the predation attempt was successful, or (2) in the short 

term, skinks modified their behaviour  in response to a greater perceived 

threat of predation.  

I also expected that there may be an interaction between diel activity patterns and 

vegetation cover, especially in relation to activity in daylight compared to dark.  

In an additional complementary investigation I aimed to gain a better 

understanding of how great desert skinks use each of the entrances within a burrow 

system, by monitoring all entrances of two burrows. I also aimed to test whether 

activity at burrow entrances within a burrow related to specific attributes of the 

entrance, including vegetation cover.  

4.2: Methods 

4.2.1: Study site  

Great desert skink burrows used for monitoring were located on the sand plain 

situated between Uluru and Kata Tjuta in Uluru-Kata Tjuta National Park (UKTNP) 

within an area considered to be one of the stronghold populations of the species 

(Fig. 4.1). This sand plain is dominated by spinifex grasses (Triodia basedowii and 

pungens) with scattered shrubs and variable fire histories (see Chapters 2 & 3). 
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Twelve burrows were chosen from the first 30 burrows surveyed in Chapter 3, 

based on their vegetation and burrow characteristics. Choice of burrows was made 

based on two primary factors; the presence or recent sign of skink activity and the 

total percentage vegetation cover surrounding the burrow. Only active burrows 

were used, determined by the presence of fresh scats and tracks and this 

eliminated 10 burrows that had no signs of recent activity. From the remaining 20 

burrows, the 6 burrows with the lowest vegetation cover and the 6 burrows with 

the highest vegetation cover were chosen. This resulted in two burrow groups, 

categorised as low cover (all < 50%) and high cover (all >70%). Low cover burrows 

included burrows in areas that had been burnt 3 years previously (2012 wildfire), 

which had the lowest cover, and sites that had not been burnt for 12 years but still 

had relatively low cover (2002 wildfire), with high cover burrows all present in areas 

that hadn’t been burnt for 12 years (Fig. 4.1, Table 4.1). 

 

Figure 4.1: Satellite fire scar map (provided by UKTNP) and location of the 12 monitored burrow 

locations across the UKTNP sand plain. Burrows in high vegetation cover (H1 to H6; >70%) = 

green circles, and burrows in low vegetation cover (L1 to L6; <50%) = pink circles. Large yellow 

fire scar = 2012 wildfire burn, small blue/yellow/pink/stripped brown patches = prescribed burns, 

background satellite imagery = 2002 wildfire. Scale is presented in the bottom right hand corner 

of the map. 
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Table 4.1: Characteristics of the 12 burrow systems chosen for monitoring, ordered from lowest 

to highest vegetation cover and categorised as having low cover (L1-L6) and high cover (H1-H6) 

(data from Chapter 3).  

Burrow # Vegetation 
cover (%) 

Raw bare 
ground (%) 

Dominant 
species  

Fire 
history 

Burrow 
size (m)  

Entrances  
# 

L1 26 67 Triodia pungens  2012 
wildfire  

5 x 2  8 

L2 30 47 Triodia pungens 2012 
wildfire  

3.5 x 3  5 

L3 36 61 Triodia 
basedowii  

2012 
wildfire  

4 x 3  6 

L4 41 57 Aluta 
maisonneuvei 

2002 
wildfire 

3 x 3  7 

L5 49 45 Aluta 
maisonneuvei 

2002 
wildfire  

5 x 5  10 

L6 49 50 Triodia 
basedowii  

2002 
wildfire 

10 x 5 17 

H1 70 28 Triodia 
basedowii  

2002 
wildfire  

4.5 x 5  10 

H2 70 26 Aluta 
maisonneuvei 

2002 
wildfire  

4 x 3 9 

H3 73 25 Triodia 
basedowii   

2002 
wildfire  

7 x 6  7  

H4 74 20 Triodia 
basedowii   

2002 
wildfire  

10 x 6  12 

H5 74 25 Triodia 
basedowii  

2002 
wildfire  

4 x 5  16 

H6 80 19 Triodia 
basedowii   

2002 
wildfire  

3.5 x 4  8 

 

4.2.2: Monitoring method  

Comparisons of skink activity among burrow systems  

Skink activity was monitored using 10 Reconyx HC600 and 2 Reconyx HC800 

cameras. One camera was set up at the ‘main entrance’ of each burrow. Every 

burrow had multiple entrances and the main entrance was determined as the 

biggest entrance associated with the biggest mound. If there were two entrances 

and mounds of similar size within a burrow system the entrance in closest proximity 

to the latrine or most centrally located to the other entrances was chosen for 

monitoring.  

Cameras were mounted on blocks angled at 60o toward the ground and then 

screwed on to metal garden stakes. Cameras were set 60cm above the ground and 

one metre from the middle point of the entrance’s edge. This arrangement resulted 
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in the burrow entrance being approximately central to the field of view and an SD 

card reader was used during set up to check the placement and make slight 

adjustments. The field of view was approximately 1m² with some variations 

depending on the mound size and amount and height of vegetation behind/around 

the entrance. A plywood shelter was attached directly on top of each camera to 

minimise sunlight shining into the lens and affecting the image quality, and to 

provide some protection for cameras and batteries from the extreme heat typical of 

the central Australian summer. Figure 4.2 shows the camera set up and the field of 

view from one of the burrow sites monitored. 

 

 

 

 

 

 

 

 

Figure 4.2: (a) Camera set up, and (b) the field of view of the monitored entrance at burrow L6. 

 

Cameras were set up from 27th November to 15th December 2014, and 21st January 

to 11th February 2015. Due to the slight differences in number of days in each 

period, I later truncated data to 18 days in each of 2014 and 2015 for most analyses. 

I set up cameras in the morning and due to potential disturbance from set-up and 

the time taken to set up all cameras I did not use data from before midday on the 

set-up day. Once truncated, data were from midday on the 27th November 2014 to 

midday 15th December 2014, and midday on the 24th January 2015 to midday 11th 

February 2015. Cameras were set to the time-lapse mode to take one photo every 

minute for 24 hours a day. Using time lapse meant that the number of images with 

skinks present would provide a direct index of activity level at each burrow within a 

particular time period. The rechargeable batteries and SD cards used in cameras 

were checked and replaced every 5/6 days. Due to not having enough batteries to 

replace all 12 each time sometimes batteries were checked earlier to prevent data 

(a) (b) 
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loss. Due to battery failure, approximately 12 hours of data from burrow L4 and H6 

was lost, and about 8 hours lost from burrow H2 overnight on the 2nd February 

2015. As only a small amount of data was lost, analyses were not altered.  

4.3.3: Data Analysis 

Image coding 

All camera data were managed and coded using Reconyx Mapview Professional. 

The raw data included approximately 15,000 images. These images were initially 

sorted into those with (a) one or more great desert skinks visible (b) other 

vertebrate species present and (c) no vertebrates present. All great desert skink 

images were then coded primarily for position of the skink in the field of view (fully 

inside, half in, or outside; Fig. 4.3) and secondarily for size, which equates to age 

class (juvenile, sub-adult or adult; Fig. 4.4). If multiple skinks were present, I coded 

position and size for each skink and was able to distinguish this from the 

downloaded image data. For images with other vertebrates present the species was 

identified, if possible, and the image coded accordingly. Images with no visible 

vertebrates were set aside. 

 

 

 

 

 

 

Figure 4.3: Positions of great desert skinks at the main burrow entrance, coded as, from left to 

right; in the burrow, half in the burrow, and outside the burrow (counted as outside when back 

legs were visible outside of the entrance).  

 

 

 

 

 

 

Figure 4.4: Age class categories of great desert skinks, from left to right; small/juvenile (j), 

medium/sub-adult (sa), and large/adult (a). 
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Activity at burrows in relation to burrow characteristics and vegetation 

I used four indexes of skink activity in my analyses:  

(1) Total images: a direct indication of the time skinks were visible either just 

inside or outside the burrow (all positions in Fig. 4.3). 

(2) Outside images: a direct indication of the time when skinks were visible 

outside the burrow entrance, including partially inside, if back legs were 

visible. Inside images are the opposite i.e. the time skinks were visible half in 

or fully within the burrow entrance. (Outside + inside = total images).  

(3) Proportion outside: When visible, the proportion of time skinks spent 

outside of the burrow entrance (outside images / total images).  

(4) Active bouts: Determined by downloading all the data for images with great 

desert skinks visible into excel and identifying continuous bouts of activity 

(i.e. if a skink was visible in two or more consecutive minutes the entire 

period the skink was visible was considered as a single active bout). As the 

skinks move relatively slowly continuous bouts of activity were common. 

I determined which activity index would be most appropriate before completing 

each of the separate analyses.  

Individuals could not always be distinguished from the images but obvious 

differences in size, colour, the presence of distinguishing features (e.g. one skink 

had part of the tail missing) and the presence of multiple individuals in a single 

image were used to determine the minimum number of individuals that were 

present within each burrow in 2014 and in 2015 (Fig. 4.4). To determine how 

activity at the main entrance related to the minimum number of individuals 

occupying a burrow and the size of the burrow, I tested for correlations between 

total images at each burrow in 2014 and 2015 with (a) the minimum number of 

individuals present during each period and (b) the number of entrances. Number of 

entrances was used instead of burrow size in correlations as these two 

measurements were positively correlated (using 58 burrow measurements from 

Chapter 3, r = 0.676, p < 0.001) and the number of entrances was the more precise 

measure. 
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I tested whether vegetation cover (using percentage cover at each burrow) affected 

activity at the main burrow entrance using a series of correlational analyses. As a 

general indication of how activity may be affected by high or low vegetation cover, I 

used the proportion outside at each burrow and total vegetation cover (%) for these 

analyses. I also correlated all other activity indices against vegetation cover. These 

correlations were completed using the 36 day data (18 days from 2014, 18 days 

from 2015).  

Response by great desert skinks to predator activity at burrows 

The number of discrete ‘visits’ by predators or potential predators to burrows was 

determined in the same way as ‘active bouts’ for great desert skinks (i.e. images 

with the same predator present taken over consecutive minutes were counted as a 

single visit). I tested for correlations between vegetation cover and the number of 

predator visits at each of the burrows. All vertebrates that are known predators of 

great desert skinks were counted as predators for these analyses although it could 

not be confirmed that they were visiting the burrows for the purpose of predating 

upon the skinks.  

To determine whether the presence of predatory species affected the activity of 

great desert skinks I initially graphed the daily activity of skinks (using ‘active bouts’) 

and predator visits at each burrow entrance over the entire study period (non-

truncated) to see whether there was any obvious decline in activity at individual 

burrows after predator visitation. Further analyses on the effect of predators use 

truncated data. I tested for short term effects of predators by comparing the 

activity of skinks before and after each predator visit.  I compared (a) the time 

interval (min) between a great desert skink being visible and the arrival of a 

predator and the interval (min) between a predator leaving and a skink becoming 

visible again, and (b) the number of active bouts by skinks in the 24 hours prior to 

predator arrival and post predator departure.  

All time data were log transformed prior to any analyses. I initially used paired t-

tests to test for differences in skink activity prior to and post a predator visit. Then, 

using the same variables; number of active bouts and time intervals (min) between 

skink and predator activity, I used a three factor repeated measures ANOVA to test 
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whether any effect of predators on skink activity varied with vegetation cover or 

among burrows. For these analyses time (before/after) and vegetation (high low) 

were fixed factors, and burrow site was a random factor nested within vegetation, 

with predator visits as the repeated measure. 

Daily activity patterns of great desert skinks 

For all further analyses, the truncated data (18 days in each of the early and late 

active season) were used.   To investigate general patterns in daily activity I initially 

compared activity in the early and late active seasons and between burrows with 

high and low vegetation cover by plotting the average activity of skinks (using the 

total images) for each hour of the day for these periods and groups. I then plotted 

the proportion of time spent outside the burrow to determine when skinks were 

spending time outside the burrow entrance compared to sitting inside. I also 

plotted proportion of time spent outside for burrows with high and low cover. For 

formal analyses, and because I was particularly interested in analysing how different 

light conditions (daylight, dark and twilight) affected the time skinks spent active 

and any interactions with vegetation cover, I split the data into four periods; dawn, 

day, dusk and night. Dawn and dusk were defined as an hour-long period during 

which sunrise and sunset occurred. In late 2014 dawn was between 5am and 6am 

and in early 2015 dawn was between 6am and 7am, and dusk in both years was 

between 7pm and 8pm.  

For analyses involving numbers of images (total images, outside images and inside 

images) I converted the number of images to images per hour to account for the 

different length of the defined time periods. This was not necessary for analyses 

using proportion. 

Because I had multiple observations of activity at each burrow system I used a 3-

factor repeated measures ANOVA. Factors were time (day/ night/ dusk/ dawn), 

vegetation (low/ high) and burrow. Proportion outside and images per hour were 

the two response variables used. Time and vegetation were fixed factors and 

burrow site was a random factor nested within vegetation.  I used Tukey’s post-hoc 

test for pair-wise comparisons.  
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Great desert skink activity at different entrances within burrow systems  

To investigate activity at different entrances within burrow systems I chose two 

active burrows of different sizes (burrow A - 4 entrances, burrow B - 7 entrances) 

from the known active burrows at UKTNP, and not used in the previous part of the 

study. The burrows were chosen primarily on their activity (i.e. fresh scats in the 

latrine and tracks outside each, or the majority of entrances) and then on proximity 

to access roads.  The two burrows chosen also had relatively unobstructed 

entrances, which allowed cameras to be set up effectively.  At each entrance I 

recorded the width and height of the entrance opening (cm) and diameter and 

height (cm) of the mound and the percentage cover of vegetation in a 1m² quadrat 

centred over each entrance. The main entrance was identified using the same 

process described previously and in Chapter 3.  Additional Reconyx cameras 

supplied by UKTNP were used for this part of the study. I did not have angled blocks 

to mount these cameras, however, I replicated the placement of cameras at other 

burrows as closely as possible by attaching cameras to stakes and knocking them in 

at a 60o angle and maintaining approximately the same distances between camera 

and burrow entrance as used previously. Field of view was checked at the time of 

setup and was approximately 1m² as for the previous experiment. The same 

settings, time lapse set to take one photo every minute, were used.  

Cameras were set up on the 7th of February and taken down on the 13th February 

2015. Similar to the among burrows study, the data was truncated to midday on the 

8th to midday on the 12th 2015. This gave four 24 hour periods for analysis. Images 

were sorted and coded using the same methods described previously. 

I used correlations to test whether bigger entrances with larger mounds were 

associated with higher activity and a greater number of individuals using that 

entrance. I also tested whether the minimum number of individuals that used each 

entrance and the overall activity (total images, outside images and proportion 

outside) at each entrance was correlated with the percentage vegetation cover at 

each entrance.   
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4.3: Results 

4.3.1: Activity at burrows in relation to burrow characteristics and vegetation  

The minimum number of individual great desert skinks observed using a burrow 

entrance varied among burrows and between the two monitoring periods (Table 

4.2). At least two age classes and two individuals were observed at every burrow 

during the entire monitoring period except burrow L2 which had at least three 

individuals present in the early active period but may have only had one individual 

present in the late active period. There was a significant increase from a mean of 3 

to a mean of 4 minimum individuals captured on cameras from the early to late 

active season (Paired t-test: df = 11, t = -2.46, p = 0.032) (Table 4.2). As the 

minimum number of identifiable juvenile lizards did not increase at any camera 

except H3 and H5 from early to late active season these differences may reflect a 

seasonal increase in activity rather than new recruitment. Although this does not 

mean that juveniles didn’t increase over time, as they were much smaller, much less 

visible and mostly active during the night. During the late active season there were 

many more images that had multiple individuals present together, often of similar 

size, and this enabled me to positively confirm that there were, for example, at least 

3 or 4 sub-adults present.  

For analyses over the entire period I used the highest number of minimum 

individuals that were positively identified at a burrow in either season as the overall 

recorded number of individuals for that burrow. There was no significant difference 

between the minimum individuals recorded at burrow systems with low and high 

vegetation cover (paired t-test: df = 5, t= -0.75, p = 0.490) (Table 4.2). 
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Table 4.2: The number of age classes of great desert skink present and minimum number of 

individuals present at each burrow system in 2014 and 2015, ordered from lowest to highest 

vegetation cover. j = juveniles, sa = sub-adults and a = adults.   

Burrow # % Vegetation 
cover 

2014 
minimum # of 
individuals  

2014 age 
classes  

2015 
minimum # of 
individuals  

2015 age 
classes  

L1 26 2 1j, 1a 4 1j, 1sa, 2a  
L2 30 3 1j, 1sa, 1a  1 1j 
L3 36 4 2j, 2a 5 2j, 1sa, 2a  
L4 41 2 1j, 1a  5 1j, 2sa, 2a  
L5 49  3 1j, 1sa, 1a 6 1j, 3sa, 2a  
L6 49 4 1j, 2sa, 1a  6 1j, 4sa, 1a  
H1 70 3 1j, 1sa, 1a  2 1j, 1a  
H2 70  5 1j, 2sa, 2a  6 1j, 3sa, 2a  
H3 73 2 1sa, 1a  4 1j, 2sa, 1a  
H4 74  5 2j, 1sa, 2a 4 2j, 1sa, 1a  
H5 74  2 1sa, 1a 4 1j, 2sa, 1a  
H6 80 2 1j, 1sa 4 1j, 3sa  

 

There was no significant difference between number of entrances at the burrow 

system and the minimum number of individuals or the total images of great desert 

skinks recorded at the burrow. This indicated that neither the activity nor the 

minimum number of individuals was related to the burrows size. However the total 

number of images was positively correlated with the highest number of minimum 

individuals in a burrow overall (r = 0.593, p = 0.042) suggesting that more 

individuals means more activity.  When early and late season were considered 

separately the correlation between total number of images and minimum number 

of individuals present was only significant in the early active season (r =0.639, 

p=0.025).  

Because the minimum number of individuals seemed to be affecting activity I 

decided to test whether a simple adjustment of activity levels (dividing the number 

of images by minimum number of individuals) changed results for subsequent 

analyses testing for relationships between activity and vegetation cover. The 

adjustment for minimum individuals was made for all subsequent analyses but did 

not affect any results. Consequently, for simplicity, I present all results only for 

unadjusted activity levels.  

There were no significant correlations between vegetation cover and the number of 

skinks outside or inside the burrow entrance or total images, but the proportion of 



73 
 

time skinks spent outside of the burrow (r = 0.637, p = 0.026) was positively 

correlated with higher vegetation cover at the burrow site (Fig. 4.5), indicating 

when vegetation cover is higher, activity outside of the burrow increases 

proportionally.   

Figure 4.5: Correlation between vegetation cover (%) and the proportion of time skinks spent 

outside of the burrow in the time they are visible.   

 

4.3.2: Response by great desert skinks to predator activity at burrows  

There were four predator species and some unidentified species captured on 

camera at burrow entrances. The most common predator was the sand goanna 

(Varanus gouldii), followed by mulgara (Dasycercus cristicauda) and woma pythons 

(Aspidites ramsayi) with fox (Vulpes vulpes) caught only twice on camera (Fig. 4.6, 

Table 4.3). The unidentified species were snakes, likely to be woma pythons, but 

due to lack of clarity in the images and the position of the snakes I was unable 

confirm the species identity. The fox was the only introduced predator observed at 

the burrows. Although I am unable to be certain that these species were there to 

prey on skinks, they are all known to include skinks in their diet.  
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Figure 4.6: Predator species captured on camera’s at great desert skink burrows; (a) fox (Vulpes 

vulpes), (b) sand goanna (Varanus gouldii), (c) mulgara (Dasycercus cristicauda), and (d) woma 

python (Aspidites ramsayi).  

 

Goannas were the most prevalent predator and predators were recorded at every 

burrow expect for H3 and H5, two of the high cover burrows (Table 4.3). However, 

there was no significant correlation between the number of predator visits in low 

and high vegetation cover (r = -0.322, p = 0.307). 

Table 4.3: The number of predator visits at each of the 12 great desert skink burrows ordered 

from lowest to highest vegetation cover.  

Burrow # Vegetation cover (%) Visits (number) Species  

L1 26 5 5 x goanna  
L2 30 12 10 x goanna 

1 x mulgara 
1 x snake 

L3 36  5 1 x fox  
2 x goanna 
2 x snakes  

L4 41 3 3 x goanna  
L5 49  1 1 x goanna 
L6 49  4 1 x fox 

1 x mulgara 
1 x woma python 

H1 70  3 1 x goanna 
2 x woma pythons 

H2 70  10 6 x goannas 
4 x woma pythons 

H3 73 0 0 
H4 74  7 2 x goannas 

4 x mulgara 
1 x woma python  

H5 74  0 0 
H6 80 2 2 x mulgara 

  

Daily activity plots of great desert skinks were constructed using ‘active bouts’  and 

predator visits were plotted on the same graphs to enable a clear visual assessment 

of any effect  predators had on activity and any obvious decline in skink activity 

following predator visits at the burrow (Fig. 4.7). 
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Figure 4.7a: Daily activity (# active bouts) of great desert skinks at the six burrows with low 

cover from midday 27th November 2014 to midday 15th December 2014 (#1 to 18) and midday 

22nd January 2015 to midday 11th February 2015 (#1 to 21) equalling an overall 39 day period. 

Great desert skink active bouts = red bars. Predator visits are displayed by coloured bars. 

Goannas = blue, woma pythons = yellow, mulgara = green, unidentified snake = black, and fox = 

orange.   
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Figure 4.7b: Daily activity (# active bouts) of great desert skink at the six burrows with high cover 

from midday on the 27th November 2014 to midday 15th December 2014(#1 to 18) and midday 

on the 22nd January 2015 to midday 11th February 2015 (#1 to 21) equalling an overall 39 day 

period. Great desert skink active bouts = red bars. Predator visits are displayed by coloured bars. 

Goannas = blue, woma pythons = yellow and mulgara = green. 
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Activity of great desert skinks over 39 days was highly variable between the 12 

burrow systems (Fig. 4.7) and there was also a high degree of variation between the 

number and species of predators visiting each of the burrows. The high and low 

peaks of skink activity did not seem to be related to predator visits at the burrow 

except for at burrow L2 and possibly H2. At burrow L2 there was minimal activity 

throughout the monitoring period but by the late activate season almost no activity 

was detected until the very last day of monitoring (Fig. 4.7a). Predator presence at 

L2 was high in the early season and some individuals occupying this burrow may 

have been taken by predators causing the observed decline in activity over time. 

Burrow H2 was visited by a variety of predators, the last occurrence being by a 

goanna after which there is a distinct drop in skink activity (Fig. 4.7b).  

Because the visits by most predator species were too infrequent to enable 

independent analyses I grouped all predators together in order to test for potential 

effects of predator visits on skink activity. I was also able to conduct tests separately 

for goannas, the most common predator, because of the larger sample size (30). 

There were no significant differences between the time intervals between skink 

activity and predator visits before and after a predator visit, or between the number 

of active bouts in the 24 hours post and prior to a predator visit at the burrow. This 

confirms the patterns apparent in Fig. 4.7, that there was no short-term effect on 

skink activity of real or perceived threat of predation.  

The 3- factor repeated measures ANOVA showed no significant difference between 

skink activity before and after a predator visit or in low and high vegetation cover 

(Appendix 2; Table 1). Skink activity differed significantly among burrow sites but 

this was expected due to the obvious variability in skink activity and predator visits.  

4.3.3: Daily activity patterns of great desert skinks  

When data for all burrows were combined, it was evident that the diel activity of 

great desert skinks was characterised by low activity during the middle of the day 

and highest activity in the dawn and dusk crepuscular periods and this pattern was 

consistent between low and high cover burrows (Fig. 4.8). On average, skinks in 

burrow systems with low vegetation cover were more active when total images (i.e. 

skinks visible either inside or outside the burrow) were used and this was 
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particularly obvious in the late active season. Average activity at burrows with high 

cover did not increase noticeably but there was a clear increase in activity at 

burrows with low cover from 2014 to 2015 (Fig. 4.8).  

 

Figure 4.8: Mean hourly activity (total images) in low (dashed dark red line) and high (solid 

orange line) vegetation cover using 18 days of data in (a) 2014 and (b) 2015.  

 

When the mean proportion of time outside the entrance was plotted (Fig.4.9) it was 

evident that skinks spent most time outside burrows during the two to three hours 

after dawn and just before and three hours after dusk (Fig 4.9). Although skinks 

were observed at the burrow entrance in the early hours of the morning (Fig. 4.8) 

they tended to be inside the entrance rather than active at the surface. 
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Figure 4.9: Proportion of time great desert skinks were visible outside of the main burrow 

entrance (in relation to total time visible) per hour (presented as percentages).  Data are means 

from 36 days.  

 

The proportion of time spent outside was about 20% greater, on average, at 

burrows with higher cover (Fig. 4.10) for most times of the day. Despite these 

interesting trends in Figures 4.8, 4.9 and 4.10, the variation in activity among 

burrows was high so these trends may not be significant.  Due to this large variation 

error bars were not included on the graph as they made it difficult to see the 

patterns.    

Figure 4.10: Percentage of time per hour great desert skinks spend outside of the main burrow 

entrance over 36 days in low (dark red dashed line) and high (orange solid line) vegetation cover.  
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Repeated measures ANOVA was used to test whether activity differed at burrows 

with low and high vegetation cover at different times of the day. There was no 

significant difference between time or vegetation cover in the proportion of time 

spent outside. However, time of day significantly affected the total images per hour 

(RMANOVA: df = 3,3, F =8.05, p <0.001) and outside images per hour (RMANOVA: df 

= 3,3, F= 12.23, p <0.001). Vegetation was not a significant factor in any analyses. 

(Appendix 2; Table 2). Results of post-hoc tests indicated that images per hour, and 

outside images per hour differed significantly between day and dusk (total images: t 

= 7.449, p <0.05, outside images: t = 7.020, p <0.05). Dawn and night were very 

similar in activity of skinks, however were not significantly different from dusk or 

day when using images per hour or outside images per hour (Fig. 4.11). However, 

when dividing outside images by number of individuals, dawn, day and night were 

significantly different from dusk, (df = 3, T (dawn/dusk) = 7.183, T (day/dusk) = 

8.004, T (night/dusk) = 8.862, p < 0.05) (see Appendix 2; Table 3 for full results).  

 

 

 

 

 

 

Figure 4.11: The means of activity during dawn, day, dusk and night using two measures (a) 

total images per hour and (b) outside images per hour, including the mean standard error. 

  

4.3.4: Great desert skink activity at different entrances within burrow systems  

Overall, 11 entrances were monitored, however, one camera at the four-entrance 

burrow malfunctioned (night-time photos were all blank) so I excluded all data from 

this camera from statistical analyses. Information on vegetation cover, minimum 

individuals, age classes and activity at each burrow entrance is provided in Table 

4.4. All entrances monitored were used by multiple individuals and, unexpectedly, 

the main entrance, as identified prior to monitoring, did not have the highest 
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activity compared to other entrances in burrow B. Furthermore there was no 

significant correlation between entrance length or mound height and activity 

(proportion outside and total images).  

Table 4.4: The minimum number of individuals, age classes (j = juvenile, sa = sub-adult and a = 

adult) and total images at each entrance of burrow A (A1-A4) and burrow B (B1-B7).  

Entrances  Vegetation 
cover   

Minimum # 
individuals  

Age classes  Total images  

A1 24 2 *** 2sa *** - *** 
A2 – MAIN  0 5 1j, 2sa, 2a 910 
A3 23 4 1j, 2sa, 1a 809 
A4 52 3 1j, 1sa, 1a  37 
B1 20 3 2j, 2sa, 1a  671 
B2 48 3 1j, 1sa, 1a  285 
B3 – MAIN  65 3 1j, 1sa, 1a  40 
B4 15 3 1j, 1sa, 1a  1187 
B5  61 3 2sa, 1a  63 
B6 55 4 2j, 1sa, 1a  234 
B7  55 3 1j, 1sa, 1a  132 

*** Excluded from the analysis due to camera malfunction  

 

To investigate effects of fine-scale vegetation cover on activity I initially tested for 

correlations between total images and proportion outside with vegetation cover. 

Overall activity at the burrow entrance (total images) was correlated negatively (r = 

-0.932, p < 0.001) with vegetation cover but proportion outside (r =0.845, p = 0.002) 

was positively correlated with vegetation cover (Fig. 4.12a & b).  To better 

understand this result I ran further correlations between outside images and inside 

images with vegetation cover. There was no significant correlation between outside 

images and vegetation cover but inside images  were negatively correlated with 

vegetation cover (r = -0.928, p  < 0.001) (Fig. 4.12 c & d). These results suggest that 

when skinks were active near the burrow entrance they spent proportionally more 

time outside when vegetation cover around the entrance was high but this was 

driven in large part by the strong negative correlation between vegetation cover 

and the time skinks were visible sitting just inside the burrow. In other words skinks 

were more active, in or near entrances, where vegetation cover was low but spent 

most of this time just inside the burrow. Conversely, at entrances with high cover 

skinks spent less time overall in or near the burrow entrance but were more likely 

to be physically outside the entrance during this time. 
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Figure 4.12: Correlation graphs showing the relationship of (a) total images, (b) proportion 

outside, (c) inside images, and (d) outside images of great desert skinks and vegetation cover.  

 

4.4: Discussion  

Uluru-Kata Tjuta National Park rangers conduct regular surveys of known great 

desert skink burrows (discussed in Chapter 1) within the skink’s late active period 

(February/March) each year. This timing is based on the assumption that skinks are 

most active during this period and that burrows become more visible due to the 

accumulated activity over the season. My results are consistent with this 

assumption. I observed an increased number of individuals and higher activity in the 

late season. This increase may have been partly due to the recruitment of new 

juveniles, however, it was rare for two or more juvenile skinks to be seen in the 

same image, potentially due to their use of different entrances, so it was not 

possible to determine whether recruitment occurred during the monitoring period, 

although, the increase from zero to one juvenile at burrows H3 and H5 may indicate 

this. Great desert skinks begin to mate in September, and give birth approximately 

10/11 weeks later (Moore et al., 2015) which is consistent with my observations of 

juveniles from the beginning of my monitoring in late November.  
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Specific information about how great desert skinks use multiple burrow entrances 

within a system was not available prior to my study, presumably due to the 

challenge of monitoring burrows with multiple entrances and multiple individuals. 

Therefore, to identify a main entrance at which to record data, I used external 

features such as mound height and entrance size. This turned out to be a limitation 

to my study as subsequently, when monitoring activity within burrow systems, I 

found there was no correlation between external features and activity at burrow 

entrances, and I only identified the most active entrance correctly in one of the two 

burrows monitored.  This suggests that identifying the ‘main entrance’ a priori is 

unreliable and the variability in activity at entrances within burrows, and my 

possible miss-identification of the main entrances, probably affected my ability to 

detect changes in activity in relation to vegetation cover among burrows.  I found 

that all entrances of a burrow system were used by multiple individuals and, that 

some entrances were used more, or much more, than others. Additional monitoring 

over longer periods and in more burrows is required to determine whether levels of 

relative usage among entrances within a burrow system remain stable through 

time.  Slater’s skinks (Liopholis slateri), obligate burrowing relatives of great desert 

skinks, spend the majority of their time basking at a preferred (main) entrance of 

their burrows and use other entrances, which-ever is in closest proximity, when 

returning from feeding, or if the preferred entrance becomes shaded (Fenner et al., 

2012). Great desert skinks seem to be more flexible in relation to their use of 

burrow entrances but may also have one entrance that is used predominantly. 

Researchers working on great desert skinks in the future should, however, be aware 

that without preliminary monitoring this can be difficult to determine. The use of 

proportional time out as an index of activity in my study controls for differences in 

overall activity at a particular entrance, focusing on where the lizard is (inside or 

outside) when it is visible, so may have been a more reliable measure than total 

images when testing for associations between activity and vegetation cover in my 

main, between burrows comparisons.  

Great desert skinks have several known native and introduced predators although 

there is currently no clear information regarding the level of threat each predatory 
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species poses (Moore et al., 2015). Mulgara, sand goannas, woma pythons and 

foxes were recorded visiting burrow systems during the monitoring period. It is 

surprising that no feral cats were recorded in the vicinity of burrows in my study, 

because cats have been found to be significant predators of great desert skinks in 

other regions (Moore et al., 2014; Moore et al., 2015). Recent evidence has 

suggested cats may be able to more easily locate great desert skinks in areas where 

they are more visible, and once a colony has been located the clustered distribution 

of burrows makes skinks vulnerable to repeat visits by predators (Moore et al., 

2015).  Foxes and cats have also been observed sitting at burrows, waiting for the 

skinks to emerge (Chapple, 2003), however the two foxes that I recorded were only 

present in one image each, so presumably spent less than a minute at the 

monitored burrow entrance. Goannas and woma pythons were sometimes present 

at burrows for longer periods, sometimes entering or exiting the burrow or, in the 

case of sand goannas, exhibiting thermoregulatory behaviour near the burrow 

entrance, or sitting just inside the burrow. As I was unable to film the entire visit of 

predators it was unclear whether these visits involved predation. Woma pythons, 

for example, are typically ground dwelling snakes without the ability to dig, despite 

requiring thermally buffered shelters (Bruton et al., 2014). However, these pythons 

in Bruton et al. (2014)’s study were observed to spend 69% of their refuge time 

sheltering within underground burrows. This could explain the multiple visits to 

great desert skink burrows by woma pythons.  Mulgara have also been known to 

use burrows of great desert skinks (McAlpin, 2001). Recent research at Newhaven 

station in the Tanami desert has identified sand goannas as important predators of 

great desert skinks and shown that that goannas are more active at burrows in 

recently burnt areas (Moore et al., 2014). This interaction between predation and 

fire, where skinks in open habitat are more exposed to the threat of predation is 

thought to have the biggest impact on great desert skink populations (McAlpin, 

2001; McGregor et al., 2014; Wilson, 2014). Despite this recent research on 

interactions between wildfire and  predator-prey relationships (Robley et al., 2013), 

my hypothesis that predation would be greater at burrows with lower cover, 

remains unsupported, as does my hypothesis that predator presence would alter 
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skink behaviour. However the relatively low number of predator visits to the 

monitored burrows overall limited my ability to test for these differences. 

Great desert skinks are described as mainly nocturnal species (Chapple, 2003), 

however, my data indicates a predominantly crepuscular cycle. Skinks exhibited the 

same daily activity pattern, regardless of vegetation cover. Activity was lowest 

during the lightest and hottest times of day, and highest during dawn and dusk. 

Chapple (2003) notes that great desert skinks can alter their activity in response to 

environmental conditions and I expect the activity patterns I recorded were highly 

dependent upon ambient temperature. By remaining inside the burrow during the 

day, nocturnal animals can avoid the extreme heat, reduce evaporation and utilise 

the moist and cool, microclimates in their burrow (McKinney et al., 2014; Moore et 

al., 2015; Stanton, 1934). Skinks were least active during the day when mid-summer 

temperatures can be extreme, although avoiding activity outside the burrow during 

daylight, especially in low cover areas, may also help skinks avoid predation by 

daytime active avian and reptilian predators. Food availability and activity cycles of 

prey species are likely to be other major drivers influencing the activity cycles of 

great desert skinks, however additional research is required to establish these links.   

 I found limited evidence to support the hypothesis that great desert skinks are 

disadvantaged by low cover. The number of individuals detected at burrow 

entrances was not reduced in burrows with low vegetation cover. In fact, great 

desert skinks were observed at the surface, albeit in the burrow, more frequently in 

burrows with low cover. However, the proportion of time skinks spent outside at 

burrows with low cover was significantly less than at high cover burrows. Similar 

behaviour has been recorded for another burrowing lizard species; pygmy blue-

tongue lizards (Tiliqua adelaidensis) spend less time foraging and basking in burnt 

areas (Fenner & Bull, 2007). The tendency to spend less time exposed in open areas 

may well be linked to an increased risk of predation, and this aligns with current 

literature that suggests that burrows of great desert skinks in wildfire affected areas 

are frequently abandoned (Wilson, 2014) and that goannas (significant predators) 

are more active in burnt open habitats, than patchy or unburnt ones (Moore et al., 
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2014). Alternatively the changed behaviour may be associated with differences in 

abundance of prey species in areas with different vegetation cover.  

Further research is required to understand the behaviour of great desert skinks at 

their burrows and interactions with vegetation cover. For example I observed skinks 

sitting in the burrow entrance, sometimes for hours at a time, often in the pre-

dawn period.  This may be a thermoregulatory strategy, as some desert lizards 

begin their daily activity by coming up to shallower areas and thermoregulating to 

reach an optimal temperature prior to completely exiting their burrows (Heatwole 

& Taylor, 1987). Alternatively, this behaviour may relate to the availability of food 

resources. Great desert skinks exhibit active and ambush foraging strategies, and 

wildfire has been known to reduce invertebrate abundance (Chapple, 2003; 

Department of the Environment, 2015). Although it is not certain whether such 

affects would persist two years post fire it is possible that in my study skinks in 

more open areas spent extra time sitting inside the burrow entrance and 

opportunistically foraging, to supplement their diet. Conversely the trade-off 

between time spent on foraging from the burrow entrance and active foraging away 

from the burrow may depend on perceived safety in different environments, as has 

been discussed previously.  

4.4.1: Some comments on camera trapping and limitations of the study 
 

Camera trapping was a highly effective method for monitoring the activity of great 

desert skinks at their burrows because of the concentration of activity at these sites 

and the clearly visible entrances. Camera traps offer ethical and economical 

alternatives to live trapping and visual observation by facilitating the collection of 

large quantities of data to be captured in a mostly unobtrusive way (Bennett & 

Clements, 2014; Meek et al., 2014; Swann et al., 2011). I also found using the time-

lapse setting worked well for the purposes of my study as it enabled me to derive 

an unbiased estimate of relative activity at different burrow entrances. The use of 

infrared motion sensor settings to detect ectothermic animals is risky, as cameras 

will not be triggered if the animal and ambient temperatures are the same (Bennett 

& Clements, 2014). I trialled both methods in a short pilot study before 

commencing my monitoring and found time lapse to be more effective and reliable 
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(i.e. captured more images) in detecting lizard presence when comparing cameras 

set on the same burrow entrances. However, there were a few disadvantages 

associated with using time-lapse which included the large number of images that 

needed to be sorted (although conversely large numbers of false triggers were 

avoided) and, more importantly, I was not able to determine what the skinks or 

predators were doing at the burrows because there was no continuous record of 

behaviour. A more general limitation of using cameras was that I was only able to 

monitor activity at the burrow entrance and so was not able to collect any 

information about the activity of great desert skinks outside the field of view of the 

cameras. As the skinks are known to forage actively, this time away from the 

burrow is an important part of understanding how the activity of skinks is affected 

by vegetation cover. Radio-tracking of individual skinks to determine home range, 

foraging behaviour and dispersal distances would provide valuable additional data 

and should be considered for future studies.  

Due to difficulties in recognising age classes when I initially coded data and time 

constraints which prevented me from re-coding, I was unable to analyse potential 

differences in the activity times and levels of differing age classes of skinks.  Studies 

of L. slateri found that juveniles foraged more frequently and further from the 

burrow systems than did adults and therefore may be more susceptible to 

predation (McKinney et al., 2014). Behavioural differences between age classes are 

also expected for great desert skinks, however, this was beyond the scope of my 

study, although further analyses of my data is possible.  

A final limitation, as already mentioned, is that I cannot be certain that I correctly 

identified the main burrow entrance in my study and this potentially reduced my 

ability to detect differences in activity among burrows. For future studies seeking to 

measure activity of great desert skinks, I recommend a preliminary trial be 

undertaken on the activity of each entrance before making a decision on the 

monitoring regime. 

Conclusion  

Overall, my results did not support my original hypotheses, except that lizards spent 

proportionally more time outside their burrows compared to inside when cover was 
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greater.  However, overall activity did not increase at sites with higher vegetation 

cover. Predator activity was not significantly higher at burrows with low cover and 

there was no detectable effect of predator presence on the behaviour of great 

desert skinks, although low activity at two burrows after visits from predators 

suggest that successful predation may have occurred at these burrows. Daily 

activity cycles of great desert skinks were consistent regardless of high or low 

vegetation cover. However, the results suggest that vegetation cover does effect 

the behaviour of skinks at the burrow entrance, and  further research is required to 

determine the reasons for and consequences of this behavioural shift.  
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Chapter 5  

Concluding remarks 
Overall, this study has provided a considerable amount of new ecological 

information on the great desert skinks at Uluru-Kata Tjuta National Park and on the 

species in general. My study doesn’t provide any clear evidence on how skinks 

respond to fire, therefore, I am unable to conclude that great desert skinks prefer 

one fire regime over another. However, the knowledge and information I gained 

will contribute to the growing understanding of this threatened skink and how it is 

responding to disturbance.  

The difficulty in searching for great desert skink burrows in this study is consistent 

with previous search efforts undertaken by UKTNP managers and others who have 

spent large amounts of time searching for rare species within arid environments. 

Searching for great desert skinks requires a large effort, often for little reward. 

Future research focused on developing and testing search methods that may be 

able to reduce total search effort and increase burrow findings would be very 

worthwhile and would greatly increase capacity to understand relationships 

between current skink distribution and fire history. Due to the small number of 

burrows that I found during structured searches (Chapter 2) I was not able to draw 

conclusions about skink distribution in relation to fire history within the park, 

however, the burrows I did find provide some promise for park managers. New 

active burrows were found in a southern section of the sand plain where they have 

never been known to exist, as well as within areas affected by the most recent 

(2012) wildfire. Firstly, these new findings indicate that great desert skinks are more 

widespread within the National Park than previously thought and future 

management efforts can now include consideration of this broader distribution. 

Further targeted searches in the vicinity of the new burrows will establish whether 

the burrows found in new locations are isolated or new colonies which may become 

critical to the persistence of the local population.  Secondly, the results of my 

searches, in combination with results from Chapters 3 and 4, suggest that skinks are 

persisting in areas affected by wildfire two years previously and in parts of 
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prescribed burn sites, and under a variety of vegetation covers, which is 

encouraging.  Work by other researchers has, however, suggested that increased 

predation in recently burnt areas poses a considerable threat for the species 

(McAlpin, 2001; Moore et al., 2015; Wilson, 2014). Until more research is done on 

the relationships between fire and the great desert skink, patch burning in order to 

mitigate wildfire threat is likely to continue to be an important management 

strategy within UKTNP.  

Aside from the low number of burrows I found during systematic searches (Chapter 

1), the limitations of my study were predominantly in relation to assessing activity 

levels at burrows with different vegetation cover (Chapter 4). Time-lapse 

photography provided information on exactly when the skinks were and were not 

present outside the monitored entrance. However, I was unable to determine how 

long skinks left the burrow vicinity and what activities they were undertaking during 

this time. Similarly I was not able to discern what was happening underground 

within the burrow, where the skinks are known to spend a large proportion of their 

time. Difficulty with identifying the main burrow entrance also potentially limited 

my ability to accurately determine an index of activity that was representative of 

each burrow, and the consequences of this have been discussed fully in Chapter 4.  

Future researchers should be aware that external features of entrances and 

mounds do not indicate the activity of any particular entrance and therefore must 

plan monitoring accordingly.  

Despite these limitations, my research has provided some compelling evidence that 

great desert skinks select for particular vegetation components and increased 

vegetation cover when establishing burrow sites, through comparing attributes of 

existing burrows in relation to the surrounding landscape (Chapter 3). Based on my 

results I hypothesise that great desert skinks are selecting sites where shrub species 

are present or that have high cover of perennial grasses compared to the 

surrounding landscape and that the presence of shrubs in particular is associated 

with increased structural stability in the soil and therefore greater structural 

support for burrows. However, this hypothesis needs to be carefully tested, along 

with equally plausible alternative hypotheses. These include (a) that great desert 
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skinks select areas with higher vegetation cover because these areas provide better 

protection from predators, (b) that high cover areas are chosen because they are 

associated with higher food availability, and (c) that the presence of burrows affects 

vegetation cover over time. If great desert skinks perceive a greater risk of 

predation in low cover areas then seeking high cover areas may be particularly 

important in recently burnt areas and may explain why differences between burrow 

and control sites were higher in burnt sites. My research has also shown that skinks 

exhibit different behaviours depending on the structural characteristics of the 

vegetation (Chapter 4), spending proportionally less time exposed outside of the 

burrow when vegetation cover at the burrow entrance is low compared to high.  

This may be a response to increased risk of predation or perceived increase in 

predation risk in low cover areas.  However, I found no evidence that the actual 

presence of predators affects behaviour. Therefore, this behaviour of skinks may 

also be attributed to thermoregulation, or to differences in prey abundance 

associated with different vegetation cover. Discussion of food availability, foraging 

strategy and dietary requirements of the great desert skink have been 

underrepresented in the literature and are important avenues to explore as they 

may provide  further insights into how these skinks respond to fire. There is still 

more need for research to complement the recent work that has been undertaken 

in order to understand how to appropriately manage and conserve this unique 

reptile.  
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Appendix 1: Supporting statistical results for chapter 3 
analyses 
 

Table 1: Results from paired t-tests for differences in cover between burrow and control sites, ** 

p<0.01, *** p<0.001, NS - not significant. 

Cover type  Burrow 
presence 

Mean  df Std. Dev T-value P-value  

Vegetation  Burrow  50.53 55 11.21 3.46 0.001** 
 Control 45.38 55 11.36   
Leaf litter  Burrow  12.97 55 7.146 1.94 0.058 (NS) 
 Control  10.66 55 5.97   
Dead Burrow  12.29 55 8.50 0.24 0.812 (NS) 
 Control 11.96 55 6.26   
Raw bare  Burrow  35.63 55 7.55 -3.89 <0.001*** 
 Control  41.46 55 8.93   

 

Table 2: Results from a two factor PERMANOVA analysis (fire history and burrow presence) for 

vegetation composition and soil factors. **<0.01, ***<0.001, NS – not significant  

Data  Source  df, df 
resid. 

MS F-value Unique 
perms  

P-value  

Vegetation 
composition  

Burrow presence 1, 108 953.97 5.978 9950 <0.001*** 

 Fire history  1, 108 4397.6 27.556 9947 <0.001*** 
 Burrow presence x 

fire history  
1, 108 134.59 0.843 9970 0.498 (NS) 

       
Soil factors  Burrow presence  1, 108 37.963 5.277 9941 <0.001*** 
 Fire history  1, 108 26.1 3.628 9940 0.0018** 
 Burrow presence x 

fire history  
1, 108 8.5775 1.192 9937 0.301 (NS)  

 

Table 3: Vegetation components typifying (shaded) and distinguishing burnt and unburnt sites in 

the sand plain (SIMPER). Percentages display contribution of factor to the similarity or 

dissimilarity of the sites.  

Burnt habitat Raw bare 26.62% 
Triodia basedowii 16.06% 
Other 15.14%  
Leaf litter 15.09% 
Triodia pungens 12.07% 
Dead  11.12% 

 

Unburnt habitat Triodia pungens 27.78% 
Triodia basedowii 18.19% 
Grevillea eriostachya  15.82% 
Other 10.83% 
Dead 9.62% 
Leaf litter 8.29% 

Raw bare 29.84% 
Triodia basedowii 28.24% 
Dead 14.50% 
Leaf litter 14.30% 
Other 11.67%  

 Burnt habitat  Unburnt habitat  
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Table 4: Results from paired t-tests for differences in soil stability, infiltration and nutrient 

content between burrow and control sites. ** p<0.01, NS - not significant. 

 

Table 5: Soil factors typifying (shaded) and distinguishing burnt and unburnt sites in the UKTNP 

sand plain (SIMPER). Percentages display contribution of factor to the similarity or dissimilarity 

of the sites.  

Burnt habitat  Slake test 100%   
Surface nature 79.81% 
Leaf litter  65.12% 
Perennial vegetation cover 
50.80% 
Rainsplash protection 39.14% 
Deposited materials 27.63% 
Soil surface roughness 17.33% 
Cryptogram cover 7.37% 

 

Unburnt habitat  Slake test 16.14% 
Rainsplash protection 12.81% 
Perennial vegetation cover 
12.64% 
Surface nature 12.37% 
Leaf litter 12.10% 
Soil surface roughness 11.51% 
Deposited materials 11.48% 
Cryptogram cover 10.95% 

Cryptogram cover 100% 
Deposited materials 86.46% 
Soil surface roughness 73.33% 
Leaf litter  60.21% 
Perennial vegetation cover 47.60% 
Surface nature 35.13% 
Rainsplash protection 22.67% 
Slake test 10.27% 

 Burnt habitat  Unburnt habitat  

 

Table 6: ANCOVA test for fire history as an independent factor, when vegetation cover at the 

control sites is the covariate, and at the burrow sites is the dependent variable. *** <0.001, NS – 

not significant.  

Factor  df Contribution 
(%) 

Co-ef T – 
value 

F – 
value  

P – value  

Vegetation cover (control)  1 26.31 0.583 3.98 15.86 <0.001*** 
Fire history  1 0.09 -4.77 -0.79 0.63 0.430 (NS) 
Vegetation cover x fire 
history  

1 1.15 0.133 0.91 0.83 0.367 (NS) 

 

 

 

Index  Burrow/control df n Mean Std. dev T-value  P-value  

Stability  Burrow  55  56 55.47 6.40 2.89 0.005** 
 Control   56 51.84 6.85   
Infiltration Burrow  55  56 33.20 5.37 3.31 0.001** 
 Control   56 29.21 7.27   
Nutrients  Burrow  55  56 24.31 4.44 1.91 0.059 

(NS) 
 Control   56 22.55 5.24   
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Table 7: One- way PERMANOVA between burrows and control sites (burrow presence) in burnt 

and unburnt sites, comparing both vegetation and soil characteristics separately, and between 

burnt and unburnt soil and vegetation at burrows when excluding controls.  

Factor  Test Df, df 
resid. 

MS F-value Unique 
perms 

P-value 

Burrow 
presence  
(burrow vs. 
control) 

Burnt vegetation 1, 22 598.22 4.0512 9920 0.0142* 

 Unburnt 
vegetation 

1, 86 346.49 2.130 9951 0.0751 (NS) 

 Burnt soil 1, 22 10.726 1.362 9911 0.2335 (NS) 
 Unburnt soil 1 , 86 73.065 10.087 9946 <0.001*** 
Fire history        
(exc. Controls) 

Vegetation 1 , 54  2988.3 15.149 9946 <0.001*** 

 Soil 1, 54 23.188 3.0041 9957 0.009** 
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Appendix 2: Supporting statistical results for chapter 4 
analyses 
 

Table 1: Results from repeated measures ANOVA comparing the log minutes a skink was seen 

before, and after a predators visit and the number of active bouts 24 hours before and 24 hours 

after a predator came and left, using all predators in the first test and just goannas in the 

second. <0.05*, <0.01*, <0.001***, NS – no significance.  

Test  Source  df MS F-value  p-value  

All predators          
(log minutes) 

Time  1 0.327 1.46 0.236 (NS) 

 Vegetation  1 0.815 0.30 0.599 (NS) 
 Camera (veg)  8 3.800 25.91 <0.001*** 
 Time x vegetation 1 0.00977 0.04 0.836 (NS) 
 Camera x time (veg)  8 0.146 0.37 0.934 (NS) 

All predators  
(skinks active 
bouts)  

Time  1 8.705 0.27 0.608 (NS) 

 Vegetation  1 234.812 1.28 0.288 (NS) 
 Burrow site (veg)  8 250.308 8.37 0.003** 
 Time x vegetation  1 0.243 0.01 0.932 (NS) 
 Burrow site x time 

(veg)  
8 29.891 0.81 0.596 (NS) 

Goannas                  
(log minutes)  

Time   1 0.236 1.83 0.186 (NS) 

 Vegetation  1 0.00184 0.00 0.968 (NS) 
 Burrow site (veg)  6 1.533 19.25 0.001 ** 
 Time x vegetation  1 0.0277 0.22 0.646 (NS) 
 Burrow site x time 

(veg)  
6 0.0796 0.38 0.890 (NS) 

Goannas        
(skinks active 
bouts)    

Time  1 36.510 0.63 0.451 (NS) 

 Vegetation  1 0.131 0.00 0.978 (NS) 
 Burrow site (veg) 6 251.725 3.07 0.099 (NS) 
 Time x vegetation  1 102.432 1.77 0.222 (NS) 
 Burrow site x time 

(veg)  
6 81.909 4.73 0.001* 
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Table 2: Results from repeated measures ANOVA comparing skink activity outside of the main 

burrow entrance and total images per hour to time (dawn, day, dusk, night) and amount of 

vegetation cover (low, high) at the 12 monitored burrow sites. *<0.05,** <0.01,*** <0.001, NS – 

not significant.  

Test Source  df MS F-value p-value 

Proportion outside  Time  3 0.121 2.16 0.113 (NS) 
 Vegetation  1 0.0966 1.17 0.306 (NS) 
 Burrow site (veg)  10 0.0829 1.47 0.198 (NS) 
 Time x vegetation  3 0.123 2.18 0.111 (NS) 
 Time x burrow site 

(veg)  
30 0.0563   

# Images per hour  Time  3 106356 8.05 <0.001*** 
 Vegetation  1 98519 1.97 0.190 
 Burrow site (veg)  10 49920 3.78 0.002** 
 Time x vegetation  3 5196 0.39 0.759 (NS) 
 Time x burrow site 

(veg)  
30 13212   

# Outside images per 
hour  

Time  3 77103 12.23 <0.001*** 

 Vegetation  1 14390 0.74 0.409 (NS) 
 Burrow site (veg) 10 19360 3.07 0.008** 
 Time x Vegetation 3 3687 0.58 0.630 (NS) 
 Burrow site x time 

(veg) 
30 6305   

# Outside images per 
hour/minimum 
individuals  

Time  3 2902.56 14.27 <0.001*** 

 Vegetation 1 405.48 0.70 0.422 (NS) 
 Burrow site (veg)  10 577.59 2.84 0.013* 
 Time x vegetation  3 87.75 0.43 0.732 
 Burrow site x time 

(veg)  
30 203.41   

# Images per 
hour/minimum 
individuals  

Time  3 4065.1 9.06 <0.001*** 

 Vegetation 1 3254.0 1.85 0.204 (NS) 
 Burrow site (veg) 10 1759.0 3.92 0.002** 
 Time x vegetation  3 135.9 0.30 0.823 (NS) 
 Burrow site x time 

(veg) 
30 448.5   
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Table 3: Post – hoc test results determining which time level significantly influenced skinks 

activity (dawn, day, dusk, night).*<0.05, NS – no significance.   

Test  Time  Means  df MS T – value  P – value  

Total images per 
hour  

Dawn 100.4 3 5196 7.449 Day/dusk <0.05* 

 Day  41.1     
 Dusk  99.3     
 Night  260.3     

Outside images  Dawn  54.3 3 3687 7.020 Day/dusk  <0.05* 
 Day  21.19     
 Dusk  195.2     
 Night  36     

Total images / 
minimum # 
individuals  

Dawn  19.62 3 407.8 NS  NS 

 Day  7.61     
 Dusk  50.8     
 Night  20.77     

Outside images/ 
minimum # 
individuals  

Dawn  10.34 3 87.75 7.183 Dawn/dusk 
<0.05* 

 Day  3.92   8.004 Day/dusk <0.05* 
 Dusk  10.34   8.862 Night/dusk <0.05*  
 Night  7.20     
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